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Abstract 

Alzheimer disease (AD) is a neurodegenerative disease characterized by deposition 

of pathologically aggregated amyloid-β in the extracellular space and pathologically 

aggregated tau protein in the intracellular space. Mainly affected brain areas are the 

temporal and the parietal lobe, which cause the classical AD phenotype consisting of 

increasing forgetfulness and difficulties to orientate. However, AD pathology is not 

restricted to these brain areas and spreads through the brain as the disease 

progresses, which can lead to a number of additional symptoms and to atypical 

presentations. Motor symptoms in AD are the topic of this chapter. Even though motor 

symptoms are usually not severe and seldomly treated, motor symptoms are quite 

frequent and can be observed in the majority of AD cases. Motor symptoms are 

especially frequent in cases with early onset and long disease duration, for example 

in Apolipoprotein E e4 carriers and in familial early onset AD. In severe cases 

treatment with pharmacological approaches might be considered. However, treatment 

strategies largely rely on expert opinions. Due to potential positive impact on prognosis 

non-pharmacological treatment and exercise might be considered in less advanced 

cases.  

  



I. Sporadic Alzheimer disease 

Diagnostic criteria 

The gold standard for the diagnosis of Alzheimer disease (AD) is the neuropathological finding of 

a neurodegenerative disease characterized by deposition of pathologically aggregated amyloid-β 

and tau protein in the context of an appropriate clinical syndrome (1). The clinical diagnosis 

of sporadic AD (sAD) consists of a diagnostic framework that was initially established in 1984 by 

the National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) and the 

Alzheimer’s Disease and Related Disorders Association (ADRDA) workgroup. AD criteria were 

revised multiple times, in 2011 under the guidance of the National Institute on Aging and the 

Alzheimer's Association (the NIA-AA criteria) (2). These criteria recognize that AD progresses on 

a clinical spectrum with three defined stages: A preclinical stage with no symptoms, but biomarker-

positivity, a stage of mild cognitive impairment (MCI) and a dementia stage. The current 2018 NIA-

AA research criteria require the presence of an appropriate clinical AD phenotype (typical or 

atypical) and a pathophysiological biomarker consistent with the presence of Alzheimer pathology 

(3). Symptoms of MCI include concern about a change in cognition relative to previous functioning; 

impairment of one or more cognitive functions, for example memory and problem solving; 

preserved ability to function independently in daily life, hence, absence of dementia. In the 

dementia stage impairment of cognitive functions such as memory loss, word-finding difficulties, 

and visual/spatial problems, have reached the level to impair a person’s ability to function 

independently (2). Motor symptoms are not required for the diagnosis of classical sAD. Biomarker 

of AD are grouped in categories reflecting distinct aspects of AD pathology, namely amyloid-β 

deposits, deposits of pathologic tau, and neurodegeneration (4). 

 

Time course, prevalence and consequences of motor symptoms 

Patients with sAD often develop motor symptoms during the course of the disease. The majority 

of these motor symptoms are of a hypokinetic-rigid nature. Cognitive performance and motor 

symptoms are correlated. Presence of motor symptoms is associated with low cognitive 

performance and difficulties in activities of daily living (5). In the literature at least some degree of  

movement disorder has been described in 30 % up to 90 % of all sAD patients (5-9). The 

prevalence and symptom load of motor symptoms increase with the course of the disease (5-9). 
However, the overall symptom load usually remains quite low relative to cognitive symptoms. 

These clinical observations suggest that motor regions of the central nervous system are 

frequently affected by AD pathology (7). Moreover, presence of motor symptoms is associated 

with a poor prognosis in sAD. In detail, motor signs, especially postural and gait abnormalities, are 

associated with increased risk for cognitive decline, functional decline, institutionalization, and 

death (6, 9). In some cases of sAD the development of movement disorders can precede cognitive 



symptoms (7). Special attention to motor symptoms is necessary in case of treatment of sAD 

patients with neuroleptics. In this scenario a very high proportion of sAD patients show some motor 

symptoms (5). 

 

Types of movement disorders 

In contrast to “classical” forms of typical and atypical parkinsonism the type of parkinsonism 

developed in sAD is predominated by bradykinesia rather than by rigidity or both. In a detailed 
study of motor symptoms in sAD more than half of the affected patients showed hypomimia, 

dysarthria and bradykinesia of limbs. Postural instability and abnormal gait were present in 

between one third and 50% of the patients. In contrast, rigidity was present in only about one fourth 

of the patients (5). Hypokinetic motor symptoms tend to deteriorate at a rate of approximately 3% 

per year (8). Faster rates of motor sign accumulation are associated with faster rates of disease 

progression in other areas. In contrast, hyperkinetic movement disorders such as different types 

of tremor (8), dystonia and dyskinesias are rare and deteriorate at a much lower rate than 

hypokinetic movement disorders (1,8).  

Other non-parkinsonian motor symptoms are common in sAD. Patients with sAD are more prone 

to myoclonus and to seizures. Up to 10% of sAD patients show newly diagnosed epileptic seizures 

after the diagnosis of AD. Myoclonus is even more frequent and has been observed in up to 50 % 

of sAD cases throughout the disease course. Both symptoms develop usually a few years after 

sAD diagnosis and are more frequent in individuals with early onset. There are reports suggesting 

that epilepsy develops on average approximately 3 years after diagnosis and myoclonus 

approximately 5 years after diagnosis (10).  

Pisa syndrome or pleurothotonus is another movement disorder that is occasionally observed in 

AD patients. Pisa syndrome consists of a lateral inclination of the trunk while standing or walking 

and is often associated with treatment with cholinesterase inhibitors (11) and can be reversible 

upon the cessation of cholinesterase inhibitors (12). 

 

Treatment 

In most cases motor symptoms are of minor relevance to the care and well-being of the patients. 

In case motor symptoms are considered clinically relevant, the medication should be revised for 

neuroleptics. If present, a discussion of the possibility to end treatment with neuroleptics should 

follow (7). In terms of medication it has been suggested that levodopa treatment improves the 

excitability of the motor cortex in sAD (13). In single cases with marked parkinsonism caused by 

pure AD pathology, treatment with levodopa has shown to be effective (14). This suggests that 

dopaminergic treatment might be considered in select cases. In the opinion of the author, treatment 
of motor symptoms with dopaminergic drugs in sAD should follow the suggestions for treatment of 



dementia with Lewy bodies (DLB) “treat low, go slow”. However, recommendations about clinical 

management of DLB are largely based upon expert opinion since only few randomized controlled 

trials are available (15). Non-pharmacological treatment options should also be considered. Initial 

data suggest that interventions with physiotherapy may have benefits on motor symptoms in sAD 

(16). Exercise and physiotherapy might not only be beneficial in improving on-going motor 

symptoms, but also improve the prognosis of cognitive function, decrease neuropsychiatric 

symptoms, and slow decline in activities of daily living (17).  

 

The role of Lewy body pathology in movement disorders in sporadic Alzheimer disease 

DLB is a phenotypically and pathologically distinct disease entity consisting of dementia and 

parkinsonism often associated with REM-sleep behavior disorder, hallucinations, vegetative 

dysfunction, fluctuations in vigilance and reduced striatal dopamine transporter activity on 

functional neuroimaging (15). Importantly, patients often show severe sensitivity to neuroleptic 

drugs. To distinguish patients with LBD from patients with Parkinson’s disease dementia (PDD) 

the one-year rule is applied. The one-year rule refers to the sequence of the occurrence of 

Parkinsonism and dementia. While DLB as a disease entity is not the topic of this chapter, the 

relation to sAD is complex, especially in the context of motor symptoms, because it has been 

reported that approximately half of all patients with the clinical diagnosis of classical sAD show 

some degree of Lewy body co-pathology (18). In turn, it is not uncommon that patients fulfilling the 

diagnostic criteria of DLB might be biomarker positive for amyloid-β in CSF or amyloid-PET 

imaging (15). Even in familial autosomal dominantly inherited AD, where due to the effect of the 
disease causing mutations the driver of pathology is clearly amyloid-β, a similar proportion of 

patients like in sAD shows presence of Lewy body co-pathology (19). This poses the question 

about the role of Lewy body pathology in the presence of motor symptoms in patients with classical 

late-onset sAD. Detailed retrospective analyses of patients that came to autopsy found a higher 

proportion of Lewy body co-pathology in sAD patients with motor symptoms. In addition, individuals 

with Lewy body co-pathology showed a younger age at onset and a younger age at death as well 

as a higher proportion of apolipoprotein E ε4 allele carriers (18). 

 

Phenotypic variants of sporadic Alzheimer disease with motor symptoms 

Corticobasal Syndrome: A proportion of patients with corticobasal syndrome (CBS) (20) show 

classical Alzheimer pathology as the underlying cause. For details regarding CBS and its 

phenotypes we refer to the dedicated chapter 4/3c[editor?]. In short, a high proportion of CBS 

patients with underlying AD pathology in addition to the classical CBS phenotype showed 

pronounced apraxia, myoclonus and gait disorders. In such cases relevant neuronal loss in the 

substantia nigra associated with AD pathology was shown (21). 



Posterior cortical atrophy: Another phenotypic variant of AD is posterior cortical atrophy (PCA). 

This syndrome has variable sub-forms which have recently been conceptualized in the new 

diagnostic criteria of PCA (22). In case of a clinical diagnosis of PCA an underlying AD pathology 

is not mandatory, but probable. In the new categories of PCA-plus, PCA-CBS has been defined 

as PCA plus a clinical syndrome fulfilling the current criteria for CBS (20) including limb rigidity or 

akinesia and/or limb dystonia and/or limb myoclonus (22). 

 

II. Genetic Alzheimer disease 

Autosomal dominantly inherited Alzheimer disease 

Autosomal dominantly inherited AD (ADAD) is a rare familiar variant of AD with early onset at a 

mean age of 42 years that is caused by triplications of the amyloid precursor protein (APP)-gene 

(23) or by mutations in the APP, presenilin-1 (PSEN1) (24) and presenilin-2 (PSEN2) (25) genes. 

All these mutations have in common that they alter APP processing and hence amyloid-β is the 

driver of the pathology in ADAD. Interestingly, approximately 50% of ADAD cases show Lewy body 

co-pathology on autopsy (19). In a recent comprehensive analysis of data from the Dominantly 

Inherited Alzheimer Network (DIAN) and data from an extensive literature search, parkinsonism 

was present in approximately 10% of the cases with ADAD. Compared to other motor symptoms 

in this population the prevalence of parkinsonism was slightly lower compared to spasticity (10-

15%) and myoclonus (10-20%). Similar to sAD, motor symptoms were more common at younger 

age of onset and increased in prevalence in more advanced disease stages (26). A study more 

focused on motor symptoms showed that the symptom load of Parkinsonism in ADAD is overall 
mild and dominated by hypokinesia showing only slight signs of rigidity (27). Furthermore, as in 

sAD motor signs can precede cognitive disease onset. In contrast to sAD, ADAD is characterized 

by relatively high amounts of amyloid-β deposits in the basal ganglia. It was shown that the quantity 

of amyloid-β PET signal correlates with the amount of motor symptoms. In advanced disease 

stages, ADAD mutation carriers seem to have a higher burden of motor symptoms compared to 

patients with late-onset sAD, which is in line with the fact that motor symptoms seem to be more 

frequent in individuals with early onset AD. 

 

Apolipoprotein E  

Apolipoprotein E (ApoE) e4 genetic status is the strongest genetic risk factor for sAD (28). 

Findings regarding associations between ApoE status and motor findings are inconsistent. The 

presence of an ApoE e4 allel is associated with a tendency to have more Lewy body co-

pathology which is associated with slightly more motor symptoms in sAD (see above). On the 



other hand, an association between ApoE e4 positivity and decreased risk for motor signs in 

sAD was reported (8). In ADAD, the presence of motor findings was not associated with a 

distinct ApoE status (27). 

Down Syndrome 

Due to the localization of the APP gene on chromosome 21 most individuals with Down 

Syndrome (DS) carry three copies of the APP gene. Similar to individuals with three isolated 

copies of the APP gene, which leads to autosomal dominantly inherited AD, individuals with 

DS are at ultra-high risk to develop a genetically determined early onset AD. In contrast to 

APP triplication ADAD, penetrance seems to be very high but not full (29). AD associated 

motor deficits have not been studied in great detail in DS. As many individuals with DS have 

baseline motor symptoms associated with cerebellar hypoplasia and reduced number of 

granule cells, motor symptoms observed in cross sectional analyses are not easily attributable 

to the presence of AD (30). However, in a cross-sectional study comparing individuals with DS 

with and without AD, Parkinsonism has been described in 5% of AD-DS patients and 

prevalence increased to 10% in late stage AD-DS (31). Hence, like in sAD and ADAD also in AD-

DS the prevalence of motor symptoms seems to increase with disease progression (31).  

Summary 

Motor symptoms are common in AD. In the majority of cases motor symptoms are not severe 

and are seldomly treated. Motor symptoms are more frequent although rarely very severe in 

cases with early onset AD and more common in patients with long disease duration. In severe 

cases treatment with pharmacological approaches can be considered. Medication should be 

screened for neuroleptics and revised, if possible. Due to potential positive impact on 

prognosis non-pharmacological treatment options, such as physiotherapy and exercise, might 

be considered also in less severe cases. Taking into account the earlier onset of genetic forms 

of AD, motor signs show mainly a bradykinetic profile and are relatively similar in all types of 

the disease with a classical AD phenotype. However, there are rare phenotypic variants with 

underlying AD pathology that might present with severe and predominant motor phenotypes, 

for example with CBS. 
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Figure legend: 

Figure: Clinical- and biomarker-changes in the course of Alzheimer Disease. The figure is 

adapted from Jack and colleagues32,33 and aims to show the timeline for the emergence of 

motor symptoms in relation to cognitive decline and biomarkers for pathological Aβ. The 

assumption is made that motor symptoms can occur in the cognitive normal phase and in the 

end stage affect more than 50% of the patients. 

 

 


