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Abstract

Introduction: AMYPAD Diagnostic and Patient Management Study (DPMS) aims to

investigate the clinical utility and cost-effectiveness of amyloid-PET in Europe. Here

we present participants’ baseline features and discuss the representativeness of the

cohort.

Methods: Participants with subjective cognitive decline plus (SCD+), mild cognitive

impairment (MCI), or dementia were recruited in eight European memory clinics from

April 16, 2018, to October 30, 2020, and randomized into three arms: ARM1, early

amyloid-PET; ARM2, late amyloid-PET; and ARM3, free-choice.

Results: A total of 840 participants (244 SCD+, 341 MCI, and 255 dementia) were

enrolled. Sociodemographic/clinical features did not differ significantly among recruit-

ing memory clinics or with previously reported cohorts. The randomization assigned

35% of participants to ARM1, 32% to ARM2, and 33% to ARM3; cognitive stages were

distributed equally across the arms.

Discussion: The features of AMYPAD-DPMS participants are as expected for a

memory clinic population. This ensures the generalizability of future study results.

KEYWORDS

amyloid, Alzheimer’s, dementia, memory clinic population, mild cognitive impairment, PET,
subjective cognitive decline

1 BACKGROUND

Amyloid deposition in the brain is one of the core and earli-

est neuropathological hallmarks of Alzheimer’s disease (AD).1 It

can be assessed in vivo using positron emission tomography (PET)

imaging.2 Although several studies provided evidence of the diagnos-

tic value of amyloid-PET in patients with suspected neurodegenerative

diseases,3–10 definitive evidence of its clinical utility in a memory clinic

population is still lacking.11 As a consequence, amyloid-PET is cur-

rently not (or only partially) reimbursed by health care payers. The

AMYPAD Diagnostic and Patient Management Study (DPMS) is the

largest European, multicenter, prospective, and randomized controlled

study implementing amyloid-PET in clinical practice, and it aims to

fill this gap by providing unique evidence on the clinical utility and

cost-effectiveness of amyloid-PET in Europe.

The rationale and study design of AMYPAD-DPMS have been

described in detail in a previous publication.12 The study enrolled 840

participants with a balanced representation of cognitive stage groups

with variable severity ranging from subjective cognitive decline plus

(SCD+, a condition of self-experienced cognitive decline in absence of

objectively confirmed cognitive impairment featuring increased like-

lihood of preclinical AD13) to mild cognitive impairment (MCI) and

dementia. These participants underwent amyloid-PET scans (using

18F-Flutemetamol or 18F-Florbetaben as PET tracers) according to
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their randomization into one of the three study-arms: ARM1, early

amyloid-PET; ARM2, late amyloid-PET; or ARM3, free-choice amyloid-

PET. The data collected during this study will constitute the largest

and one of the best phenotyped memory clinic samples in Europe.

This extensive database will be analyzed by different research groups

within and outside the AMYPAD Consortium to answer a variety of

research questions. It is therefore essential that the AMYPAD-DPMS

sample is representative of a largermemory clinic population, ensuring

the reliability and generalizability of its scientific outcomes.

The aim of this article is to discuss the implemented enrollment

strategies and describe the baseline features of the AMYPAD-DPMS

participants in order to assess whether our sample is representative of

a wider memory clinic population and to ensure that the future study

results will be reliable and generalizable.

2 METHODS

2.1 Participants

Inclusion and exclusion criteria have been described previously.12

Briefly, the main inclusion criteria were: age between 60 and 85 for

SCD+ and between 50 and 85 for MCI and dementia patients; the

patient must have had a cognitive complaint considered by the man-

aging physician to be possibly due to AD; the patient must have been

entering a diagnostic workup including recent (not older than 12

months) magnetic resonance imaging (MRI) and/or computed tomog-

raphy (CT) scan; and the managing physician must have felt that

knowledge of the patient’s brain amyloid status may increase diag-

nostic confidence and alter diagnosis and/or management. The main

exclusion criteriumwas: thepatient had aprevious amyloid-PETand/or

had other AD biomarker workup before screening. Although other

inclusion/exclusion criteria of MCI and dementia were based on their

respective clinical diagnostic criteria,14,15 those of the SCD+ were

based on a modified version of the SCD-I Working group criteria,13 of

which the most relevant features are age between 60 and 85 years,

perceived decline in memory over time, SCD onset within the previ-

ous 5 years and duration >6 months, Mini-Mental State Examination

(MMSE) score between 27 and 30, exclusion of MCI, explicit con-

cerns (worries) about the cognitive symptoms, and active seeking of

consultation.

The assignment of cognitive stage (i.e., SCD+, MCI, and dementia)

was based on local diagnostic workup and procedures. Indeed, the clin-

ical and neuropsychological assessmentswere not standardized across

recruiting memory clinics consistently with the AMYPAD-DPMS pur-

pose of interfering as little as possible with the local practices and

recruit participants representative of the clinical routine.

2.2 Recruiting memory clinics

The eight recruiting memory clinics (Figure 1) were: (1) University

and University Hospital of Geneva (UNIGE; Geneva, Switzerland), (2)

RESEARCH INCONTEXT

1. Systematic Review: Amyloid-PET (positron emission

tomography) is currently not (or only partially) reim-

bursed by health care payers due to the lack of definitive

evidence on its clinical utility and cost-effectiveness. The

aim of AMYPAD Diagnostic and Patient Management

Study (DPMS), the largest European study implement-

ing amyloid-PET in clinical practice, is to fill this evidence

gap. As a first step, we assessed whether the AMYPAD-

DPMS sample is representative of a wider memory clinic

population.

2. Interpretation: Our findings support the representative-

ness of the study sample to a wider European memory

clinic population, indicating that the upcoming results of

AMYPAD-DPMSwill be generalizable.

3. Future Directions: The AMYPAD-DPMS data set will be

analyzed by a number of research groups within and out-

side of the AMYPAD consortium in order to assess the

clinical utility and cost-effectiveness of amyloid-PET, and

to answer pre-specified and post hoc research questions.

Amsterdam University Medical Centers, location VUmc (Amsterdam

UMC; Amsterdam, The Netherlands), (3) Centre Hospitalier Universi-

taire de Toulouse (CHUT; Toulouse, France), (4) Barcelonaβeta Brain

Research Center (BBRC; Barcelona, Spain), (5) University of Cologne

and Deutsches Zentrum für Neurodegenerative Erkrankungen (UKK;

Cologne, Germany), (6) University College London (UCL; London,

UK), (7) Karolinska Institutet and Karolinska University Hospital (KI;

Stockholm, Sweden), and (8) Centre Hospitalier Universitaire Vaudois

(CHUV; Lausanne, Switzerland). CHUVreplaced theUniversity of Edin-

burgh, which originally was one of the eight recruiting memory clinics

but was unable to start recruitment due to scanning restrictions.

2.3 Clinical assessment

A number of variables have been collected systematically during the

study. Generic descriptive variables were collected only during the

baseline visit. Global cognition (i.e., MMSE), and levels of anxiety and

depression (i.e., Hospital Anxiety and Depression Scale [HADS]) were

collected at baseline and after 6 and 13 months. Prescription of cog-

nition specific and other medications was recorded at baseline and

after 3, 6, and 13 months. Finally, cognitive stage (i.e., SCD+, MCI, or

dementia), etiological diagnosis (i.e., AD, non-AD, or undetermined),

diagnostic confidence (50%-100% visual numeric scale), use ofmedical

resources, and patient management were collected for each patient at

baseline and after 3, 6, and 13months (and 18months, only for ARM1,

not mandatory).
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*Sponsor of the study. PI, Principal Investigator; UNIGE, University and University Hospital of Geneva; 
Amsterdam UMC, Amsterdam University Medical Centers, location VUmc; CHUT, Centre Hospitalier 
Universitaire de Toulouse; BBRC, Barcelonaβeta Brain Research Center; UKK, University of Cologne and 
DZNE; UCL, University College London; KI, Karolinska Institutet and Karolinska University Hospital; CHUV, 
Centre Hospitalier Universitaire Vaudois

F IGURE 1 AMYPAD-DPMS recruitingmemory clinics

Tools for assessing participants’ generic health status and qual-

ity of life were: 5-level EuroQol 5 Dimensions (EQ-5D-5L),16,17

ICEpop CAPability measure for Older people (ICECAP-O),18,19 and

Brief COPE20–22 (see Supplementary Material for a detailed descrip-

tion of these tools); and were administered at baseline and after 6 and

13months.

Finally, we retrospectively collected apolipoprotein E (APOE)

genotype and CSF biomarker results, when available, even if they

were not part of the study procedures. CSF biomarker results

were based on local essays and cutoffs; no standardization was

performed.

2.4 Recruitment strategies

AMYPAD-DPMSenrollmentwas competitive. Tomaximize the recruit-

ment strategies and represent non-academic memory clinics, three

sites (Amsterdam UMC, CHUT, and UCL) extended the recruitment

to external partnering sites. External sites affiliated with Amsterdam

UMC were Medisch Centrum Alkmaar/Noordwest Ziekenhuisgroep

(n = 21 participants enrolled), Reinier de Graaf groep (n = 5), Ter-

gooi Ziekenhuis (n = 5), Antonius Ziekenhuis (n = 3), OLVG (n = 2),

Diakonessen Ziekenhuis (n = 1), and Elisabeth Ziekenhuis (n = 1);

those affiliated with CHUT were Geriatrics departments of Lavaur

(n = 26) and Castres (n = 19) hospitals, and neurology department

of Toulouse University Hospital (n = 6); finally, all UCL participants

(n = 64) were recruited from the affiliated Essex Partnership Univer-

sity NHS Foundation Trust. Other sites used local networks to include

additional departments of their institution in the study (UNIGE, Ams-

terdamUMC,UKK,UCL) by collaboratingwith neurology, geriatrics, or

psychiatry specialists.

Naturally, participating memory clinics have different patient flows

and were expected to start recruitment at different time points due to

local circumstances. To avoid an excessive overrepresentation of clin-

ics with an early start of recruitment or of some cognitive stage groups

(i.e., SCD+, MCI, and dementia), a maximum number of 80 participants

per cognitive stage grouppermemory clinicwas set. After reaching this

threshold, the memory clinic in question was asked to stop the enroll-

ment of that specific cognitive stage group and focus on the remain-

ing ones.

2.5 Representativeness

To ensure that our sample is representative of a European mem-

ory clinic population, a minimum target of 30 patients per cognitive

stage groups per recruiting memory clinic was set based on the

recommendation from our biostatistician (HB).

Moreover, we assessed if there are substantial differences in par-

ticipants’ features among the eight recruiting memory clinics for

each cognitive stage group (i.e., SCD+, MCI, and dementia). Indeed,

relevant differences would increase the risk of bias when pooling

participants coming from different centers and analyzing them as a

uniform sample. For this purpose, we reported all comparisons in the
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Supplementary Material, but focused on only some key variables (i.e.,

age, gender, education, and global cognition) for the purposes of a

summary.

Finally, to ensure that the AMYPAD-DPMS participants are repre-

sentative of a wider memory clinic population, their baseline features

were compared to those of similar clinical samples. For this purpose,

we selected the most relevant studies on the clinical utility of amyloid-

PET reporting the features of each cognitive stage group individually.

The selected studieswere the ImagingDementia-Evidence forAmyloid

Scanning (IDEAS) study involvingMCI anddementia23; theAlzheimer’s

biomarkes in daily practice (ABIDE) study involving SCD (not SCD+),

MCI, and dementia9; the Swedish Flutemetamol Study involving SCD

(not SCD+) and MCI patients with unclear diagnosis10; the Dutch

Flutemetamol Study involving early-onset dementia5; and the NEUUS

in AD study involving complex dementia cases.6

2.6 Randomization

To test the primary end point of AMYPAD-DPMS, participants were

randomized to three study arms: ARM1, early amyloid-PET (i.e., within

1 month from baseline); ARM2, late amyloid-PET (i.e., after 8 ± 2

months from baseline); or ARM3, free-choice amyloid-PET (i.e., if and

when the physician chooses to prescribe it). This was accomplished

using the minimization method,24 which takes into account relevant

covariates, that is, site, age at screening, and education. Herewe tested

whether the randomized procedure was successful by comparing the

sociodemographic and clinical features of the three study arms as well

as the proportions of participants randomized to the three study arms,

and of each cognitive stage groupwithin the three arms.

2.7 Statistical methods

Continuous variables are described as median and interquartile range

(IQR), and categorical variables as percentages (raw numbers), unless

otherwise specified. Differences among the three cognitive stage

groups, the three study arms, and the eight recruiting memory clin-

ics were assessed using Kruskal-Wallis rank sum test for continuous

variables, or test for equality of proportions for categorical variables.

Significance was set at P < .05 and post hoc pairwise comparisons

(Dunn’s all-pairs rank comparison test for continuous variables, or

pairwise comparisons for proportions) were adjusted using Bonferroni

correction. The comparison between our participants and other similar

clinical samples was only qualitative.

All statistical analyses were performed with R, version 4.1.2 (R

Foundation for statistical computing, https://www.r-project.org/).

3 RESULTS

3.1 Enrollment strategies and achievements

Figure 2 illustrates how the enrollment developed throughout the

study. UNIGE was the first memory clinic to start enrollment, on April

16, 2018, after the initial approval of the study by the local ethics com-

mittee. Due to local circumstances, the additional seven memory clinic

openings havebeen spreadbetween June2018 (AmsterdamUMC) and

September 2019 (KI) (Figure 2).

BecauseMCI participants reached their target sample size (n=300)

far before enrollment closure, inNovember 2019,we allowed for a lim-

ited over-recruitment of these participants across the whole study, so

that more memory clinics could reach the minimum sample size (n =

30). Once this target was reached, all memory clinics with ≥30 MCI

patientswere asked to stop enrollment of this subpopulation and focus

on the two other cognitive stage groups. This strategy was successful,

as the inclusion of MCI participants slowed down and the recruit-

ment of SCD+ and dementia participants increased (while the overall

recruitment remained stable). The maximum sample size (n = 80) was

reached only by UNIGE forMCI participants (Figure 2).

3.2 Baseline features across cognitive stage
groups

A total of 844 participants were screened and 840 were enrolled (i.e.,

4 were screening failures, meeting the exclusion criteria) from eight

European memory clinics, representing 93% of the originally planned

sample size (n = 900). At baseline, 244 had a cognitive stage of SCD+

(representing 81% of the originally planned sample size, n = 300),

341 MCI (114%), and 255 dementia (85%). Of these 840 enrolled par-

ticipants, eight were withdrawn from the study before undergoing

the baseline visit. Nevertheless, the data of these eight participants

were analyzed (when available) according to the intention-to-treat

principle.

Table 1 illustrates the baseline features of the AMYPAD-DPMS par-

ticipants. Age was directly proportional to cognitive stage severity

(SCD+: 69 ± 9, MCI: 72 ± 11, and dementia: 75 ± 10; P < .001), even

though the minimum age to enter the study was higher for SCD+ (60

years) than MCI and dementia (50 years). Conversely, formal educa-

tion (SCD+: 14 ± 6 years, MCI: 12 ± 5, and dementia: 12 ± 6; P <

.001) and global cognition (MMSE score; SCD+: 29 ± 2, MCI: 26 ±

4, dementia: 22 ± 6; P < .001) were inversely proportional to cogni-

tive stage severity. Dementia and MCI participants presented higher

levels of depression (HADS Depression; dementia: 5 ± 5, P = .015;

and MCI: 4 ± 5, P = .010) than those with SCD+ (SCD+: 3 ± 4).

Moreover, we observed a higher prevalence of hypertension in demen-

tia (61%) as compared to SCD+ (41%, P < .001) despite higher body

mass index (BMI) in SCD+ (26 ± 5) as compared to dementia (25 ±

6, P = .011). SCD+ participants reported head injury more frequently

(16%) than those with MCI (9%, P = .047). The frequency of reported

vitamin deficiency was higher in MCI (16%) as compared to SCD+

(7%, P = .006). Notably, a considerable proportion of patients with

dementia (7%) were still working at the time of study enrollment, but

this proportion was significantly lower than that for SCD+ (20%, P <

.001). Finally, dementia patients were more frequently taking one or

more cognition-specificmedications (24%) and involved in one ormore

patient-management activities (21%) than those with MCI (6%, P <

.001; and 12%, P= .017) or SCD+ (5%, P< .001; and 12%, P= .016).
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UNIGE, University and University Hospital of Geneva; Amsterdam UMC, Amsterdam University Medical Centers, location VUmc; 
CHUT, Centre Hospitalier Universitaire de Toulouse; BBRC, Barcelonaβeta Brain Research Center; UKK, University of Cologne 
and DZNE; UCL, University College London; KI, Karolinska Institutet and Karolinska University Hospital; CHUV, Centre 
Hospitalier Universitaire Vaudois. Across recruiting memory clinics, 22% (186/840) of participants were enrolled at UNIGE, 17% 
(143/840) at Amsterdam UMC, 15% (127/840) at CHUT, 12% (100/840) at BBRC, 11% (94/840) at UKK, 9% (73/840) at KI, 8% 
(64/840) at UCL, 6% (53/840) at CHUV. N = 30 corresponds to the minimum number of participants per cognitive stage group 
per memory clinic set during the study. N = 80 corresponds to the maximum number of participants per cognitive stage group per 
memory clinic set during the study

F IGURE 2 Enrollment and achievements throughout the study disaggregating by recruitingmemory clinic

At baseline, prior to amyloid-PET, the prevalence of a presumed

etiological diagnosis of AD was directly proportional to cognitive

stage severity (SCD+: 7%, MCI: 44%, and dementia: 67%; P < 0.001),

whereas theprevalenceof non-AD (SCD+: 27%,MCI: 15%, anddemen-

tia: 8%; P < .001) and the prevalence of undetermined diagnoses

(SCD+: 66%, MCI: 40%, and dementia: 24%; P < .001) were inversely

proportional to cognitive stage severity (Table 2).

Regarding patients’ health and quality of life (assessed by EQ-

5D-5L), dementia patients reported a higher impact on their usual

activities and felt more anxious or depressed than patients with SCD+

and MCI, and it had a higher impact on mobility and self-care than

MCI; despite patients with SCD+ experiencing more pain or discom-

fort, their global perceived health was greater than that of MCI and

dementia patients. Moreover, SCD+ and MCI perceived less love and

friendship thandementia participants,whereas the perceived indepen-

dence was inversely proportional to cognitive stage severity (assessed

by ICECAP-O). Finally, SCD+ participants showed overall better cop-

ing strategies than MCI and dementia (assessed by Brief COPE)

(Table 3).

APOE genotype and CSF biomarker results were available for a sub-

set of participants. APOE genotype was available for 163 participants

(51 SCD+, 65 MCI, and 47 dementia) from UNIGE (n = 53), Amster-

damUMC (n= 69), and KI (n= 41). The APOE ɛ4 allele was observed in
41% (21/51) of SCD+, 55% (36/65) ofMCI, and 64% (30/47) of demen-

tia participants (P = .074). CSF biomarker results were available for

114 participants (33 SCD+, 46 MCI, and 35 dementia) from UNIGE

(n = 43), Amsterdam UMC (n = 27), KI (n = 39), and CHUT (n = 5).

One MCI patient (from Amsterdam UMC) had an “unclear” CSF amy-

loid beta (Aβ)42 value, and was therefore excluded when we assessed

this variable. The prevalence of CSF Aβ42 positivity was significantly

higher in dementia (57%, 20/35) as compared to SCD+ (21%, 7/33;

P = .016) and MCI (22%, 10/45; P = .009), whereas no other signif-

icant differences were observed across cognitive stage groups in the

other CSF biomarkers (CSF phosphorylated tau [p-tau]: 30% (10/33) in

SCD+, 54% (25/46) inMCI, and49% (17/35) in dementia,P= .097; CSF

total tau [t-tau]: 33% (11/33) in SCD+, 54% (25/46) in MCI, and 49%

(17/35) in dementia, P= .174).

3.3 Representativeness

The pre-defined minimum sample size (n = 30) of MCI was reached by

six of eight sites, whereas that of SCD+ and dementia was reached by

only four of eight sites (Figure 2).
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TABLE 1 Sociodemographic and clinical features of AMYPAD-DPMS randomized participants disaggregating by baseline cognitive stage

Baseline features

SCD±

n= 244

MCI

n= 341

Dementia

n= 255 P

Sociodemographic

Age, years 69 (9)c 72 (11)b 75 (10)a <.001

Gender, male 57% (139) 55% (188) 49% (125) .168

Education, years 14 (6)a 12 (5)b 12 (6)c <.001

Ethnicity (White) 99% (217) [25] 97% (295) [36] 97% (230) [17] .172

Mental status

MMSE 29 (2)a [2] 26 (4)b [6] 22 (6)c [7] <.001

History of anxiety 22% (54) 22% (75) 16% (41) .140

HADSAnxiety 6 (5) [5] 6 (6) [6] 6 (6) [12] .406

History of depression 31% (75) 30% (102) 28% (71) .762

Depression in last 5 years 25% (47) [57] 30% (73) [96] 26% (51) [61] .519

HADSDepression 3 (4)b [5] 4 (5)a [6] 5 (5)a[12] .005

Dementia risk factors

Hypertension 41% (83)b [41] 49% (129) [80] 61% (112)a [71] <.001

Bodymass index, kg/m2 26 (5)a [6] 26 (5) [3] 25 (6)b [13] .013

Reported cardiovascular events 41% (100) 35% (120) 42% (108) .158

Reported head injury 16% (40)a 9% (32)b 13% (33) .040

Smoking 12% (29) 11% (38) 10% (26) .833

Alcohol abuse 5% (13) 3% (11) 4% (10) .442

Vitamin deficiency 7% (17)b 16% (54)a 13% (34) .005

Self-sufficiency

Disabilities 6% (15) 7% (24) 9% (23) .449

Participants living in institution 0% (0) 0% (1) 2% (6) .006*

Still working 20% (50)a 13% (45) 7% (19)b <.001

Drugs and patient management

Cognition-specific medications,≥1 5% (11)b 6% (20)b 24% (62)a <.001

Othermedications, n 3 (5) 3 (3) 3 (4) .703

Patient management,≥1 activity 12% (28)b [1] 12% (42)b [2] 21% (53)a [5] .003

Abbreviations: BMI; body max index (defined as the body mass divided by the square of the body height, and is expressed in units of kg/m2); HADS, Hospital

Anxiety andDepression score;MMSE,MiniMental State Examination.

Hypertensionwasdefined as systolic≥140or diastolic≥90mmHg.Alcohol abusewasdefined asmore than21units perweek. Patientmanagement activities

include, for example, memo techniques, physical activity, psychotherapy, speech therapy.

Values aremedians (interquartile ranges) for continuous variables, or percentages (raw numbers) for categorical variables.

Statistical analyses: Kruskal-Wallis rank-sum test for continuous variables, or test for equality of proportions for categorical variables. If significant, post hoc

analyses consist of pairwise comparisons using Dunn’s all-pairs rank comparison test for continuous variables, or pairwise comparisons for proportions; in

both cases, P-values were adjusted for multiple comparisons using Bonferroni correction.

Post hoc comparisons: a> b> c, i.e. valuesmarkedwith “a” are greater than thosemarkedwith “b”, and valuesmarkedwith “b” are greater than thosemarked

with “c”.

*No pairwise comparison survived the Bonferroni correction.

[Number in square brackets]: number of missing data.

3.3.1 Between-site differences

The eight recruitingmemory clinics included participants with variable

features. Age varied between 65 ± 9 and 73 ± 9 in SCD+, 69 ± 16 and

76 ± 11 in MCI, and 62 ± 12 and 80 ± 5 in dementia. The proportion

of male participants varied between 41% and 79% in SCD+, 36% and

70% in MCI, and 31% and 75% in dementia. Years of education ranged

between 12 ± 6 and 16 ± 6 in SCD+, 10 ± 5 and 13 ± 6 in MCI, and

6 ± 2 and 12 ± 6 in dementia. MMSE scores ranged between 28 ± 2

and 30± 2 in SCD+, 24± 5 and 28± 4 inMCI, and 20± 10 and 25± 3

in dementia. Further information on other variables is reported in

Tables S1-S6.
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ALTOMARE ET AL. 851

TABLE 2 Etiological diagnoses of the 832 AMYPAD-DPMS participants who underwent the baseline visit disaggregating by baseline cognitive
stage

Baseline etiological diagnoses

SCD±

n= 243

MCI

n= 339

Dementia

n= 250 P

AD (total) 7% (18)c 44% (150)b 67% (168)a <.001

AD 6% (14) 39% (131) 53% (133)

ADmixed 2% (4) 6% (19) 14% (35)

Non-AD (total) 27% (65)a 15% (52)b 8% (21)c <.001

CVD 2% (4) 5% (18) 4% (9)

DLB 0% (0) 1% (2) 2% (5)

FTLD 1% (2) 1% (2) 1% (2)

Psychiatric disease 9% (22) 3% (10) 0% (1)

Aging 9% (21) 0% (0) 0% (0)

Other 7% (16) 6% (20) 2% (4)

Undetermined 66% (160)a 40% (137)b 24% (61)c <.001

Abbreviations: AD, Alzheimer’s disease; CVD, cerebrovascular disease; DLB, dementia with Lewy bodies; FTLD, frontotemporal lobar degeneration.

Psychiatric diseases include, for example, anxiety and depression. Aging indicates that the cause of cognitive complain is due to age-related physiological

mechanisms. Other causes include, for example, corticobasal degeneration, alcohol abuse, sleep disorder, normal pressure hydrocephalus, and suspected

non-Alzheimer’s pathology.

Values are percentages (raw numbers). Statistical analyses: test for equality of proportions for categorical variables. If significant, post hoc analyses consist

of pairwise comparisons for proportions; P-values were adjusted for multiple comparisons using Bonferroni correction.

Post hoc comparisons: a> b> c, i.e. valuesmarkedwith “a” are greater than thosemarkedwith “b”, and valuesmarkedwith “b” are greater than thosemarked

with “c”.

3.3.2 Qualitative comparison between
AMYPAD-DPMS and other studies

Values are shown as mean ± SD for the ABIDE, Swedish Flutemeta-

mol Study, Dutch Flutemetamol Study, and NEUUS in AD studies; and

median (lower and upper quartiles) for the IDEAS study.

SCD+ participants enrolled in the present study were older (69 ±

9 years) than SCD participants involved in the ABIDE study (61 ± 8

years) but similar to those involved in the Swedish Flutemetamol Study

(68± 8), whereas global cognition was similar between the three stud-

ies (MMSE score; AMYPAD-DPMS: 29 ± 2; ABIDE: 28 ± 7; Swedish

Flutemetamol Study: 29±1) (Table4).OurMCIparticipantswereolder

(72 ± 11 years) than those involved in ABIDE (67 ± 8 years) and in

the Swedish Flutemetamol Study (64 ± 9) but comparable to those

involved in IDEAS (75, 70–79years), whereas global cognitionwas con-

sistent across the four studies (MMSE score; AMYPAD-DPMS: 26± 4;

ABIDE: 27 ± 2; IDEAS: 27, 25–29; Swedish Flutemetamol Study: 26 ±

4) (Table 4). Finally, dementia participants enrolled in the present study

were older (75± 10 years) than those involved in ABIDE (66± 8 years)

and in the Dutch Flutemetamol Study (62 ± 6 years) and comparable

to those involved in IDEAS (77, 72–81 years) and NEUUS in AD (71 ±

10years),with consistent global cognition across studies (MMSEscore;

AMYPAD-DPMS: 22± 6; ABIDE: 23± 4; IDEAS: 22, 18–25; DFS: 23±

4; NEUUS in AD: 22± 5) (Table 4).

3.4 Randomization

The randomization procedure assigned 35% (291/840) of the enrolled

participants to ARM1 (85 SCD+, 118 MCI, and 88 dementia), 32%

(271/840) to ARM2 (79 SCD+, 106 MCI, 86 dementia), and 33%

(278/840) to ARM3 (80 SCD+, 117 MCI, and 81 dementia). The pro-

portions of participants randomized into the three study arms (P =

.576) as well as the proportions of each cognitive stage group within

the three arms (SCD+: P = .993, MCI: P = .778, dementia: P = .802)

were not different. Table S7 shows how participants were randomized

across sites by cognitive stage.

Of the 23 assessed variables, only one showed a statistically signif-

icant difference among the three study arms (HADS Anxiety, 5 ± 5 in

ARM1 vs. 6± 6 in ARM2, P= .010) (Table S8).

4 DISCUSSION

AMYPAD-DPMS is the largest study assessing the clinical utility and

cost-effectiveness of amyloid-PET in Europe through a randomized

design. To ensure the reliability and generalizability of its scien-

tific outcomes, we assessed whether the AMYPAD-DPMS sample is

representative of a general memory clinic population.

A total of 840 participants were enrolled, representing 93%

(840/900) of the originally planned sample size, with a modest over

recruitment ofMCI (n=341) and under recruitment of SCD+ (n=244)

and dementia (n = 255). We observed that the baseline sociodemo-

graphic and clinical features of the AMYPAD-DPMS participants are

as expected for a memory clinic population. Indeed, their features are

consistent with the baseline cognitive stage groups, and worsen with

advancing cognitive stage severity.

In AMYPAD-DPMS, recruitment was not uniform across recruit-

ing memory clinics due to an asynchronous beginning of recruitment
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852 ALTOMARE ET AL.

TABLE 3 Global health status and quality of life of AMYPAD-DPMS participants disaggregating by baseline cognitive stage

Global health status and quality of life

SCD±

n= 244

MCI

n= 341

Dementia

n= 255 P

EQ-5D-5L Mobility 1 (1) [4] 1 (1)b [5] 1 (1)a [10] .013

Self-care 1 (0) [4] 1 (0)b [4] 1 (0)a [12] <.001

Usual activities 1 (1)b [4] 1 (1)b [4] 1 (1)a [12] <.001

Pain or discomfort 2 (2)a [4] 2 (2)b [4] 2 (2)b [11] .004

Anxiety or depression 2 (1)b [4] 2 (1)b [4] 2 (2)a [11] .008

Health today 80 (20)a [5] 80 (21)b [5] 70 (25)b [10] <.001

ICECAP-O Attachment – Love and friendship 3 (1)b [4] 4 (1)b [4] 4 (1)a [13] <.001

Security – Thinking about the future

without concern

3 (1) [3] 3 (1) [4] 3 (1.5) [12] .565

Role – Doing things that make you feel

better

3 (1) [3] 3 (1) [5] 3 (1) [13] .808

Enjoyment – Enjoyment and pleasure 3 (0) [3] 3 (1) [4] 3 (1) [14] .667

Control – Independence 4 (1)a [3] 3 (1)b [4] 3 (2)c [13] <.001

Brief COPE Coping style: Approach 31 (8) [65] 29 (8) [57] 30 (10) [54] .044*

Coping style: Avoidant 25 (9) [67] 25 (8) [60] 25 (7) [52] .139

Active coping 5 (3)a [10] 5 (2)b [15] 5 (3)b [24] <.001

Planning 5 (3)a [12] 5 (2) [17] 5 (2)b [25] .008

Positive reframing 5 (2)a [62] 4 (3)b [49] 4 (3) [43] .028

Acceptance 6 (3)a [11] 6 (2) [16] 5.5 (3)b [25] .002

Humor 4 (2) [12] 4 (2) [13] 4 (3) [23] .650

Religion 2 (2) [10] 2 (2) [14] 2 (3) [26] .135

Using emotional support 4 (3) [10] 4 (3) [14] 5 (4) [25] .174

Using instrumental support 6 (3) [62] 5 (2) [48] 5 (3) [41] .176

Self-Distraction 5 (2) [11] 5 (3) [14] 5 (2.2) [23] .387

Denial 3 (3) [9] 4 (3) [16] 4 (2) [26] .062

Venting 4 (2) [11] 4 (2) [16] 4 (2) [23] .125

Substance use 2 (2) [9] 2 (2) [15] 2 (2) [29] .987

Behavioral disengagement 3 (2) [11] 3 (2) [18] 3 (2) [25] .664

Self-Blame 5 (3)a [64] 5 (3) [47] 4 (3)b [36] .001

Values are medians (interquartile ranges). Statistical analyses: Kruskal-Wallis rank-sum test for continuous variables. If significant, post hoc analyses consist

of pairwise comparisons using Dunn’s all-pairs rank comparison test; P-values were adjusted for multiple comparisons using Bonferroni correction.

Post hoc comparisons: a> b> c, i.e. valuesmarkedwith “a” are greater than thosemarkedwith “b”, and valuesmarkedwith “b” are greater than thosemarked

with “c”.

*No pairwise comparison survived the Bonferroni correction.

[Number in square brackets]: number of missing data.

and to local specificities and clinical routines (e.g., BBRC in Spain

usually does not see dementia patients in the clinical routine as it

mainly focuses on AD prevention; i.e., on non-demented patients). The

pre-defined minimum sample size was reached in six of eight recruit-

ing memory clinics for MCI, and in four memory clinics for SCD+ and

dementia. Recruitment in the final year (2020)was considerably slower

compared to previous years, as recruiting memory clinics had to stop

their research activities due to the coronavirus disease 2019 (COVID-

19) pandemic. We can speculate that, under normal circumstances,

the minimum sample size would have been reached by most recruit-

ing memory clinics. Even though the collected data ensure an overall

good representativeness of the involved memory clinics, it might not

be always possible to generalize the study results to all European coun-

tries; this is one of themain limitations of the study.Wewill investigate

if and how it is possible to extend the generalizability of the study

results to countries that did not reach the minimum sample size for a

certain cognitive stage group as well as to other European countries.

For example, analyses might be adjusted by including the recruiting

memory clinic variable as a covariate or by using national dementia

registries (where available), external benchmarks, or indices (e.g., the

purchasing power parity index for health-economics analyses). It is

notable that the involvement of 11 non-academic memory clinics is a
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big strength of AMYPAD-DPMS and will allow testing of the differ-

ence in the use of amyloid-PET between academic and non-academic

settings. Moreover, even if we observed some unavoidable variability

and differences among recruiting memory clinics, possibly due to site-

specific data collection procedures or culture, these are not substantial

and do not prevent pooling together data collected from different

memory clinics or countries.

A qualitative comparison revealed that the features of our sample

are consistent with those of similar clinical samples. Specifically, the

AMYPAD-DPMSSCD+,MCI, anddementia participants showedglobal

cognition comparable to that of similar samples involved in the ABIDE,

IDEAS, Swedish Flutemetamol Study, Dutch Flutemetamol Study, and

NEUUS inAD studies. The age of theAMYPAD-DPMSparticipantswas

comparable to that of the IDEAS participants, but it was higher than

that of theABIDE,Dutch Flutemetamol Study, and Swedish Flutemeta-

mol Study (only for MCI) participants. This observation might be

explained partly by previous findings suggesting that patients seen at

Amsterdam UMC (where ABIDE and the Dutch Flutemetamol Study

took place) are usually younger than in other similar samples.25

It is important to note that the randomization procedure was

successful, resulting in three study armsmatched for themain sociode-

mographic and clinical features.

The findings reported here support the representativeness of the

study sample to a wider European memory clinic population, suggest-

ing that the upcoming results of AMYPAD-DPMSwill be generalizable.
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