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Abstract

Young-onset dementia (YOD) is an neurological syndrome that affects behavior and cognition of
patients younger than 65 years of age. Although frequently misdiagnosed, a systematic approach,
reliant upon attainment of detailed medical history, collateral history from an informant,
neuropsychological testing, laboratory studies, and neuroimaging, may facilitate earlier and more
accurate diagnosis with subsequent intervention. The differential diagnosis of YOD is extensive
and includes early-onset forms of adult neurodegenerative conditions including Alzheimer's
disease, vascular dementia, frontotemporal dementia, Lewy body dementias, Huntington's disease,
and prion disease. Late-onset forms of childhood neurodegenerative conditions may also present
as YOD and include mitochondrial disorders, lysosomal storage disorders, and leukodystrophies.
Potentially reversible etiologies including inflammatory disorders, infectious diseases, toxic/
metabolic abnormalities, transient epileptic amnesia, obstructive sleep apnea, and normal pressure
hydrocephalus also represent important differential diagnostic considerations in YOD. This review
will present etiologies, diagnostic strategies, and options for management of YOD with
comprehensive summary tables for clinical reference.
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Introduction

Young-onset dementia (YOD) is a devastating condition that typically afflicts patients
between the ages 45-64 years. Common symptoms include behavioral changes, psychiatric
manifestations, and cognitive decline. This eventually leads to a deterioration of day-to-day
function, which affects not only the patient but also causes significant caregiver burden.
Approximately 67-98 per 100,000 people aged 45-64 years carry a diagnosis of YOD.1-3
Although less likely to be considered in differential diagnoses than the more common late-
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onset dementias (LOD), a growing awareness and, consequently, increasing number of cases
of YOD has heightened its profile in recent years.

YOD often presents in its early stages as behavioral changes, depression, and psychosis, and
patients may not develop cognitive deficits until later in the disease process.? This invariably
leads to a longer time-to-diagnosis.> Despite the advancement of methods of diagnosis,
YOD is frequently misdiagnosed.? In order to avoid misdiagnosis, it is critically important
to attain a thorough medical history, collateral behavior history from an informant, and
detailed family history in advance of ordering additional studies. In some cases of YOD,
treatment can completely reverse symptoms while in others, early diagnosis and intervention
can improve quality of life and inform decisions regarding family planning.

The differential diagnosis within YOD is extensive. Specifying diagnostic categories such
as, early-onset forms of adult neurodegenerative conditions, late-onset forms of childhood
neurodegenerative conditions, and reversible conditions, may facilitate a more timely and
accurate diagnosis. Early-onset forms of adult neurodegenerative conditions, such as
Alzhiemer's disease (AD), are the most common cause of YOD. Late-onset forms of
childhood neurodegenerative conditions, such as mitochondrial disorders, lysosomal storage
disorders, and leukodystrophies, are also important considerations and represent the most
common causes of YOD in patients younger than 35 years.® Perhaps the most important
category of YOD is the reversible causes of YOD, which include inflammatory, infectious,
toxic, and metabolic etiologies. The multiple neuropathologies differ in terms of additional
symptoms, blood test results, characteristic findings on neuroimaging, cerebrospinal fluid
(CSF) analyses, neurophysiology studies, and tissue biopsy. Several of the YODs have
hereditary forms, and genetic testing is an increasingly popular method for confirming
diagnoses and evaluating risk in family members.

Due to the broad nature of the topic, much of the information in this review is tabulated, in
an effort to facilitate a rational approach to differential considerations, diagnostic strategies,
and management.

Diagnostic Delay and Misdiagnosis

There is a considerable delay in the diagnosis of YOD compared to LOD.5 On average, it is
not until 2 to 3 years after the onset of symptoms that YOD is diagnosed.” In part, this delay
is explained by patients and family members not considering the possibility of dementia at a
young age, which delays seeking medical advice. Even when subject to evaluation, YOD is
often misdiagnosed for a variety of reasons. Clinicians, who are more familiar with LOD,
are less likely to consider a diagnosis of dementia in young patients. Also, YOD has a
broader differential diagnosis compared to LOD.# Although AD is the most common cause
of YOD, it accounts for only 34% of YOD compared to about 80% of LOD.3 Another
reason for misdiagnoses in YOD are the often prominent psychiatric manifestations and
affected nonmemory cognitive domains.* Changes in personality, behavior, and cognition
are often deemed referable to mood disorders such as depression or anxiety. Admittedly, the
distinction between neurologic and psychiatric illness in this age group is often difficult, and
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there is considerable overlap given shared neuroanatomy and neurochemistry. Signs and
symptoms that suggest a psychiatric rather than neurodegenerative diagnosis include abrupt
onset, identifiable emotional precipitant, and lack of progression over time. Periodic clinical
reassessment also helps clarify this distinction.8 Early and accurate diagnosis of YOD is
critically important as it may impact prognosis and management.

Clinical Assessment

The first step towards accurate diagnosis is performing a thorough clinical assessment. This
involves obtaining a clinical history including symptoms in all cognitive domains (not
exclusively memory), behavioral features and psychiatric history, degree of functional
impairment, temporal profile of mode of onset and progression of symptoms, past medical
history, social history including educational and occupational attainment, and family history
of neuropsychiatic illness. Other important points may include specific dementia risk factors
including head injury with loss of consciousness or alcohol/drug exposure.*8 It is critically
important to obtain a collateral history from a reliable informant, as patients may have little
insight into their deficits or forget important historical details. Once this information is
gathered, the clinician should perform a thorough neurological exam with special attention
to pyramidal, extrapyramidal, and cerebellar signs. Bedside cognitive assessment with
screening instruments such as the Mini Mental State Examination® or the Montreal
Cognitive Assessment9 and formal neuropsychological testing are valuable to clarify the
affected cognitive domains. The combination of historical details, cognitive and behavioral
features, and findings on the neurological examination guide the generation of diagnostic
hypotheses related to the presumed underlying neuroanatomy. This “dementia-plus”
algorithm has been advocated by other in the field and provides a useful framework for the
clinical assessment of YOD.11

Laboratory investigations

Laboratory investigations are important in the diagnosis of YOD; however a rational, step-
wise approach is advised. It is advisable to perform simple tests before those that are
complex and invasive.l1 Blood tests may be useful in diagnosing toxic/metabolic
encephalopathies, infectious etiologies such as HIV or syphilis, and autoimmune illnesses.
All patients with YOD should have neuroimaging (preferably MRI) and possibly CSF
analysis according to professional organization guidelines.1? Patterns of brain atrophy and
signal change on a variety of MRI sequences are useful in narrowing the differential
diagnosis. In patients who demonstrate minimal changes on MRI, FDG-PET imaging may
be a useful adjunct to detect regions of hypometabolism. CSF analysis may facilitate the
identification of infectious or inflammatory etiologies of YOD. Neurophysiology studies
such as electroencephalography (EEG), electromyography (EMG), and nerve conduction
studies (NCS) can reveal associated seizure activity, myopathy, and neuropathy,
respectively. Tissue biopsy may be helpful to diagnose mitochondrial disorders via muscle
biopsy and lysosomal storage disorders or leukodystrophies via enzyme assay of skin
fibroblasts or leukocytes. Cerebral biopsy, although not often performed, has proven to be a
relatively safe and efficacious method of diagnosing dementia, and should be considered if
there is even a low index of suspicion for a potentially treatable disease.® Genetic testing,
although cost-prohibitive if not ordered selectively, is available to confirm many YOD
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diagnoses for patients, as well as to predict susceptibility in family members. If families
choose to undergo genetic testing, it should be preceded by formal genetic counseling.

Early-Onset Forms of Adult Neurodegenerative Disorders

Early-onset forms of adult neurodegenerative disease are the most common cause of YOD in
patients under age 65. Of these, the most common is AD followed by vascular dementia
(VaD) and frontotemporal dementia (FTD).# Other causes include alpha synuclein
pathologies, Huntington's disease, Creutzfeldt Jakob disease, chronic traumatic
encephalopathy, and Fahr's disease (Table 1). Many of these diseases are associated with
genetic mutations rendering an accurate and detailed family history important. Detailed
descriptions of AD, FTD, dementia with Lewy Bodies, and prion diseases are included
elsewhere in this issue.

While cognitive decline is a common manifestation of all of the early-onset forms of adult
neurodegenerative disease, they may be differentiated on the basis of associated symptoms
and neuroimaging findings. Genetic testing and post-mortem neuropathological studies may
confirm diagnoses. Although pharmacotherapy is available to target specific symptoms,
disease-modifying therapies are not currently available, with the notable exception of
vascular disease, which may be impacted by cerebrovascular risk factor management.

AD classically presents with memory decline and may progress to include psychiatric and
motor symptoms, both of which may be more common in early-age of onset forms.1#
Diagnosis is based on clinical and family history, characteristic neuroimaging, CSF analysis,
and selective genetic testing in early-onset forms.1>-17 Post-mortem cerebral biopsy reveals
beta amyloid plaques and intraneuronal neurofibrillary tangles, which represent targets for
future disease-modifying therapies.18 Cognitive and behavioral symptoms of AD are treated
symptomatically with cholinesterase inhibitors and memantine.19:20

The most common presentation of VVaD, referable to systemic vascular pathology and known
cerebrovascular risk factors such as hypertension, hyperlipidemia, diabetes, and tobacco
smoking, manifesting as static cognitive deficits arising in the context of identifiable large-
vessel stroke, are beyond the scope of this review. Other causes of vascular dementia in
younger patients include cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL) and cerebral amyloid angiopathy (CAA). In addition
to cerebrovascular disease, there are symptoms specific to each disorder: migraine with aura
and mood disturbance in CADASIL?Z, and headache with focal neurological deficits in
CAA.22 Diagnosis is often made via MRI, with anterior temporal lobe involvement in
CADASIL23 and characteristic hemosiderin deposition in CAA.24 Definitive diagnosis of
CADASIL and CAA may be accomplished with EM of skin biopsy,2® neuropathology,2*
and gene testing.2627 VVaD, in general, may be treated with antiplatelet therapy and lowering
blood pressure and cholesterol, but the role and benefit of these interventions in CADASIL
and CAA has not been clearly established.282% For example, use of aspirin in CAA may
lead to increased risk of intracerebral hemorrhage.30

Frontotemporal dementia (FTD) presents with early-onset behavior change or aphasia and
may have associated motor features.3! Among those younger than 60 years old, FTD is the
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most common neurodegenerative cause of dementia.32 Diagnosis is based on clinical
history, characteristic neuroimaging, and in some cases, genetic testing.33:34:35 Unlike AD,
frontotemporal dementia has not been shown to improve symptomatically with
cholinesterase inhibitors and memantine.36

Alpha synuclein pathology is considered to be the cause of both Lewy body dementia (LBD)
and multiple system atrophy (MSA). LBD is characterized by dementia with fluctuating
alertness, visual hallucinations, and parkinsonism. Diagnosis is made with clinical history
and examination; routine neuroimaging is not as helpful for this diagnosis except to rule out
other causes. Polysomnography may be useful to confirm the presence of REM sleep
behavior disorder (RBD), a commonly associated feature of alpha-synucleinopathies.3’
Symptomatic treatment involves cholinesterase inhibitors, atypical neuroleptics, and
occasionally levodopa.38 MSA is associated with parkinsonism, autonomic failure, ataxia,
pyramidal signs, and RBD.39 Diagnosis may be based on poor response to levodopa, which
helps distinguish MSA from Parkinson's disease,*° characteristic neuroimaging including
the brainstem “hot cross bun” sign,#! and genetic testing in some cases.42:43

Huntington's disease (HD) results from an autosomal dominant mutation on chromosome 4
with CAG trinucleotide repeats in the huntingtin (HTT) gene.** In early adulthood, patients
present with chorea, changes in personality, and depression.*® Gene testing quantifying the
number of repeats on HTT can confirm diagnosis. HD is susceptible to genetic anticipation
in which successive generations have increased symptom severity due to increasing
instability of CAG repeats during gamete formation.** MRI shows atrophy of the caudate
and putamen.*® Postmortem neuropathology reflects this finding with degeneration of
neurons in the caudate and putamen as well as intraneuronal inclusions containing
huntingtin.#” Symptoms can be treated with typical and atypical neuroleptics,
benzodiazepines, tetrabenazine, and supportive measures, but the illness is uniformly fatal.#8
HD serves as a model for genetic testing rationale and genetic counseling methods for early-
onset forms of adult neurodegenerative diseases, as it was one of the first YODs in which
genetic mutations were identified as a significant contributor to pathogenesis.

Creutzfeldt-Jakob disease is a rapidly progressive neurodegenerative disease caused by
abnormal conformation of prion proteins, which is characterized by dementia, ataxia, and
myoclonus.4? Diagnosis of this disorder is based on characteristic neuroimaging with
cortical ribboning and basal ganglia and thalamic changes on diffusion-weighted and FLAIR
sequences,®® EEG pattern with periodic sharp waves, CSF analysis with 14-3-3 protein
elevation,®® and in some cases genetic testing.>2 Neuropathology can confirm diagnosis, but
is complicated due to issues with transmissablity.5

Chronic traumatic encephalopathy (CTE) has been recently emphasized due to the growing
number of high-profile athletes who are suffering this disorder as a result of prior repetitive
head trauma. CTE leads to impairment in executive function, depression, apathy, lack of
impulse control, and parkinsonism.>3 Beyond the clinical history, there are no definitive
diagnostic methods aside from post-mortem neuropathology, which shows aggregates of
hyperphosphorylated tau and TDP-43, atrophy of cerebral and medial temporal lobes,
ventriculomegaly, and large cavum septum pellucidum.>* Treatment is symptomatic.

Semin Neurol. Author manuscript; available in PMC 2014 May 26.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kuruppu and Matthews Page 6

Fahr's disease is another less common and ill-defined neurodegenerative disorder that
presents with changes in movement, speech, and behavior.>®> Head CT scan is the preferred
diagnostic imaging tool and reveals bilateral calcium deposits in the basal ganglia.>® Routine
lab studies are normal, but CSF may show increased homocarnosine.5” Genetic testing may
be useful if there is a convincing family history.>8 Neuropathological examination reveals
calcium deposits in the basal ganglia and within the walls of arteries and veins.>®

Late-Onset Forms of Childoohd Neurodegenerative Disorders

Late-onset forms of childhood neurodegenerative disorders are the most common cause of
YOD in patients under age 35°, and warrant careful consideration in all patients presenting
with YOD between the ages of 30-50 years. Patients may have normal early development
but may have subclinical onset in early childhood.® Mitochondrial disorders, lysosomal
storage disorders, and leukodystrophies all represent childhood neurodegenerative illnesses
with well-described adult-onset forms (Table 2). Accurate and detailed family history is of
critical importance in clinical assessment of these patients due to the hereditary features of
their illnesses.

Mitochondrial disorders, which include mitochondrial encephalopathy with lactic acidosis
and stroke-like episodes (MELAS), myoclonic epilepsy with ragged red fibers (MERRF),
and Kearns-Sayre syndrome, are rare disorders characterized by poor growth, muscle
weakness, problems with vision and hearing, and multi-organ involvement including the
nervous system.809-62 The symptoms are quite variable because the distribution of defective
mitochondrial DNA varies from one organ to another. Diagnosis is made on the basis of
increased lactate in blood and CSF,%3 increased protein in CSF, characteristic neuroimaging
with fluctuating abnormalities defying typical vascular distributions,54-67
electroencephalography (EEG), electromyography (EMG) with nerve conduction studies
(NCS),58 electrocardiography (EKG), muscle biopsy,®® respiratory chain studies, and
genetic testing.”%72 Of these studies, muscle biopsy and genetic testing are often the key to
confirming diagnosis.

Lysosomal storage disorders include Tay Sachs disease, Gaucher's disease type 2 and 3,
Niemann-Pick disease type C, Fabry's disease, and Kuf's disease. All are rare disorders that
commonly cause developmental delay, deafness, blindness, hepatosplenomegaly, cardiac
and pulmonary problems, and neurological dysfunction.”3-78 Tay Sachs disease and
Gaucher's disease, in particular, are more common among the Ashkenazi Jewish population.
Enzyme assays’>80 and genetic testing81-8° are utilized to arrive at a definitive diagnosis,
but this can be supplemented in some instances with bone marrow exam,’® neuroimaging,6
and neuropathological confirmation from nerve or brain biopsy.’8:80.87.88

Leukodystrophies that cause YOD include adrenoleukodystrophy, metachromatic
leukodystrophy, Alexander disease, leukoencephalopathy with vanishing white matter,
Pelizaeus-Merzbacher disease, adult polyglucosan body disease, and cerebrotendinous
xanthomatosis. All are characterized by white matter pathology which may lead to cognitive
dysfunction and behavioral problems, movement and speech disorders, problems with vision
and hearing, and feeding difficulties.89-%4 MRI T2-weighted and FLAIR sequences reveal
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hyperintensity in affected white matter areas of the brain, and are a key to pursuing a more
specific leukoencephalopathy diagnosis.®1:95-100 Blood work, %0101 enzyme assays,90.102.103
MR spectrospcopy,?8:104.105 glectrophysiology,?3:196 CSF analysis, 197 genetic testing,108-114
and neuropathology with brain or nerve biopsy89:115-117 may also aid in diagnosis.

Unfortunately, as with young-onset forms of adult neurodegenerative diseases, there are
currently no therapies that can completely reverse these disease processes once neuronal
death has occurred. Symptomatic therapy for mitochondrial disease may be possible with
supplementation using coenzyme Q10, L-carnitine, L-arginine, and a recommendation for
aerobic exercise.118-120 Enzyme replacement therapy and bone marrow transplant may be an
option for patients with identifiable lysosomal storage disorders.”>121 Dietary changes and
stem cell transplants may benefit patients with defined leukodystrophies.90.101.122.123 | jg
likely in the best interest of such patients to facilitate referral to a center specializing in the
treatment of these disorders in an effort to explore the use of orphan drugs and emerging
biotechnology.

Reversible Forms of Young-Onset Dementia

It is most important for clinicians caring for patients with YOD to have a heightened
awareness of potentially reversible forms of YOD. Reversible etiologies include
inflammatory disease, infectious disease, toxic/metabolic disorders, and other, not easily
categorized causes (Table 3). These diseases may present at any age and progress over
variable lengths of time in advance of accurate diagnosis and treatment. A variety of
symptoms may accompany the cognitive and functional decline, depending on the
neuroanatomic substrate of the pathology.

The inflammatory causes of YOD include multiple sclerosis, neurosarcoidosis, and
paraneoplastic and autoimmune limbic encephalitis. Multiple sclerosis is classically
characterized by multi-focal neurological deficits dispersed in time, which may include
cognitive deficits associated with sensory and motor dysfunction, changes in vision, and
ataxia.124 Neurosarcoidosis may be characterized by neuropathy, neuroendocrine
dysfunction, focal neurological deficits, myelopathy, hydrocephalus, and meningitis.12
Paraneoplastic and autoimmune limbic encephalitis is associated with auto-antibodies or the
inflammatory response to tumors outside the nervous system and may cause changes in
cognition, mood, behavior, and seizures.126 Diagnosis is based on clinical history and
examination in addition to blood work, 125126 neuroimaging,124-127 CSF,125 EEG,126 and in
some cases neuropathology from brain or nerve biopsy.125128 Treatment is typically
immunosuppression, with the empiric use of steroids or other more disease-specific
therapies.125:129-133

The infectious etiologies of YOD include HIV dementia, neurosyphilis, Whipple disease,
and progressive multifocal leukoencephalopathy (PML). In addition to cognitive decline,
these disorders have the following additional symptoms: mood disorder and systemic illness
in HIV dementia;134 meningitis and tabes dorsalis in neurosyphilis;13® arthralgia, Gl
symptoms, oculomasticatory myorhythmia, and ataxia in Whipple disease;136 and changes
in vision, hemiparesis, and ataxia in PML.137 Diagnosis is facilitated by targeted blood
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work,137-139 CgF 138,140 characteristic neuroimaging,137:139 PCR,141 and tissue biopsy.136

Treatment includes disease-specific antivirals and antibiotics, as well as anti-inflammatory
agents.139,142-145

Toxic and metabolic causes of YOD are numerous. Toxic causes include alcohol, other
drugs of abuse, and heavy metal poisoning. In addition to changes in cognition, symptoms of
abuse of alcohol and other drugs include psychiatric symptoms, ataxia, tremor, blurred
vision, dysarthria, respiratory difficulties, and coma.146 Non-cognitive symptoms of heavy
metal poisoning include psychiatric symptoms, distal sensory and motor neuropathy, Gl
symptoms, and weakness.14” The toxic encephalopathies are most often diagnosed using
blood or urine levels of the toxin and described neuroimaging features.146:147 Treatment
involves cessation/avoidance of the toxin with intravenous fluid resuscitation and toxin
specific antidotes, such as IV thiamine before glucose for alcohol overuse, flumazenil for
sedative overdose, and chelation for heavy metal poisoning,146-148

Metabolic encephalopathy may be caused by excess ammonia in hepatic encephalopathy,
uremia, hyponatremia, or hypernatremia. Symptoms include confusion and agitation with
associated motor features.149 The diagnosis typically relies on routine laboratory studies,
and treatment is targeted toward the underlying disorder that has created the metabolic
derangement,150-153

Endocrinopathies that may cause YOD are glucose dysregulation, thyroid or parathyroid
dysfunction, Addison's disease, and Cushing's disease. Symptoms include confusion with
weakness or fatigue, and other symptoms specific to each endocrinopathy.124-160 Diagnosis
relies on laboratory blood testing,154:157.161.162 heyroimaging,161:163 EEG,164 or end-organ
stimulation/suppression tests.165.166 Treatment is targeted to the underlying
cause,154:157,160-162,167,168 Nytritional deficiencies in B12, thiamine, and niacin can also
lead to YOD. Vitamin B12 deficiency may cause cognitive dysfunction with associated
megaloblastic anemia, jaundice, fatigue, atrophic glossitis, or subacute combined
degeneration of the spinal cord.169 Thiamine deficiency may result in confusion with
prominent anterograde memory deficits, ataxia, and ophthalmoplegia.1*® Dementia
associated with niacin deficiency is associated with dermatitis and diarrhea.1’% Diagnosis
most often relies on the combination of laboratory assessment of vitamin levels and
neuroimaging.146.169.170 Treatment is supplementation and nutritional support.146:169.171

There are several other potentially reversible causes of YOD. Wilson's disease is due to
mutation of ATP7B gene which inhibits copper metabolism,172 leading to cognitive
dysfunction with prominent psychiatric features, associated movement disorders, liver
disease, and Kayser-Fleischer rings on ophthalmological exam.1’3 Diagnostic laboratory
features are low serum copper and ceruloplasmin with high urinary copper.174 Treatment
involves chelation with penicillamine, trientine, or zinc.174 Transient epileptic amnesia
(TEA) presents with recurrent episodes of anterograde memory loss.1”> EEG shows
temporal lobe spikes, and neuroimaging often reveals atrophy of the hippocampus. The
cognitive symptoms may be reduced with the initiation of anticonvulsants, although
accumulated hippocampal pathology in TEA is not reversible.17>
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Obstructive sleep apnea (OSA) may present as cognitive dysfunction as a result of
hypoxemia or sleep deprivation.178 It is also an independent risk factor for stroke and, as
such, may contribute to vascular dementia.1’” Diagnosis is confirmed with
polysomnography, and treatment involves behavior modification with weight loss and sleep
position counseling, positive airway pressure, oral devices, or surgery.1”8 Normal pressure
hydrocephalus (NPH) can also present as dementia in variable combination with gait
disturbance and urinary incontinence. After the diagnosis is relatively confirmed via
neuroimaging and ancillary testing, it can be treated neurosurgically, with variable success,
using a ventricular shunt.179

As the description implies, reversible forms of YOD do potentially respond to disease-
modifying therapies. In summary, the inflammatory diseases are treated with
immunosuppression, the infectious diseases with antivirals or antibiotics, toxins with
cessation of exposure and antidote, metabolic derangements and endocrinopathies with
correction of electrolyte and hormone levels, and nutritional deficiencies with
supplementation. It is important to recognize that some of the disorders described as
potentially reversible, including multiple sclerosis,129-132 progressive multifocal
leukoencephalopathy, 144145 HIV dementia, 139 and thiamine deficiencyl46 may cause
irreversible damage to the nervous system in advance of the diagnosis and intervention.
Reversible causes of YOD should be investigated early and thoroughly in all cases of YOD,
given the implications for patients and caregivers.

Pharmacological Treatment

The approved pharmacological treatments for young-onset forms of adult neurodegenerative
diseases are similar to those for LOD.8 Acetylcholinesterase inhibitors such as donepezil,
rivastigmine, and galantamine may offer symptomatic benefit in AD but do not modify the
disease progression.19 The use of these medications in other forms of YOD is still under
investigation, although studies in FTD and CADASIL have been disappointing.180.181
Memantine, a NMDA receptor antagonist, has also shown some symptomatic benefit in AD
when used alone or in combination with acetylcholinesterase inhibitors;29 however, trials in
FTD patients have been not demonstrated clear benefit.182:183 Treatment strategies for adult-
onset forms of childhood neurodegenerative disorders and potentially reversible forms of
YOD are included in Tables 2 and 3.

Depression frequently accompanies all varieties of YOD and should be targeted with
antidepressants. Selective serotonin reuptake inhibitors are suggested, as they do not tend to
worsen cognition. Sedatives or atypical neuroleptics may be required if a patient exhibits
refractory psychotic symptoms, poses a threat to himself or others, or if other behavioral
treatments have failed. However, these drugs may result in extrapyramidal syndromes and
may be associated with increased mortality risk, such that they should be used at the lowest
effective dosage for the shortest time possible.184 Regardless of the pharmacoptherapy, it is
important to prescribe medications according to current guidelines and ensure routine
follow-up.
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Non-Pharmacological Treatment

Non-pharmacological treatment may be equally as important as pharmacological treatment
in YOD. It is very important to assess safety in YOD as patients often lack insight and
demonstrate impaired judgment. Environmental modification, including distraction with
exercise or activities and restricting access to food and harmful instruments, plays an
important role. Patients who wish to drive should be evaluated by an occupational therapist.
Occupational and speech therapists may assist with other daily activities and alternative
modes of communication. Support groups may help patients and caregivers share stories
with others in similar situations. Legal counsel may be helpful; it is advisable for patients to
create living wills and select a power of attorney early in the course of YOD. Home nursing
or residential nursing care are often important resources for patients and families in later
stages of YOD.

An important aspect of non-pharmacological treatment is acknowledgement of caregiver
burden. YOD is particularly devastating because it strikes patients during their most
productive years. Leaving the work force may accelerate a loss of autonomy and the
premature loss of income and employment benefits, including health insurance and
retirement, may be particularly detrimental to families dealing with YOD.185 Psychological
and emotional struggles such as social isolation are common as progressive disability and
changes in behavior inhibit the patient and caregiver from interacting with others.”
Caregivers of YOD patients report a higher level of stress, burden, and depression compared
to caregivers of LOD. This is likely the result of a high proportion of behavioral
disturbances in YOD patients, lack of formal and informal support for YOD caregivers, and
inadequate preparation for the role of caregiving at a young age.186 Treatment of YOD must
also target caregivers to ensure that they have access to community/home support and
respite options.

Conclusion

YOD refers to dementia affecting individuals younger than 65 years of age and is
characterized by protean manifestations that reflect extensive and diverse neuropathological
substrates. While the broad differential diagnosis of YOD can be divided into the categories
of early-onset forms of adult neurodegenerative disorders, late-onset forms of childhood
neurodegenerative disorders, and potentially reversible forms of YOD, employing a
diagnostic algorithm that screens for typical causes of cognitive and behavioral dysfunction
followed by a rational approach to ancillary testing that is based on selected historical and
examination features is advised. A systematic approach to diagnosing YOD allows for early
diagnosis and intervention with the ultimate goal of symptom reversal or, at minimum,
improvement in quality of life for patients and caregivers. The development of future
disease-modifying interventions will continue to rely upon the ability of clinicians to
accurately diagnose YOD in its earliest stages, ideally even while cognitively asymptomatic.
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