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Abstract

Background: Symptom-assessment applications (SAAs) allow laypeople to obtain ad-
vice on whether and where they should seek medical care, along with possible diagnoses.
Although their average accuracy is currently far from perfect, SAAs might in fact have the
potential to unburden healthcare systems. Previous studies from the United States and
the United Kingdom indicate that users of these systems are mostly young, female, and
well-educated. However, data on SAA awareness in Germany is scant. Thus, this thesis
aims to assess the extent of awareness, use and perceived usefulness of SAAs in a Ger-
man sample and to explore how different respondent characteristics are associated with
them.

Methods: We conducted a cross-sectional online survey, with 1,084 German respond-
ents stratified to reflect the German population. They were asked several questions in-
volving individual characteristics, as well as questions about their knowledge and use of
SAAs and their perception of SAA usefulness. The collected data were analyzed explor-

atively.

Results: Respondent awareness of SAAs was 16.3% and respondent rate of using SAAs
6.5%. Among those who were aware of SAAs, 40.1% had used them. Of those, 40.8%
considered SAAs useful. Users were on average younger (M = 37.6, SD = 14.3) than
nonusers (M = 47.3, SD = 15.8), more often female (62.0% among users vs. 50.9%
among nonusers), and well educated (42.3% with a university or college degree vs.
27.6%). Similar characteristics were observed for those who were aware of SAAs. How-
ever, these characteristics did not differ between users and respondents who were aware
of SAAs but did not use them. Knowing about the existence of SAAs was associated with
the use of other eHealth applications (r = .23) and knowing about digitale Gesundheitsan-
wendungen (DiGA) (r = .13) and the elektronische Patientenakte (ePA) (r = .11). Using
SAAs was associated with using other health apps (r = .25), DiGA (r =.19) and ePA (r =
.22), but not with being aware of these applications (r = -.05 and r = -.08, respectively).

Discussion: The data from our study suggests a slightly lower number of SAA users in
Germany—yet at the same time twice as many respondents who were aware of the ex-
istence of SAAs—than a previous study did. We replicated results from previous studies
(that found users to be younger, more often female, and well educated) and extended
these findings by showing that these characteristics are associated with awareness of
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SAAs but not with SAA use itself. The data also indicates the existence of two separate
concepts regarding eHealth technologies: Knowing about these technologies and using
them. This difference should be considered in future studies when interpreting data on
characteristics of SAA and eHealth users. Ultimately, to maximize SAA potential and its
ability to support the public, approaches should be devised that would reach those who

might benefit from the technologies but who are currently unaware of their existence.
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Zusammenfassung

Hintergrund: Symptom-Assessment Applications (SAAs) geben Laien Empfehlungen,
ob und wo sie medizinische Hilfe aufsuchen sollten—begleitet von moglichen Diagnosen.
Obwohl die Genauigkeit im Durchschnitt mittelmafig ist, konnten sie Gesundheitssys-
teme entlasten. Vorherige Studien aus den USA und GroRbritannien zeigen, dass Nut-
zer*innen meist jung, weiblich und hoch gebildet sind. Daten zur Bekanntheit von SAAs
fehlen allerdings; besonders fur Deutschland liegen kaum Daten vor. Das Ziel dieser Ar-
beit bestand darin, die Bekanntheit, die Nutzung und die wahrgenommene Nutzlichkeit
von SAAs in Deutschland zu untersuchen und den Einfluss diverser Charakteristiken auf
diese Faktoren zu analysieren.

Methoden: In einer Querschnittsbefragung wurden 1.084 Personen aus Deutschland—
stratifiziert, um der deutschen Bevolkerung zu entsprechen—befragt. Sie wurden zu ver-
schiedenen Charakteristika, sowie zur Bekanntheit, Nutzung und wahrgenommenen
Nutzlichkeit von SAAs befragt. Die Daten wurden explorativ ausgewertet.

Ergebnisse: Unter den Befragten kannten 16,3% SAAs und 6,5% nutzten sie. Unter Nut-
zer*innen hielten sie 40,8% flur nutzlich. Die Nutzer*innen waren im Durchschnitt junger
(M = 37,6, SD = 14,3) als Nichtnutzer*innen (M = 47,3, SD = 15,8), haufiger weiblich
(62,0% der Nutzer*innen gegenuber 50,9% der Nichtnutzer*innen) und hatten ein hohe-
res Bildungsniveau (42,3% mit Universitats- oder Hochschulabschluss gegenuber
27,6%). Ahnliche Merkmale wurden bei Personen beobachtet, die SAAs kannten, aber
nicht unter Nutzer*innen, wenn sie mit Nichtnutzer*innen, die SAAs kannten, verglichen
wurden. Die Bekanntheit von SAAs korrelierte mit der Nutzung anderer eHealth-Anwen-
dungen (r = .23), der Bekanntheit von digitalen Gesundheitsanwendungen (DiGA) (r =
.13) und der elektronischen Patientenakte (ePA) (r = .11). Die Nutzung von SAAs korre-
lierte mit der Nutzung anderer Gesundheitsanwendungen (r = .25), DiGA (r = .19) und
der ePA (r = .22), aber nicht mit der Kenntnis dieser Anwendungen (r = -.05 bzw. r = -
.08).

Diskussion: Die erhobenen Daten zeigen einen etwas niedrigeren Anteil an SAA Nut-
zer*innen—aber doppelt so viele Personen, die SAAs kennen—als eine frihere Erhe-
bung in Deutschland. Die Ergebnisse aus fruheren Studien (dass Nutzer*innen eher jun-
ger, haufiger weiblich und hoher gebildet sind) konnten repliziert werden. Diese Ergeb-
nisse wurden erweitert, indem wir zeigen konnten, dass die Merkmale nicht direkt mit der

Nutzung, sondern mit der Bekanntheit von SAAs assoziiert sind. Unser Daten deuten
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aulierdem daraufhin, dass es bei der Nutzung von eHealth-Technologien im Allgemeinen
zwei Faktoren geben konnte: Die Kenntnis von Technologien und die Nutzung dieser.
Dieser Unterschied sollte bei der Interpretation von zukunftigen Studien zu Charakteristi-
ken von Nutzer*innen berucksichtigt werden. Um das Potenzial von SAAs auszuschop-
fen, sollten Strategien entwickelt werden, mit denen Personen angesprochen werden, die

von SAAs profitieren konnten, sie aber noch nicht kennen.
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1 Introduction

1.1 Introduction

As healthcare systems become more digitalized, both prevention and care are becoming
more efficient (1,2). But the digitalization of healthcare systems is accompanied by a
growing amount of data that needs not only to be generated but also to be analyzed.
Open data and open-source software are more accessible to everyone and allow for the
development of solutions for several use cases. For example, they can be used for dis-
ease prediction, better insights into the lives of people with chronic diseases, and im-
proved clinical decision-making (3,4); an exemplary development in this latter area is a
clinical decision-support system. And even though some of these systems have been
around for a relatively long time—some already available as far back as 1972 (5)—further
advances in data generation, availability, computational power, and analysis techniques
have enabled these systems to tackle even more challenging and complex tasks and at
the same time have made them easier to use (6).

These clinical decision-support systems are typically aimed at medical professionals, but
information is becoming more available for patients as well. As a result, patients could be
better informed and their participation in clinical decision-making could be increased. Yet
though, with the internet, users have nearly all the information they could ever desire at
their fingertips, that includes some information that would require medical expertise to
interpret. There are several ways to structure (health) information online: Government
websites, search engines, chatbots with large language models, dedicated eHealth ap-
plications, and also social media. But despite the benefits of these various sources, they
also carry risks, such as misinformation or increased health-related anxiety (known as
"cyberchondria" (7)) due to the nearly unfiltered and hard-to-interpret floods of information
that are available. In other words, the internet can be a great tool for general information,
but it might not be as useful for self-diagnosis. Although patients should be involved in
clinical decision-making and informed patients are associated with better outcomes (8), it
needs to be a professional who makes the final diagnosis. The internet can, however,
assist patients in deciding when they need to see a healthcare professional and how
urgent that need is. There have been few studies about care-seeking decisions, but the
industry is already providing several different solutions to assist patients.
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1.2 Patients’ self-triage decision-making and information seeking

Most patients choose where to seek care based on their own knowledge or with the help
of the internet (9). With no assistance, they don't make the best decisions, with only 61%
of those decisions being correct (10). Most errors seem to be over-triage errors (i.e.,
judged to be more urgent than they actually are) which suggests a tendency towards risk-
averse care decisions (10-12). When analyzing these decisions in more depth, we
found—in line with another study by Mills et al. (12)—that patients face specific difficulties
in distinguishing between emergencies and cases in which they could either treat them-
selves or wait for treatment (13). Despite the tendency toward error in their decisions,

though, the patients in that study were very confident in all of their decisions (13).

However, when patients feel that their own knowledge is insufficient, they experience a
so-called informational need (14) and seek to obtain new health information. A common
approach for such a search is to make use of the internet, since it is a source of easily
accessible, detailed information that can be accessed quickly (15,16). To search for
health information online, most people use search engines (9). On the one hand, this
allows them to learn about possible diagnoses and treatment options, and to locate local
health care providers. On the other hand, despite being commonly used, search engines
seem limited in displaying accurate health information when non-medical terms are en-
tered, which is how many laypeople frame their search questions (17). Additionally, their
algorithms rank results not on the most accurate information, but on popularity—which
could lead to misinformation and give participants a belief of being well-informed even
though they are relying on potentially inaccurate information (18,19). In fact, a majority of
users seem confident in decisions that they make with the help of search engines—even
if they are in fact relying on incorrect advice (20). This is to be expected in such searches,
as information processing is subject to certain biases, and actively searching for infor-
mation can reinforce these biases: A typical example occurs with the anchoring bias, in
which an information search is based on the first information found, and further infor-
mation is sought based on that information. Despite these drawbacks, search engines
are widely used, with an estimated 50% to 71% of Americans and Germans using search
engines to obtain health information (21). In 2020, around 20% of Germans actually
stated that they obtained most of their health information online (22).



Introduction 7

Although the internet and search engines can provide patients with valuable information,
these limitations illustrate the diverse challenges associated with their use. For that rea-
son, dedicated eHealth products are being developed for different application scenarios.
Symptom assessment applications (SAAs) have been created specifically to help with
care-seeking and self-diagnosis decisions.

1.3 Symptom assessment applications (SAAs)

SAAs (sometimes called “symptom checkers”) can be defined as “smartphone- or web-
based applications for laypersons providing an individualized assessment of the entered
health complaints by providing suggestions on likely diagnoses and a categorization of
their treatment urgency” (23, p. 2) and are typically operated by users for themselves or
by a user trying to assess symptoms for others. It has been argued that “triage advice”
(where and how urgently to seek care) is the more important function since a final diag-
nosis will be made by a specialist anyway (24). The advice given by SAAs is produced
using different algorithms: Some use Bayesian networks, some use recurrent neural net-
works, and others use simple rule-based algorithms (25-28). Although it might be as-
sumed that more complex models (i.e., based on “Atrtificial Intelligence” (Al)) perform bet-
ter, this does not seem to be the case. In a direct comparison, Al-based SAAs did not
have a substantially higher accuracy rate than rule-based SAAs (29). Another factor that
might influence performance is the number of questions asked, as some SAAs provide
an assessment very quickly and pose only a few questions to the user, while others take
several minutes to present more detailed questions. An analysis of the number of ques-
tions presented found that SAAs asking more questions gave more accurate advice, but

the correlation was not strong (30).

1.4 Accuracy of SAAs

In general, accuracy has been tested in various studies and in fact represents the most-
studied aspect of SAA research. Accuracy has mostly been tested using case vignettes—
descriptions of patients derived from either educational resources and text books
(24,29,31) or from real patient cases (32,33). Despite its methodological limitations such
as questionable ecological validity (34), this method is currently the gold standard for
evaluating SAA accuracy. The first study of SAA accuracy was conducted by Semigran

et al. in 2015 (24); it found an average accuracy of 34% for diagnoses and 80% for triage
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advice. Subsequently, there have been numerous other studies conducted to assess SAA
accuracy from both independent researchers (24,29,35) and SAA developers (36,37).
Some have even compared SAAs to general practitioners, ascertaining a similar triage
performance between the two, but at the same time an inferior diagnostic performance
by the SAA (37-39). According to a recent meta-analysis, SAA diagnostic (primary diag-
nosis) performance today ranges from 19-38% and triage performance from 49-90% (40).
With technological advances, it is conceivable that accuracy might improve over time—
however, a previous study from our research group did not find evidence for that hypoth-
esis (35). When tested with the same case vignettes after 5 years, the same SAAs
showed no improvement in accuracy, although they did become less risk-averse. In sum-
mary, most studies suggest that SAA accuracy is in general far from perfect, but that

performance varies widely, with some apps performing very well.

1.5 SAA use and effects

Even with their tendency to a lower average accuracy, the use of SAAs (especially well-
performing SAAs) might have positive consequences. Most specifically, they could guide
individuals toward the most appropriate care facility, saving both time and money (24,41).
Furthermore, not having to refer patients to other locations could free up additional re-
sources in the healthcare system. Overall positive effects of SAAs, however, can only be
realized when users make better decisions with SAAs than they do without them. In a
comparison with medical laypeople, SAAs have a similar accuracy rate but are better at
detecting emergencies than laypeople are (10). Their risk-averse design, however, leads
them to classify some cases as unnecessarily requiring emergency care, which could end
up increasing emergency department overcrowding rather than reducing it. According to
a study on telephone triage (as a comparable system), healthcare burdens were redis-
tributed, not reduced (42), whereas a study of pediatric SAAs failed to find evidence of a
reduced number of visits to the emergency department (43). In contrast, introducing an
evidence-based health information website in the Netherlands resulted in a 12% reduc-
tion in healthcare utilization (44). It remains unclear whether SAA use leads to any ob-
servable benefits or harms at present.
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In a study of telephone triage hotlines, Roivainen et al. found that most callers were sat-
isfied with receiving medical advice without treatment (45). SAAs could provide this ad-
vice without requiring direct communication with a healthcare provider, which could free
up resources. In terms of following received advice, we found in a lab study that most
people intend to follow the advice they receive from an SAA (46). Results from three
prospective observational studies support this finding (47—49). One of these studies ex-
amined 158,083 SAA encounters and asked users about their care-seeking intent before
and after the encounter (49); in more than a quarter of the cases, respondents felt a
decreased level of urgency. Similar results were found in a study focusing on a primary
care clinic, where 13% of participants indicated that the SAA would have reduced their
perceived urgency level (50). The intent to follow advice might be a biased measure for
assessing behavior (as intentions are not always followed by actual behavior, an obser-
vation called intention-behavior gap (51)), but another retrospective observational study
assessed actual behavior after an SAA was used, and found that more than half of re-
spondents followed the SAA advice (52). Thus, most people seem not only to intend to

follow the received advice, but also do follow it.

Patients generally seem to overestimate how urgent their symptoms are, but previous
studies suggest that—despite the fact that SAAs are typically designed to be risk-averse
(53)—many users actually reduce their urgency perception after using SAAs, and that
they follow the recommendations that they receive from the SAA. While there are no re-
cent studies specifically looking at SAAs' impact on healthcare systems, the studies cited
here suggest that SAA use could reduce patient demands on healthcare systems—even
though SAAs are designed to be risk-averse.

1.6 Individual characteristics associated with SAA use

To maximize these potential benefits, SAA design should both match the characteristics
of users and be tailored to their needs. Women, for instance, were found to be more risk-
averse than men (13,54), which is important to take into account when assessing the
effects of following SAA recommendations and in considering emergency department

overcrowding.
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To date, several studies have assessed characteristics that are associated with using
SAAs or benefiting from them. A study from the US surveyed users of the SAA Buoy
Health and found them to be relatively young on average, more often female (85%) and
well-educated (47). Users rated the SAA as useful in general, but no individual charac-
teristics associated with perceived usefulness were reported by the authors. Another
study surveyed Buoy users as well and found similar characteristics: Users were young
and most often female (78%) (49). A third study from the US surveyed users of Isabel
(55): In line with the other studies, users were generally young, more often female (76%),
and had higher levels of formal education. Again, most users reported considering the
SAA useful, but the authors did not report any of the characteristics associated with find-

ing it useful.

In a study conducted in the UK, patients visiting a primary care clinic were given the SAA
Ada (50). They found—similarly to studies involving established users—that those willing
to participate were more often young and female (62%). They also assessed usefulness
and concluded that younger participants found the SAA to be more useful than older par-
ticipants did, but they did not find any gender differences. In a similar study from Ger-
many, the authors gave two different SAAs to patients visiting rheumatology outpatient
clinics (56). Although age was not associated with participation in this instance (presum-
ably because of the sampling method), participants were once again more often female
(70%). Generally, SAAs were considered useful, but in this study, older patients found

them to be more helpful than younger patients did.

In summary, SAA users appear to be younger, more often female and to have higher
levels of formal education (57). While some studies report high levels of perceived use-
fulness, only a few examined characteristics associated with that. The two studies that

reported age as an influential characteristic reached opposing conclusions.

1.7 Aim of this thesis

A vast body of research already exists on the accuracy of SAAs and how they might affect
decision-making. For SAAs to be truly effective, however, individual characteristics must

be taken into account. First studies have shown that users might differ from the general
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population and have specific characteristics (e.g., they are generally younger and fe-
male). Despite initial user characteristics described in these studies and estimations of
the overall number of users from market research institutes, not much data is available
on general awareness of SAAs. That data would be relevant, however, as factors related
to use might not be associated with willingness to use SAAs themselves, but rather with
awareness of their existence. Results of a qualitative study indicate that few people are
aware of SAAs (58), but reliable estimates of those numbers are lacking. Moreover, few
studies have examined the individual characteristics associated with perceived useful-
ness—and those studies that have have come to different conclusions. Furthermore,
there is a lack of studies specific to Germany comparable to those from the US. A recent
report estimates the proportion of SAA users in the German population to be 13% (59),
but it has not reported characteristics found in other SAA user studies. This thesis at-
tempts to fill these research gaps. My primary goal in this study has been to assess the
degree of awareness, use, and perceived usefulness of SAAs. The secondary objective
was to exploratively examine the individual characteristics associated with awareness,

use, and perceived usefulness of SAAs in a German sample.
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2 Methods

A full description of the methods used in this study can be found in Kopka et al. (60). In
this section, | will summarize the main components of our methods and outline the rea-

sons for our choices.

21  Study Design

This study was designed as a cross-sectional survey (with an exploratory data analysis)
of the general public as that method is best suited to determining point prevalence (in this
case the rates of awareness, use, and perceived usefulness of SAAs) (61). Since a con-
trol group is not necessary to determine prevalence, we did not use a specific control
group. However, we also explored individual characteristics associated with awareness,
use, and usefulness of SAAs and compared (a) those aware of SAAs to those not aware,
(b) those using SAAs to those not using SAAs, (c) those using SAAs to those aware of
but not using SAAs, and (d) those considering SAAs useful to those not considering them
useful. Thus, our control groups in these exploratory analyses can be viewed as respond-
ents (a) unaware of SAAs, (b) not using SAAs, (c) not using SAAs but aware of them, and
(d) considering SAAs not useful. Because the groups were dichotomous or dichotomized
(e.g., to respondents aware of SAAs and those not aware of them), these control groups
are independent from the corresponding exposure group and allow (descriptive) compar-

isons.

2.2 Participants

The respondents were recruited using the market research company bilendi/respondi,
which used a stratified random sampling (to reflect the German population with regard to
age, gender, income, and federal state) of their user base. In accordance with the budget
available, we sought to collect data from at least 1,000 respondents. Although not based
on an a priori power analysis, we deemed this sample size sufficient as several other
studies examining the rate of eHealth use used similar sample sizes (62—65). The inclu-
sion criteria were being at least 18 years old and giving informed consent. Respondents
were paid 1€ for their participation as outlined by bilendi/respondi’s guidelines.
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Overall, 1,555 people opened the survey, 400 did not complete it, and four participants
were screened out. We embedded control questions (such as “Please select ‘Completely
disagree™) to increase data quality (i.e., so that we could exclude participants who did not
participate attentively). 67 participants were excluded for not answering these control
questions correctly. Hence, data from 1,084 respondents were included in our analysis.

2.3 Survey Instruments

The primary outcome of our study was the point prevalence of SAA awareness, use, and
perceived usefulness among participants. Secondary outcomes included several individ-
ual characteristics of participants (see Table 1). These characteristics were explored in
order to generate hypotheses about potential differences between subgroups (listed in
2.1). We asked respondents questions about mental health disorders for which DiGA
(Digitale Gesundheitsanwendungen, official health apps paid for by health insurance) are
available, as mental health has only rarely been considered in SAA research as of yet but
is nevertheless a part of the German healthcare system. Furthermore—to explore the
association between awareness/use of SAA and that of other eHealth applications—we
included questions about eHealth technologies that are available in Germany: DiGA and
ePA (elektronische Patientenakte, electronic health record). In addition, we asked re-
spondents what functions they use health apps for in order to gain a more comprehensive
understanding of differences in general health app use.

The survey was administered online, in the German language, and included four sections
about (a) sociodemographic variables, (b) health variables, (c) technology and health
apps usage, and (d) questions about SAAs. Table 1 summarizes the measured variables,
the operationalization of corresponding survey instruments, their type of measurement,
and quality criteria. All validated instruments (i.e., complete questionnaires, not single

questions answered) satisfied the common survey instrument quality criteria.



Methods

14

Table 1: Collected variables with survey instruments used and their type of measurement and

quality criteria.

Variable Survev Instrument Type of Quality Criteria in
y Measurement Instrument Validation
Age How old are they nume]iiréclgl text not applicable
Gender With what gender do Male/Female/ not applicable
they identify Diverse PP
. Questions based on the Choice of 1 out of .
Education not applicable

Net household in-
come

Municipality size

Migration back-
ground

Native German
speaker

Self-efficacy

General health

Restrictions for
health reasons

Chronic disease

Depression

Panic- or anxiety
disorder

SES-Index (66)

Questions based on the
SES-Index (66)

Question as articulated
by the Federal Statisti-
cal Office (with fewer
categories because the
granularity was not

necessary) (67)

Question as articulated
by the Federal Statisti-
cal Office (68)

Is German their native
language

Allgemeine Selbstwirk-
samkeit

Kurzskala / Self-

Efficacy Scale — Short
(69)

WHO Minimum Euro-
pean Health Module
(70)

WHO Minimum Euro-
pean Health Module
(70)

WHO Minimum Euro-
pean Health Module
(70)

Have they been diag-
nosed with depression
before

Have they been diag-
nosed with panic- or
anxiety disorder before

6 options

numerical text
field

Choice of 1 out of
7 options

yes / no

yes/no

5-point Likert
scale

Choice of 1 out of
5 options

Choice of 1 out of
3 options

yes/no

Checked all that
applied

Checked all that
applied

not applicable

not applicable

not applicable

not applicable

Reliability: w > .81, Re-

test-Reliability = .50
Validity: content-, facto-
rial-, convergent, discri-
minant- and predictive

validity acceptable

Reliability: k > .73,
Validity: not assessed

Reliability: k > .73,
Validity: not assessed

Reliability: k > .73,
Validity: not assessed

not applicable

not applicable
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Variable Survev Instrument Type of Quality Criteria in
y Measurement Instrument Validation
Have they been diag-
Chronic pain nosed with chronic pain Checkedi all that not applicable
applied
before
Type of health insur-  What type of health in-  Choice of 1 out of :
. not applicable
ance surance do they have 4 options
: Do they have a perma-
Permanent primary , .
nent primary care phy- yes/no not applicable

care physician

Number of physician
visits in the last year

Currently in psycho-
therapy

Inpatient hospital
stay in the last year

Frequency of inter-
net use

Affinity for technol-
ogy

General health app
usage

Awareness of SAAs
Use of SAAs

Perceived useful-
ness of SAAs

Awareness of DiGA

Use of DIGA

Awareness of ePA

Use of ePA

sician
How often have they
visited a physician in
the last year, based on
Link et al. (16)

Are they currently in
psychotherapy

Were they hospitalized
in the last year, based
on Link et al. (16)

How often have they
used the internet, in-
spired by Fergus & Do-
lan (71)

Affinity for Technology
Interaction Scale (72)

Had they generally
used a health app be-
fore

Did they know of SAAs
(after a description)

Had they used an SAA
before

Usefulness question
based on Knitza et al.
(56)

Did they know of DiGA
(after a description)

Had they used a DiGA
before

Did they know of the
ePA (after a descrip-
tion)

Had they used the ePA
before

numerical text

field

yes/no

yes/no

Choice of 1 out of

5 options

6-point Likert

scale

yes/no

yes/no

yes/no

5-point Likert-type
single question

yes/no

yes/no

yes/no

yes/no

not applicable

not applicable

not applicable

not applicable

Reliability: a > .83
Validity: construct valid-
ity acceptable

not applicable

not applicable

not applicable

not applicable

not applicable

not applicable

not applicable

not applicable
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Variable Survev Instrument Type of Quality Criteria in
y Measurement Instrument Validation
. Had they used an app  Choice of 7 possi-
gungthosr;sdof health for one or multiple of 7 ble functions, not applicable
PP functions before yes/no

Note: The exact answer options of multinomial variables are presented in the supplementary ma-
terial of Kopka et al. (60)

2.4 Data Analysis

We conducted exploratory analyses with an alpha level of .05 and corrected for multiple
testing with the Benjamini-Hochberg procedure as a robustness check. Further, we ex-
cluded the top and bottom 2.5% income values as outliers because these data were con-
sidered implausible after inspection. Since the analysis was exploratory, all results and
p-values should be interpreted as hypothesis-generating, not as hypothesis-testing.

In the publication, we focused on four comparisons: (a) those aware of SAAs with those
unaware of them, (b) those using SAAs with those not using SAAs, (c) those using SAAs
with those aware of but not using SAAs, and (d) those considering SAAs useful to those
considering them unuseful. For the last comparison, we grouped those considering SAAs
“Completely unuseful” or “Somewhat unuseful” into “Unuseful” and those considering
them “Somewhat useful” or “Very useful” into “Useful”. The exact analysis is described in
Kopka et al. (60). As a measure of differences between means and proportions, | will
report A. Furthermore, | will use an alluvial plot as a visualization of the rate of awareness,
use, and perceived usefulness of SAAs, and plots inspired by forest plots as a visualiza-

tion of the differences in characteristics.

In addition to what appears in Kopka et al. (60), | will present two analyses of SAA aware-
ness and willingness to use, comparing them with other eHealth technologies (such as
DiGA and ePA).

| will examine only willingness to use, not general use, since only this subset of respond-
ents can make an informed decision to (not) use SAAs. Comparing users with the whole
sample is not as important for this comparison since user awareness of SAAs would be

a confounding variable when examining SAA use.
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First, the correlations of SAA awareness, willingness to use, and usefulness with being
generally aware of health apps, and with being aware of or using DiGA and ePA will be
reported. These correlations were assessed using the Phi correlation coefficient for binary
data and the Glass rank biserial correlation coefficient for ordinal data (usefulness). For
a better understanding of quantitative differences, absolute numbers and proportions with
confidence intervals will be presented next. The effect sizes (as in the publication) will not
be reported since they are identical to the correlations. Inferential statistics were con-
ducted using Chi-square tests. Second, we asked participants what functions they gen-
erally use in health apps and compared these different functions between users and non-
users (aware of SAAs) using Chi-square tests as well as a visualization of the proportions
in a forest plot.

The data were analyzed using R (version 4.1.2) (73). In addition to the packages used for
the main analyses, | used ggalluvial (74) for data visualization and rcompanion (75) to
calculate the Glass rank biserial correlation coefficient.
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3. Results

In section 3.1, | will give an overview of the results published in Kopka et al. (60) and
summarize the key findings. The first part will provide descriptive statistics on the aware-
ness, use, and usefulness of SAAs. The second part will compare characteristics discov-
ered in previous studies between people who (a) know of SAAs vs. don’t know of them,
(b) use SAAs vs. don’t use them (c) use SAAs vs. know of them but don’t use them (c)
found SAAs useful vs. did not find them useful. The characteristics examined are age,
gender (the proportion of female users), education, and affinity for technology. The third
part will compare influential characteristics—that we exploratively discovered in our

study—between these user groups.

In section 3.2, | will present additional analyses—not published in Kopka et al. (60)—of
the data on the relationship between awareness and use of SAAs and awareness and
use of other eHealth applications. The first part will focus on the association of SAA
awareness, use, and usefulness with other health apps in general and two specific
eHealth technologies available in Germany: Health apps that are covered by health in-
surance (DiGA) and electronic health records (ePA). In the second part of this section, |

will explore how SAA users' health app function use differs from that of nonusers.

3.1 Overview of results from Kopka et al. (60)

The study included data from 1,084 individuals. 16.3% (177/1084) reported having heard
about SAAs and 6.5% (71/1084) had used SAAs. Of those who had heard about SAAs,
40.1% (71/177) had used them before. 21.1% (15/71) of users had found them very use-
ful, 19.7% (14/71) had found SAAs somewhat useful, 33.8% (24/71) had found them to
be sometimes useful, sometimes not, 19.7% (14/71) had found them somewhat unuseful,
and 5.6% (4/71) had found them not useful at all. These proportions are laid out in Figure
1.
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Somewhat useful
(19.7%)

Sometimes useful,
sometimes not
(33.8%)

Awareness Use Usefulness

Figure 1: Proportions of respondents' SAA awareness, use, and usefulness ratings; figure based

on data from Kopka et al. (60), own representation.

There was a statistically significant age difference (Am = 9.5 years, p <.001) between
respondents who were aware of SAAs and respondents who were not. This difference
persists when distinguishing between users and nonusers (Aw = 9.7 years, p < .001).
However, we did not find a statistically significant age difference between SAA users and
nonusers who knew about SAAs (Au = 2.0 years, p =.380), nor did we find any significant
difference between respondents who rated them (s