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YOD - Prevalence 
• How many people under 65 develop dementia? 
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The prevalence and causes of dementia in people under
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Objectives: To determine the prevalence of dementia in people under the age of 65 in a large catch-
ment area, and use these figures to estimate the number of younger people affected by dementia in the
UK.
Design: Epidemiological catchment area prevalence survey.
Setting: The London boroughs of Kensington and Chelsea, Westminster, and Hillingdon with a total
population of 567 500 people.
Participants: All residents of the catchment area with dementia, where the illness began before the
age of 65 years. Participants were notified to the study by medical and care professionals. The diag-
nosis and age of onset was established from all available health and social care records. In total, 227
people were identified, of whom 185 fulfilled the inclusion criteria of having a dementia which started
before their 65th birthday.
Main outcome measures: Diagnosis of dementia and differential diagnosis of the cause of the
dementia.
Results: The prevalence of dementia in those aged 30–64 was 54.0 per 100 000 (95% CI 45.1 to
64.1 per 100 000). For those aged 45–64 years, the prevalence was 98.1 per 100 000 (95% CI
81.1 to 118.0 per 100 000). From the age of 35 onwards, the prevalence of dementia approximately
doubled with each 5 year increase in age. Extrapolating these figures nationally suggests that there are
18 319 (15 296–21 758) people with dementia under the age of 65 in the UK.
Conclusions: The study confirms previous “guestimates” of the number of younger people affected by
dementia in UK. The prevalence figures generated are robust, and are supported by other smaller and
targeted prevalence surveys. The prevalence figures provided by this study will allow health planners
to accurately estimate need and plan services.

In the past decade, interest and concern for younger people
with dementia have dramatically increased. Following
sustained campaigning and support from the Alzheimer’s

Society1 2 and other voluntary organisations3 in the UK, the
needs of younger people with dementia and those who care for
them have been increasingly addressed. The Royal College of
Psychiatrists has recently issued guidelines recommending
that every area in the country has a named old age psychiatrist
responsible for younger people with dementia.4 This has been
matched by the development of specialised support services,
day care, and care homes for this group of patients.

However, delivering effective services relies on accurate
epidemiological data to drive the planning and implementation
process. In the past, estimates of the prevalence of dementia in
younger people have relied on historical data5–8 drawn from
hospital inpatient data and diagnostic registers. The inherent
problem of studies based upon known, diagnosed cases is the
potential for underestimating the real prevalence, particularly
given the rarity and relatively small numbers involved. Unfortu-
nately, because of the relatively low prevalence, conventional
“door knocking” would be too costly and time consuming.

The aim of our study was to use a large, geographical catch-
ment area and to use a combination of techniques to identify
every known case of dementia starting before the age of 65
years. Having identified cases, we were also interested in
exploring the prevalence of the different causes of dementia,
and using the results obtained to extrapolate estimates of the
numbers of younger people with dementia in the UK.

METHODS
Ethical approval was obtained from the five local research
ethics committees covering the catchment areas of the London

Borough of Hillingdon (110 km2, population 232 000, of whom
81 184 were between 30 and 64 years of age; Jarman Index
8)9 and the London boroughs of Kensington, Chelsea, and
Westminster (25 km2, population 335 500 of whom 112 309
were between 30 and 64 years of age; Jarman Index 21).

Sampling
Stage 1
The aim of the first stage of sampling was to raise awareness
of the project, and the need to identify and report any case, or
suspected case of dementia, where the illness had started
before the age of 65 years.

Personal letters and information were sent out to every
general practitioner, psychiatrist, old age psychiatrist, neurolo-
gist, geriatrician, and general physician. In addition, infor-
mation was also provided to departments of social services,
voluntary organisations, day centres, home care, and commu-
nity care teams through senior managers in the relevant
organisations. The project ran in parallel with social services/
voluntary sector initiatives in both areas,3 10 providing senior
organisational leadership across health and social services and
ensuring widespread engagement with the project. Clinicians
and practitioners were asked to notify any cases under their
care on a defined “census” day for the study.

In parallel, hospital information systems and case registers
at the four main hospitals in the catchment areas were
searched for cases falling in the target age range who had rel-
evant ICD-9/10 diagnoses.

Personal contact was made with key neurologists and psy-
chiatrists working in the area who allowed hand searching of
copies of clinic letters, discharge summaries, and departmen-
tal databases.
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Stage 2
An experienced psychiatrist (RJH) followed up notification of
cases, requesting copies and/or access to all available hospital
and GP case notes. The available information included clinical
history, and investigations (including neuroimaging) were
reviewed.

A hierarchical diagnostic algorithm was then applied. At
the top level, subjects achieved a definite diagnosis if the
dementia was associated with a known disease-specific
genetic mutation, if there were neuropathological results
available from a cerebral biopsy, or from autopsy if the patient
had died after the “census” date.

At the second level of the algorithm, well recognised and
validated clinical diagnostic criteria were applied to make the
diagnoses of Alzheimer’s disease (NINCDS/ADRDA criteria)11,
vascular dementia (NINDS/AIREN criteria)12, dementia with
Lewy bodies,13 frontotemporal dementia (Lund and Manches-
ter Criteria)14, alcohol related dementia (DSM-IV criteria for
alcohol induced persisting dementia)15, or other dementias for
which DSM-IV criteria are available. These criteria were not
applied hierarchically, but rather on the basis of best clinical
opinion.

At the third level of the algorithm, patients fulfilling the
DSM-IV criteria for dementia, but not fulfilling criteria for one
of the above diagnostic categories were assigned to a Demen-
tia Not Otherwise Specified category.

The age at onset of disease was defined as the age of the
patient at which the earliest conclusive dementia symptom
was noted or documented in the medical notes or other corre-
spondence.

Stage 3
For half of the patients identified in stage 2, a direct approach
was made through the general practitioner seeking consent
for a detailed clinical assessment to confirm diagnosis. Those
patients and carers willing to participate were visited at home
by RJH, who completed a semi-structured interview to collect
demographic details and a detailed clinical history. The clini-
cal assessment included a medical and neurological examina-
tion and completion of the Modified Hachinski Ischaemia
Scale,16 Clinical Dementia Rating Scale ,17 the Behavioural
Pathology in Alzheimer’s Disease Rating Scale,18 the Interview
to Determine Deterioration in Daily Functioning,19 and the
Cambridge Mental Disorders in the Elderly Examination Cog-
nitive Assessment.20 The data collected were used to confirm
the diagnosis.

Any diagnoses that were not clear at either stage 2 or stage
3 were discussed and agreed by consensus between RJH and
MNR.

RESULTS
In total, 227 people with suspected young onset dementia
were identified to the study. The sources of identification were
psychologists (21%), databases and case registers (20%), neu-
rologists (17%), psychiatrists (14%), social workers (9%), GPs
(6%), physicians (6%), community nurses (4%), and other
(3%).

Of the 227 referrals, 19 were excluded as not fulfilling
DSM-IV criteria for dementia (six were “worried well”, seven
had traumatic brain injuries, two had chronic schizophrenia,
and four cases identified from hospital information systems
were clearly miscoded when the notes were reviewed).

Of the remaining 208 cases, review of the notes showed an
age of onset greater than 65 years of age in 23 cases who were
further excluded from the study. The remaining 185 cases
formed the population for the prevalence study, and of these,
87 cases (47%) underwent a detailed stage 3 personal assess-
ment.

In the stage 3 assessment group, 69 patients (83%) had
undergone neuroimaging with either CT or MRI, with 18
(21%) having undergone both CT and MRI. Twenty one
patients (24%) had had an EEG.

The mean age of the population was 58.7 years (95% CI 57.4
to 60.1 years). Fifty eight percent (95% CI 50.9 to 65.6%) were
male and 42% (95% CI 34.4 to 49.1%) were female, suggesting
a trend towards a higher prevalence of dementia in males than
females.

Table 1 summarises the age and gender specific prevalence
rates for dementia in the study population on the “census”
day; the pattern of prevalence approximately doubles with
each five year increase in age.

Pragmatically, mixed diagnoses were avoided and we aimed
to make a “highest confidence” single diagnosis in each case.
In 168 (90%) of cases a single diagnosis was established using
the diagnostic algorithm, 19 cases (10%) fitted more than one
set of criteria and required a clinical consensus diagnosis to be
made. Differential diagnoses in the population included
Alzheimer’s disease (62 cases, 34%), vascular dementia (34
cases, 18%), frontotemporal dementia (23 cases, 12%), alcohol
related dementia (19 cases, 10%), and dementia with Lewy
bodies (12 cases, 7%). Other causes of dementia accounted for
35 cases (19%) and included Huntington’s disease (nine

Table 1 Age and gender specific prevalence rates in the study population

Population

All causes of dementia

Significance†

All Male Female

Age range Male (n) Female (n) n Rate* 95% CI n Rate 95% CI n Rate 95% CI

30–34 23898 23375 6 12.7 (4.7 to 26.7)‡ 3 12.6 (2.6 to 36.7) 3 12.8 (2.7 to 37.5) NS
35–39 18526 19106 3 8.0 (1.6 to 23.3) 1 5.4 (0.1 to 30.1) 2 10.5 (1.3 to 37.8) NS
40–44 18982 19643 6 15.5 (5.7 to 33.8) 1 5.3 (0.1 to 29.4) 5 25.5 (8.3 to 59.4) NS
45–49 16549 16799 11 33.0 (16.5 to 59.0) 6 36.3 (13.3 to 78.9) 5 29.8 (9.7 to 69.5) NS
50–54 15185 15237 19 62.5 (37.6 to 97.5) 10 65.9 (31.6 to 121) 9 59.1 (27 to 112) NS
55–59 13983 13626 42 152.1 (110 to 206) 28 200.2 (133 to 289) 14 102.7 (56.2 to 172) NS
60–64 12716 13141 43 166.3 (120 to 224) 26 204.5 (134 to 300) 17 129.4 (75.4 to 207) NS

30–64 119839 120927 130 54.0 (45.1 to 64.1) 75 62.6 (49.2 to 78.4) 55 45.5 (34.3 to 59.2) NS
45–64 58433 58803 115 98.1 (81.1 to 118) 70 119.8 (93.4 to 151.0) 45 76.5 (55.8 to 102) NS

Over 65§ 55 33 22

*Rate per 100 000 people at risk.
†Significance of difference between genders by inference from 95% CI.
‡95% confidence interval for the prevalence rate.
§Subjects who had a dementia starting before the age of 65 years, but were over 65 but still living on the study census day.
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cases), dementia in multiple sclerosis (eight cases), cortico-
basal degeneration (two cases), prion disease (two cases),
dementia in Down’s syndrome (three cases), dementia in Par-
kinson’s disease (two cases), and dementia not otherwise
specified (nine cases). The very low prevalence of dementia in
Down’s syndrome is likely to be an artefact due to sampling
bias. Despite raising awareness of the project with learning
disability services, no referrals of cases were made from these
sources.

The age specific prevalence rates for the four most common
causes of dementia in this group of younger people are
summarised in table 2.

Estimates of numbers of cases in the UK
One of the objectives of the study was to generate robust esti-
mates of the numbers of people in the UK with young onset
dementia. These figures are important both for service
planning and for campaigning for improvements in recogni-
tion and provision.

Using data from the 2001 UK Census, we applied the preva-
lence figures derived from our population to the population
figures for the UK. Table 3 summarises the estimated numbers
of younger people with dementia, and with specific diagnoses
in the UK.

DISCUSSION
This is the first study to report the prevalence of dementia and
differential diagnoses in a community based catchment area
study of younger people with dementia. The prevalence of
dementia in people between the ages of 30 and 64 years was 54
per 100 000 with the prevalence approximately doubling for
each five year age band. Based on the prevalence figures
derived from this study we estimate that there are 18 319
(15 296–21 758) people under the age of 65 years with
dementia in the UK.

The main strength of the study is the combination of a large
catchment area and the use of multiple and varied means of
case identification, essentially attempting to leave no stone

unturned. The very varied sources of case identification
confirm the benefits of this methodology. The main weakness
of the study is that despite using a catchment area with a
population of more than 500 000 people, the rarity of the con-
dition meant that only 185 cases were identified. For more
robust estimates with smaller confidence intervals a much
larger population would be helpful.

This study was unique in being large enough to consider a
range of differential diagnoses with our disease specific figures
and overall figures being supported by other studies of
individual diseases.

Thus our prevalence figure for young onset Alzheimer’s dis-
ease of 35.0 per 100 000 in the 45–64 years age group is very
similar to estimates for the Northern Region (34.6),6 Finland
(32.7),21 the Framingham Study (31.8),22 and Cambridge
(15.1).8

Similarly, the prevalence rates we found for vascular
dementia were close to the estimates derived from an earlier
study in Scotland,5 and the prevalence rate we identified for
frontotemporal dementia (15.4 per 100 000) was almost iden-
tical to the rate identified in the Cambridge study (15.1).8

While none of these studies used an identical methodology,
this study is probably most similar to the study from the
Northern Region which used case ascertainment from hospi-
tal inpatient records, and the Cambridge study which
identified cases from memory clinic databases and admission
records. The Framingham study and the Finnish study both
used ascertainment from large population diagnostic regis-
ters, but generate similar prevalence figures. One conclusion
from this is that younger people with dementia inevitably
come to medical attention and receive a diagnosis—what is
less certain is what follow up and support these patients are
given after the diagnosis.

Our study underpins and supports initiatives from the
Alzheimer’s Society and the Royal College of Psychiatrists to
secure and improve services for this group of patients. Even
though dementia in younger people is uncommon when com-
pared with dementia in older people, every case is a personal

Table 2 Age specific prevalence rates for the most common causes of young onset dementia

Age range

Alzheimer’s disease Vascular dementia Frontotemporal dementia Alcohol related dementia

n Rate* 95% CI n Rate* 95% CI n Rate* 95% CI n Rate 95% CI

40–44 1 2.6 (0.7 to 14.4)
45–49 2 6.0 (0.7 to 21.7) 4 12.0 (3.3 to 30.7) 2 6.0 (0.7 to 21.7)
50–54 5 16.4 (5.3 to 38.4) 2 6.6 (0.8 to 24.4) 1 3.3 (0.8 to 18.3) 6 19.7 (7.2 to 42.9)
55–59 14 50.7 (27.7 to 85.1) 9 32.6 (14.9 to 67.9) 7 25.4 (10.2 to 52.2) 5 18.1 (5.9 to 42.3)
60–64 20 77.3 (47.2 to 119) 10 38.7 (18.5 to 71.1) 6 23.2 (8.5 to 50.5) 3 11.6 (2.4 to 33.9)

30–64 42 17.4 (12.6 to 23.6) 21 8.7 (5.4 to 13.3) 18 7.5 (4.4 to 11.8) 16 6.6 (3.8 to 10.8)
45–64 41 35.0 (25.1 to 47.4) 21 17.9 (11.1 to 27.4) 18 15.4 (9.1 to 24.3) 16 13.6 (7.8 to 22.2)

*Rate per 100 000 people at risk.

Table 3 Estimated numbers of cases of dementia in people under the age of 65 in the UK

Age
UK Population
2001 All causes of dementia Alzheimer’s disease Vascular dementia

Frontotemporal
dementia

Alcohol related
dementia

30–34 4493585 570 (209 to 1240)*
35–39 4625810 369 (76 to 1078)
40–44 4151580 645 (237 to 1403) 107 (27 to 598)
45–49 3735964 1232 (616 to 2204) 224 (27 to 811) 448 (122 to 1147) 224 (27 to 811)
50–54 4040437 2523 (1519 to 3939) 664 (216 to 1552) 266 (32 to 96) 133 (34 to 739) 797 (293 to 1733)
55–59 3338861 5079 (3673 to 6878) 1693 (925 to 2841) 1088 (497 to 2267) 847 (341 to 1743) 605 (196 to 1412)
60–64 2879948 4789 (3456 to 6451) 2228 (1359 to 3427) 1114 (533 to 2048) 668 (245 to 1454) 334 (69 to 976)

30–64 27266185 18319 (15296 to 21758) 5918 (4254 to 7989) 2959 (1832 to 4526) 2536 (1502 to 4008) 2255 (1290 to 3654)
45–64 13995210 13728 (1134 to 16514) 4894 (3513 to 6634) 2507 (1553 to 3835) 2149 (1274 to 3401) 1910 (1092 to 3107)

*95% confidence interval of the estimate.
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YOD – Prevalence of “Other” 
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YOD – different cohorts in different clinics 
•  Case mix – definition of YOD, referral patterns, type of clinical setting 

ORIGINAL CONTRIBUTION

Young-Onset Dementia
Demographic and Etiologic Characteristics of 235 Patients

Brendan J. Kelley, MD; Bradley F. Boeve, MD; Keith A. Josephs, MST, MD

Background: Onset of dementia before age 45 years pre-
sents a difficult clinical circumstance, having a broad dif-
ferential diagnosis and numerous psychosocial implica-
tions for the patient and their family. Few data exist
regarding the demographics characterizing this popula-
tion or the etiologic diagnoses among those affected.

Objectives: To characterize the demographic charac-
teristics and the etiologic causes of dementia with age at
onset younger than 45 years.

Design: Observational, retrospective, single-cohort study.

Setting: Multispecialty group academic medical center.

Patients: We searched the Mayo Clinic Rochester elec-
tronic Medical Record Linkage System to identify indi-
viduals who were seen for evaluation of progressive cog-
nitive decline between the ages of 17 and 45 years from
January 1996 through December 2006. This search iden-
tified 235 individuals who met the established inclu-
sion and exclusion criteria.

Main Outcome Measures: All available clinical, labo-
ratory, magnetic resonance imaging, and pathological data
were reviewed.

Results: Causes varied, with neurodegenerative etiolo-
gies accounting for 31.1% of the cohort; Alzheimer dis-
ease was uncommon. Autoimmune or inflammatory
causes accounted for 21.3%. At last follow-up, 44 pa-
tients (18.7%) had an unknown etiology, despite exhaus-
tive evaluation. Cause varied with age, with inborn er-
rors of metabolism being more common before age 30
years and with neurodegenerative etiologies being more
common after age 35 years.

Conclusions: Young-onset dementia (age at onset, !45
years) includes a broad variety of etiologies, with few pa-
tients having a potentially treatable disorder. The etio-
logic spectrum and the relative percentages of patients
within etiologic groups differed in important ways from
existing reports of early-onset dementia (ie, age at on-
set, !65 years).

Arch Neurol. 2008;65(11):1502-1508

T HE DIFFERENTIAL DIAGNO-
sis of young-onset demen-
tia (YOD) is extensive, in-
cluding sporadic hereditary
etiologies, neurodegenera-

tive diseases, adult presentations of in-
born errors of metabolism, other meta-
bolic or storage diseases, and other
syndromic diagnoses.1,2 In some individu-
als, the etiology remains indeterminate
even after brain biopsy.3 Although inves-
tigations of the etiologies and prevalence
of early-onset dementia (EOD) have been
performed,4-7 the available literature re-
garding YOD exists primarily as indi-
vidual case reports or as small case series
focused on a single etiology.

To better characterize this population,
we reviewed the experience of our depart-
ment of neurology with YOD to more
clearly delineate the demographic and etio-

logic characteristics of this population. We
define YOD as dementia with onset be-
tween the ages of 17 and 45 years. This term
is used to distinguish this population from
studies of EOD, typically defined as de-
mentia occurring before age 65 years.4,5,8-10

METHODS

PATIENT IDENTIFICATION

This protocol was approved by the Mayo Foun-
dation Institutional Review Board. We searched
the Medical Record Linkage System of pa-
tients evaluated at Mayo Clinic Rochester from
January 1996 through December 2006, using
the relevant Hospital International Classifica-
tion of Diseases Adapted codes for dementia
and for neurodegenerative disorders that may
manifest with dementia between the ages of 17
and 45 years. All available medical records were
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Department of Neurology, Mayo
Clinic, Rochester, Minnesota.

(REPRINTED) ARCH NEUROL / VOL 65 (NO. 11), NOV 2008 WWW.ARCHNEUROL.COM
1502

©2008 American Medical Association. All rights reserved.
Downloaded From: http://archneur.jamanetwork.com/ by a University College Dublin User  on 11/09/2014

COMMENT

Our retrospective review identified 235 patients with age
at onset of progressive dementia younger than 45 years.
The referral bias toward atypical presentations inherent
to performing this study at a tertiary care facility pre-
cludes our ability to reliably infer frequency analysis.
Although an argument could be made that all cases of
YOD are atypical simply by virtue of age at onset, the
validity of generalizations from this cohort to the more
general population of all patients with YOD should be
confirmed in a prospectively studied cohort. Further-
more, our search spanned 11 years, during which the
available diagnostic testing has undergone significant
changes.

Nevertheless, several important points can be made.
Our study describes a large cohort of patients who ex-
perienced progressive cognitive decline before age 45
years. One study4 investigated the prevalence and eti-
ologies of EOD in 185 patients with onset of dementia
before age 65 years, among whom 15 individuals had on-
set of dementia between the ages of 30 and 44 years. Har-
vey et al estimated the prevalence of EOD (age range,
30-65 years) at 54 cases per 100 000. Although no preva-
lence estimates were explicitly calculated for the YOD age
range, data in that study indicate that the prevalence rate
for ages 30 to 44 years would be estimated to be 12.1 cases
per 100 000. This underscores the importance of our co-
hort to provide a resource examining a large population
of patients having this rare neurologic presentation.

Exclusion of nonprogressive cognitive impairment re-
ferable to a specific incident removed patients having TBI
or acute cerebrovascular events from our population. Al-
though TBI may be similar to YOD in its personal effect,
societal costs, and therapeutic challenges, TBI differs in
many important ways from progressive dementias. Fur-
thermore, the readily identifiable antecedent cause does not
present the diagnostic challenges and dilemmas faced by
clinicians evaluating the patients described in our cohort.

In analysis of presenile AD, family history has been
shown to be a strong risk factor.11 The generalization that
family history of EOD is common in YOD would seem to
be partly valid because only 25.5% of our cohort reported
a positive family history of EOD or neurologic presenta-
tion similar to that of the study patient. Statistical analysis
of our cohort grouped by etiology demonstrated a signifi-
cant difference in family history between etiologic groups.
Family history was more common (36.0%-43.80%) among
those having neurodegenerative, metabolic, or unknown
causes and less common (0%-14.0%) among those in the
autoimmune or inflammatory, vascular, or other etio-
logic categories. The presence of a positive family history
in 9.1% of those having infectious causes is likely a spu-
rious result of 1 individual (among 11 in this category)
reporting a positive family history.

Ultimately, diagnoses having a genetic basis were con-
firmed in 50.0% of those reporting a positive family his-
tory. Although it is tempting to conclude that the pres-
ence of a positive family history should be used to guide
genetic testing in this age range, there is likely an inher-
ent bias in our cohort toward performing genetic test-

ing in individuals with a family history, and the finding
may simply be an artifact of this bias. Supporting this con-
jecture, 21 individuals without positive family histories
had diagnoses that have a genetic basis.

A significant difference in age at onset was found
among the etiologic groups, likely driven by the younger
mean age at onset among patients having metabolic eti-
ologies. Figure, B, illustrates that the percentage of in-
dividuals having a metabolic disorder decreased dramati-
cally at about age 29 years. With that said, it should also
be noted that we identified several individuals who mani-
fested disease in their 40s with these etiologies as well.
Figure, A, shows the substantial variability in the age at
onset within the metabolic group.

Table 4 gives etiologic data from several stud-
ies4,5,8-10 of EOD. It also summarizes data from the pres-
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Figure. Histograms of the number of patients within each etiologic group
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contributed stratified by age (B). In B, the age range is truncated at age 43
years to account for the mean 2-year delay from onset to presentation, which
likely explains the smaller number of patients identified as having onset at
age 44 or 45 years.
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YOD – diagnostic journey  
•  Delayed diagnosis and misdiagnosis 
•  Recognition? 

•  Poor disease awareness among public and professionals 
•  Different presenting symptoms than older pwd 

•  Memory less likely the presenting complaint 
•  Non-specific functional decline 
•  Behaviour, mood and language 
•  Movement, falls, clumsiness, visual complaints 

•  Referral? 
•  No defined referral pathway for under 65’s  
•  No ‘ownership’ by professionals of ypwd under 65   

•  Rare disorders? 
•  Long list of diagnostic possibilities 
•  What investigations?  

 



YOD – diagnostic possibilities 
• Neurodegenerative 

•  AD, FTD, DLB, PDD, PSP, CBD, MSA, Huntington’s, CTE 
• Vascular 

•  Vascular dementia, CADASIL, CAA  
•  Inflammatory 

•  MS, Neurosarcoid, Bechet’s, Lupus, Limbic encephalitis  
•  Infectious 

•  HIV, TSE, Neurosyphillis, PML, Whipples 
•  Toxic/Metabolic/Systemic/Nutritional 

•  Alcohol, Heavy metal, Wilson’s, Metabolic and Endocrine encephalopathies, B12/
Thiamine/Niacin def 

•  Late-onset childhood neurodegeneration 
•  Mitochondrial, Lysosomal storage disorders, Leukodystrophies 
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The diagnosis of young-onset dementia
Martin N Rossor, Nick C Fox, Catherine J Mummery, Jonathan M Schott, Jason D Warren

A diagnosis of dementia is devastating at any age but diagnosis in younger patients presents a particular challenge. 
The diff erential diagnosis is broad as late presentation of metabolic disease is common and the burden of inherited 
dementia is higher in these patients than in patients with late-onset dementia. The presentation of the common 
degenerative diseases of late life, such as Alzheimer’s disease, can be diff erent when presenting in the fi fth or sixth 
decade. Moreover, many of the young-onset dementias are treatable. The identifi cation of causative genes for many of 
the inherited degenerative dementias has led to an understanding of the molecular pathology, which is also applicable 
to later-onset sporadic disease. This understanding off ers the potential for future treatments to be tailored to a specifi c 
diagnosis of both young-onset and late-onset dementia. 

Introduction 
Dementia is a major public health concern that is a 
growing burden owing to an ageing society. However, 
the high prevalence of dementia in the elderly can 
overshadow the importance of its occurrence in younger 
patients. Young-onset dementias can present a 
substantial diagnostic challenge but can also provide 
important biological insights that might also be 
applicable to the more common presentation in older 
patients. For example, the high prevalence of inherited 
dementias in younger age-groups has led to the 
identifi cation of causative genes and subsequent 
molecular pathology of direct relevance to the more 
common sporadic disease seen in older patients. The 
prospect of future treatments targeted at the specifi c 
molecular pathological changes of the diff erent 
dementias makes precise diagnosis essential. In this 
Review, we discuss the diff erences between young onset 
and late onset for the four major dementia diseases: 
Alzheimer’s disease, vascular disease, frontotemporal 
lobar degeneration (FTLD), and dementia with Lewy 
bodies. We also suggest a structured approach to the 
choice of investigations, building on the “dementia plus” 
concept; this concept exploits the fact that many of the 
diseases that cause dementia in young adults also cause 
additional neurological or systemic features, and the 
identifi cation of these features can aid diagnosis. A 
diagnosis of dementia often attracts therapeutic nihilism 
and so we also include examples of treatable dementias 
that commonly present to young-onset dementia clinics. 

Defi nitions 
The term “presenile dementia”, used widely in the 
published literature until about 10 years ago, is no longer 
favoured and the terms “young-onset dementia”, 
“younger-onset dementia”, and “younger people with 
dementia” are now commonly used. In this paper, we use 
the term “young-onset dementia”. 

Young-onset dementia is conventionally thought to 
include patients with onset before 65 years of age. This 
cutoff  point is indicative of a sociological partition in 
terms of employment and retirement age, but this age 
has no specifi c biological signifi cance and there is a range 
of disease features across this arbitrary divide. 

The term dementia as currently defi ned presents two 
particular challenges. The fi rst is that standard criteria 
for dementia require that cognitive impairment is 
suffi  ciently severe to compromise social and occupational 
functioning.1 The second is that memory must be 
specifi cally impaired. A consequence of the fi rst 
challenge is a delay in a specifi c diagnosis of the cause of 
the dementia. This is evident in the diagnostic criteria 
for Alzheimer’s disease from the National Institute of 
Neurological and Communicative Disorders and Stroke 
(NINCDS),2 which fi rst require that the patient fulfi ls the 
criteria for dementia. Thus, before a patient with 
Alzheimer’s disease can be diagnosed using these 
criteria, the disease will be well advanced (table 1). 
Although patients who present with the mild but 
consistent cognitive decline that accompanies ageing 
should not be categorised as having dementia, it is 
increasingly important to make a specifi c early diagnosis 
of the cause of cognitive impairment when appropriate, 
particularly with the possibility of disease-modifying 
treatments becoming available in the future. The use of 
the term mild, or minimum, cognitive impairment to 
describe patients with cognitive impairment that is not 
of suffi  cient severity to fulfi l criteria for dementia has 
found widespread support.3 This term is perhaps most 
useful when diff erent forms of mild cognitive 
impairment are recognised (eg, amnestic versus non-
amnestic; single versus multi-domain) because these 
have some value in helping to identify precursor states 
of specifi c dementia syndromes.5 In recently proposed 
criteria for Alzheimer’s disease, both the importance of 
early diagnosis and the role of biomarkers irrespective of 
severity are acknowledged4 (table 1). 

The second challenge, that most criteria for dementia 
require impairment of episodic memory, has come about 
because Alzheimer’s disease is both the most common 
cause of dementia in the elderly and the most studied. 
The concern here is that patients with progressive 
cognitive decline without memory impairment (eg, 
posterior variant Alzheimer’s disease) or with other focal 
impairments (eg, semantic dementia) might be excluded 
from the dementia diagnostic algorithm. Thus, the 
clinical approach should emphasise analysis of the 
cognitive and neurological syndrome in any patient who 
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Abstract
Objective—To characterize a cohort of individuals who have experienced rapidly progressive
dementia with onset prior to age 45.

Background—Very little data regarding the clinical features or clinical spectrum of rapidly
progressive young-onset dementia (RP-YOD) is available, primarily consisting of case reports or
small series.

Methods—A search of the Mayo Clinic medical record was employed to identify patients who had
onset prior to age 45 of rapidly progressive dementia. All available medical records, laboratory data,
neuroimaging studies, and pathological data were reviewed.

Results—Twenty-two patients met the pre-defined inclusion and exclusion criteria. Behavioral and
affective disorders, cerebellar dysfunction and visual and/or oculomotor dysfunction were common
early clinical features within the cohort, as were clinical features often associated with Creutzfeldt-
Jakob disease (CJD). Diagnostic testing identified an etiology in most patients.

Conclusions—Presentations of RP-YOD result from a variety of etiologies and significant overlap
in clinical features is observed. Clinical features often associated with CJD appear to be common
within the entire cohort of RP-YOD patients. Diagnostic studies aided in establishing a diagnosis in
most patients, however five had uncertain diagnoses despite exhaustive evaluation.
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Introduction
Rapidly progressive dementia constitutes a worrisome clinical presentation at any age, perhaps
even more so in individuals younger than age 45. The diagnosis most commonly thought of in
the context of rapidly progressive dementia is Creutzfeldt-Jakob disease (CJD), although in
truth, the differential diagnosis is broad.1 Very little literature exists regarding the clinical
features and diagnoses established in younger individuals experiencing rapidly progressive
dementia, due primarily to the rarity of presentation.

Patients with rapidly progressive young-onset dementia (RP-YOD) are typically referred for
neurologic consultation, and often are eventually referred to academic medical centers. Due to
the concerning nature of this presentation, wide differential diagnosis, challenge to establishing
diagnoses, and rarity of cases, we sought to examine all cases with RP-YOD evaluated at our
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YOD – diagnostic approach 
•  Initial features and temporal course – collateral history 
•  Cognitive- behavioral profile 
•  Other neurological networks involved? 

•  Parkinsonism 
•  Cortico-spinal tract 
•  Neuropathy or myopathy 
•  Ataxia 
•  Visual or Gaze Palsy 
•  Movement disorder 
•  Seizures and myoclonus 
•  Dysautonomia 
•  Deafness 

•  Other systemic features? 
•  Haematological, liver, renal, respiratory, skin, bone, cataracts, hyponatraemia 

 

Dementia-Plus  
Syndromes 



YOD - investigations 
•  Blood analysis 

•  Systemic disease screen; B12/folate; HIV; Syphillis 
•  Limbic encephalitis (Oxford Neuroimmunology Grp):  

•  Cell surface anti-VGKC (LGI1 and CASPR2); GAD; NMDA, AMPA, 
GABAb, Glycine receptors 

•  Paraneoplastic: Ma1, Ma2, CV2 

•  Brain imaging 
•  Structural : MRI  
•  Functional : FDG PET 

•  CSF analysis 
•  Unusual clinical features, rapid progression, unusual MRI, 

immunosuppressed, less than 55 year  
•  Biomarkers 
 

•  Other tests if indicated 
•  EEG, EMG/NCS, Autonomic function, Genetic analysis 



YOD – imaging biomarkers 
• Structural MRI 

•  T1/T2 FLAIR/T2 
gradient echo/DWI 

•  Exclusion  
•  Pattern of atrophy 
•  Rate of atrophy 

Early-onset  dementias:  Specific  etiologies  and  contribution  of  MRI  379

and/or  the  motor  cortical  regions  (Fig.  2)  [22]. Routine  clin-
ical  investigation  for  hippocampal  atrophy  is  still  based  on
visual  analysis  alone  (Scheltens  classification)  [23].  A  study
of  people  at  risk  of  familial  AD  has  shown  that  loss  of  volume
of  hippocampal  structures  precedes  the  onset  of  symptoms
by  several  years  [24].  Whilst,  typically,  the  hippocampal
regions  are  initially  affected  in  the  elderly,  these  may  appear
normal  at  the  onset  of  the  disease  in  young  people  [6].
Disease  is  found  predominantly  in  the  posterior  cortical
regions  in  parieto-occipital  forms  of  the  disease  with  bilat-
eral  parietal  or  bilateral  parietal  and  occipital  atrophy  [25].
First-pass  gadolinium  enhancement  techniques  and  Arterial
Spin  Labeling  (ASL)  can  demonstrate  a reduction  in  cerebral
blood  flow  in  the  posterior  parietal  cingulate  regions  at  an
early  stage  (Fig.  3)  [26—28].

In  classic  amnesic  forms  of  AD,  positron  emission
tomography  (18-FDG  PET-CT)  and  Monophoton  Emission
Computed  Tomography  (MECT)  show  hypometabolism  and
hypoperfusion  respectively,  successively  affecting  the
temporal  regions,  the  posterior  cingulate  cortex,  the  tem-
poroparietal  cortex  and  then  the  frontal  regions  [29].
Molecular  imaging  techniques  which  directly  reflect  the
disease  process  are  developing  at  an  astonishing  rate,
although  access  to  these  techniques  is  still  limited.  Pitts-
burgh  compound  B  [11C]-PIB  and  [18F]-AV45  markers  show  up
amyloid  plaques,  and  [18F]-FDDNP  highlights  neurofibrillary
degeneration  and  amyloid  plaques  [30].  Increased  [11C]-PIB
uptake  is  reported  to  be  visible  15  years  before  the  onset  of
symptoms  in  autosomal  dominant  AD  [20].

Fronto-temporal lobar degeneration

FTLD  is  a  group  of  diseases  characterized  by  frontal  atro-
phy  of  the  frontal  and  temporal  lobes.  It  is  the  third  leading
cause  of  dementia  in  the  young  [4],  with  a  usual  age  of  onset
of  symptoms  between  45  and  60  years  old  [31].  A  family
history  of  dementia  is  reported  in  40%  of  cases  [32]  half
of  which  are  transmitted  as  an  autosomal  recessive  disease
[33,34]  and  the  clinical  presentation  within  families  is  often

very  variable.  The  leading  genetic  cause  is  due  to  a  muta-
tion  of  the  tau  gene,  which  is  located  on  chromosome  17
[35].  Signs  develop  insidiously,  and  may  be  dominated  by
behavioral  disorders,  altered  personality,  and  loss  of  empa-
thy  and  motivation.  Loss  of  planning  and  judgment  may
lead  affected  individuals  to  give  up  work  early  and  is  often
attributed  by  their  families  to  relationship  difficulties  or
depression,  which  can  delay  the  diagnosis.  Three  clinical
forms  of  FTLD  are  described  [31]  depending  on  the  predomi-
nant  signs:  frontotemporal  dementia  (behavioral  disorders),
primary  progressive  nonfluent  aphasia  and  semantic  demen-
tia  (language  difficulties).  Unlike  AD,  FTLD  is  associated  with
an  early  onset  of  behavioral  [5]  or  language  difficulties  (in
this  case,  primary  progressive  aphasia  or  semantic  demen-
tia)  whereas  memory  and  spatial  orientation  difficulties  are
not  the  main  features.

The  presentation  in  frontotemporal  dementia  predomi-
nantly  involves  a  gradual  deterioration  in  behavior  (apathy,
disinhibition  and  lapses  of  concentration)  and  character.  On
MRI,  atrophy  is  seen  in  the  frontal  lobes,  particularly  the
frontal  orbital  cortex  and  the  anterior  part  of  the  temporal
lobes  (Fig.  4) [36].  ASL  shows  hypoperfusion  in  the  frontal
cortical  regions  [37].

Primary  progressive  nonfluent  aphasia  is  characterized  by
an  insidious  gradual  reduction  in  spontaneous  verbal  expres-
sion  with  anomia  and  agrammatism,  but  preserved  memory
[38].  Other  cognitive  functions  are  also  preserved  in  the
early  stages  of  the  disease.  On  MRI,  atrophy  is  seen  in  the
inferior  frontal  and  left  antero-superior  temporal  regions,
and  predominantly  in  perisylvian  regions  (Fig.  5) [39].

Severe  difficulties  in  understanding  words  and  naming
are  seen  in  semantic  dementia.  Grammatical  aspects  of
language,  visuospatial  praxias  and  episodic  memory  are  pre-
served.  MRI  shows  abnormalities  mostly  affecting  the  left
anterior  temporal  region,  although  bilateral  changes  may  be
seen  (Fig.  6).  This  asymmetry  and  the  presence  of  an  antero-
posterior  gradient  distinguish  semantic  dementia  from  AD
[40].  Selective  right  anterior  temporal  atrophy  has  occa-
sionally  been  described,  characterized  clinically  by  gradual

Figure 2. A 40-year-old man suffering from Alzheimer’s disease. Family history (mother and three brothers): a: axial T1-weighted MR:
large increase in size of the subarachnoid spaces predominantly affecting the parietal region; b: coronal T1-weighted MR: Scheltens scale:
grade 2 bilaterally (hippocampal atrophy).
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Figure 4. Fronto-temporal dementia in a 62-year-old woman.
Axial T1-weighted MRI: enlargement of the subarachnoid spaces in
the frontal regions. Dilatation of the ventricular system, predomi-
nantly affecting the frontal horns.

disease  with  complete  penetrance.  The  mutated  gene,
which  codes  for  the  huntingtin  protein,  is  located  on  the
short  arm  of  chromosome  4  [47].  De  novo  mutations,
although  rare,  may  occur.  It  has  a  prevalence  of  five  to  seven
people  per  100,000  in  the  Caucasian  population  [48]  and  has
two  forms:  the  juvenile  form  beginning  before  the  age  of
20  and  the  late  form  starting  at  around  40  years  old.  The
onset  is  often  insidious  and  characterized  by  cognitive  or

Figure 6. Semantic dementia in a 65-year-old woman. Axial
T2-weighted FLAIR images. Bilateral anterior temporal atrophy
(pronounced enlargement of the subarachnoid spaces combined
with dilatation of the temporal horns).

psychiatric  problems  (depression)  [49]  preceding  the  chor-
eiform  movements.

MRI  shows  atrophy  of  the  caudate  nucleus  and  puta-
mens,  with  a  loss  of  the  usually  clearly  convex  appearance
of  the  caudate  nuclei  and  enlargment  of  the  frontal  horns
(Fig.  9)  [50].  The  central  gray  nucleus  may  be  hyperintense
on  T2-weighted  MRI  in  juvenile  forms  of  the  disease.  Atro-
phy  then  extends  to  the  globi  pallidi,  thalami,  cortex  and

Figure 5. Primary progressive aphasia in a 63-year-old woman: a: coronal T1-weighted MR: bilateral temporal atrophy, predominantly
affecting the left side. Frontal white matter hypointensities due to associated leukoaraiosis; b: sagittal T1-weighted left lateral MR: left
perisylvian atrophy (enlargement of the frontal cortical and anterior temporal sulci and the sylvian fissure).



YOD – imaging biomarkers 
•  Functional imaging 

•  PET 18-F- FDG 
•  DAT dopamine 

transporter scan 
•  (Amyloid PET; FMRI 

(resting or activation)) 
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ALZHEIMER DISEASE (AD) IS THE
most common cause of de-
mentia, affecting more than
15 million individuals world-

wide.1 Pathological hallmarks of AD are
neuronal intracellular neurofibrillary

tangles consisting of the protein tau and
extracellular deposits of synaptotoxic
!-amyloid (A!) peptides in fibril struc-
tures.2 Neuronal changes are present
also in older individuals without de-
mentia, and their development is
thought to precede clinical symptoms
by several years.3

The possibility that AD disease-
modifying treatment with "- and !-
secretase inhibitors or vaccination regi-

mens will be developed raise a need for
methods enabling early diagnosis.4,5

Treatments would need to be initiated
very early in the disease process, be-
fore the neurodegenerative process is
too severe. Much focus has thus been

Author Affiliations are listed at the end of this article.
Corresponding Author: Niklas Mattsson, MD, Clini-
cal Neurochemistry Laboratory, Sahlgrenska Univer-
sity Hospital/Mölndal, S-431 80 Mölndal, Sweden
(niklas.mattsson@neuro.gu.se).

Context Small single-center studies have shown that cerebrospinal fluid (CSF) bio-
markers may be useful to identify incipient Alzheimer disease (AD) in patients with
mild cognitive impairment (MCI), but large-scale multicenter studies have not been
conducted.

Objective To determine the diagnostic accuracy of CSF !-amyloid1-42 (A!42), total
tau protein (T-tau), and tau phosphorylated at position threonine 181 (P-tau) for pre-
dicting incipient AD in patients with MCI.

Design, Setting, and Participants The study had 2 parts: a cross-sectional study
involving patients with AD and controls to identify cut points, followed by a prospec-
tive cohort study involving patients with MCI, conducted 1990-2007. A total of 750
individuals with MCI, 529 with AD, and 304 controls were recruited by 12 centers in
Europe and the United States. Individuals with MCI were followed up for at least 2
years or until symptoms had progressed to clinical dementia.

Main Outcome Measures Sensitivity, specificity, positive and negative likelihood
ratios (LRs) of CSF A!42, T-tau, and P-tau for identifying incipient AD.

Results During follow-up, 271 participants with MCI were diagnosed with AD and
59 with other dementias. The A!42 assay in particular had considerable intersite vari-
ability. Patients who developed AD had lower median A!42 (356; range, 96-1075
ng/L) and higher P-tau (81; range, 15-183 ng/L) and T-tau (582; range, 83-2174 ng/L)
levels than MCI patients who did not develop AD during follow-up (579; range, 121-
1420 ng/L for A!42; 53; range, 15-163 ng/L for P-tau; and 294; range, 31-2483 ng/L
for T-tau, P# .001). The area under the receiver operating characteristic curve was
0.78 (95% confidence interval [CI], 0.75-0.82) for A!42, 0.76 (95% CI, 0.72-0.80)
for P-tau, and 0.79 (95% CI, 0.76-0.83) for T-tau. Cut-offs with sensitivity set to 85%
were defined in the AD and control groups and tested in the MCI group, where the
combination of A!42/P-tau ratio and T-tau identified incipient AD with a sensitivity
of 83% (95% CI, 78%-88%), specificity 72% (95% CI, 68%-76%), positive LR, 3.0
(95% CI, 2.5-3.4), and negative LR, 0.24 (95% CI, 0.21-0.28). The positive predic-
tive value was 62% and the negative predictive value was 88%.

Conclusions This multicenter study found that CSF A!42, T-tau, and P-tau identify
incipient AD with good accuracy, but less accurately than reported from single-center
studies. Intersite assay variability highlights a need for standardization of analytical tech-
niques and clinical procedures.
JAMA. 2009;302(4):385-393 www.jama.com

See also p 436 and Patient Page.

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, July 22/29, 2009—Vol 302, No. 4 385
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YOD – diagnostic experience 
• Delayed referral – multiple physician visits 
• Assessment – many steps – prolonged 

•  YPWD come alone – collateral hx missing 
•  Periodic clinical assessments needed 
•  Step-wise or repeated investigations 

• Disclosure of diagnosis 
•  Piece-meal with each visit 
•  Doctor to ypwd/family without support  
•  ‘Teach-back’ – poor communication/comprehension initially 

• Post-diagnosis support 
•  None in community 
•  Hospital social-worker reaches out – poor response 
•  Continued care in Cognitive Clinic 



YOD – what then?  
•  “Every step is a fight” 
•  “Nothing out there for me” 
•  ‘Care-gap’  

•  (Cahill, O’Shea, Pierce 2012) 
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YOD – ‘Care-gap’ wider  
• Service provision is age-defined, fragmented, ad-hoc 
• Problems with access to: 

• Medical and psychiatric services 
• Community health and social care  
• Residential care 
• Peer support or counseling for ypwd  
• Carer support 

• Rely on health professionals ‘bending rules’ 
• Rely on voluntary organisations providing care 



YOD – personal assault 
• Sense of identity 
• Employment (income, status) 
• Dependants 

•  Young or teenage children 

• Relationship with partner 
•  Increased conflict; Reduced intimate contact 

• Relationship with friends 
•  Retreat – poor awareness and sense of helplessness? 
•  Unlike any other chronic disability – in cognitive impairment old relationships loose context. 

New friendship with carers. 

• Awareness much greater in ypwd (van Vliet, 2013) 

•  Apathy, depression and higher awareness in YO AD (NeedYD, 2012) 

 

“shot down in the prime 
of life” 

 
“totally unprepared” 

 
“I’ve lost myself….lost 

everything” 



YOD – “whole family illness”  
•  Greater burden on nuclear family 

•  Partner and dependent children provide most of care 
•  Family become isolated as extended family and friends re-treat 

•  Partner struggles  
•  Financial – Care of ypwd – Care of children 
•  Difficulty with behavioural symptoms 
•  Grief at loss of spouse and mid-life projects and uncertain future 
•  High levels of burden, stress and depression (Van Vliet, 2010) 

•  Children as carers (NeedYD, 2013) 
•  Difficulty coping, difficultly understanding change in parent, not included in discussions with 

professionals, concern for future 
•  Greater proportion of ypwd live at home for longer (NeedYD, 2013) 

•  Struggle to find support – flexible person-specifc care required 
•  More likely to precarious balance with un-supervised ypwd 
•  Formal care when crisis - disease advances or behavioural symptoms or failure with ADLs or 

safety risk high-lighted 



YOD – positive approach 
• Diagnosis 

•  Provides explanation 
•  Focus on living well and management of symptoms  
•  Plan for future 

• Cognitive adaptation and rehabilitation 
•  Not just memory – language/visuospatial/motor deficits 
•  Energy and focus into rehabilitation 
•  Driven and sourced by ypwd 

• Normalise the life-cycle  
•  Workplace engagement program: side by side 

(Roberston et al Dementia 2013) 
•  Improve peer group contact 



YOD – what’s needed: close the gap 
•  Awareness of the disorder and experience 

•  Professional and Public 
•  Experience of ypwd and family 

•  Access to well demarcated care pathway 
•  Health and social care ‘ownership’ 
•  Integration of existing services 
•  Resourced specific services for ypwd 
•  Recognition of importance of community care for ypwd 
 

•  Professional advocate for ypwd 
•  Case-manager/ Key-worker 
•  Dementia Advisor of ASI 
•  Needs assessment 

 
 



YOD - summary 
•  Different Disorders? 

•  Wider spectrum of disorders – clinically challenging 
•  Same disorders with different presentations 

•  Different Experience? 
•  Poor health and social provision: Wider Care-Gap 
•  Specific and significant psycho-social effects on ypwd 

and their family 

•  Appeal 
•  Inclusion in National Dementia Strategy 
•  Recognition of and Provision for the specific needs of 

ypwd 

  


