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Abstract

Introduction: Digital biomarkers may act as a tool for early
detection of changes in cognition. It is important to under-
stand public perception of technologies focused on moni-
toring cognition to better guide the design of these tools
and inform patients appropriately about the associated risks
and benefits. Health care systems may also play a role in the
clinical, legal, and financial implications of such technolo-
gies. Objective: To evaluate public opinion on the use of pas-
sive technology for monitoring cognition. Methods: This
was a one-time, Internet-based survey conducted in English
and Spanish. Results: Within the English survey distributed
in the USA (n =173), 58.1% of respondents would be highly
likely to agree to passive monitoring of cognition viaa smart-
phone application. Thirty-eight percent of those with a high-
er degree of experience with technology were likely to agree
to monitoring versus 20% of those with less experience with
technology (p = 0.003). Sixty-two percent of non-health-care
professionals were likely to agree to monitoring versus 45%
of health-care workers (p = 0.012). There were significant
concerns regarding privacy (p < 0.01). We compared the sur-

veys answered in Spanish in Costa Rica via logistic regression
(n = 43, total n = 216), adjusting for age, education level,
health-care profession, owning a smartphone, experience
with technology, and perception of cognitive decline. Costa
Rican/Spanish-speaking respondents were 7 times more
likely to select a high probability of agreeing to such a tech-
nology (p < 0.01). English-speaking respondents from the
USA were 5 times more likely to be concerned about the im-
pact on health insurance (p = 0.001) and life insurance (p =
0.01). Conclusions: Understanding public perception and
ethical implications should guide the design of digital bio-
markers for cognition. Privacy and the health-care system in
which the participants take part are 2 major factors to be
considered. It is the responsibility of researchers to convey
the ethical and legal implications of cognition monitoring.
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Introduction

Due to a growing and ageing population, the global
burden of dementia more than doubled from 1990 to
2016, to affect 43.8 million people [1]. Current tools for
detecting and monitoring dementia are fraught with lim-
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itations. Traditional biomarkers including imaging as-
sessment (e.g., PET) as well as biological evaluations (e.g.,
of the cerebrospinal fluid) have been utilized [2-4]. These
traditional biomarkers, coupled with clinical and neuro-
psychological testing, have influenced the paradigm of as-
sessment of dementia and mild cognitive impairment
(MCI). However, these methods are invasive, time-con-
suming, expensive, and impossible to access for large por-
tions of the world’s population. Furthermore, better ther-
apies to treat dementia are greatly needed, and new easy-
to-use tools have the potential to fuel the development of
novel therapeutic options [5].

In an attempt to augment the clinical assessment and
address the identified limitations, digital biomarkers have
been explored. Digital biomarkers refer to the use of dig-
ital technologies (i.e., environmental sensors, portable,
wearable, and/or implantable devices) to allow for the
collection of physiological and behavioral data that is ob-
jective and quantifiable [6]. Digital biomarkers can be ei-
ther active or passive. Active refers to where a participant
directly interacts with the tool; passive refers to the tool
collecting information about the participant without
their direct engagement. In the case of memory disorders,
the objective of such technologies is to capture subtle
transitions in cognition. Digital biomarkers may aug-
ment imaging and biochemical biomarkers to facilitate
the detection, prediction, and monitoring of memory dis-
orders.

Several approaches to remote cognitive monitoring
through use of technology have been shown to be feasible.
Studies utilizing nonintrusive, at-home technologies like
computer usage have shown promise as a viable metric
for the early signs of cognitive decline [7]. Dodge et al. [8]
demonstrated that in-home remote assessment of walk-
ing speed variability may be used as an early marker of
MCI. A study by Austin et al. [9] analyzed how Internet
searches relate to language and cognitive function in old-
er adults. This study demonstrated that it may be possible
to detect early signs of cognitive decline through Internet
search terms. The current limitations of digital biomark-
ers are the lack of standardization of tools and established
regulatory guidelines on privacy [10]. Importantly, there
is a lack of understanding of the public’s attitudes and ac-
ceptance to utilize these technologies, which we aim to
address here. Though the term “digital biomarkers” in-
cludes a broad range of modalities, we focused this study
on the passive monitoring of writing features. Such fea-
tures may be seen as a manifestation of cognition [11],
and this tool is a concrete measure that could be proposed
to a lay-person audience.
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There are also ethical issues surrounding the early di-
agnosis of memory disorders that must be explored. Since
there are currently only limited treatments for dementia,
one may question the benefit of screening, especially
among asymptomatic individuals [12]. Authors in the
past have discussed the “right to know and the wish not
to know.” An early diagnosis may lead to distress; how-
ever, patients do have the right to know their diagnosis
and this may also allow for planning. A better under-
standing of the early stages of cognitive decline could not
only allow for the modification of risk factors but could,
itself, guide new therapeutic approaches. As with any test,
patients who undergo cognitive screening should be in-
formed of the potential implications prior to the evalua-
tion [13].

Finally, attitudes and opinions towards screening may
depend on the context of government, health care, and
health insurance for an individual. We therefore com-
pared opinions between participants at 2 different geo-
graphicallocations and with different cultures and health-
care systems, namely, in the USA and Costa Rica.

Materials and Methods

Study data were collected and managed using REDCap elec-
tronic data capture tools hosted at the University of Massachusetts
Medical School, Worcester, MA, USA [14, 15]. Power calculations
were limited due to the novelty of our study. Retrospectively, based
on our survey sample size of n = 173, a 2-sided 95% CI for a single
proportion would extend 0.425-0.575 around 0.5, providing us
with confidence in the level of precision our survey provides.

The study consisted of a one-time, Internet-based survey con-
ducted from January to April 2019. The survey was created using
principles from a health survey design textbook [16]. Readability
was assessed with a free online checker aiming for a 6th-grade
reading level.

Surveys in English were distributed via e-mail through the
UMass Conquering Diseases program to the US cohort. Surveys
were distributed to participants who had registered as volun-
teers with interest in any of the following categories: all research
studies, aging, Alzheimer’s, behavioral health, healthy volun-
teers, and mental health. The survey in English was distributed
to approximately 950 participants and was answered by 173
(18% response rate). Surveys in Spanish were distributed via
Facebook social media in a Costa Rican social circle as well as a
Facebook group of Costa Rican physicians. It was therefore dif-
ficult to quantify the exact number of participants who had ac-
cess to the survey.

The surveys can be accessed in the online supplementary mate-
rial (see www.karger.com/doi/10.1159/000512207). They consist-
ed of 21 questions: 11 demographic, 9 opinion (5-point Likert
scale), and 1 open-ended for comments. The focus of the surveys
was digital biomarkers, with a concrete example of passive moni-
toring of writing features. The only inclusion criterion was con-
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Table 1. Subject demographics and statistical comparisons between respondents to the English and Spanish sur-

veys
English Spanish Test p value
(n=173) (n=43)

Age Student ¢ 0.002
Mean, years 55.68 34.93
SD, years 15.778 11.569

Sex X 0.847
Male 33% 34%
Female 67% 66%

Level of education X 0.03
High school or below 22% 0%
College 78% 100%

Profession X <0.01
Not in health care 74% 39%
Health care 26% 61%

Diagnosis of cognitive impairment X 0.584
No 97% 95%
Yes 3% 5%

Relative with a diagnosis of cognitive impairment X 0.598
No 49% 57%
Yes 51% 43%

Owns a smartphone X 0.03
No 10% 0%
Yes 90% 100%

Level of knowledge of technology X 0.112
Low 7% 7%
Moderate to high 93% 93%

Memory now versus 10 years ago X 0.025
Poor 19% 5%
Moderate to good 81% 95%

senting to the survey; exclusion criteria included not consenting to
the survey or being under the age of 21 years. Only surveys with at
least 1 complete opinion section were included in the statistical
analysis.

The likelihood of agreeing to passive monitoring of cognition
focused on the following question (on a 5-point Likert scale):
“There is currently is no cure or effective treatment for dementia.
Tools such as behavior monitoring could diagnose diseases earlier
in time. Knowing the above, would you be willing to have your
behavior monitored on your smart phone? (scale of 1-5, 5 being
that you completely agree).”

Statistical analysis was performed using SPSS v21. Nonpara-
metric statistics were used for data analysis. For comparing nomi-
nal values in 2 subpopulations, the y? test was used. For ordinal
values, the Mann-Whitney U test was used to compare 2 subpopu-
lations and Kruskal-Wallis test to compare >3 subpopulations.
Kendall’s W coefficient was used for interrater agreement regard-
ing participants’ concerns. A p value <0.05 was considered statisti-
cally significant.

Demographic data were compared between surveys collected
in English and Spanish using either a 2-tailed ¢ test or the ¥ test. If
the p value was <0.2, such demographic characteristics were in-
cluded in a binary logistic regression analysis. The Likert scale was
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divided into “high” values (4 and 5), and “low” values (1-3). A p
value <0.05 was considered statistically significant.

NVivo software (release 1.2) was used to analyze open-ended
comments.

Results

Demographic data of participants in English and
Spanish differed significantly in age, education level,
health-care profession, owning a smartphone, and per-
ception of cognitive decline (Table 1).

For the survey in English, 58.1% of the participants re-
plied they would be highly likely to agree to passive mon-
itoring of cognition via a smartphone application (4 or 5
out of 5 on the Likert scale). Participants reporting a high-
er degree of experience with technology were more likely
to agree to monitoring (Fig. 1, Kruskal-Wallis test p =
0.003). Health-care professionals were less likely to agree
to monitoring (Fig. 2, Mann-Whitney U test p = 0.012).
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Fig. 1. A higher degree of experience with technology coincides
with a higher likelihood of agreeing to monitoring. Comparison
between the degree of experience with technology on a 5-point
Likert scale (x axis) and the likelihood of agreeing to monitoring
again on a 5-point Likert scale (color coded). Kruskal-Wallis test,
p=0.003.
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Fig. 3. Predominant topics within the open-ended comments were
typing, privacy, and the ownership or use of a smartphone. NVivo
software was used to create a word cloud in which font size was
proportional to the frequency of a term within the open-ended
comments.
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Fig. 2. Health-care professionals were less likely to agree to moni-
toring. Whether a participant was a health-care professional or not
is displayed on the x axis, and the likelihood of agreeing to moni-
toring on a 5-point Likert scale (color-coded). Mann-Whitney U
test, p = 0.012.

Sex, age, education level, a diagnosis of dementia in the
respondent or a relative, and a self-perception of decline
in cognition did not affect the participant’s likelihood of
agreeing to monitoring.

For the survey in Spanish, 88.4% of the participants re-
plied they would be highly likely to agree to passive mon-
itoring of cognition via a smartphone application (4 or 5
out of 5 on the Likert scale). Given the small number of
responses in Spanish, we focused on a comparison to the
survey answered in English. Vialogistic regression (n =43,
total n = 216), we adjusted for age, education level, health-
care profession, owning a smartphone, knowledge of tech-
nology, and perception of cognitive decline. Respondents
in Spanish were 7 times more likely to select a high prob-
ability of agreeing to such a technology (p < 0.01).

Respondents in both English and Spanish had privacy as
their main concern (Kendall’s W, p < 0.01). However, re-
spondents in English were next-most concerned about
health insurance whereas respondents in Spanish were
next-most concerned about anxiety regarding a diagnosis.
Regression analysis showed that respondents in English
were 5 times more likely to be concerned about the impact
on health insurance (p =0.001) and life insurance (p = 0.01).

There were 22 open-ended comments in English and
1 in Spanish. Comments were analyzed using the NVivo
software. The most common topics were concerns re-
garding privacy, the accuracy of typing as a measure of
cognition, and the lack of ownership or use of a smart-
phone (Fig. 3). Representative comments include: “Pri-
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vacy issues specifically hacking,” “too many factors can
affect the typing of text messages, including auto correct,
and so on,” “I barely ever use my smart phone for mes-
saging. I use it as a phone, rarely use it unless necessary. I
rather use email.” The only comment in Spanish was re-
garding the possibility of a false-positive.

Discussion

Technology should be an essential tool in the discovery
of treatments [17]. The increasing prevalence of dementia
in our aging population makes cognition a logical target
for the development of digital biomarkers. These tools
may be valuable not only for tracking disease progression,
but also for early diagnosis of cognitive illnesses. Howev-
er, researchers must be transparent with the population
about the implications of technology and the early knowl-
edge of a diagnosis. We have provided this article as a tool
to promote a design of passive screening and monitoring
tools aligned with the needs of the population.

To our knowledge, this is the first article reporting the
public’s perception about digital passive screening of
changes in writing as a measure of cognition and its po-
tential outcomes. We showed moderate acceptability
with the survey answered in English and high acceptabil-
ity with the survey answered in Spanish (although it was
difficult to generalize, given the small sample size of the
latter). We focused on the use of technology and not the
general question of screening of cognition, which has
been previously addressed and discouraged by different
authors [18]. We would, however, argue that an early di-
agnosis could lead to the discovery of underlying pathol-
ogies and modifiable risk factors as well as help to fuel the
discovery of therapies to prevent disease progression. Fu-
ture studies are needed to assess if our findings can be
extrapolated to other types of digital biomarkers, includ-
ing the passive monitoring of physiologic measures, spo-
ken language, and mobility, among others.

Coravos et al. [19] published an excellent primer, set-
ting the ethical stage for the development of digital bio-
markers. They highlighted the necessity of obtaining in-
formed consent that ensures that participants understand
the technology and its implications. In our study, health-
care professionals were significantly less likely to agree to
monitoring, possibly due to their better understanding of
the implications of a diagnosis of cognitive impairment.
Participants with greater experience with technology
were more amenable to monitoring. This may suggest
that, as the generation born with computers become old-
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er, it will likely be more comfortable with specific types of
monitoring. Lastly, informed consent needs to be tailored
to the technological literacy of a participant.

In our study, the main concern of participants was pri-
vacy. This has been previously discussed in the context of
digital markers for psychiatric illness [20, 21] as well as
several neuropsychiatric conditions [10]. Applications
and devices that monitor behavior and physiology may be
designed so that the device itself processes the informa-
tion, with no transmission of sensitive data. Such a design
would help protect the privacy of the individual and en-
hance the acceptability of digital biomarkers. This is an
important aspect to include in future surveys.

Despite adjusting for demographic factors, partici-
pants who answered the survey in Spanish in Costa Rica
were more likely to participate in monitoring and less
likely to be concerned with health insurance and life in-
surance than the respondents in the USA (a country with
mainly private insurance companies and a lack of univer-
sal health care). The presence of universal health care in
Costa Rica may have allowed for more concerns about the
actual diagnosis than about the implications for insur-
ance issues. The legal and financial implications of an ear-
ly diagnosis should therefore be explored in each country
where these technologies are to be implemented. For in-
stance, in countries like the USA, where health insurance
is often provided by employers, whether biomarker infor-
mation would be made available to employers, health in-
surance companies, or life insurance companies would
potentially influence public opinion.

The main limitations of our study include the small
sample size, sample bias given it was an Internet-based
survey asking questions about technology, and the fact
that we could not be completely certain of a person’s geo-
graphical location at the time of answering the survey. The
relatively narrow distribution tool utilized may also limit
the generalizability of the findings. Greater distribution
efforts need to be undertaken to have a larger internation-
al sample. The fact that the English and Spanish surveys
were distributed differently was partially due to the differ-
ent preferences regarding communication in these 2 cul-
tures. However, this difference may, at least partially, ex-
plain the demographic differences between the 2 cohorts.
Despite these limitations, this study provides an initial ex-
ploratory investigation into public awareness and percep-
tion of the development of digital biomarkers.

Our survey may serve as a template for future studies
exploring the public’s acceptance of passive monitoring
of cognition, language, and behavior. We hope to further
explore opinions and obtain larger samples of partici-
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pants from different sociocultural backgrounds. It is also
important to distinguish between cultures within the
same geographical area and between geographical areas
with different health-care systems. As mentioned above,
itis important to include features that lessen privacy con-
cerns and investigate whether our findings can be extrap-
olated to other technologies. Further data gathering
should influence the design of monitoring tools and may
also impact advocacy efforts to allow individuals to ben-
efit from, rather than be harmed by, an early diagnosis.

In conclusion, there is a moderate to high likelihood
that the population would agree to passive monitoring of
cognition for the early detection of cognitive changes, de-
pending on the sociocultural context of participants. Fi-
nally, it is of paramount importance that technologies en-
sure privacy and that participants understand the poten-
tial implications of early detection of cognitive disease
prior to the use of a monitoring technology.
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