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Abstract

BACKGROUND: Treatments aiming at slowing down the
progression of Alzheimer’s disease (AD) may soon become
available. However, information about the risks that people are
willing to accept in order to delay the progression of the disease
is limited.

OBJECTIVE: To determine the trade-offs that individuals are
willing to make between the benefits and risks of hypothetical
treatments for AD, and the extent to which these trade-offs
depend on individuals’ characteristics and beliefs about
medicines.

DESIGN: Online, cross-sectional survey study.

SETTING: Population in the UK. Public link to the survey
available at the websites of Alzheimer’s Research UK and Join
Dementia Research.

PARTICIPANTS: Everyone self-reported =18 years old was
eligible to participate. A total of 4384 people entered the survey
and 3658 completed it.

MEASUREMENTS: The maximum acceptable risks (MARs)
of participants for moderate and severe adverse events in
exchange for a 2-year delay in disease progression. The risks
were expressed on ordinal scales, from <10% to =50%, above
a pre-existing risk of 30% for moderate adverse events and
10% for severe adverse events. We obtained the population
median MARs using log-normal survival models and quantified
the effects of individuals’ characteristics and beliefs about
medicines in terms of acceleration factors.

RESULTS: For the moderate adverse events, 26% of
the participants had a MAR =50%, followed by 25% of the
participants with a MAR of 10 to <20%, giving an estimated
median MAR of 25.4% (95% confidence interval [CI] 24.5 to
26.3). For the severe adverse events, 43% of the participants
had a MAR <10%, followed by 25% of the participants with a
MAR of 10 to <20%, resulting in an estimated median MAR of
12.1% (95%CI 11.6 to 12.5). Factors that were associated with
the individuals” MARs for one or both adverse events were
age, gender, educational level, living alone, and beliefs about
medicines. Whether or not individuals were living with memory
problems or had experience as a caregiver had no effect on the
MARSs for any of the adverse events.

CONCLUSION: Trade-offs between benefits and risks of AD
treatments are heterogeneous and influenced by individuals’
characteristics and beliefs about medicines. This heterogeneity
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should be acknowledged during the medicinal product
decision-making in order to fulfil the needs of the various
subpopulations.

Key words: Alzheimer’s disease, stated preferences, benefit-risk trade-
offs, threshold technique, maximum acceptable risk.

Introduction

urrently, the management of AD is limited
‘ to a combination of pharmaceutical and
non-pharmaceutical treatments to alleviate
symptoms. However, with the development of new
compounds targeting the pathophysiology of the
disease, treatments aimed at slowing down disease
progression may also become available (1). The first such
potentially disease-modifying treatment on the market
is aducanumab, approved by the United States (US)
Food and Drug Administration (FDA) in 2021 (2). Other
regulatory agencies, such as the European Medicines
Agency (EMA), however, did not approve this treatment
due to inconclusive therapeutic benefits and observed
serious adverse events, most commonly amyloid-related
imaging abnormalities (2-5).

To support the medical product decision-making for
novel treatments for AD, better understanding is needed
of how preferences over possible treatment outcomes
are distributed in the population, and the extent
to which these preferences differ between subgroups
of the population (6). Previous studies have collected
quantitative data on the maximum risk that individuals
are willing to accept to delay the progression of AD (7-9).
However, these studies were performed in unimpaired
older adults and provided no information about the
views of those living with memory problems. Exploring
the preferences of this group is challenging but pertinent,
since previous studies focusing on chronic diseases have
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shown differences in preferences between people living
with and without the disease (10-14) or between people
living with the disease and caregivers (15-17). Besides
sociodemographic characteristics and aspects related to
symptoms and disease experience, preferences for future
AD treatments may also be influenced by psychological
factors, such as individuals’ beliefs about medicines (7,
18). This psychological factor has been previously found
to be associated with medication use for chronic diseases
and preventive treatments, such as diabetes, asthma,
and stroke (19-21). The effect of such beliefs on stated
preferences for hypothetical treatments for AD is however
not known.

The aims of this study were to determine the trade-
offs that people are willing to make between the benefits
and risks of hypothetical treatments for AD and to
assess the extent to which these trade-offs depend on the
individuals’ characteristics and beliefs about medicines.

Methods

Study design & participants

We conducted an online, cross-sectional survey study
among people in the UK. An open link to the survey
was published on the websites of Alzheimer’s Research
UK (ARUK) (https://www.alzheimersresearchuk.
org/) and Join Dementia Research (JDR) (https://www.
joindementiaresearch.nihr.ac.uk/). The survey was
open from 17th January 2022 to 7th March 2022 and
responses were collected anonymously. The information
letter provided to the participants and The Checklist
for Reporting Results of Internet E-Surveys (CHERRIES
checklist) are available in the supplementary appendix
text 1 and supplementary appendix table 1.

Survey

The survey was in English and was created in the web
application Research Electronic Data Capture 10.0.23
(REDCap - www.projectredcap.org) (supplementary
appendix text 2). It consisted of three instruments:
questions about individuals” characteristics, the Beliefs
about Medicines questionnaire (BMQ), and a preference
elicitation exercise about hypothetical treatments for AD.

Individuals’ characteristics

These included sociodemographic characteristics
and health-related questions. The sociodemographic
characteristics were gender (female/male/other), age
(continuous), educational level (grouped as low, middle,
and higher education), experience as a caregiver for AD
dementia (yes/no), and living alone (yes/no).

The health-related questions included whether they
had ever consulted a doctor about their brain health
(yes/no), self-reported brain health (visual analogue

scale [VAS] ranging from 0 to 100), help needed with
daily activities (e.g. cooking, eating, or keeping finances
[yes/no]), help needed to fill out the survey (yes/no),
and a short memory exercise. The memory exercise
was based on a telephone screener for mild cognitive
impairment (MCI) (22) and consisted of recalling three
words in a free text entry two times (immediate recall and
delayed recall: we used the questions about their beliefs
about medicines as an intermediate task). Based on the
question “Have you ever consulted a doctor about your
brain health?”, participants were classified into people
living with memory problems and people living without
memory problems. The other health-related questions
were utilized to confirm whether there were differences in
cognitive capabilities between these two groups and they
were all statistically different (supplementary appendix
table 2).

Beliefs about medicines

Information about individuals’ beliefs about medicines
was collected through the BMQ-General (23). The BMQ-
General includes three subscales, i.e. benefits (e.g.
“Medicines help many people to live longer”), harms
(e.g. “All medicines are poisons”), and overuse (e.g.
“Doctors place too much trust on medicines”). Each of
these subscales contains four items to be answered on
a five-point Likert scale. Therefore, the scores of each
subscale can range between four (strongly disagree)
and 20 (strongly agree) (23). For each BMQ subscale,
missing values were imputed using the participant’s
mean value of the subscale when no more than two items
per subscale were missing. Otherwise, the whole subscale
was considered missing.

Preference elicitation exercise about
hypothetical AD treatments

The preference elicitation exercise was introduced
by an initial vignette description asking participants to
imagine they were experiencing memory and thinking
problems. Participants then performed two exercises
based on the threshold technique, where they had to
choose between treatment A and B, defined by two
attributes (i.e. a therapeutic benefit and an adverse event).
The threshold technique is an adaptative approach to
collect data on an individual’s maximum acceptable
risk (MAR) (24). The MAR is defined by Hauber
et al. (2009) as the “maximum treatment-related risk,
above any pre-existing risk, that subjects are willing
to accept in exchange for a given therapeutic benefit.”
(7). In our survey, the therapeutic benefit was a delay
in AD progression, defined as the number of years
until more care and support is needed. The treatment-
related risks were (i) the risk of experiencing moderate
adverse events, defined as the number of people who
experience periods of discomfort, and (ii) the risk of
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Figure 1. Question trees used to identify the participants’” MARs for the moderate and the severe adverse events in
exchange for a 2-year delay in disease progression
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experiencing severe adverse events, defined as the
number of people who experience a side effect that
could cause long-term or permanent disability. The two
adverse events were assessed in separate thresholding
exercises. The question trees that we used to identify
the participants” MARs for the two treatment-related
risks are schematically represented in figure 1. In short,
both exercises started with an initial choice between
two hypothetical treatments that was the same to all
participants. Depending on a participant’s response to
this first question, the risk of adverse events associated
with the second treatment was increased or decreased
until the end of that branch of the question tree was
reached. The selection and definition of the attributes
was based on previous literature (7, 8, 25-31) and the
input of clinical doctors, researchers, and medicines
regulators with expertise in AD dementia. The levels of
the attributes were based on previous literature (7, 8, 32)
and the input of people living with MCI. Further details
about the selection of attributes, their definitions and
levels are provided in supplementary appendix text 3.

Patient involvement

We included the input of people living with MCI
during the development of the survey through a focus
group. The focus group consisted of eight participants,
all of them with a self-reported diagnosis of MCI ranging
from 18 months to 5 years. Participants completed
an early version of the survey before the start of the
focus group to test technical aspects, ease of use, and
functionality. During the focus group, we discussed
various topics, including difficulty of the memory
exercise, capability and emotional impact of imagining
future stages of their disease, definitions of therapeutic
benefits and moderate and severe adverse events, and
language, length, and general difficulty of the survey.
We adapted the survey based on their feedback (e.g. we
changed the definition of the adverse events, and we
increased the levels of the attributes). The final survey is
available in the supplementary appendix text 2.

Statistical analysis

We included in the statistical analyses all participants
who completed the two thresholding exercises and
at least one of the questions about individuals’
characteristics.

We summarized the MAR distributions for each of
the two adverse events graphically using histograms
and survival curves estimated using Turnbull’s non-
parametric estimator for interval-censored data. We
fitted interval-censored log-normal survival models
to estimate the median MAR per adverse event.
Subsequently, we extended these log-normal survival
models with covariates to estimate the effects of the
individuals’ characteristics and beliefs about medicines.
Both unadjusted and mutually adjusted models with all

covariates that were significant in the unadjusted models
were fitted. We selected the log-normal distribution
because it had the lowest value of Akaike information
criterion (AIC) out of several accelerated failure time
models fitted to the data (i.e. log logistic, log-normal,
and Weibull). We presented the covariate effects in terms
of acceleration factors, which show how the median
MAR changes in response to changes in the covariate
values (33). We considered p-values <0.05 as statistically
significant. We performed the analyses in R version 4.0.2
(R Foundation for Statistical Computing, Vienna, Austria.
URL https:/ /www.R-project.org/). This study followed
the STROBE recommendations.

Results

Out of the 4384 times the survey link was opened,
there were 3658 responses that fulfilled the criteria to
be included in the analyses (supplementary appendix
figure 1). The median age of the participants was 64
years (interquartile range [IQR] 55 — 70). Most frequently,
participants were female (74%), highly educated (70%),
and not living alone (78%). Out of the 3658 participants,
2416 (66%) reported to have experience as caregivers
for people living with AD and 554 (15%) reported to be
living with memory problems (these were not mutually
exclusive responses). Participants agreed most with the
beliefs about benefits of medicines (median score 16,
IQR 15 - 17), followed by the beliefs about overuse of
medicines (median score 12, IQR 10 — 13), and the beliefs
about harm of medicines (median score 8, IQR 7 — 14)
(table 1).

Table 1. Characteristics of the study population

Individuals’ characteristics N = 3658
Age (IQR) 64 (55 - 70)
Gender (%) Female 2690 (74)
Male 955 (26)
Other 8 (<1)
Educational level* (%) Low 122 (3)
Middle 934 (26)
High 2572 (70)
Living alone (%) 810 (22)
Living with memory problems (%) 554 (15)
Experience as a caregiver (%) 2416 (66)
Beliefs about medicines$
Benefits beliefs (IQR) 16 (15-17)
Harm beliefs (IQR) 8 (7-10)
Overuse beliefs (IQR) 12 (10 -13)

Missing responses: Age = 12 (0.00%), gender = 5 (0.00%), educational level = 30
(0.01%), living alone = 58 (0.01%). *Educational level was grouped as low (no
formal qualifications), middle (secondary school, A level, or equivalent), and
high (degree, postgraduate degree, or equivalent). $ Beliefs about medicines
were measured with the Beliefs about Medicines Questionnaire General (BMQ-
General). The BMQ-General is copyrighted (©Professor Robert Horne).
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Table 2. Results of the unadjusted models showing the effect of the individuals’ characteristics and beliefs about medicines on the
MAR for the moderate and the severe adverse events. Effects are expressed in terms of acceleration factors

Moderate adverse
events

Individuals’ characteristics
Age (per 10 years increase) 1.08 (1.12 - 1.05)
1.15 (1.25 - 1.06)
0.83 (0.90 — 0.77)
1.22 (133 -1.12)
1.00 (1.08 — 0.93)

1.01 (1.12-0.92)

Females

High educational level

Living alone

Experience as caregiver

Living with memory problems
Beliefs about medicines

Benefits beliefs (per SD increase) 0.94 (0.96 —0.93)
1.06 (1.08 — 1.05)

1.06 (1.08 — 1.05)

Harm beliefs (per SD increase)

Overuse beliefs (per SD increase)

p-value Severe adverse p-value
events
<0.001 1.06 (1.09 — 1.03) <0.001
<0.001 123 (1.34-1.14) <0.001
<0.001 0.95 (1.03 -0.88) 0.250
<0.001 1.11 (1.21-1.01) 0.017
0.88 1.05 (1.14 - 0.98) 0.180
0.79 1.04 (1.15-0.94) 0.420
<0.001 0.98 (0.99 — 0.96) 0.007
<0.001 1.00 (1.02 -0.99) 0.600
<0.001 1.02 (1.03-1.01) 0.003

Numbers below | indicate increase in the MAR and numbers above | indicate decrease in the MAR. For categorical variables, the reference groups were males, low/middle educational

level, and not living alone. SD = standard deviation.

The histograms of the MAR distributions for the
moderate and severe adverse events are shown in figure
2. For the moderate adverse events, the largest group of
participants (n=952, 26%) had a MAR =50%, followed
by 25% of the participants (n=904) having a MAR of
10 to <20%. For the severe adverse events, 43% of the
participants (n=1573) had a MAR <10%, followed by
25% of the participants (n=923) with a MAR of 10 to
<20%. The estimated survival curves for the MARs for
the moderate and severe adverse events are shown in
figure 3. Based on the fitted log-normal survival models,
the estimated median MARs for the moderate and severe
adverse events were 25.4% (95% confidence interval [CI]
24.5 t0 26.3) and 12.1% (95% CI 11.6 to 12.5), respectively.

Figure 2. Histograms showing the distribution of MARs
for the moderate and severe adverse events in exchange
for a 2-year delay in disease progression

1600 ==
1400
1200
1000
800
600

400

" HHH i= BN

<10% 10<20% 20<30% 30<40% 40<50% 250%

Number of people with each MAR

MAR for a 2-year delay in the disease's progression

@ Moderate adverse events O Severe adverse events

MAR=Maximum acceptable risk

The results of the unadjusted and adjusted log-
normal regression analyses are shown in table 2 and
supplementary appendix table 3, respectively. In the
unadjusted models, several individuals’ characteristics

were associated with the MAR for the moderate adverse
events, with median MAR values being higher in people
who were younger (p<0.001), male (p<0.001), highly
educated (p<0.001), and living alone (p<0.001). Age
(p<0.001), gender (p<0.001), and living alone (p=0.017)
had a similar effect on the median MAR values for the
severe adverse events. Educational level was, however,
not associated with the MAR for the severe adverse
events (p=0.250). The median MARs for the moderate
and severe adverse events were not influenced by
having experience as a caregiver (p=0.880 and p=0.180,
respectively) or being a person living with memory
problems (p=0.790 and p=0.420, respectively). Finally, for
the beliefs about medicines, higher scores on the beliefs
about the benefits of medicines were associated with
higher median MAR values for the moderate (p<0.001)
and severe (p=0.007) adverse events. For the other
subscales, higher scores on the beliefs about overuse
of medicines were associated with lower median MAR
values for both the moderate (p<0.001) and the severe
adverse events (p=0.003), while higher scores on the
beliefs about harm of medicines were only associated
with lower median MAR values (p<0.001) for the
moderate adverse events. In the mutually adjusted
models, the same associations were found for the median
MAR values for the moderate adverse events. For the
median MAR values for the severe adverse events, living
alone and the beliefs about medicines were no longer
statistically significant (supplementary appendix table 3).

Discussion

Using an online, cross-sectional survey, we elicited
the MARs of people living in the UK for moderate and
severe adverse events in exchange for a 2-year delay in
the time until AD progresses to a more severe stage. The
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median MAR was 25.4% for the moderate adverse events
and 12.1% for the severe adverse events. For both adverse
events, the MAR was heterogeneous and influenced by
age, gender, and individuals’ beliefs about medicines. The
MAR for the moderate adverse events was additionally
influenced by educational level and living alone. Living
with memory problems or having experience as a
caregiver had no effect on either of the two MARs.

Figure 3. Survival curves showing the remaining
proportion of participants at the various MARs for
moderate and severe adverse events in exchange for a
2-year delay in disease progression
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In a previously performed stated preference study in
an elderly population with no symptoms of cognitive
impairment, participants were willing to accept an
11% increase in the risk of stroke and a 13% increase in
the risk of death in exchange for one additional year
with normal memory (8). Another study performed
in a similar population found that the mean MAR of
treatment-related death or permanent severe disability
due to stroke for a 2-year improvement in the time until
progression to moderate AD was 22% (7). Compared to
these previous studies, the MAR for severe adverse events
was lower in our study. A possible explanation for this
may lay in differences in the definitions of the attributes
(e.g. therapeutic benefits: a fixed life expectancy with
treatment resulting in spending a longer time in a less
severe AD stage versus a delay in disease progression
without specifying the survival time). Our study was
conducted in the UK, while the other two studies were
conducted in the US: heterogeneity in patient preferences
between countries has previously been described (34, 35).

As well as eliciting the MAR for severe adverse
events, we assessed trade-offs between delaying disease
progression and the risk of experiencing moderate
adverse events, defined as having periods of discomfort
that affect the ability to carry out daily activities. We
chose adverse events such as dizziness, nausea, or
diarrhoea which have been shown in previous qualitative
and quantitative studies in chronic diseases other than

AD to be significant factors in decreasing patients’ health-
related quality of life. In these studies, patients needed
large benefits in order to accept an increase in nausea
and would accept additional costs in order to prevent
such adverse events from occurring (36-38). Our study,
however, showed that up to 26% of the respondents
were willing to accept a MAR =50% for moderate
adverse events in exchange for a 2-year delay in disease
progression. A possible explanation for this high MAR
might be the irreversible consequences of the progression
of AD, which will lead to less independence and self-
sufficiency, and poorer quality of life (39). Furthermore,
AD also affects the quality of life of the caregiver, which
has previously been shown to be a point of concern for
the cared-for individual (40).

With respect to individuals’ characteristics, age and
gender influenced the MARs for both adverse events,
with younger people and males having higher median
MARs. This result is consistent with previous studies
showing that older people accept lower MARs and are
less keen to add preventive therapy, seemingly being
more focused on quality of life rather than life extension
or disease progression (7, 8, 41). With regard to gender,
males have been shown to perceive various situations
as less risky, and they generally accept higher risks than
females (42, 43). Our study shows that the same tendency
applies to accepting risks for AD treatments.

Our study showed no differences in MARs between
people living with and without memory problems or
between those with and without experience as caregivers.
This finding differs from previous qualitative and
quantitative studies in which caregivers and individuals
living with MCI, dementia, or AD, showed differences in
care values (17, 44). However, these studies were broader,
applying to all aspects of care (e.g. the importance of
autonomy), and did not show specific definitions of
treatment options and range effects, which might have
contributed to the differences in results. Another possible
explanation could reside in the way we defined people
living with memory problems, which allowed for a
certain level of interpretation. Nonetheless, the other
health-related questions included in our survey showed
that there were significant differences in cognitive
capabilities between the two groups, showing that our
categorization was effective in identifying individuals
with early signs of cognitive impairment. An alternative
approach could have been to group individuals based on
whether or not they had a confirmed diagnosis of early
AD dementia. However, because diagnosis of AD usually
happens in a later stage of the disease (45), this would
risk excluding most of the individuals with early signs of
cognitive impairment.

Alongside individuals’ characteristics, we assessed
the effect of beliefs about medicines on the MAR. These
results showed higher MARs in people with higher
beliefs about the benefits of medicines and lower MARs
in people with higher beliefs about the harm and overuse
of medicines. Beliefs about medicines have mostly
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been studied in the context of medication adherence or
medication use and, to our knowledge, this is the first
study in which the impact of the beliefs about medicines
on treatment preferences in hypothetical trade-off
situations is evaluated. Nevertheless, our findings follow
the direction of these previous studies, where positive
beliefs led to higher medication use and adherence
compared to negative beliefs (20, 21). However, the effect
of beliefs about medicines on the MAR was lower than
the effect of individuals’ characteristics and its clinical
relevance needs to be further studied.

Strengths and limitations

A strength of our study is the large number of
participants, which shows the engagement and
willingness of people to help in AD research.
Respondents were, however, recruited through websites
mostly visited by people familiar with or interested
in AD. It is possible, therefore, that the results are not
representative of the overall population. An indicator of
possible selection bias is the large percentage of highly
educated individuals (70%), which differs from the
general population in the UK (46). Representativeness
with regard to other characteristics is unknown.

The study was performed in a broad population,
including people living with memory problems.
It is essential to understand the preferences of those
individuals in an early stage of cognitive impairment
since it provides a better understanding of their needs
and wishes, and shows the (dis)similarities with those
who are not living with the disease and who, at certain
stage, might need to take healthcare decisions for them
(47).

A limitation inherent to preference studies is that
the definition of the attributes and the attribute levels
can impact the results. In order to minimise this effect,
we specified the severity and duration of the attributes
and were guided by previous literature and regulatory
guidelines to assess adverse events (e.g. need or not of
medical assistance). For the levels of the attributes, we
used previous literature (7, 8, 25-30, 32) and information
from the pilot study. Still, given the large number of
individuals falling within the lowest MAR category for
the severe adverse events, it seems reasonable to use
lower MAR increments in future stated preference studies
related to AD. Another limitation of this type of study is
that participants respond to hypothetical questions with
limited information. However, their perspectives could be
different when making decisions in the real world.

There are different methods to elicit treatment
preferences. In this study, we used the threshold
technique, which is, compared to other commonly
applied preference elicitation techniques, cognitively
less demanding. We therefore considered the threshold
technique to be the most suitable method for our broad
research population, which included people living with

memory problems. A downside of the use of thresholding
is that it results in MAR values that are interval-censored,
thereby complicating the statistical analysis. In previous
applications of the threshold technique, interval-censored
regression models with Gaussian errors have been used
to handle the interval-censored data (48). Assuming a
normal distribution for the population MAR values was,
however, not appropriate for the preference information
collected in our study. To ensure the use of an appropriate
distribution for our data, we fitted multiple parametric
regression models and selected the one with the best fit
based on the AIC. This resulted in the use of log-normal
distributions of the MAR for both the moderate and
severe adverse events.

Implications and future research

A significant implication of the study is the observed
heterogeneity in MAR, which is a relevant factor
to consider at the various stages of medical product
decision-making. For example, the results of the study
may be applicable to regulatory discussions, since more
than half of the respondents were willing to accept very
high risks for severe adverse events. This may result
in differences between the trade-offs of regulators and
patients. These results, however, should be interpreted
with caution since the information provided to the
responders was limited and hypothetical. For example,
the clinical therapeutic benefit in our study was clearly
defined, was relatively large, and did not elaborate
on the possibility of lack of effect, which are common
circumstances that regulators need to consider when
evaluating a treatment (49-51). The existence of new
treatments provides an opportunity for upcoming
research to define the attributes in a less hypothetical
manner, using more realistic therapeutic benefits and
adverse events. The resultant preferences may be directly
applicable to regulatory and medical situations.

Another implication relates to the ethical issues in
dementia research that previous publications have raised,
including the exclusion of people living with AD in
research because of, for example, difficulties in obtaining
their consent to participate (52). Understanding the views
and preferences of these people while they maintain
the cognitive capabilities to express themselves may
provide insights about their preferences in future stages.
The similarities in MAR between those living with and
without memory problems observed in our study support
current practices, where family members or caregivers
take medical decisions on behalf of people living with
severe cognitive impairment.

Finally, future studies on preferences for AD
medication should also explore the effect of other
individuals’ characteristics and psychological factors on
the MAR, such as prior knowledge and experience with
medicines, risk perception, or expected benefits, to better
understand which factors influence trade-offs and the
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heterogeneity in preferences.

Conclusion

Our study shows heterogeneity in MARs for
moderate and severe adverse events in order to delay
the progression of AD, which is partly explained by
individuals’ characteristics and beliefs about medicines.
The observed differences in MARs should be taken into
account during medical product decision-making since
certain subgroups of the population seem willing to
accept what might be considered high MARs in order to
delay the progression of AD.
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