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Abstract
Background. The association between amyloid deposition and cognitive, behavioral and physical
performance in mild cognitive impairment (MCI) due to Alzheimer's disease (AD) has been poorly
investigated, especially in older persons.

Methods. We studied the in vivo correlation between the amyloid deposition at Positron Emission
Tomography (amyloid-PET) and the presence of memory loss, reduced executive function, physical
performance and neuropsychiatric symptoms in older persons with MCI. Amyloid-PET was performed
with 18F-�utemetamol and quantitatively analyzed.

Results. We evaluated 48 subjects, 21 men and 27 women. We performed in each patient a
comprehensive geriatric assessment (CGA) including Mini Mental State Examination (MMSE), Clock
Drawing Test (CDT), Activity Daily Living (ADL), Instrumental Activity of Daily Living (IADL),
Neuropsychiatric inventory (NPI) questionnaire, 15 Geriatric Depression Scale (GDS), Short Physical
Performance Battery (SPPB) and Hand Grip strength. Then, each patient underwent amyloid-PET. Mean
age of the enrolled subjects was 74.6 ± 7.8 years. All of these subjects showed preserved cognitive
function at MMSE > 24, while 29 of 48 subjects (61.0 %) had altered CDT. Mean NPI score was 6.9 ± 5.9.
The mean value of SPPB score was 9.0 ± 2.6, while the average muscle strength of the upper extremities
measured by hand grip was 25.6±7.7 Kg. CT/MRI images showed cortical atrophic changes in 26 of the
48 examined subjects (54.0 %), while cerebrovascular modi�cations were present in 31 subjects (64.5 %).
Pathological burden of amyloid deposits was detected in 25 of 48 (52.0 %) patients with a mean value of
global z-score of 2.8 (subjects de�ned as MCI due to AD). After stratifying subjects in subclasses of
clinical alterations, more probability of pathological amyloid deposition was found in subjects with
impaired CDT and higher NPI score (O.R.= 3.45 [1.01-11.2], p=0.04), with both impaired CDT and low
physical performance (O.R.= 5.80 [1.04-32.2], p=0.04), with altered CDT and high NPI score (O.R.=7.98
[1.38-46.0], p=0.02), and �nally in those subjects with altered CDT, high NPI and low physical
performance (O.R.= 5.80 [1.05-32.2], p=0.04).

Conclusion. Our �ndings support the recent hypothesis that amyloid deposition could be associated with
multiple cerebral dysfunction, mainly affecting executive, behavioral and motor abilities.

Introduction
Dementia in industrialized countries affects about 8% of over sixty and rises in up to 20% after the
eighties [1]. According to some perspectives, dementia may triple in the next 30 years in Western
countries. Therefore, the World Health Organization (WHO) considers it a “worldwide public health
priority". Globally, dementia affected about 46 million people in 2015 [2] and the number is estimated to
double in 2030. In view of the high social and economic burden of the disease, all countries should
include dementia in their public health programs, and develop coordinated strategies to reduce  its clinical
impact  and related complications [3].
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Alzheimer's disease (AD) is the most common type of dementia in which early clinical manifestations are
characterized by a number of cognitive and behavior symptoms [4-5]. With the progression of the disease
more cognitive and behavior changes are observed, causing a progressive loss of autonomy and, in
advanced stages, also compromising motor functions with the appearance of hypokinetic-hypertonic
syndrome. However, in older persons it is frequent the simultaneous presence of cognitive and motoric
de�cits. This new syndrome termed “motoric cognitive risk syndrome” has been recently proposed as a
new risk factor for Alzheimer’s disease [6]. The detection of this condition, which requires information on
subjective memory impairment or with “mild cognitive impairment” (MCI) and slow gait speed, helps, for
instance, to better identify individuals at high risk of dementia, especially if older subjects [7].

Recently, the in vivo evaluation of amyloid deposition with Positron Emission Tomography (PET) has
been introduced to anticipate the diagnosis of dementia, before symptoms become clinically evident [8-
11]. Recent studies have found differences between subjects with age-associated cerebral amyloid
deposition versus pathological deposition [12]. The current challenge is to address whether in older
persons the amyloid deposition is associated with neuropsychological or motor impairment or is an
expression of the aging process per se, and without in�uence on motoric and cognitive performance such
as executive or memory function [13].

However, there is no current evidence in older persons with MCI of any correlation between amyloid PET
and cognitive, motoric and behavioral functions. In this study, we therefore tested the hypothesis that
amyloid cerebral deposition is correlated with the presence of reduced cognitive, behavior and physical
performance in older persons with different combinations  of  impairments in cognitive, behavioral and
physical function.

Methods
We selected 48 elderly subjects (21 men and 27 women) with “mild cognitive impairment (MCI)” [14]
evaluated at the Cognitive and Mobility Disorders Lab of the Department of Medicine, Geriatrics and
Rehabilitation of the University-Hospital of Parma, and enrolled in the prospective observational T.R.I.P.
Study (Traumatic Risk Identikit Parma Study) [15]. Brie�y, patients at risk for falling were normally
assessed by Comprehensive Geriatric Assessment (CGA) and those with MCI were enrolled in this study.
In details, we consecutively selected subjects ful�lling the MCI “core” criteria as de�ned by the
recommendations from the National Institute on Aging-Alzheimer’s Association (NIA-AA) workgroups on
diagnostic guidelines for Alzheimer’s disease [14]. Inclusion criteria were a) MMSE score ≥ 24/30 in order
to exclude demented persons [16] and b) concerns about cognitive modi�cations, expressed as subjective
complaints by the subject or by impression by a close acquaintance or an expert clinician. Finally,
participants with any memory complaint objectively con�rmed or with the presence of a pathological
Neuropsychiatric Inventory (NPI) questionnaire were considered [17]. Neuropsychiatric symptoms
represent a common feature in addition to the full cognitive changes in dementia even in the mild
cognitive impairment (MCI) setting [18]. Participants with established dementia, severe depression, or
severe limitations in basic activities of daily living were excluded. Each patient had a recent brain
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computed tomography (CT) and/or magnetic resonance (MR) that excluded any secondary cause of
cognitive impairment (eg. hydrocephalus, cerebral expansive lesions and stroke). Each patient was
evaluated by a geriatrician with expertise in the administration of Comprehensive Geriatric Assessment
and in particular of Mini Mental State Examination (MMSE), Clock Drawing Test (CDT), Activity Daily
Living (ADL), Instrumental Activity of Daily Living (IADL), Neuropsychiatric inventory (NPI) questionnaire,
Geriatric Depression Scale (GDS), Short Physical Performance Battery (SPPB) and hand grip strength
[15]. All the selected subjects underwent amyloid-PET scan with 18F-�utemetamol to verify the presence
cerebral amyloid deposits of (Aβ), in accordance with the indication provided by the Italian Ministry of
Health.

In details, all patients were �rst evaluated by a trained geriatrician with a standard clinical evaluation [19]
and, if necessary, also referred to a neuropsychologist with long-term experience in clinical and
experimental neuropsychology of degenerative diseases [20]. The diagnosis of MCI due to AD or MCI not
due to AD, was established using a standard evaluation protocol based on the new NIA-AA criteria [21].
Cognitive function was evaluated by Mini Mental State Examination and Clock Drawing Test. Mini Mental
State Examination (MMSE) [16] consists of thirty items that refer to seven different cognitive areas:
orientation in time and space, word recording, attention and calculation, re-evocation, language and
executive function. The total score ranges between a minimum of 0 and a maximum of 30 points. The
score is adjusted for age and the subject's education. Clock Drawing Test (CDT) was used to assess
executive cognitive dysfunction [22]. Many variants of the test are used in clinical practice: each variant
proposes a different error detection with different scores that quantify them. In this study, it was chosen
the clock test version in Camdex (watch dial to adjust = 1 point, all the numbers and hours correct
position = 1 point, exact time = 1 point) (CDT equal to 0 means worst while 3 means the best
performance) [23]. 

Depressive symptoms were assessed by the 15-item Geriatric Depression Scale (GDS-15) which detects
changes in depressive symptoms after a major negative life event [24]. Physical performance was
assessed by the Short Physical Performance Battery (SPPB) [25], while hand Grip strength was measured
by manual dynamometer [26]. Neuropsychiatric symptoms were recorded by the neuropsychiatry
inventory (NPI) scale [17]. All patients underwent a brain CT or MR scan in the previous 3 months.
Cerebral atrophy and vascular cerebral changes on CT/MR scans was evaluated in accordance with the
method reported by Ferguson et al [27]. In details, cerebral atrophy included deep and super�cial atrophy
and vascular cerebral images included changes according to Fazekas’ scale. Missing data were
integrated by checking original clinical sheets.

 

18F- Flutemetamol PET

Amyloid PET scans was performed using a whole-body hybrid system Discovery IQ (GE Healthcare)
operating in three-dimensional detection mode. Head holder was used to restrict patient movement. Head
movement was checked on a regular basis.
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All cerebral emission scans began 90 minutes after a mean injection of 2 MBq/kg weight (150-250 MBq)
of 18F-�utemetamol. For each subject, 10-minute frames were acquired to ensure movement-free image
acquisition. All PET sinograms were reconstructed with a 3-D iterative algorithm, with corrections for
randomness, scatter, photon attenuation and decay, which produced images with an isotropic voxel of
2×2×2 mm and a spatial resolution of approximately 5-mm full-width at a half-maximum at the �eld of
view center.

PET images were assessed visually by two trained, independent readers blinded each other with a
previously described technique [28-30]. Images were reviewed in color, using a rainbow or Sokoloff color
scale.

Regional quanti�cation of 18F-Flutemetamol uptake was performed using   a fully automated PET-only
method as previously described by Thurfjell et al.   [31]   This technique is based on categorization of
scans using a composite standardized uptake value ratio (SUVR) threshold derived from an autopsy
cohort.    The SUVRs in the cerebral cortex were generated automatically and normalized to the pons
using the CortexID Suite software
(https://www.gehealthcare.co.uk/-/media/13c81ada33df479ebb5e45f450f13c1b.pdf ).

This software uses a threshold z score of 2.0 to indicate abnormally increased regional amyloid burden
that corresponds to a composite SUVR of approximately 0.59 to 0.62 when normalized to the pons,
providing a 99.4% concordance with visual assessment [31]. The study images were compared to the
intrinsic software database control group (of >100 amyloid negative �utemetamol healthy controls from
GE Healthcare) as a whole to calculate the z scores compared to clinically negative amyloid scans.

Pathological amyloid-PET was de�ned when amyloid deposition involved at least one brain area with a z-
score > 2.0. Normal tracer distribution at qualitative analysis with a threshold z-score less than 2.0 in all
examined regions identi�ed a negative amyloid-PET and considered as age-related amyloid cerebral
deposition not considered as diseases.  

The data were treated in agreement with Italian legislation on Data Protection. A detailed informed
consent was obtained from all patients. The study was approved by the Ethical Committee of the
University Hospital of Parma (ID 17262 del 12/05/2017). It was conducted in compliance with the Good
Clinical Practice.

 

Statistical Analysis                         

Data are reported as means and standard deviations or numbers and percentages. We de�ned subjects
as MCI due to AD or MCI not due to AD in accordance to the presence or absence of pathological cerebral
amyloid deposition evaluated by PET scan, respectively. In details, we detected amyloid deposition in the
brain regions, schematically divided into frontal, temporal, parietal and occipital areas. Each of these four
cerebral areas examined by amyloid PET was considered pathologically affected by amyloid deposition if

https://www.gehealthcare.co.uk/-/media/13c81ada33df479ebb5e45f450f13c1b.pdf
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the Z-score of the amyloid deposition in each area was greater than at least two times the normal
reference population.

Then, we tested the difference between cognitive performance, behavioral and motoric impairment into
the two groups (MCI due to AD versus MCI not due to AD) in an age- years of school-and sex-adjusted
analysis by linear or multinomial logistic regression models, as appropriate.

Furthermore, we performed a multivariable logistic regression analysis to study the relationship between
cognitive performance, behavioral and motoric difference into the two groups (MCI due to AD versus MCI
not due to AD).

Finally, we strati�ed the study sample in different categories in accordance to the contemporary presence
of impaired clinical characteristics, for testing their relationship with the presence of pathological cerebral
amyloid deposition. In details, we de�ned impaired CDT test if the subject had a score less than three,
pathological NPI if the subject ha a score more than 2, impaired physical performance if the SSPB score
is less than 10, low grip strength if the score is less than 26 kg in men and 16 kg in women. Finally, we
examined by age- years of school- and sex-adjusted logistic regression analysis the relationship of
created pathological clinical categories and the presence of absence of pathological amyloid deposition,
singularly. All p-values were considered signi�cant for p<0.05. The statistical processing was carried out
using the Statistical Analysis System (SAS) 8.2 software.

Results
The patients included in the study were 48, including 21 males (43.8 %) and 27 females (56.2 %). Mean
age of the enrolled subjects was 74.6 ± 7.8 years (range 54-90 years) (Table 1).

All of these subjects showed preserved cognitive function at MMSE (score corrected for age and
education > 24), while the clock drawing test (CDT) was performed incorrectly in 29 of 48 subjects (61.0
%).

The mean value of SPPB score was 9.0 ± 2.6, while the average muscle strength of the upper extremities
measured by hand grip was 25.6 ± 7.7 Kg.

The average scores obtained in the ADL (Katz’s scale) was 5.3 ± 1.3, while in instrumental activities IADL
(Lawton’s scale) equaled 5.1 ± 2.6. Finally, the mean NPI score was 6.9 ± 5.9 CT/MRI images showed
cortical atrophic changes in 26 of the 48 examined subjects (54.0 %), while cerebrovascular
modi�cations were present in 31 subjects (64.5 %).

Pathological burden of amyloid deposits was detected in 25 of 48 (52.0 %) patients included in the study
with a mean value of global z-score of 2.8 (subjects de�ned as MCI due to AD). Amyloid-PET was
negative in 21 (44.0 %) subjects and mild amyloid deposition (less than 1 z-score in each cerebral area)
was present in 2 (0.5%) subjects (subjects de�ned as MCI not due to AD). We reported in table 1 clinical,
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physical, cognitive and behavioral characteristics of the study sample after stratifying study sample in
two these groups (MCI due to AD and MCI not due to AD). In details,

MCI due to AD showed signi�cantly high percentage of subjects with not correct CDT (18, 72% versus 11,
47%; p=0.04) and higher mean value of NPI (9.4 ± 6.6 versus 4.2 ± 3.6; p=0.002) compared to MCI not
due to AD. SPPB score, 4-m walking speed and grip strength were not signi�cantly different between the
two groups (Table 1).

Table 2 shows the multiple logistic regression analysis testing the difference between clinical, physical,
cognitive and behavioral characteristics of the study sample after stratifying study sample in two these
groups (MCI due to AD and MCI not due to AD). Higher age and NPI were associated with an increased
risk of having pathological deposition of cerebral amyloid deposits (O.R.=1.18 [1.01-1.40], p=0.03 and
O.R.=1.33 [1.05-1.68], p=0.02, respectively). On the contrary, higher CDT score was associated with lower
probability of having pathological amyloid PET deposition (O.R.= 0.48 [0.27-0.97], p=0.04).

Table 3 shows the percentage and association of subjects with more than one altered test, expression of
cognitive, behavioral or physical performance evaluation with the probability of having MCI due to AD.
Stratifying subjects in subclasses of clinical alterations, we found that subjects with impaired CDT and
high NPI score showed more probability of having pathological amyloid deposition (O.R.= 3.45 [1.01-
11.2], p=0.04). Then, even subjects with both impaired CDT and low physical performance showed more
probability of having pathological amyloid deposition (O.R.= 5.80 [1.04-32.2], p=0.04). Similarly, subjects
with alteration of CDT and high NPI score showed more probability of having pathological amyloid
deposition (O.R.= 7.98 [1.38-46.0], p=0.02). Finally, also subjects with alteration of CDT and high NPI and
low physical performance showed more probability of having pathological amyloid deposition (O.R.=
5.80 [1.05-32.2], p=0.04).

In Figure 1 we show an example of negative (A) and two positive amyloid-PET results (B, C). By taking
into account  only subjects with pathological PET examination,  we found an higher mean of the uptake
values of 18F-Flutemetamol indicating the widespread and pathological deposition of cerebral amyloid.
In the �rst patient (B) a lower involvement of sensory-motor regions of the right and left (average values
of z-score of 3.25 ± 2.44 and 3.01 ± 2.42, respectively), occipital left and right (average values of z-score
of 3.83 ± 3.75 and 3.15 ± 3.08, respectively) and right and left medial temporal region which remain the
cortical area less involved by amyloid pathology (mean values of z-score of 0.83 ± 1.59 and 0.47 ± 1.60,
respectively). In the second patient (C), the amyloid deposition is more abundant and is a probable
expression of advanced disease. There is a higher involvement of sensory-motor regions of the right and
left (average values of z-score of 9.52 ± 1.01 and 9.45 ± 1.02, respectively), and occipital regions of the
right and left (average values of z-score of 13.11 ± 1.10 and 12.30 ± 1.06, respectively) and right and left
medial temporal region which remains the cortical area less involved by amyloid pathology (mean values
of z-score of 3.56 ± 0.65 and 2.82 ± 0.62, respectively)

Discussion
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This study shows that patients with MCI due to AD and cerebral amyloid deposition have a high amount
of amyloid plaques in brain cortical structures, not only in the temporal lobes.  This feature could explain
some of MCI clinical manifestations that may be attributable not only to the disturbance of memory. MCI
in older persons could affect different cognitive domains and the global brain involvement demonstrated
by amyloid-PET is associated with the impairment of several higher brain activities, and in particular
executive functions, behavior and probably physical performance. In other words, our �ndings show also
that when amyloid deposition is pathologically present, which is expressed by high z-score at the PET
scans, brain lobes are globally involved and cognitive performance captured by MMSE score could
remained almost normal. Executive function, anxious-depressive symptoms and low physical
performance could be compromised.

These �ndings support recent data showing that pathological amyloid deposition could be present at
least several years before the appearance of clinical manifestation of the AD [32]. Amyloid-PET could be
used together with clinical, motor and objective neuropsychological tests for early diagnosis of MCI due
to AD [33], even if MMSE expression of global cognitive function is normal [34]. Our results are in
accordance with previous studies showing that executive functions, evaluated by CDT [35] or Montreal
Cognitive Assessment (MoCA) tests [36], plus physical performance impairment could identify persons at
risk of developing AD [7].

Another interesting aspect emerging from our results is that CDT correlates with amyloid pathology
within almost normal MMSE values and this could be explained by the fact that CDT requires activation
of various neuro-psychological functions, such as auditory perception, auditory memory, abstraction
ability, visual memory, visual perception, visual-spatial functions, planning capacity, visual motor and
executive functions [34-36]. This association could be related to the global amyloid deposition in the
central nervous system and supports the evidence that the cerebral amyloid angiopathy (CCA) could be
the result of a de�cit of the protein clearance pathways [37]. Recently, Morris et al. [38] proposed that an
impairment of the cerebral vascular basement membranes by which �uid passes into and out of the brain
explains the accumulation of the amyloid in the central nervous system with an imbalance between
production and its clearance.

Our data also suggest that if amyloid deposit if present, the amount of deposition should be relevant for
being detected clinically and the process could in�uence different brain area and not only the medial
temporal lobe where important memory related circuits are located. This aspect is in line with other
studies [39].  In fact, the hierarchical amyloid deposition in the brain had already been suggested in the
past by Thal and Braak [40] from pathological studies, suggesting that the onset of aggregates of β-
amyloid initially affected areas of the neocortex as the frontal, parietal and temporal area and only in
more advanced stages the hippocampus would be affected by the amyloid pathology. It could be
speculated that in the early phase of the disease the deposition of amyloid should involve globally the
cortex, and this process could require several years. Recently, a longitudinal study realized in cognitively
normal older persons, showed that higher amyloid beta burden was associated with increasing anxious-
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depressive symptoms over time [41], and these results are consistent with our data showing that amyloid
brain deposition produces a behavior modi�cation, particularly evident in the atypical forms of dementia.

Then, probably only when the amount of amyloid is high enough, Tau deposits are produced from
amyloid in areas such as the medial temporal lobe, with clinical picture of loss of long-term memory. This
hypothesis is in accordance with recent results reported by Donohue et al. [42], showing that there is a
time window of at least �ve years between the initial deposition of amyloid and a clear reduction of
cognitive performance detected by MMSE. More recently, even �ndings reported by Sepulcre J et al. [43]
con�rm this hierarchical organization of Tau and Amyloid deposits in the cerebral cortex. In particular,
these authors suggest that several years before AD dementia manifestations, abnormal accumulations of
tau and Aβ insoluble proteins are visible in the temporal lobe and association cortex. Tau and Aβ deposits
show some degree of spatial speci�city as well as some overlapping in convergent zones [44].

To date, research in the �eld of AD "causal" therapy is increasingly directed to identify subjects with AD in
the pre-clinical stage, when amyloid deposits in the cortex are scarce and cognitive function not
compromised. Hence, the possibility of having AD biomarkers in pre-clinical phase appears increasingly
important for better understanding the progression from MCI to dementia, and identifying cluster of
markers that intercept patients’ candidate for prescription of future drugs will be fundamental. Among
these biomarkers of AD, the amyloid PET, could be useful for really identifying pre-mortem patients with
high probability to be affected by AD. Our results support this hypothesis especially when the amyloid
deposition is plentiful, as in our study, and higher than 2 times amount in age-matched older persons, it
should not be considered as the “normal” effect of aging. Conversely, the presence of high amyloid
burden with global diffusion in the cerebral cortex is associated with an increased risk of developing AD
over time [45-46].

Recent data support a dose-response relationship between amyloid deposition and cognitive
performance [47]. The authors found that the magnitude of amyloid burden at baseline was associated
with the rate of cognitive decline over 4-year follow-up period, suggesting a potential link between these
two phenomena. Our �ndings may have important implications also for projecting clinical outcomes on
amyloid-PET scan basis, as well as for understanding the effect of amyloid in preclinical AD.

The clinical signi�cance of these results in the routine evaluation of AD patients is con�rmed by a recent
PET study which showed that, in almost a quarter of selected patients, [18F] �utemetamol PET changed
the clinical diagnosis and altered the patient management plan. The authors concluded that amyloid-PET
may have added value over the standardized diagnostic work-up in early-onset dementia patients with
uncertain clinical diagnosis, providing evidence for the recommendations put forward in the appropriate
use criteria for amyloid PET in clinical practice [48-50].

The main limitation of our study is the small number of patients that should be considered to draw
de�nitive conclusions. Furthermore, selection of older persons with MCI could produce a signi�cant
"ceiling effect" reducing diagnostic accuracy of cognitive impairment. Then, persons were referred to our
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Lab because at high of falls and this could represent a cohort bias of selection, and our results could not
be considered as representative of older persons.

Despite these limits, this study supports the idea that even MCI due to AD is a multi-domain disease that
affects the cognitive sphere, neuropsychiatric and physical performance aspects of the persons affected
with loss of autonomy initially in performing instrumental activities of daily living. All these aspects could
be of importance during the initial evaluation of the patients. Through this study, we reinforce the
hypothesis of a hierarchical deposition of amyloid aggregates, and the role of major cortical involvement
of amyloid pathology in determining greater cognitive and functional impairment [7].

Declarations
Ethics approval and consent to participate. The Ethics Committee of the University of Parma approved
the study (ID 17262). A details informed consent was prepared and proposed to all patients.

Consent to publish. A consent to report individual patient data was obtained from all participants

Availability of data and material. The datasets used and/or analyzed during the current study are
available from the corresponding author on request.

Competing interests. None to declare.

Funding. None.

Authors' contributions. All authors of this manuscript have made substantial contributions to conception
and design of the manuscript, have been involved in drafting and revising and have given �nal approval.

Acknowledgements. None.

References
1. Alzheimer’s Association (2015) 2015 Alzheimer’s Disease Facts and Figures. Alzheimers Dement

11(3):332-84.

2. GBD 2015 Disease and Injury Incidence and Prevalence Collaborators (2016) Global, regional, and
national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990-
2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet 388(10053):1545-
1602.

3. Åkerborg Ö, Lang A, Wimo A, ei al (2016) Cost of Dementia and Its Correlation with Dependence. J
Aging Health 28(8):1448-1464.

4. Scheltens P, Blennow K, Breteler MM, et al (2016) Alzheimer’s disease. Lancet 2016; 388 (10043):
505–17.



Page 11/16

5. Winblad B, Amouyel P, Andrieu S, et al (2016) Defeating Alzheimer's disease and other dementias: a
priority for European science and society. Lancet Neurology 15(5):455-532.

�. Verghese J, Wang C, Bennett DA, Lipton RB, Katz MJ, Ayers E (2019) Motoric cognitive risk syndrome
and predictors of transition to dementia: A multicenter study. Alzheimers Dement 15(7):870-877.

7. Grande G, Rizzuto D, Vetrano DL, et al (2020) Cognitive and physical markers of prodromal dementia:
A 12-year-long population study. Alzheimers Dement 16(1):153-161.

�. Aisen PS, Cummings J, Jack CR Jr, et al (2017) On the path to 2025: understanding the Alzheimer's
disease continuum. Alzheimers Res Ther 9(1):60.

9. Frisoni GB, Boccardi M, Barkhof F, et al (2017) Strategic roadmap for an early diagnosis of
Alzheimer's disease based on biomarkers. Lancet Neurol 16(8):661-676.

10. Ossenkoppele R, Jansen WJ, Rabinovici GD, et al (2015) Prevalence of amyloid PET positivity in
dementia syndromes: a meta-analysis. JAMA 313(10):1939-49.

11. Jansen WJ, Ossenkoppele R, Knol DL, et al (2015) Prevalence of cerebral amyloid pathology in
persons without dementia: a meta-analysis. JAMA 313(19):1924-38.

12. Grimmer T, Wutz C, Drzezga A, et al (2013) The usefulness of amyloid imaging in predicting the
clinical outcome after two years in subjects with mild cognitive impairment. Curr Alzheimer Res
10(1):82-5.

13. Wennberg AMV, Lesnick TG, Schwarz CG, et al (2018) Longitudinal Association Between Brain
Amyloid-Beta and Gait in the Mayo Clinic Study of Aging. J Gerontol A Biol Sci Med Sci 73(9):1244-
1250.

14. Albert MS, DeKosky ST, Dickson D, et al (2011) The diagnosis of mild cognitive impairment due to
Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association
workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement 7(3):270-9.

15. Lauretani F, Marcello M, Ticinesi A, Tana C, Prati B, Gionti L, Nouvenne A, Meschi T (2018) Muscle
weakness, cognitive impairment and their interaction on altered balance in elderly outpatients:
results from the TRIP observational study. Clinical Interventions in Aging 13(4):1–7.

1�. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the
cognitive state of patients for the clinician. J Psychiatr Res 1975;12:189-98.

17. Cummings, JL, Mega, M, Gray, K, Rosenberg-Thompson, S, Carusi, DA, Gornbein, J (1994) The
Neuropsychiatric Inventory: comprehensive assessment of psychopathology in dementia. Neurology
44(12):2308–2314.



Page 12/16

1�. Lyketsos CG, Miller DS; Neuropsychiatric Syndromes Professional Interest Area of the International
Society to Advance Alzheimer’s Research and Treatment (2012) Addressing the Alzheimer's disease
crisis through better understanding, treatment, and eventual prevention of associated
neuropsychiatric syndromes. Alzheimers Dement 8(1):60-4.

19. Ferrucci L, Bandinelli S, Cavazzini C, et al (2004) Neurological examination �ndings to predict
limitations in mobility and falls in older persons without a history of neurological disease. Am J Med
116(12):807-15.

20. Caffarra P, Ghetti C, Concari L, Venneri A (2008) Differential patterns of hypoperfusion in subtypes of
mild cognitive impairment. Open Neuroimag J 2:20-8.

21. Jack CR Jr, Bennett DA, Blennow K, et al (2018) NIA-AA Research Framework: Toward a biological
de�nition of Alzheimer's disease. Alzheimers Dement 14(4):535-562.

22. Shulman KI (200) Clock-drawing: is it the ideal cognitive screening test? Int J Geriatr Psychiatry
15(6):548-61.

23. Neri M, Rubichi S, DeVreese LP, Roth M, Cipolli C (1998) Validation of the full and short forms of the
CAMDEX interview for diagnosing dementia: evidence from a one-year follow-up study. Dement
Geriatr Cogn Disord 9(6):339-46.

24. Vinkers DJ, Gussekloo J, Stek ML, Westendorp RG, Van Der Mast RC (2004) The 15-item Geriatric
Depression Scale (GDS-15) detects changes in depressive symptoms after a major negative life
event. The Leiden 85-plus Study. Int J Geriatr Psychiatry 19(1):80-84.

25. Maggio M, Ceda GP, Ticinesi A, et al (2016) Instrumental and Non-Instrumental Evaluation of 4-Meter
Walking Speed in Older Individuals. PLoS One 11(4):e0153583.

2�. Lauretani F, Russo CR, Bandinelli S, et al (2003) Age-associated changes in skeletal muscles and
their effect on mobility: an operational diagnosis of sarcopenia. J Appl Physiol95(5):1851-60.

27. Ferguson KJ, Cvoro V, MacLullich AMJ, et al (2018) Visual Rating Scales of White Matter
Hyperintensities and Atrophy: Comparison of Computed Tomography and Magnetic Resonance
Imaging. J Stroke Cerebrovasc Dis 27(7):1815-1821.

2�. Ru�ni L, Lauretani F, Scarlattei M, et al (2016) Integrating information from FDG - and amyloid PET
for detecting different types of dementia in older persons. A case-series study. J Prev Alz Dis
3(3):127-132.

29. Besson FL, La Joie R, Doeuvre L, et al (2015) Cognitive and Brain Pro�les Associated with Current
Neuroimaging Biomarkers of Preclinical Alzheimer's Disease. J Neurosci 35(29):10402-11.



Page 13/16

30. Lauretani F, Ru�ni L, Ticinesi A, Nouvenne A, Maggio M, Meschi T (2018) Accuracy of Quantitative
Positron Emission Tomography Assessment for Differentiating Cerebral Age-related from
Pathological Amyloid Deposition: A Preliminary Report from a Case-series Study. World J Nucl
Med17(2):106-111.

31. Thurfjell L, Lilja J, Lundqvist R, Buckley C, Smith A, Vandenberghe R, Sherwin P (2014) Automated
quanti�cation of 18F-�utemetamol PET activity for categorizing scans as negative or positive for
brain amyloid: concordance with visual image reads. J Nucl Med 55(10):1623-8.

32. Wolk DA, Sadowsky C, Sa�rstein B, et al (2018) Use of Flutemetamol F 18-Labeled Positron Emission
Tomography and Other Biomarkers to Assess Risk of Clinical Progression in Patients with Amnestic
Mild Cognitive Impairment. JAMA Neurol. doi: 10.1001/jamaneurol.2018.0894.

33. de Wilde A, van der Flier WM, Pelkmans W, et al (2018) Association of Amyloid Positron Emission
Tomography with Changes in Diagnosis and Patient Treatment in an Unselected Memory Clinic
Cohort: The ABIDE Project. JAMA Neurol. doi: 10.1001/jamaneurol.2018.1346.

34. Gluhm S, Goldstein J, Loc K, Colt A, Liew CV, Corey-Bloom J (2013) Cognitive performance on the
mini-mental state examination and the montreal cognitive assessment across the healthy adult
lifespan. Cogn Behav Neurol 26(1):1-5.

35. Juby A, Tench S, Baker V (2002) The value of clock drawing in identifying executive cognitive
dysfunction in people with a normal Mini-Mental State Examination score. CMAJ 167(8):859-64.

3�. Saur R, Maier C, Milian M, Riedel E, Berg D, Liepelt-Scarfone I, Leyhe T. (2012) Clock test de�cits
related to the global cognitive state in Alzheimer's and Parkinson's disease. Dement Geriatr Cogn
Disord 33(1):59-72.

37. Carare RO, Hawkes CA, Jeffrey M, Kalaria RN, Weller RO (2013) Review: cerebral amyloid angiopathy,
prion angiopathy, CADASIL and the spectrum of protein elimination failure angiopathies (PEFA) in
neurodegenerative disease with a focus on therapy. Neuropathol Appl Neurobiol 39(6):593-611.

3�. Morris AW, Sharp MM, Albargothy NJ, Fernandes R, Hawkes CA, Verma A, Weller RO, Carare RO
(2016) Vascular basement membranes as pathways for the passage of �uid into and out of the
brain. Acta Neuropathol 131(5):725-36.

39. Klunk WE, Engler H, Nordberg A, et al (2004) Imaging brain amyloid in Alzheimer's disease with
Pittsburgh Compound-B. Ann Neurol 55(3):306-19.

40. Thal DR, Rüb U, Orantes M, Braak H (2002) Phases of A beta-deposition in the human brain and its
relevance for the development of AD. Neurology 58(12):1791-800.

41. Donovan NJ, Locascio JJ, Marshall GA, Gatchel J, Hanseeuw BJ, Rentz DM, Johnson KA, Sperling
RA; Harvard Aging Brain Study (2018) Longitudinal Association of Amyloid Beta and Anxious-



Page 14/16

Depressive Symptoms in Cognitively Normal Older Adults. Am J Psychiatry 175(6):530-537.

42. Donohue MC, Sperling RA, Petersen R, Sun CK, Weiner MW, Aisen PS; Alzheimer’s Disease
Neuroimaging Initiative (2017) Association Between Elevated Brain Amyloid and Subsequent
Cognitive Decline Among Cognitively Normal Persons. JAMA 317(22):2305-2316.

43. Sepulcre J, Grothe MJ, Sabuncu M, Chhatwal J, Schultz AP, Hanseeuw B, El Fakhri G, Sperling R,
Johnson KA (2017) Hierarchical Organization of Tau and Amyloid Deposits in the Cerebral Cortex.
JAMA Neurol 74(7):813-820.

44. Farrell ME, Kennedy KM, Rodrigue KM, Wig G, Bischof GN, Rieck JR, Chen X, Festini SB, Devous MD
Sr, Park DC (2017) Association of Longitudinal Cognitive Decline with Amyloid Burden in Middle-
aged and Older Adults: Evidence for a Dose-Response Relationship. JAMA Neurol 74(7):830-838.

45. Hanseeuw BJ, Betensky RA, Jacobs HIL, et al (2019) Association of Amyloid and Tau with Cognition
in Preclinical Alzheimer Disease: A Longitudinal Study. JAMA Neurol. 2019 Jun 3. doi:
10.1001/jamaneurol.2019.1424. [Epub ahead of print]

4�. Fantoni E, Collij L, Alves IL, Buckley C, Farrar G. The spatial-temporal ordering of amyloid pathology
and opportunities for PET imaging. J Nucl Med. 2019 Dec 13. pii: jnumed.119.235879. doi:
10.2967/jnumed.119.235879. [Epub ahead of print]

47. Zwan MD, Bouwman FH, Konijnenberg E, et al (2017) Diagnostic impact of [18F]�utemetamol PET in
early-onset dementia. Alzheimers Res Ther doi: 10.1186/s13195-016-0228-4.

4�. Pontecorvo MJ, Siderowf A, Dubois B, et al (2017) Effectiveness of Florbetapir PET Imaging in
Changing Patient Management. Dement Geriatr Cogn Disord 44(3-4):129-143.

49. Mallik A, Drzezga A, Minoshima S (2017) Clinical Amyloid Imaging. Semin Nucl Med 47(1):31-43.

50. Rabinovici GD, Gatsonis C, Apgar C, et al (2019) Association of Amyloid Positron Emission
Tomography With Subsequent Change in Clinical Management Among Medicare Bene�ciaries With
Mild Cognitive Impairment or Dementia. JAMA 321(13):1286-1294.

Tables
Due to technical limitations, the tables are only available as a download in the supplemental �les section.

Figures



Page 15/16

Figure 1

This �gure shows an example of normal (A) and two amyloid pathological PET results (B, C). After
considering only subjects with pathological PET examination, it emerges from the mean of the uptake
values of 18F-Flutemetamol a widespread and pathological deposition of cerebral amyloid. In the �rst
patient (B) a lower involvement of sensory-motor regions of the right and left (average values of z-score
of 3.25 ± 2.44 and 3.01 ± 2.42, respectively), occipital left and right (average values of z-score of 3.83 ±
3.75 and 3.15 ± 3.08, respectively) and right and left medial temporal region which remains the cortical
area less involved by amyloid pathology (mean values of z-score of 0.83 ± 1.59 and 0.47 ± 1.60,
respectively). In the second patient (C), the amyloid deposition is more abundant probably expression of
advanced disease. There is a higher involvement of sensory-motor regions of the right and left (average
values of z-score of 9.52 ± 1.01 and 9.45 ± 1.02, respectively), and occipital regions of the right and left
(average values of z-score of 13.11 ± 1.10 and 12.30 ± 1.06, respectively) and right and left medial
temporal region which remain the cortical area less involved by amyloid pathology (mean values of z-
score of 3.56 ± 0.65 and 2.82 ± 0.62, respectively).
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