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Abstract: Objectives: To evaluate the possible long-term cerebral deposition of amyloid-β in PD 

patients treated with subthalamic nucleus deep brain stimulation (STN-DBS) and its possible 

influence on axial and cognitive variables. Methods: Consecutive PD patients treated with bilateral 

STN-DBS with a long-term follow-up were included. Amyloid-β deposition was evaluated 

postoperatively through a 18F-flutemetamol positron emission tomography (PET) study. Axial 

symptoms have been assessed using a standardized clinical-instrumental approach. Speech was 

assessed by perceptual and acoustic analysis while gait by means of the instrumented timed up and 

go test (iTUG). Motor severity was evaluated applying the UPDRS part III score and subscores while 

cognitive functions through a complete neuropsychological assessment. Different stimulation and 

drug conditions were assessed: on-stimulation/off-medication, off-stimulation/off-medication, on-

stimulation/on-medication conditions (single and dual task). Results: 19 PD patients (male: 11; age: 

63.52 years; on-stimulation/on-medication UPDRS-III: 17.05) with a five-year postoperative follow-
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up were included. Amyloid-β deposition was found in 21% of patients (4/19) with a prevalent 

involvement of prefrontal, limbic and parietal areas. Compared with patients without amyloid-β 

deposition, PD patients with positive 18F-flutemetamol PET study showed higher preoperative 

UPDRS-I (p=.037) score. Conclusions: Our results suggest that in the long-term after STN-DBS a 

significant percentage of PD patients may present brain amyloid-β deposition. However, larger 

samples are needed to evaluate the possible role of amyloid-β deposition in the development of 

axial and cognitive alterations after surgery. 

Keywords: amyloid-β; axial; cognitive; Deep Brain Stimulation; Flutemetamol; Parkinson’s Disease; 

STN-DBS 

 

1. Introduction 

Subthalamic nucleus deep brain stimulation (STN-DBS) represents a short- and long-term 

effective treatment in advanced Parkinson’s disease (PD).[1,2] STN-DBS allows a stable improvement 

of motor complications, tremor and rigidity with a less relevant effect on axial symptoms (i.e., gait 

and balance symptoms, speech and swallowing troubles) and cognitive decline, the main causes of 

long-term disability[3–5]. Many studies have analysed axial symptoms in PD patients with an 

instrumental approach focusing only on gait and postural alterations or speech disturbances. The 

very few studies that have instrumentally assessed the whole spectrum of axial symptoms in PD have 

shown the presence of similarities between spatial-temporal gait and speech parameters[6]. 

Anatomopathological data have confirmed that the neurodegeneration of central dopaminergic 

pathways, considered the hallmark of PD, is accompanied by a contemporary involvement of other 

neurotransmitter pathways (i.e., cholinergic, serotoninergic)[7–9]. The prevalent involvement of the 

cholinergic system could be associated with a clinical “cholinergic” phenotype dominated by axial 

symptoms, cognitive deterioration and cerebral Amyloid-β (Aβ) deposition[10,11]. Based on these 

premises, the objective of this study was to evaluate the possible long-term cerebral deposition of 

amyloid-β in a cohort of PD patients treated with STN-DBS and its possible influence on axial and 

cognitive variables. 

2. Materials and Methods 

2.1. Participants 

This longitudinal cohort study included consecutive PD patients treated with bilateral STN-DBS 

from 2012 to 2017 at the Neurological Unit of the Ospedale Civile Baggiovara (OCB) University 

Hospital. All patients fulfilled the diagnosis of PD according to the UK Brain Bank criteria[12] and 

suffered from disabling motor complications not well controlled with oral medication at the time of 

surgery. Exclusion criteria were previously published[13]. The study (BASCOSTIM-PD) was 

approved by the local ethics committee (protocol number: 2019/0056629), and written informed 

consent was obtained from participants according to the Declaration of Helsinki[14]. 

2.2. Clinical Assessment 

Neurological evaluation, instrumental analysis of gait and acoustic-perceptual assessment of 

speech were performed in a single day in the following conditions: on-stimulation/off-medication 

(washout of at least 12-h of dopaminergic medication)[15]; off-stimulation/off-medication 

(stimulation was temporarily turned off for at least 1-h); on-stimulation/on-medication (stimulation 

was turned on and dopaminergic therapy was administered [early morning levodopa equivalent 

daily dose (LEDD) plus 30%]). Disease severity was quantified through the Unified Parkinson’s 

Disease Rating Scale (UPDRS) part III and the Hoehn and Yahr (H&Y) stage. The following subscores 

were extrapolated from the UPDRS total motor scale: tremor, postural instability/gait disorders 

(PIGD) and akinesia subscores[4,13,16]. The PD motor phenotype of each patient (PIGD, 

indeterminate or tremor dominant [TD])was also calculated[17]. All patients underwent a detailed 
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neuropsychological assessment before surgery and at long-term evaluation including phonemic 

fluency, spatial perception (localization of numbers), Raven’s progressive matrices, Stroop test and 

Trail making test part B[5]. In addition all patients were classified as PD without dementia, PD–mild 

cognitive impairment (PD-MCI) and dementia associated with PD (PDD) based on current 

criteria[18,19]. All patients were screened for the presence of mutations in the α-synuclein, parkin, 

glucocerebrosidase-1 (GBA1) and leucine-rich repeat kinase-2 genes[20–22]. The total amount of 

dopaminergic medications per day was calculated as LEDD milligrams[23]. 

2.3. Instrumental Analysis of Gait 

The instrumental gait evaluation of gait was carried out with a wearable inertial sensor secured 

with an elastic belt at the sacrum level (S1). The commercial device G-WALK (BTS BioengineeringTM, 

sampling frequency 100 Hz) was used. This device contains a three-dimensional (3D) accelerometer, 

gyroscope and magnetometer providing, respectively, the 3D linear acceleration, angular velocity, 

and magnetic field vector. Each patient performed the instrumented Timed Up and Go test 

(iTUG)[24] in the different stimulation and medication conditions reported above. In each condition, 

the patient was asked to perform the test three consecutive times, to obtain a total of twelve 

acquisitions. The iTUG test was performed using the standard test procedure[25] and videotaped. 

Data processing has been previously published[4,13]. The following variables were then extracted: 

the overall duration of the iTUG; the duration of each phase; the root mean square (RMS) of trunk 

acceleration for each phase; the maximum speed of rotation of the trunk about the cranio-caudal axis 

(which is related to the subject’s ability to rotate quickly). 

2.4. Speech Analysis 

Patients’ speech was recorded in a silent environment, using a digital device kept 20 cm from 

the patient’s lips.[13,16] The following tasks were performed by the patients: spontaneous speech for 

one minute; sustained production of the phoneme /a/ for as long as possible, performed three times 

(duration [sec], intensity [dB]); reading of 25 recorded words (word intelligibility calculated as the 

percentage of words correctly spelt by the patient)[26]; counting from 1 to 20 (speech rate 

[syllables/second]); oral diadochokinesis, during which participants produced the syllables /pa/, /ta/, 

/ka/ and the pseudoword /pataka/, as fast as they could with habitual pitch and loudness (parameters 

estimated; irregular rhythm [presence of absence], uncontrolled acceleration [presence of absence]). 

These parameters were selected according to recent guidelines[27] because they represent acoustic 

characteristics involved in hypokinetic dysarthria[28,29]. The perceptual-acoustic analysis was 

blinded to the patient’s condition using Praat software[30]. 

2.5. [18F] Flutemetamol PET Study 

Each patient underwent a [18F] flutemetamol positron emission tomography (PET) with the aim 

to quantify cerebral Aβ deposition. PET data has been elaborated with CortexID Suite (GE 

Healthcaretm) software which allows a fully automated quantification of beta amyloid brain 

deposition in different predefined cortical and subcortical regions and the comparison with normal 

databases of healthy controls allowing obtaining uptake ratio and z-score values. 

2.6. Statistical Analysis 

Descriptive statistics were performed for each parameter; continuous variables were expressed 

as mean (standard deviation [sd]) and median (range) while frequencies and percentages were 

calculated for categorical variables. The variables were tested for normal distribution using the 

Kolmogorov-Smirnov test. The primary objective of the study was to find the prevalence of PD 

patients with a positive [18F] Flutemetamol PET study, indicative of brain Aβ deposition, in the long-

term after surgery. We classify the [18F] Flutemetamol PET study as positive if it shows the presence 

of at least one cortical or subcortical area with a z-score >2 assessed with the CortexID Suite. The 

secondary objective of the study was to find the presence of significant differences in clinical and 
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demographic variables between patients with and without brain Aβ deposition. Considering that 

most variables were not normally distributed, with regards to continuous and ordinal variables, the 

Mann–Whitney test was used, while for categorical variables the chi-square independence test was 

applied. Statistical analyses were performed using IBM SPSS Statistics software for Windows version 

20.0 (IBM, Armonk, NY, USA) and Matlab® (The MathWorks Inc., Thorofare, USA). Alpha value was 

set to 0.05, thus p-values <0.05 were considered statistically significant. 

3. Results 

From 2012 to 2017, 40 PD patients underwent STN-DBS. Of these, 21 subjects were excluded 

from the analysis because of missing data (eleven patients), lack of PET study (six patients) and lack 

of consent to participate (four patients). The remaining 19 PD patients (male:11; age:63.52 years; on-

stimulation/on-medication UPDRS-III:17.05) with a mean five-year postoperative follow-up were 

included. Genetic assessment revealed heterozygous mutation in the GBA1 gene in three patients. 

Table 1 shows the demographic and clinical characteristics of the patients while Table 2 reports motor 

scores and subscores in the different conditions tested. A detailed description of speech and cognitive 

variables is reported in Supplementary Table 1. 

Table 1. demographic and clinical characteristics of the patients. 

VARIABLE 
TOTAL N= 19 

NO. (%), MEAN, [± SD]; MEDIAN {RANGE} 

Sex 

Male 

Female 

  

11 (58%) 

8 (42%) 

Preoperative assessment 

Age at surgery (years) 58.89 [± 5.69]; 59.00 {46.00–71.00} 

Age at PD onset (years) 48.21 [± 5.93]; 47.00 {38.00-57.00} 

Disease duration at surgery (years) 10.47 [±4.88]; 8.00 {5.00–25.00} 

Genetic analysis 

Negative 

Positive 

16 (85.00%) 

3 (GBA1; 15.00%)  

PD motor subtype 

PIGD 

Indeterminate 

TD  

14 (73.70%) 

2 (10.50%) 

3 (15.80%) 

Levodopa equivalent daily dose (LEDD) (mg)   924.23 [± 451.49]; 1045 {200-1898} 

Levodopa responsiveness (%) 58.83 [± 15.357]; 58.00 {34.00–93.94} 

Post-operative evaluation 

Follow-up duration (years) 4.73 [± 1.38]; 5 {3-7} 

Age (years) 63.52 [± 5.14]; 65 {53 - 74} 

Disease duration (years) 15.00 [± 4.78]; 13 {8-28} 

PD motor subtype 

PIGD 

Indeterminate 

TD 

17 (89.40%) 

1 (5.30%)  

1 (5.30%)  

LEDD (mg) 778.68 [±336.68]; {118.00-1460.00} 

PD cognitive status 

PD without dementia 

MCI-PD 

PDD 

9 (58%) 

8 (41.40%) 

2 (10.60%) 
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Table 2. motor scores and subscores in the different conditions tested. 

VARIABLES 

STIMULATION/MEDICATIONS CONDITIONS 

mean, [±SD]; median {range} 

Off-medication On-medication 

On-

stimulation/off-

medication 

Off-

stimulation/off-

medication 

On-

stimulation/on-

medication 

UPDRS part-

III 

36.82 [±9.86]; 

34.00 {25.00-

62.00} 

15.47 [±6.69]; 

13.00 {6.00-

31.00} 

31.05 [±13.97]; 

13.97 {13.00-

58.00} 

48.88 [±.12.83]; 

49.00 {29.00-

73.00} 

17.05 [±9.71]; 

13.00 {5.00-

38.00} 

Akinesia 

subscore  

13.00 [±3.31]; 

13.00 {7.00-

18.00} 

5.05 [±3.23]; 

4.00 {1.00-12.00} 

11.70 [±6.23]; 

11.00 {2.00-23.00} 

18.07 [±5.69]; 

18.00 {8.00-28.00} 

7.35 [±5.06]; 

6.00 {1.00-17.00} 

Tremor 

subscore  

4.41 [±4.30]; 

3.00 {.00-14.00} 

1.35 [±2.31]; 

.00 {.00-9.00} 

3.11 [±2.39]; 

3.00 {.00-7.00} 

4.94 [±2.90]; 

4.00 {.00-10.00} 

.52 [±1.06]; 

.00 {.00-4.00} 

PIGD 

subscore  

8.47 [±3.69]; 

8.00 {3.00-16.00} 

2.82 [±1.97]; 

2.00 {.00-7.00} 

8.23 [±3.43]; 

9.00 {1.00-13.00} 

9.76 [±3.92]; 

10.00 {1.00-15.00} 

5.52 [±3.57]; 

5.00 {1.00-12.00} 

Hoehn & 

Yahr 

2.86 [±.57]; 

2.50 {2.00-4.00} 

2.13 [±.22]; 

2.00 {2.00-2.50} 

2.86 [±.76]; 

2.50 {2.00-5.00} 

3.84 [±.1.00]; 

4.00 {2.00-5.00} 

2.42 [±.53]; 

2.50 {2.00-4.00} 

Abbreviations: postural instability/gait disorders: PIGD; Unified Parkinson’s Disease Rating Scale: UPDRS. 

Amyloid-β deposition was found in 21% of patients (4/19) with a prevalent involvement of 

prefrontal, limbic and parietal areas. In particular, both right and left lateral temporal cortex were 

involved in the four patients; right prefrontal cortex in three; anterior cingulate gyrus, left prefrontal, 

parietal cortex and left precuneus in two; left occipital and right precuneus in one (see Figure 1). 

 

Figure 1. number of positive cortical areas. 

Compared with patients without amyloid-β deposition, PD patients with positive 18F-

flutemetamol PET study showed higher preoperative UPDRS-I (p=.037) score. Table 3 summarizes 

the main demographic and clinical characteristics of PET positive and PET negative cohorts. No 

differences were found in instrumental speech and gait variables. 
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Table 3. Demographic and clinical characteristics of PET positive and PET negative cohorts. 

VARIABLE PET positive (n= 4) PET negative (n= 15) 

Sex 

Male 

Female 

 2 (50%) 

2 (50%) 

11 (58%) 

8 (42%) 

Follow-up duration (years) 5.25 [± .50]; 5 {5-6} 4.46 [± 1.50]; 4 {3-7} 

Age (years) 62.75 [± 4.03]; 63 {58 - 67} 63.73 [± 5.50]; 65 {53 - 74} 

Disease duration (years) 13.75 [± 2.21]; 13 {12-17} 15.33 [± 5.27]; 13 {8-28} 

PD motor subtype 

PIGD 

Indeterminate 

TD  

4 (100%) 

0 (.00%)  

0 (.00%)  

13 (86.70%) 

1 (6.70%)  

1 (6.70%)  

Levodopa equivalent daily dose 

(mg) 

 707.75 [±123.01]  

{580.00-819.00} 

 797.60 [±375.30]   

{118.00-1460.00} 

PD cognitive status 

PD without dementia 

MCI-PD 

PDD 

1 (25.00%) 

2 (50.00%) 

1 (25.00%) 

8 (53.30%) 

6 (40.00%) 

1 (6.70%) 

4. Discussion 

In our cohort, a significant proportion of PD patients (i.e., 21%) showed the presence of amyloid-

β deposition at [18F] Flutemetamol PET study. This is in line with previous studies, which have 

reported a 20-30% prevalence of positive amyloid PET scans in non-demented PD and MCI-PD[31,32] 

suggesting that STN-DBS does not seem to promote amyloid deposition, although a possible selection 

bias should be taken into account (PD patients with cognitive impairment or severe axial symptoms 

are usually excluded from surgery). In particular one study which included multicenter data from 

the Parkinson’s Progression Marker Initiative (PPMI) found 10/48 (21%) amyloid positive PD 

patients[32] assessed with [18F]florbetaben PET scanning[32]. Interestingly the increased widespread 

cortical and subcortical [18F]florbetaben uptake was associated with poorer performance on global 

cognition (assessed with the Montreal Cognitive Assessment[MOCA]) and impaired performance on 

Symbol Digit Modality test (SDMT) which is linked to attention, visual scanning, and motor 

speed[32]. Another study has assessed brain amyloid-β deposition in twenty-five MCI-PD patients 

through [18F] Flutemetamol PET study, reporting a 32% rate (8/25) of amyloid PET positivity[31]. 

Even in this case MCI-PD amyloid-β + showed worse performance in the overall executive domain 

but not in motor abilities compared to amyloid negative patients. This result was also found in our 

cohort. However it is important to keep in mind that the previously mentioned overall prevalence of 

PET-positive scans in PD patients (20-30%) was in the range of literature age-matched control 

population suggesting that the possible causative role of PD in amyloid-β deposition needs further 

confirmation in larger samples[33]. This does not detract from the fact that amyloid-β deposition can 

negatively influence the clinical phenotype in PD patients particularly regarding axial and cognitive 

domains. The dysfunction of the cholinergic circuits due to the diffusion of the neurodegenerative 

process at the level of the peduncolo-pontine nucleus, thalamus, basal nucleus of Meynert and 

associated cortical cholinergic projections, represents one of the main neuropathological substrates 

of axial disorders in PD[8,11]. Indeed, this cholinergic phenotype would be associated with a PIGD 

motor phenotype associated with FOG in the ON medication condition and cognitive 

impairment[34]. This hypothesis was also confirmed by Muller et al., who found a correlation 

between the presence of cortical cholinergic denervation evaluated by PET with tracer for 

acetylcholinesterase ([(11) C] PMP) and the presence of RBD, falls, walking disorders and cognitive 

dysfunctions[35]. Furthermore, comparing PD-fallers vs PD non-fallers another group found that 

acetylcholinesterase levels (indirect markers of cholinergic denervation) at the pedunculopontine 

nucleus and basal nucleus of Meynert (the two main cerebral cholinergic centers) were significantly 
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lower in the fallers subgroup regardless of the degree of dopaminergic denervation[36]. A subsequent 

link between axial features, cholinergic system and amyloid-β was found by Bohnen et al. who 

analyzed the correlation between cortical cholinergic denervation, beta-amyloid deposition, and 

FOG. The results of the study conducted on 143 patients showed a direct correlation between the 

presence of FOG, the degree of cholinergic denervation and the deposition of beta-amyloid at cortical 

level[8]. The frequency of FOG was also higher in subjects who had both cholinopathy and 

amyloidopathy at neo-cortical level. 90% of patients with FOG also had at least one of the two 

pathological conditions[8]. Different cross-sectional studies have also confirmed the correlation 

between beta-amyloid and the PIGD motor phenotype[37,38]. Alves et al. found significantly lower 

cerebrospinal fluid (CSF) levels of Aβ42, Aβ38, Aβ42/40 and Aβ38/40 in patients with the PIGD 

phenotype compared to the tremor dominant phenotype. Multivariate regression analyses 

documented a significant association between CSF beta-amyloid levels, severity of the PIGD motor 

phenotype, and lower limb bradykinesia[37]. A subsequent prospective study has confirmed that low 

CSF levels of Aβ42 in the early stages of the disease are predictive of the development of dopa-

resistant gait disturbances (variability of gait duration, variability of gait length) with a three-years 

follow-up[39]. However, in our cohort, no differences were found in the instrumentally assessed axial 

symptoms between PET positive and PET negative cohort. This is probably due to the small sample 

size, supporting the need for larger samples of DBS PD patients. On the contrary, in our cohort, PD 

patients with positive 18F-flutemetamol PET study showed higher preoperative UPDRS-I score than 

patients without amyloid-β deposition. This means that PET positive patients had a higher cognitive, 

behavioural, and humoral burden before surgery (quantified through the UPDRS-I score). Focusing 

on the specific cortical and subcortical brain areas in which amyloid-β deposition was found, the 

involvement of lateral temporal cortices is not surprising. Indeed, a previous prospective study which 

included a small cohort of healthy-controls (n=6), PD without dementia (n=16), and 8 PDD studied 

with [18F]FDDNP PET scan reported that a higher baseline lateral temporal binding was associated 

with longitudinal worsening in cognitive performances and progression to dementia among subjects 

classified as PDND at baseline[40]. The involvement of prefrontal parietal and limbic cortices was 

also reported in a study by Garon et al., in particular with an increased Aβ uptake in frontal (i.e., 

middle frontal cortices and pars triangularis) and parietal regions (i.e., paracentral lobule and 

precuneus), which overall correlated with poor executive performance[31]. We have to keep in mind 

that our exploratory study has several limitations including the small sample size, which reduced the 

statistical power of our results, not allowing to perform correlation analyses between [18F] 

flutemetamol PET Z-scores and clinical/instrumental variables; the variability of the follow-up 

duration after surgery between the patients; the lack of preoperative [18F] flutemetamol PET study 

and finally the lack of CSF and ApoE data. However, it represents the first report of the prevalence 

of amyloid-β deposition in PD patients treated with STN-DBS assessed with a deep clinical 

instrumental approach focused on axial symptoms. Our results suggest that in the long-term after 

STN-DBS a significant percentage of PD patients may present brain amyloid-β deposition. Obviously 

future studies with larger samples and preoperative amyloid-β deposition assessment are needed to 

assess both the possible effect of DBS on amyloid-β deposition whatever it is (protective, worsening 

or irrelevant) and the possible role of amyloid-β deposition in the development of axial and cognitive 

alterations after surgery. If this is confirmed the assessment of amyloid-β deposition might be 

included in the preoperative workup to identify before the surgery the patients that already bring a 

higher risk of developing cognitive and axial alterations after STN-DBS. 
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