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Abstract.
Background: Attitudes, motivations, and barriers to pre-symptomatic screening for Alzheimer’s disease (AD) in the general
population are unclear, and validated measurement tools are lacking.
Objective: Translation and validation of the German version of the “Perceptions regarding pRE-symptomatic Alzheimer’s
Disease Screening” (PRE-ADS) questionnaire.
Methods: A convenience sample (N = 256) was recruited via an online platform. Validation of the PRE-ADS-D consisted
of assessments of reliability, structural validity using Principal Component Analysis (PCA) and Exploratory Factor Analysis
(EFA) and construct validity using known-group tests. A subscale “Acceptability of Screening”, with 5 PRE-ADS-D items,
was extracted to measure acceptance of screening in clinical practice. The STROBE checklist was used for reporting.
Results: EFA revealed a three-factor model for the PRE-ADS-D. Acceptable to good internal consistency was found for the
25-item scale (� = 0.78), as well as for the three factors “Concerns about Screening” (� = 0.85), “Intention to be Screened”
(� = 0.87), and “Preventive Health Behaviors” (� = 0.81). Construct validity was confirmed for both the 25-item PRE-ADS-D
and the “Acceptability of Screening” scale (� = 0.91). Overall, 51.2% of the participants showed a preference for screening.
Non-parametric tests were conducted to further explore group differences of the sample.
Conclusions: The PRE-ADS-D is a reliable and valid tool to measure attitudes, motives, and barriers regarding pre-
symptomatic dementia screening in the German-speaking general population. Additionally, the subscale “Acceptability
of Screening” demonstrated good construct validity and reliability, suggesting its promising potential as a practical tool in
clinical practice.
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INTRODUCTION

Dementia, the seventh leading cause of mortality,
affects over 55 million people worldwide [1] and is
one of the most feared diseases [2]. Nearly 10 million
new cases are recorded annually, although it is esti-
mated that 75% of people with dementia (PwD) are
undiagnosed at death, and up to 90% in some low- and
middle-income countries [1]. As research has shown,
routine screening could lead to a higher diagnosis
rate, and early treatment may at least partially delay
cognitive decline [3, 4], advances in dementia diag-
nosis have led to an increasing number of studies on
the acceptability of early dementia screening [5–12]
in older adults, but there is a paucity of data exam-
ining community attitudes toward pre-symptomatic
screening.

The discovery of biomarkers associated with the
pathophysiology of Alzheimer’s disease (AD) [13]
has led to a paradigm shift from a clinical diagno-
sis based on functioning to a biological diagnosis
based on biomarkers and PET [14] and to a new
understanding of dementia as a continuum [15,
16]. The pathophysiological process begins decades
before the first symptoms become clinically appar-
ent [17], in a preclinical, asymptomatic stage, in
which there is biomarker evidence of AD pathol-
ogy, followed by a prodromal stage of mild cognitive
decline with neuropathological changes typical of
AD [15]. Therefore, biomarkers and genetic suscep-
tibility screening are gaining increasing attention in
health care, research, and direct-to-consumer (DTC)
settings [18–20].

The utility of biomarkers such as noninvasive
neuroimaging, cerebrospinal fluid (CSF), containing
A�1−42, A�1−40, tau, phospho-tau, and neurofila-
ment light chain (NfL), and genetic risk factors of
AD is controversial because of limited prognostic
value [21, 22], and because pre-symptomatic screen-
ing is without therapeutic consequences as long as
safe treatment options are not available. In addi-
tion, it may also harm asymptomatic individuals
through ineffective overdiagnosis and overtreatment
[23]. The clinical validity of both CSF biomarkers
and “amyloid PET positivity” is intensely investi-
gated. The problem is that not all individuals with
positive biomarkers or amyloid PET will become
symptomatic [24]. Although biomarkers for AD may
have an undeniable value for research, the benefit of
pre-symptomatic screening appears limited [25].

Since the discovery of the A�-encoding APP gene
in 1987 [26], developments in AD genetics have led

to the identification of four genes involved in AD
[27]. Three are known deterministic genes in which
mutations are associated with early-onset autoso-
mal dominant AD (EOAD) before the age of 60–65
years, accounting for 1–5% of all AD cases [28] and
approximately 80% of EOAD cases [29]: the amy-
loid precursor protein (APP) on chromosome 21 [30],
presenelin 1 (PSEN1) on chromosome 14 [31], and
presenelin 2 (PSEN2) on chromosome 1. Recently,
SORL1 has been identified as the fourth familial,
sometimes even autosomal-dominant, AD gene. It
is estimated that potentially damaging SORL1 vari-
ants affect as many as 2.75% of all unrelated people
with early-onset AD, and 1.5 percent of those with
late-onset AD (LOAD) [32].

For LOAD, genome-wide association studies
(GWAS) have shown that many genetic loci con-
tribute to AD risk [33], while apolipoprotein E
(APOE), with its isoform �4 (APOE4) on chromo-
some 19 appears to be the major susceptibility gene
[28]. While the �2 allele plays a protective role [34],
APOE4 increases the risk in a dose-dependent man-
ner: A single �4 allele increases the risk of AD
approximately threefold, while homozygotes have
a 15–30-fold increased risk [35]. However, these
susceptibility genes are only associated with an
increased risk for the disease development, while
many other (environmental) factors play a role in
whether the disease is manifested, in contrast to famil-
ial AD or Huntington’s disease, where genetic tests
have a predictive value of clinical relevance [36].

While biomarkers and genetic testing may be use-
ful in clarifying a clinical diagnosis, the question of
their utility in asymptomatic individuals arises in the
absence of effective therapy and despite the paucity of
evidence for biomarkers and amyloid scans [23, 37],
as well as despite the lack of sensitivity and specificity
of the biomarkers and their unclear predictive ability
[14]. A biomarker must have a sensitivity of at least
90%, a specificity approaching 100%, a high degree
of reliability, and the ability to detect one or more
fundamental features of the relevant neuropathologic
changes. These requirements are not met by imaging
markers or by APOE4 [38, 39]. Biomarker data are
limited in asymptomatic individuals but suggest that
abnormal biomarkers are common and not indica-
tive of dementia in the majority of individuals [40]
and add only little value in predicting whether a
person will develop dementia in the next few years
[41]. Because of the uncertainty of biomarker results
[42, 43], it is questionable whether a condition with
abnormal biomarkers should be considered a dis-
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ease or an at-risk condition in the absence of clinical
symptoms [14]. Therefore, even testing for APOE4 is
not recommended in asymptomatic individuals [28,
44]. In addition, testing asymptomatic individuals for
dementia raises ethical questions about the appro-
priateness of using biomarkers or genetic tests and
about the personal benefits of pre-symptomatic test-
ing. The basic principles of bioethics—autonomy,
beneficence, non-maleficence, and justice [45]—can
help to identify moral values in the debate about the
ethical desirability of pre-symptomatic screening for
AD. Respect for autonomy emphasizes the impor-
tance of a person’s knowing or not knowing what is
going on in their brain and their risk status for AD [25,
21]. This requires that the person understands what
to expect and that the person understands the uncer-
tainty of the results. The benefits of pre-symptomatic
screening must always outweigh the risk of harms
related to discrimination, overdiagnosis, and psycho-
logical harm, as well as the burden and risk of testing
itself [25]. Other harms include irreversible decisions,
changes in self-perception, family disruption, espe-
cially when hereditary risk factors may be involved
[24], internalized stigma (how individuals feel about
themselves) and public stigma (how others judge
them) [25], as well as political questions about vot-
ing, driving, and economic questions about balancing
an employer’s right to a productive workforce with an
employee’s right to avoid discrimination on the basis
of dementia risk [26], leading to a dilemma between
privacy, protection, and family responsibilities
[46].

Benefits are often based on misconceptions and
unrealistic expectations [14], such as better planning
for the future, improved health and well-being, adop-
tion of a healthier lifestyle, as well as a desire to better
understand their brain health status [47]. According
to Erdmann et al. (2018), the benefits outweigh the
harms only among people with symptoms who seek
support [48]. Although the benefit of knowing the risk
of AD is currently questionable, it may be of great
benefit in the near future once therapy is available [4,
49]. Finally, justice concerns the limited availability
of biomarker and genetic testing but also the risk of
discrimination based on an AD diagnosis [25].

The motives for pre-symptomatic screening are not
always clear. They may be intrinsically motivated,
or they may be driven by fear or hope of preventing
AD. This hope makes them vulnerable to misconcep-
tions and unrealistic expectations [14]. Arguments for
testing include people’s right to know (or not know)
their risk, to plan and prepare for the future, both

financially and emotionally, to spend more time with
family, to purchase long-term care insurance, and to
support basic research [18, 50–52]. As long as the
prognostic value is unclear and the risk prediction
inaccurate, this argument has only a limited validity
[24]. Labeling large numbers of asymptomatic peo-
ple with pre-symptomatic dementia or at risk without
being sure they will develop symptoms seems to have
little or no benefit and creates a group of “patients
in waiting” [14]. There is also the risk of medical-
ization [53], as unnecessary tests and treatments can
also have side effects [23, 54], adverse psychologi-
cal and social outcomes [14], and require financial
resources that are needed elsewhere. The often-heard
argument that it is possible to change one’s lifestyle
with knowledge of a risk is not really convincing as it
is possible—and even desirable in terms of a healthier
lifestyle—to change one’s lifestyle without knowl-
edge of a risk [55]. But once a person is labeled with
a pre-disease, he or she will remain so for life [56].
In the case of genetic testing, this also has implica-
tions for the family since genes, strictly speaking,
affect not only the person tested but the entire family
[57].

With the ever-increasing number of biomarkers
and the ability to test outside of clinical trials
using the DTC genetic testing, the question arises
regarding the attitudes, motivations, and barriers
to pre-symptomatic testing in the general popula-
tion. Previous studies have focused on the attitudes,
knowledge needs, benefits and barriers to dementia
screening of a specific population, mostly relatives of
PwD [52], using self-administered survey question-
naires or structured interviews [18, 58–61]. Validated
scales include the “Perceptions Regarding Investi-
gational Screening for Memory in Primary Care”
(PRISM-PC) [7], which assesses attitudes toward
dementia screening in primary care, and the “Demen-
tia Screening and Perceived Harms” (SAPH) [11,
62], which assesses the acceptability of dementia
screening in primary care. As these scales were devel-
oped to investigate the acceptability of early dementia
screening, but not necessarily for pre-symptomatic
screening, and lack questions about the need for
knowledge or the type of support that people would
like to receive before, during, and after the disclosure
of the test results, Makri et al. (2023) [63] devel-
oped the “Perceptions regarding pRE-symptomatic
Alzheimer’s Disease Screening” (PRE-ADS) ques-
tionnaire [63], which was based on the PRISM-PC
[7], a literature review and a panel of clinical experts
from the Greek Association for Alzheimer’s Disease
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and Related Disorders (GAADRD). The scale would
be helpful for further research into ethical implica-
tions, knowledge of the sensitivity and validity of
biomarker and genetic tests, their benefits and lim-
itations, and exploration of cultural differences.

The aim of this cross-sectional study was a) to
examine the psychometric properties of the German
version of the PRE-ADS in the general population
and b) to examine the psychometric properties of the
subscale, “Acceptability of Screening”. In addition,
we aimed to further investigate potential influences
on participants’ attitudes, motivations, barriers, and
acceptability of screening based on their demo-
graphic background or personal experience with
dementia.

MATERIALS AND METHODS

Study design

This is a cross-sectional study to evaluate the
psychometric properties of the German version of
the PRE-ADS (PRE-ADS-D). The “Strengthening
the Reporting of Observational Studies in Epi-
demiology” (STROBE) checklist [64] was used
in accordance with the EQUATOR guidelines for
research reporting (Supplementary Material 1).

Participants

Between May and July 2022, a convenience sample
was recruited through newsletters, flyer distribution,
and by forwarding the call to participate in the study
via WhatsApp and Facebook. Inclusion criteria were
age over 18 years and a high German language pro-
ficiency. According to the rule of thumb that at least
10 people per item are needed [65], a sample size of
250 (25*10) was required. The final sample size was
N = 256.

Data collection procedure

A structured questionnaire (Supplementary Mate-
rial 2) was prepared, covering socio-demographics
(age, gender, marital status, education level, occu-
pation), mental and physical health status, as well
as prior experiences with dementia, such as care-
giving for PwD, having a positive family history
(affected family members along with the extent of
their relationship), having engaged in a dementia pro-
gram previously, or having undergone prior dementia

screening, followed by the 25 questions of the PRE-
ADS-D questionnaire. Participants completed the
survey online via Google Forms using a link or QR
code. Participants took approximately 5–10 min to
complete the questionnaire.

“Perceptions regarding pRE-symptomatic
Alzheimer’s Disease Screening” (PRE-ADS)–a
25-item questionnaire

PRE-ADS was developed to measure attitudes,
motivations, and barriers regarding pre-symptomatic
screening for dementia [63]. The original Greek ver-
sion was validated with a mixed group of university
students and informal carers for PwD. The instrument
consists of 25 items on a five-point Likert scale rang-
ing from 1 (strongly disagree) to 5 (strongly agree).
The total scores achievable for this scale range from
25 to 125, with a higher score indicating greater
agreement with the acceptability of pre-symptomatic
screening for AD and the perceived benefits of screen-
ing, greater need for knowledge about AD risk, and
less perceived harm. Ten items were reverse scored
(9, 10, 11, 12, 15, 16, 18, 19, 20, 21). In the Greek
sample, PRE-ADS has a four-factor structure with a
robust internal consistency (� = 0.82). The first factor
(� = 0.87) is labeled as “Perceived Harms of Testing”
(items 9, 10, 11, 12, 15, 16, 18, 19, 20, 21), the second
factor (� = 0.85) “Acceptance of Testing” (items 1, 2,
3, 4, 5), the third factor (� = 0.76) “Perceived Bene-
fits of Testing” (items 13, 17, 22, 23, 24, 25), and the
fourth factor (� = 0.70) “Need for Knowledge” (items
6, 7, 8, 14).

Developing the German version of the PRE-ADS

The translation-back translation method [66] was
used to translate the English version of the PRE-ADS.
Specifically, two German experts in dementia studies
separately translated the English version into Ger-
man. The translations were checked by the research
team to resolve differences and, in case of dis-
crepancies, the Greek version was consulted. The
synthesis of the two translations was back-translated
by a bilingual, native English-speaking public health
expert and an English-German translator. The back-
translated version was compared with the original
English version for consistency, relevance, and mean-
ing of the content. The scales were administered to
five individuals to identify potential comprehension
difficulties.
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Statistical analysis

Descriptive and inferential statistical analy-
ses were performed using SPSS V27.0. The
Kolmogorov-Smirnov test was used to test the sam-
ple’s mean score variable for normal distribution
(p < 0.05). The following psychometric properties
were assessed: internal consistency, structural valid-
ity, and known-group validity. Internal consistency
reliability reflects how well a test addresses differ-
ent constructs and provides reliable scores [67]. The
interconnectedness of items is measured by Cron-
bach’s alpha coefficient, which ranges from 0 to 1. A
value between 0.70 and 0.95 indicates a high level of
internal consistency, and values above 0.95 indicate
redundancy of items.

Structural validity, defined as the extent to which
the scores of a questionnaire adequately reflect the
dimensionality of the construct being measured [68],
was primarily examined using exploratory factor
analysis (EFA). Prior to the EFA, a principal com-
ponent analysis (PCA) with varimax rotation was
performed as an initial exploration of the data struc-
ture. To test whether the variables were suitable
for PCA, the Kaiser-Meyer-Olkin (KMO) value was
calculated for sample adequacy (minimum accept-
able value is 0.50), and Bartlett’s test of sphericity
was calculated to determine the suitability of the
scale items for analysis (should be significant with
p < 0.05). EFA was then used to identify latent factors
in the data-. To reconstruct a lower dimensional data-
set that still included adequate sources of variance,
the Guttman-Kaiser eigenvalue-greater-than-one rule
was applied, and the results were confirmed
using a scree plot [69]. Kendall’s Tau correlation
was used to assess the relationship between the
factors.

Known-group tests were used to examine the
construct validity of the 25-item PRE-ADS-D. We
hypothesized that age, personal experience, or hav-
ing more knowledge about dementia could possibly
influence a person’s attitudes, motives, and barri-
ers related to pre-symptomatic AD screening. T-tests
were used to determine whether the questionnaire
could accurately differentiate between younger and
older participants (under and over 65), those with or
without a family member with dementia, and those
who had or had not attended a dementia education
course. We hypothesized that: 1) there will be a signif-
icant difference in mean PRE-ADS-D scores between
younger (< 65 years) and older (≥ 65 years) partic-
ipants; 2) there will be a significant difference in

the PRE-ADS-D mean score between participants
with personal experience of dementia within the fam-
ily and those without such experience; and 3) there
will be a significant difference in the PRE-ADS-D
mean score between individuals who have attended a
dementia course or training and those who have not.
Information on these characteristics was explicitly
requested in the introductory part of the question-
naire (Supplementary Material 2). Age was stratified
into two groups: those younger than 65 years (ranging
from 18 to 64) and those older than 65 years (ranging
from 65 to 99) [70, 71]. The two-sample t-test was
used to test the hypotheses. This parametric test was
chosen because it is suitable for comparing the means
of two independent groups with respect to the con-
tinuous outcome variable, mean score, which follows
a normal distribution [70, 71]. Effect sizes for the t-
test were calculated using Cohen’s d, which measures
the standardized difference between the means of the
two groups and provides an indication of the practical
significance of the observed difference [71, 72].

“Acceptability of Screening”–a 5-item subscale

In order to be able to make specific statements
about the subjects’ acceptance of pre-symptomatic
dementia screening, a smaller scale was extracted
from the entire questionnaire, following the approach
of Braun and colleagues (2014) [12]. These specific
items focus on assessing participants’ inclination to
find out if they are at higher risk of dementia (item 1)
and their willingness to undergo routine testing for
dementia risk or presence using various diagnostic
procedures (items 2, 3, 4, 5) (Table 2; Supplemen-
tary Material 2). The mean score for this scale was
calculated by summing all of the responses given
by each participant for the five items. This sum
was then divided by the number of items to obtain
an average score. This calculation was conducted
using the “compute variable” function in SPSS 27.0.
Therefore, a higher score on this mini-scale indi-
cates a greater level of agreement and acceptance
toward routinely pre-symptomatic and diagnostic AD
screening.

Following Braun et al. (2014) [12], the acceptance
score was recoded into a dummy variable with the
values 0 “no acceptance” and 1 “acceptance”. Val-
ues between 1.0 and 3.0 were recoded to 0, while
higher values from 3.1 to 5.0 were transformed to
1. The purpose of this procedure was to create a
variable that distinguished between acceptance and
non-acceptance of screening. This allowed us to make
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descriptive, percentage-based observations about the
overall acceptability of the sample as a whole or based
on different grouping variables.

Internal consistency by Cronbach’s alpha coef-
ficient as well as construct validity through
known-group analyses were examined for the sub-
scale “Acceptability of Screening”, using the same
hypotheses as for the PRE-ADS-D. The non-
parametric Wilcoxon-Mann-Whitney test (WMW)
was used to test these hypotheses, as the outcome
variable was not normally distributed [73]. Addi-
tional two-sample Kolmogorov-Smirnov tests were
performed to assess the variance homogeneity of the
groups [71, 74].

Ethics

The study protocol was approved by the Ethics
Committee of the Faculty of Behavioral and Cul-
tural Studies, University of Heidelberg, Germany
(AZ Tei2022 1/2). All procedures involved in this
work conformed to the ethical standards of the Dec-
laration of Helsinki, as applicable to national and
institutional human experimentation committees. All
participants participated voluntarily in the study.
They were informed about the procedure and the aim
of the study and then gave their consent to partic-
ipate via an informed consent option in the online
questionnaire.

RESULTS

Participants’ characteristics

Sociodemographic characteristics, participants’
experience with AD, previous dementia programs,
concern about AD diagnosis, and belief in dementia
treatment of the 256 participants are shown in Table 1.
In summary, the main characteristics were as follow-
ing: the mean age was 45.83 years (18–99 years),
most participants were female (69.1%), with more
than 13 years of education (69.9%), 17.2% had a med-
ical profession (e.g., physicians, therapists, or other
medical occupations), 70.3% knew at least one per-
son with dementia, and most participants had never
attended a course or seminar on dementia (69.9%).
Most participants were not worried about getting
dementia (60.2%), and 41.4% believed there would
be an effective dementia therapy in the next five
years.

PRE-ADS-D

Structural validity
The KMO measure of sampling adequacy was

0.819, indicating that the sampling is adequate with
a good internal consistency without too much item
redundancy. Bartlett’s sphericity test was found to
be significant (χ2(256) = 3348.24, p < 0.001). Thus,
the sample consisted of related variables, and the
requirements for the EFA were met. First, a PCA with
varimax rotation was performed. With an eigenvalue
of at least 1 and with the criterion for factor loading
of 0.30, a six-factor solution was obtained with an
explained variance of 65.85%. Eight items loaded on
the first factor, five on the second, five on the third,
three on the fourth, two on the fifth, and two on the
sixth. Due to the lack of a clear structural form with
five items loading on two factors, a scree test was con-
sidered, which showed a clear three-factor solution.
A three-factor EFA was performed, which explained
49.66% of the total variance. Three items still loaded
on two factors (cross-loadings), with two of them
(items 7 and 13) showing a clear preference for fac-
tor 3, while item 8 did not exhibit a clear preference
between Factors 2 and 3. After taking into consid-
eration theoretical and practical implications, item
8 was included in factor 3. The ten reverse-scored
items all loaded on the first factor labeled “Concerns
about Screening”, 6 items loaded on the second fac-
tor “Intention to be Screened,” while 9 items loaded
on the third factor “Preventive Health Behaviors”
(Table 2).

Internal consistency
The internal consistency of the 25-item scale was

� = 0.78, indicating good interrelatedness among the
items. The internal consistency of each factor sep-
arately was also very satisfactory. Specifically, the
reliability of factor 1 (“Concerns about Screening”)
was � = 0.85, that of factor 2 (“Intention to be
Screened”) was � = 0.87, and that of factor 3 (“Pre-
ventive Health Behaviors”) was � = 0.81. Only two
items would increase the Cronbach’s alpha value
if deleted: For factor 2, the value of Cronbach’s
alpha would increase from 0.87 to 0.91 if item
6 were removed. If item 17 were removed from
factor 3, the value would increase from 0.81 to
0.82 (Table 2). However, as the PRE-ADS-D will
be used in future comparative studies alongside
the original Greek version and three other trans-
lated versions (Spanish, Turkish, Belgian Dutch), we
decided not to remove or modify any items from
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Table 1
Demographic characteristics of the survey sample (N = 256)

Characteristics

Age mean (SD) 45.83 (18.20) n %
Age Groups

18–35 90 35.2%
35–65 133 52.0%
65–80 27 10.5%
80+ 6 2.3%

Gender
Male 79 30.9%
Female 177 69.1%

Education level
0–9 years 3 1.2%
9–13 years 74 28.9%
>13 years 179 69.9%

Occupation
Physician 7 2.7%
Care Profession 5 2.0%
Therapeutical Profession 25 9.8%
Other Medical Professions 7 2.7%
Student 59 23.0%
Retiree 35 13.7%
Other 118 46.1%

Experience with PwD
No experience with PwD 76 29.7%
I know one or more PwD 180 70.3%
First-degree relative affected 101 39.5%
I care for a PwD 13 5.1%

Participation in program about dementia
Yes 77 30.1%
No 179 69.9%

Worried I will get dementia
I am not worried 154 60.2%
I have some memory problems 30 11.7%
I have a higher risk/worried 72 28.1%

Believe there is an effective dementia treatment
Yes/There will be in 5 years 106 41.4%
No 84 32.8%
I don’t know 66 25.8%

the questionnaire in this study in order to develop
comparable instruments for further analyses. The
Kendall-Tau correlations between Factor 1 (“Con-
cerns about Screening”) and Factor 2 (“Intention to
be Screened”) (τ(254) = –0.074, p = 0.09) and Factor
3 (“Preventive Health Behaviors”) (τ(254) = –0.071,
p = 0.11) were weak and not significant. Factor 2
(“Intention to be Screened”) and factor 3 (“Preventive
Health Behaviors”) were strongly positively corre-
lated (τ(254) = 0.331, p < 0.001).

Construct validity
The results for all known-group tests are shown

in Table 3. An independent samples t-test revealed
that the PRE-ADS-D can accurately differentiate
between older (≥ 65 years) and younger partici-
pants (< 65 years) (t(254) = 2.216, Cohen’s d = 0.41,
p < 0.05). The mean score regarding the 25-item

PRE-ADS among older adults (n = 33) (M = 81.18,
SD = 9.75) was significantly higher than that of the
younger adults of the sample (n = 223) (M = 77.05,
SD = 10.02) with a small to moderate effect size
(Cohen’s d = 0.41) [71, 72]. This confirms our first
hypothesis that the PRE-ADS-D mean score would
differ significantly between older and younger adults,
whereas hypotheses two and three could not be con-
firmed (p > 0.05).

Additional analyses investigating group
differences

Additional group comparisons are depicted in
Table 4. Analyses confirmed that the PRE-ADS-
D mean score was statistically different between
younger and older adults (under and over the age
of 65). In order to gain a deeper understanding of
the reasons behind this result, we conducted addi-
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Table 2

Exploratory factor analysis of the PRE-ADS-D

Nr. Item
“If I was informed that I am at a higher risk of AD . . . ”

Mean (SD)* Cronbach’s
� if item
deleted

Factor
1

Factor
2

Factor
3

11.** I feel that I would be overwhelmed by mental pain. 2.64 (0.94) 0.83 0.78
12.** I feel that I would be overwhelmed by intense anxiety. 2.49 (0.96) 0.83 0.76
19.** I would be depressed. 2.34 (0.93) 0.83 0.73
20.** I would be anxious. 2.37 (0.97) 0.83 0.72
16.** My family would suffer emotionally. 1.91 (0.84) 0.83 0.72
10.** My family will suffer emotionally. 1.69 (0.82) 0.83 0.69
15.** My family would suffer financially. 2.75 (1.07) 0.84 0.58
21.∗∗ I would give up on life. 3.91 (0.86) 0.85 0.54
09.∗∗ My family will suffer from the additional costs of my care. 2.60 (1.15) 0.85 0.51
18.∗∗ I think that others will treat me in a different way. 2.41 (0.87) 0.85 0.50
03. I would like to be tested for the presence of AD on a regular basis with a

blood sample.
3.24 (1.27) 0.83 0.84

01. I would like to know if I am at higher risk than others for developing
Alzheimer’s disease.

3.54 (1.19) 0.80 0.81

04. I would like to be tested for the presence of AD on a regular basis with
pictures of my head or brain (CT scan or MRI).

2.75 (1.18) 0.84 0.81

05. I would like to be tested for the presence of AD on a regular basis with the
use of biomarkers in cerebrospinal fluid (A� amyloid, t-protein).

2.72 (1.11) 0.84 0.80

02. I would like to be tested for the presence of AD on a regular basis with a
short questionnaire.

3.34 (1.21) 0.84 0.79

06. In order to decide to be tested for the presence of AD, I would need more
information and details.

3.65 (1.23) 0.91 0.40

23. I would have more time to talk with my family about my health care. 3.57 (0.92) 0.78 0.82
24. I would have more time to talk with my family about my finances. 3.49 (0.93) 0.78 0.78
22. I would have more time to plan my future. 3.11 (0.97) 0.80 0.65
25. I would be motivated to have a healthier lifestyle (physical exercise, diet,

vitamins, cognitive stimulation, stop smoking).
3.89 (0.96) 0.80 0.59

14. I will be motivated to stay abreast of new developments in AD treatment
and prevention.

4.28 (0.82) 079 0.57

13. I would improve my quality of life. 3.50 (0.98) 0.80 0.30 0.52
07. I would like to discuss it further and to get advice from a doctor or another

health professional expert in this field.
4.46 (0.82) 0.79 0.38 0.52

17. My family would have a better chance to take care of me. 3.00 (0.82) 0.82 0.39
08. I would like to meet a health professional, expert on genetics, in order to

discuss my feelings and my thoughts.
3.94 (1.10) 0.81 0.36 0.38

Eigenvalueλ of the rotated factors 4.53 4.14 3.75
Total variance explained � 49.66% 18.12% 16.54% 15.00%

∗Mean score of answers according to a Likert Scale (1 = I totally disagree, 2 = I disagree, 3 = I don’t know, 4 = I agree, 5 = I totally agree). ∗∗Reversed-scored items (1 = I totally agree, 2 = I agree,
3 = I don’t know, 4 = I disagree, 5 = I totally disagree).
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Table 3
Known-Group-Tests for construct validity of the PRE-ADS-D – Results of the t-tests

Under 65 years 65 years and
Age Groups (n = 223) older (n = 33) t1 Cohen’s d2 P3

mean score M 81.182 77.054 2.216 0.413 <0.05

Affected Family Member Yes (n = 101) No (n = 155) t d p

mean score M 78.584 76.935 1.283 0.164 >0.05

Participated in dementia training Yes (n = 77) No (n = 179) t d p

mean score M 76.558 78.028 –1.072 –0.146 >0.05
1t = t-value, t-test statistic, 2Cohen’s d = value for measuring effect size, 3p = significance.

Table 4
Additional Group comparisons

Age Groups Under 65 (n = 223) Over 65 (n = 33) U1 z2 P3 K-S test4

Factor 1 “Concerns about Screening”,
mean rank

122.99 165.73 2451.0 –3.099 <0.01 <0.05

Factor 3 “Preventive Health Behaviors”,
mean rank

128.67 127.32 3640.5 –0.098 0.922 >0.05

1U, U test statistic; 2z, z statistic; 3p, significance; 4K-S test, two-sample Kolmogorov-Smirnov test for variance homogeneity.

tional WMW tests with the different factors resulting
from the EFA as dependent variables. This was done
because these factors play a crucial role in structur-
ing and reflecting the content of the questionnaire.
As stated above, the results of the EFA showed a
three-factor model for the PRE-ADS-D question-
naire. Factor 1 assessed “Concerns about Screening”,
Factor 2 assessed “Intention to be Screened”, and
Factor 3 assessed “Preventive Health Behaviors”. As
Factor 2, “Intention to be Screened” (items 1, 2, 3, 4,
5, 6), was very similar to our subscale “Acceptability
of Screening” (items 1, 2, 3, 4, 5), it was excluded
from the analyses. The dichotomized age variable
was used as the grouping variable, while the mean
scores of Factors 1 and 3 were used as outcome vari-
ables. WMW tests revealed a statistically significant
difference between age and the mean score of Fac-
tor 1 “Concerns about Screening” (U(254) = 2451.0,
z = –3.099, p < 0.01).

“Acceptability of Screening” - a 5-item subscale

Calculation of this subscale yielded a mean accep-
tance score for the entire sample (N = 256, M = 3.12,
SD = 1.02) with values ranging from 1.0 to 5.0
(median = 3.2) and a slightly negatively skewed
distribution (–0.181). Considering the skewness,
median, mean, and standard deviation, the distri-
bution of the variable “Acceptability of Screening”
appears to be relatively symmetric, and the overall
tendency of the sample tends toward “neutral” or
“slightly agree”.

A dummy variable was recoded following the
procedure outlined by Braun et al. (2014) [12].
Overall, 131 participants (51.2%) expressed their
support for routine pre-symptomatic and diagnostic
screening for screening, while 125 participants
(48.8%) indicated that they would not accept routine
screening. When considering only the participants
from a sample with a family member with dementia
(n = 101), the acceptability of screening increases
to 57.4% (n = 58), while 42.6% (n = 43) do not
accept screening. On the other hand, for respondents
without an affected family member (n = 155), the
acceptance rate is 47.1% (n = 73). Looking at the age
groups, we found that 66.7% of participants aged
65 years and older were willing to accept routine
AD screening. On the other hand, among adults
under 65 years, less than half (48.9%) would be
willing to accept the routine AD screening. Finally,
only about a third (36.4%) of the participants who
had received dementia training expressed a positive
attitude toward screening. In contrast, among the
participants without dementia training, a higher
number of individuals (57.5%) indicated that they
would accept such dementia screening.

Internal consistency
Cronbach’s alpha for the mini-scale was � = 0.91,

indicating excellent internal consistency [75]. This
not only ensures its reliability but also confirms the
unidimensionality of the scale, as high item inter-
correlations (or high internal consistency) are only
possible when the individual items are minimally
affected by random measurement error [71].
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Table 5
Known-Group Tests for construct validity of the mini scale “Acceptability of Screening” – Results of the Wilcoxon-Mann-Whitney tests

Under 65 years 65 years and
Age Groups (n = 223) older (n = 33) U1 z2 P3 K-S test4

“Acceptability of Screening”
subscale, mean rank

125.94 145.77 3109.5 –1.439 >0.05 >0.05

Affected Family Member Yes (n = 101) No (n = 155) U z p K-S test

“Acceptability of Screening”
subscale, mean rank

141.66 119.93 6498.5 –2.300 <0.05 <0.05

Participated in dementia training Yes (n = 77) No (n = 179) U z p K-S test

“Acceptability of Screening”
subscale, mean rank

109.03 136.88 5392.0 –2.766 <0.05 <0.05

1U = U test statistic, 2z = z statistic, 3p = significance, 4K-S test = two-sample Kolmogorov-Smirnov test for variance homogeneity.

Construct validity
Known-group tests for the subscale “Acceptability

of Screening” are demonstrated in Table 5. Two of
our three initial hypotheses were confirmed: WMW
Tests revealed significant differences in the mean
score of the subscale “Acceptability of Screening”
(2) between participants with personal experience of
dementia within the family and those without such
experience (U(254) = 6498.500, z = –2.300, p < 0.05)
and (3) between individuals who have participated in
dementia courses or training than those who have not
received any training (U(254) = 5392.0, z = –2.766,
p < 0.01). Therefore, the mean scores of the subscale
“Acceptability of Screening” were significantly dif-
ferent between individuals with or without an affected
family member and with or without participation in
a dementia course.

Finally, an additional chi-square test was con-
ducted to explore whether there was a significant
difference regarding the fear of developing dementia
between participants with an affected family member
and those without. The results revealed that the pres-
ence of a family history of dementia is significantly
linked with an increased concern about the risk of
developing dementia (χ2 = 60.72, df = 3, p < 0.001)
with a Cramér’s V (phi) of 0.488, indicating a mod-
erately strong association [71, 76, 77].

DISCUSSION

The aim of this cross-sectional study was to ana-
lyze the psychometric properties of the German
version of the PRE-ADS in the general population.
The questionnaire was practical for online adminis-
tration in less than 10 min. Both the 25-item scale
and its three factors, “Concerns about Screening”,
“Intention to be Screened”, and “Preventive Health
Behaviors”, showed acceptable to good internal

consistency. The PRE-ADS-D discriminates clearly
between younger and older adults, but not between
participants with and without affected family mem-
bers or between those who have received dementia
training and those who have not. The 5-item subscale
“Acceptability of Screening” revealed that 51.2% of
all participants expressed a positive attitude towards
their willingness to undergo a pre-symptomatic or
diagnostic AD screening. Internal consistency for this
subscale was excellent. The subscale did not discrim-
inate between younger and older people but showed a
tendency to a higher acceptance of those over 65 years
and discriminated between those with and those with-
out a family history of dementia as well as between
those who had attended a dementia course and those
who had not. In addition, a significant association was
observed between the fear of developing dementia
and the presence of a family member with dementia.

The internal consistency is comparable with earlier
reports of the original Greek version of the PRE-ADS
[63] and to scales that focus on dementia screening,
such as the PRISM-PC or modified scales [7, 10–12,
78, 79].

We found the strongest evidence for a three-factor
structure for the PRE-ADS-D, in contrast to the study
by Makri et al. (2023), which reported the four factors
“Perceived Harms of Testing”, “Acceptance of Test-
ing”, “Perceived Benefits of Testing”, and “Need for
Knowledge” [63]. However, when we looked closely
at the items that loaded on each factor, we found
that 21 out of the 25 items loaded on their intended
factor, with the remaining four items forming the
fourth factor in the original study, “Need for Knowl-
edge” (items 6, 7, 8, 14). It is noticeable that these
items either show lower factor loadings (0.38–0.57)
or cross-loadings on other factors. Similar studies
that are based on the PRISM-PC by Boustani et al.
(2008) [7] have also shown slightly different results
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in terms of the number of factors compared to the
original proposal by its creators [11, 12]. Differ-
ences in factor loadings and model structure may be
attributed to variations in sample characteristics [12].
In contrast to the predominantly student-based sam-
ple in Makri et al. (2023) [63], the sample in our
study represents a more diverse range of the gen-
eral German population: Participants in this study
ranged in age from 18 to 99 years and had a vari-
ety of sociodemographic characteristics, including
different occupations, education levels, marital sta-
tus, family history of dementia, and different health
and mental health status. In addition, attitudes, moti-
vation, and barriers toward pre-symptomatic AD
screening can differ across different countries due
to culture-specific factors and variations in health-
care systems, as observed in dementia screenings in
general [12, 80].

The first factor “Concerns about Screening”
consists of 10 reverse-coded items that express par-
ticipants’ concerns if they knew they were at high risk
for developing dementia (items 9, 10, 11, 12, 15, 16,
18, 19, 20, 21) and corresponds exactly to the factor
“Perceived Harms of Testing” of Makri et al. (2023)
[63]. These concerns can be categorized into individ-
ual psychosocial effects, such as emotional suffering
(anxiety and depression) or stigma (items 11, 12, 18,
19, 20, 21), and family burden (emotional and finan-
cial) (items 9, 10, 15, 16). Examples include item
11 (“I feel that I would be overwhelmed by men-
tal pain”) and item 15 (“My family would suffer
financially”). These findings align with the results
of the other studies that utilized the PRISM-PS scale
where similar items were included in the “Perceived
Harms and Benefits of Testing” scale, and similar
factors were identified as harms of testing, such as
“stigma”, “(emotional) suffering”, “family burden”,
and “negative impact of screening on independence”
[7, 12, 80]. It is well known that pre-symptomatic test-
ing for any type of disease can indeed carry several
risks, including discrimination, over-diagnosis, inter-
nalized stigma (individuals’ self-perception), public
stigma (how others perceive them), as well as political
and economic considerations [27–29]. Since the ben-
efits of genetic testing in asymptomatic individuals
should always outweigh the potential concerns and
harms, it is critical to identify the potential harms of
AD screening and assess their perceived importance
in order to incorporate them into future counseling
programs [25, 80].

The second factor, “Intention to be Screened”,
incorporates all questions that assess the participants’

preference to find out if they have a higher risk of
dementia (item 1) or the willingness to be regularly
tested for the presence or the risk of dementia by dif-
ferent screening methods such as regular completion
of a questionnaire (item 2), blood sampling (item 3),
imaging procedures (item 4), or biomarker screen-
ing (item 5). It also includes item 6 (“In order to
decide to be tested for the presence of AD, I would
need more information and details”) (Table 2). Here,
the results differ from those of Makri et al. (2023)
[63], where items 1 to 5 load on the second factor,
but item 6 loads on factor 4 (“Need for Knowl-
edge”). In the present study, the inclusion of item 6 in
the “Intention to be Screened” factor highlights the
relationship between an individual’s level of informa-
tion about pre-symptomatic and diagnostic dementia
screening and their attitudes toward screening. Prior
knowledge plays an important role in shaping an indi-
vidual’s intention to undergo screening. This finding
is consistent with the basic concepts and primary
goals of genetic counseling, in which the provision
of understandable, non-directive information is criti-
cal for the counselee to have sufficient knowledge in
order to facilitate informed consent and to make an
autonomous decision to undergo testing [81].

The remaining 9 items loaded on the third fac-
tor, “Preventive Health Behaviors” (Table 2). Early
detection of one’s predisposition may lead to the
adoption of a healthier lifestyle (items 13 and 25)
and may also allow individuals to have more time for
overall processing, discussion, and planning for the
future with family members. This includes discussing
health issues, long-term care services, and financial
planning (items 17, 22, 23, and 24).

In contrast to Makri et al.’s (2023) [63] third fac-
tor, “Perceived Benefits of Testing”, our study’s third
factor, also included items 7, 8, and 14. Participants
indicated that if they theoretically received a posi-
tive test result, they would seek counseling to gather
advice in general (item 7), cope better psycholog-
ically or discuss their feelings and thoughts (item
8), and learn about prevention and treatment options
(item 14). Interestingly, these remaining 3 items were
added to the PRISM-PC by Makri et al. (2023) [63]
and, together with item 6, contributed to the formation
of the fourth factor in their validation study, called
“Need for Knowledge”. In the German study, these
items seem to focus on a different aspect, namely that
information is seen as a way to achieve the goal of
adopting preventive health behaviors. Through coun-
seling, participants would ultimately benefit from
disclosure of the results. Therefore, the PRE-ADS
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[63] is the first scale to address the knowledge and
support needs of individuals before, during, and after
pre-symptomatic screening. Gooblar et al. (2015)
[79] only included the need for counseling during the
process of pre-symptomatic testing in their scale, and
Christensen et al. (2011) [82] have added a question
about the individuals’ motivation to stay informed
about new developments in the treatment and pre-
vention of AD.

One explanation for the fact that the questionnaire
results differ between older and younger people, but
not between those with a positive or negative family
history, is probably that the questionnaire combines
too many topics, and it is questionable whether the
participants could make an autonomous decision that
would include being sufficiently informed. Thus, it
would probably be advantageous to ask the ques-
tions about benefits and harms first so that the subject
can do a cost-benefit analysis. Similarly, questions
about possible consequences and lack of information
should be asked before questions about acceptabil-
ity. In addition, there is the question of how much
the subjects know about the influence of genetics,
how EOAD differs from LOAD, and what conclu-
sions can be drawn from biomarkers or imaging
techniques regarding the onset of the first symptoms.
This includes education about possible prevention
and therapies, which are not yet available for demen-
tia, which is why at least pre-symptomatic genetic
testing for AD is considered ethically questionable
by professional societies [83]. In the case of genetic
testing, there is the additional ethical problem that
genetic data are sensitive data, which are also family
data [84]. This also explains the finding that there was
a significant association between the fear of devel-
oping dementia and having a family member with
dementia.

Since any medical intervention requires informed
consent, in which all questions from the patient must
be answered by the physician, a valid questionnaire
that captures the acceptability of pre-symptomatic
screening would be highly relevant in practice. Braun
et al. (2014) [12] used subscale B of the PRISM-PC
for this purpose and developed a mini-questionnaire
from the original 8 questions, which finally contained
6 questions, 5 of which related to an AD diagno-
sis, while one question related to a “higher risk of
developing AD”. The subscale has excellent internal
consistency and has been shown in a study of partic-
ipants in the Berlin Aging Study II (BASE-II) to be
acceptable to 72.2% of older adults for routine screen-
ing for AD. Following this attempt, we also created a

subscale “Acceptability of Screening” consisting of
the first 5 items of the PRE-ADS, which belong to the
second factor. Consistent with the study by Braun et
al. (2014) [12], this scale showed excellent internal
consistency. While the focus of the questions in the
Braun et al. (2014) [12] scale was on the diagnosis
of dementia, the items of the PRE-ADS mainly ask
about the risk of developing AD: The first item asks
whether someone wants to know their general risk
of developing AD, item 3 asks about genetic testing,
while items 4 and 5 ask about imaging and biomarkers
to diagnose AD (Table 2). As the PRE-ADS is a ques-
tionnaire about pre-symptomatic AD and with the
knowledge that the pathology of AD can be detected
with biomarkers 30 years before the onset of symp-
toms [85], it would be desirable to adapt the items and
to make the difference between pre-symptomatic test-
ing and screening for diagnosis more precise. Item 2
(I would like to be tested regularly with a short ques-
tionnaire) is a clear question about the desire to be
diagnosed with AD.

Although several studies have examined the
acceptability, perceived harms, and perceived ben-
efits of dementia screening [8, 11, 12, 80, 86–88],
there remains a dearth of research on attitudes toward
pre-symptomatic screening. As the demand for pre-
symptomatic screening continues to grow worldwide,
the PRE-ADS-D questionnaire could play an impor-
tant role in future research and help clinicians,
policymakers, and other health professionals to better
understand the needs and attitudes of the German gen-
eral population regarding pre-symptomatic testing
and AD screening [63]. EFA structured these “atti-
tudes” in terms of their “Concerns about Screening”
(factor 1), their “Intention to be Screened” (factor
2), and the chance to benefit from pre-symptomatic
testing by adapting “Preventive Health Behaviors”
(factor 3). The correlations between the factors were
low and insignificant, except for the relatively strong
positive correlation between factor 2 “Intention to be
Screened” and factor 3 “Preventive Health Behav-
iors” (τ(254) = 0.331, p < 0.001). This relationship is
underscored by many similar studies, as many of the
described benefits are the most compelling reasons
for seeking pre-symptomatic screening [44, 78, 89].

However, it is very essential to interpret the results
of this validation study with caution, considering that
only the autosomal dominant EOAD, which accounts
for 1–5% of all AD cases, is predictive of approxi-
mately 80% of EOAD cases [29, 90]. Early detection
of this predisposition can be useful for an individual
to prepare for the disease in terms of professional and
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personal life planning, always respecting the need for
genetic counseling and the national legal and ethical
frameworks for the predictive diagnosis of genetic
diseases [91, 92]. Unlike EOAD, LOAD is deter-
mined by a complex interplay between genetic factors
(polygenic risk from multiple susceptibility genes),
environmental, and lifestyle factors [93, 94]. While
APOE �4 is the strongest genetic risk factor for AD,
its effect accounts for only 27.3% of the estimated
heritability [95]. According to Livingston and col-
leagues [94, 96], modifiable factors such as hearing
loss, physical inactivity, hypertension, and obesity
play a significant role in LOAD and have a greater
impact than genetics.

The benefits of pre-symptomatic genetic screen-
ing should clearly outweigh any potential harms or
risks associated with the testing process or the test
results in order for it to be considered legitimate
[25]. One could argue that early detection of one’s
genetic predisposition to developing AD through
pre-symptomatic screening could lead to preventive
behavior that limits the risk of dementia, as discussed
in the recommended strategies by Livingston and col-
leagues [94, 96], a behavior change that is consistent
with our third factor, “Preventive Health Behav-
iors”, and that was also observed in the REVEAL
Study [44]. However, preventive strategies, such as
engaging in regular physical activity, are health rec-
ommendations that should generally be followed as
they promote overall well-being and reduce the risk
of various health conditions, including cardiovascu-
lar disease [97, 98], and are not specifically targeted at
preventing dementia. In addition, testing for suscep-
tibility genes associated with LOAD can only place
individuals in a “risk” category but not resolve their
uncertainty [29, 35, 90]. The fact that individuals
with positive biomarker screening may not develop
AD, while those without a genetic predisposition may
still develop AD, underscores the complexity and
variability in the relationship between biomarkers,
genetic factors, and the development of LOAD [24,
94]. A positive biomarker test can be emotionally
distressing for the individual and their family, caus-
ing unnecessary anxiety, fear, depression, and stigma
[53].

Nevertheless, it is critical to emphasize that
biomarker screening for AD has undeniable value
for research purposes. A larger database increases
the potential to identify additional genes that may
play a significant role in predisposing to AD and
provide more accurate prognostic information [99].
However, given the current predictive value, the risk

of psychological impact, ethical implications and
the lack of treatment options, it is not currently
advisable to undergo predictive testing for LOAD
[21, 22, 100]. The American Geriatrics Society’s
(AGS) Ethics Committee, therefore, currently recom-
mends genetic testing for LOAD only for diagnostic
purposes [83]. Similarly, The German Association
for Psychiatry, Psychotherapy, Psychosomatics, and
Neurology (DGPPN) and the German Society of
Neurology (DGN) advise against predictive testing
for the APOE4 allele and suggest that predictive
genetic testing accompanied by genetic counseling
should be limited to family members of individuals
with monogenic forms of dementia [91].

In summary, there are many ethical implications
associated with pre-symptomatic genetic screen-
ing for AD. As the demand for predictive testing
increases, and such tests are more and more acces-
sible to a broader spectrum of society [101], it is
necessary to develop informative and consulting pro-
grams in order to minimize possible harms. A critical
step is to explore society’s needs and attitudes toward
pre-symptomatic AD screening [63, 80]. Therefore,
the PRE-ADS-D questionnaire could be an important
tool to explore significant differences in individu-
als with different socio-demographic characteristics
regarding their acceptability, perceived harms, and
benefits of pre-symptomatic dementia screening and
contribute to the results of other similar studies [9,
78, 80, 87, 102]. These findings can also help to
design and tailor health counseling services to meet
the individual needs of counselors while respecting
cross-cultural differences [58, 63, 80].

Conclusion

The Pre-ADS-D is a reliable and valid tool for
assessing attitudes, motivations, and barriers to pre-
symptomatic dementia screening in the German
general population. One of the main goals of mod-
ern science and policy is to empower patients and
their families to take an active role. The right to
self-determination and autonomy can only be recog-
nized if we have a balanced picture of the wishes of
the population, including individuals, patients, and
caregivers. Further studies are needed to examine
knowledge and attitudes about dementia, but also
knowledge about biomarker prediction and genet-
ics, to assess whether participants fully understand
the benefits and limitations of these screenings. Oth-
erwise, we cannot be sure that people will not
overestimate the prognostic factor and associate



322 I.A. Angelidou et al. / Validation of PRE-ADS-D

either too much hope with a negative test result or
too much stress with a positive one, which is only
a risk assessment and far from predicting whether
someone will develop dementia. In addition, studies
are needed to assess the ethical implications of offer-
ing pre-symptomatic dementia screening. As long as
the diagnostic and prognostic value is limited, the
personal benefit is questionable, especially in the
absence of effective therapeutic options.
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[33] Bellenguez C, Küçükali F, Jansen IE, Kleineidam L,
Moreno-Grau S, Amin N, Naj AC, Campos-Martin R,
Grenier-Boley B, Andrade V, et al. (2022) New insights
into the genetic etiology of Alzheimer’s disease and related
dementias. Nat Genet 54, 412-436.

[34] Corder EH, Saunders AM, Risch NJ, Strittmatter WJ,
Schmechel DE, Gaskell PC, Rimmler JB, Locke PA,
Conneally PM, Schmader KE (1994) Protective effect of
apolipoprotein E type 2 allele for late onset Alzheimer
disease. Nat Genet 7, 180-184.

[35] Marteau TM, Roberts S, LaRusse S, Green RC (2005)
Predictive genetic testing for Alzheimer’s disease: Impact
upon risk perception. Risk Anal 25, 397-404.

[36] Koenig BA, Silverberg HL (1999) Understanding proba-
bilistic risk in predisposition genetic testing for Alzheimer
disease. Genet Test 3, 55-63.

[37] Teipel S, Drzezga A, Grothe MJ, Barthel H, Chételat G,
Schuff N, Skudlarski P, Cavedo E, Frisoni GB, Hoffmann
W, Thyrian JR, Fox C, Minoshima S, Sabri O, Fellgiebel A
(2015) Multimodal imaging in Alzheimer’s disease: Valid-
ity and usefulness for early detection. Lancet Neurol 14,
1037-1053.

[38] Green RC, Roberts JS, Cupples LA, Relkin NR, White-
house PJ, Brown T, Eckert SL, Butson M, Sadovnick AD,
Quaid KA, Chen C, Cook-Deegan R, Farrer LA (2009)
Disclosure of APOE genotype for risk of Alzheimer’s
disease. N Engl J Med 361, 245-254.

[39] Schicktanz S, Kogel F (2016) Genetic responsibility revis-
ited: Moral and cultural implications of genetic prediction
of Alzheimer’s disease. In Genetics as Social Practice:
Transdisciplinary Views on Science and Culture, Prain-
sack B, Schicktanz S, Werner-Felmayer G, eds. Taylor
and Francis: London, pp. 199-218.

[40] Wolfsgruber S, Polcher A, Koppara A, Kleineidam L,
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