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Abstract

Background: Symptom-checker applications (SCAS) are layperson-facing tools providing advice on whether and where to seek
care (triage) and / or possible diagnoses. Previous research focused on assessing accuracy and safety of triage advice and
diagnostic suggestions of the myriad of available SCAs, and their usability.

Objective: As studies on SCAS impact remain scarce this trial evaluates an SCA'’s effects on patient-physician interaction and
satisfaction with acute care.

Methods: This parallel-group, randomised, controlled trial was carried out at two emergency departments (EDs) of an academic
medical centre and an emergency practice in Berlin, Germany. Low-acuity patients seeking care in these three trial sites were
randomly assigned to either self-assess their health complaints with awidely available SCA prior to their first encounter with the
treating physician or to care as usual. Our primary endpoint was patients satisfaction with the patient-physician interaction as

measured by the Patient Satisfaction Questionnaire (PSQ). Secondary objectives included patients' anxiety and their satisfaction
with care.

Results: A total of 363 patients were included (intervention: 173, control: 190) in the modified intention-to-treat analysis. PSQ
in the intervention group was similar to the control group (mean (SD): M=78-5 (20-0) vs. 80-8 (19-6); estimated difference: -2-4,
95%-Cl: -6-3to 1-1, p = 0-24). Secondary outcomes revealed no significant group differences, either.

Conclusions: Our study provides no evidence for SCAs improving the patient-physician interaction or satisfaction with care in
acute care. Clinical Tria: Thetrial was registered in the German Clinical Trial Registry (DRK S00028598).
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Abstract

Background

Symptom-checker applications (SCAs) are layperson-facing tools providing advice on whether and where to
seek care and / or possible diagnoses. Previous research focused on assessing accuracy and safety of their
advice and suggestions in available SCAs, and their usability. Studies on SCAs’ impact on clinical care, like

the patient-physician interaction and satisfaction with care remain scarce.

Objective

To evaluate one SCA’s effects on satisfaction with the patient-physician interaction in acute care settings.
Additionally, we examined the influence on patients’ anxiety and trust in the treating physician.

Methods

This parallel-group, randomised, controlled trial was carried out at two emergency departments (EDs) of an
academic medical centre and an emergency practice in Berlin, Germany. Low-acuity patients seeking care in
these trial sites were randomly assigned to self-assess their health complaints with a widely available,
commercial SCA (Ada Health) prior to their first encounter with the treating physician or to care as usual. Our
primary endpoint was patients’ satisfaction with the patient-physician interaction as measured by the Patient
Satisfaction Questionnaire (PSQ). Secondary outcomes investigated patients’ satisfaction with care, their
anxiety, and their physicians’ satisfaction with the patient-physician interaction. We used linear mixed models
to determine the statistical significance of primary and secondary outcomes. Exploratory, descriptive analyses
included patients’ and physicians’ perceptions of the SCA’s utility, and the rate of patients questioning their
physician’s authority.

Results

Between April 11" 2022 and January 25" 2023 we approached 665 patients. 363 patients were included
(intervention: 173, control: 190) in the intention-to-treat analysis of the primary outcome. PSQ in the
intervention group was similar to the control group (mean (SD): M=78.5 (20.0) vs. 80.8 (19.6); estimated
difference: -2.4, 95%-CI: -6.3 to 1.1, p=0.24). Secondary outcomes (patients’ and physicians’ satisfaction with
care, patient anxiety) revealed no significant group differences, either. Patients in the intervention group more
often indicated that the SCA had a beneficial (40.2%, 66/164) than detrimental (1.8%, 3/164) impact on the
patient-physician-interaction, with most reporting no effect (57.9%, 95/164). We observed similar numbers
regarding the SCA’s perceived effect on care. In both groups, physicians rarely reported their authority had
been questioned by a patient (intervention: 1.1% (2/188); control: 2.2% (4/184)). Physicians more often
indicated the SCA had been helpful than unhelpful, but the absolute majority indicated it had been neither
helpful nor unhelpful for the encounter.

Conclusions
We found no evidence for the SCA to improve the satisfaction with the patient-physician interaction and care
in acute care setting. In contrast, patients and their treating physicians described the SCA’s impact as mostly

beneficial. Our study did not reveal negative effects of SCA use commonly described in the literature such as

inducing anxiety or eroding patients’ trust in healthcare professionals.
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Trial Registration
The trial was registered in the German Clinical Trial Registry (DRKS00028598).
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German Ministry of Health
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Introduction

It has become common in the general population to seek health-related information online. In the European
Union more than one in two citizens have searched for health-related information online in the last three
months prior to being surveyed.' Similarly, 74.4% of US adults consulted the internet first for obtaining health
information during their most recent inquiry.” In a German panel study a fifth of the respondents named the
internet as their primary source of health information.® In particular, seeking health-related information online
is common prior to consulting medical services among low-urgency acute care patients.**> While qualitative

12 regarding online information

studies outline concerns from both patients®® and healthcare professionals
exacerbating patient anxiety’ and undermining the patient-physician-relationship, two quantitative,
observational studies investigating the effects of online information seeking showed positive effects on the
perceived quality of care received and the patient-physician-interaction.>'* However, results from an
interventional study measuring these metrics as secondary outcomes did not provide evidence for such a

positive effect.*

One particular source of online health information are symptom checker applications (SCAs). These consumer
apps offer suggestions on potential diagnoses and/or an urgency assessment for the self-reported signs and
symptoms the users enter. SCAs face similar concerns to web-based health information seeking behavior in
general as described above, especially with regards to inducing anxiety '*"'”. Studies estimate the proportion of
SCA users in the German population between 6 and 13%.'®'®'® Some national healthcare services, 2°?!
healthcare systems, **** hospital networks** and insurance companies® have already integrated SCAs into

their service pathways.

So far, research studies have commonly focused on assessing the accuracy and safety of SCA advice?**®, their

28,39-43 6,7,17,30,38,41,44

(potential) impact on patient journeys and allocation , and users’ experience and expectations
but not the SCAs’ actual impact on patient-centred, clinically relevant outcomes. Four recent reviews
concluded that more research on SCAs’ impacts in real-life settings is needed to estimate their utility. ***® To
address this research gap, we conducted a multicentre, randomized controlled trial assessing the effect of SCA
usage in an acute care setting. We focused on patient-physician-interaction, satisfaction with care and users’
anxiety, as these areas commonly feature in discussions about SCAs’ and online health information’s impact
on care.***'%* We bracketed out questions regarding the SCA’s utility for improving patient allocation. The
primary hypothesis was that the intervention would improve patients’ satisfaction with their interaction with

the treating physician. Secondary hypotheses included patients’ satisfaction with the health care received and

their anxiety levels.

https://preprints.jmir.org/preprint/64028 [unpublished, peer-reviewed preprint]
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Methods
Study design, setting and participants

We conducted a multicentre, controlled parallel-group trial with balanced randomization, at three study sites
in Berlin, Germany. Two study sites were emergency departments (EDs) of a large tertiary care university
hospital (CCM: Charité — Universitdtsmedizin Berlin, Campus Mitte in Berlin-Mitte, and CVK: Campus
Virchow-Klinikum in Berlin-Wedding). Both EDs offer a wide spectrum of non-pediatric care for
approximately 50,000 patient encounters yearly and operate an adjunct acute medical admissions ward. The
third site was an emergency practice run by Berlin’s association of statutory health insurance physicians
(Kassenérztliche Vereinigung Berlin) adjunct to the ED of a local hospital (JKB: Jiidisches Krankenhaus
Berlin in Berlin-Gesundbrunnen). The emergency practice is an outpatient clinic offering urgent care outside
of the office hours of regular outpatient clinics to around 4,000 walk-in patients per year. It is commonly
staffed by one specialist physician and one medical assistant. The emergency practice caters to self-referred
patients not requiring care in the adjunct hospital-run emergency department, located in the same building.
This stratification of emergency care is intended to ensure that inpatient resources are used only for urgently
triaged patients. Key inclusion criteria were: self-referred walk-in patients aged 18 years and older with
sufficient German or English language proficiency,the ability to provide informed consent, and an assigned a
treatment urgency rating of yellow, green or blue according to the Manchester Triage System (MTS 3-5) by
the triage nurse. Exclusion criteria were: patient treated without waiting time; cause of the chief complaint
already known according to the patient; patient requiring isolation; patient unable to handle a tablet computer
according to the patient’s own or the study personnel’s judgment; patient already consulted a SCA for their
current complaints prior to seeking care.

Randomization and masking

Participants were randomly assigned to either using the SCA before the first encounter with a treating
physician or care as usual (1:1 ratio). Balanced block randomization with variable block lengths of eight, ten
and twelve was used. The recruiting study personnel were blinded to block size. Each trial site received its
own allocation sequence in sequentially numbered, opaque and sealed envelopes. The allocation sequence was
generated by the Institute of Medical Informatics by a researcher not actively involved in recruitment (MLS)
using the R package blockrand®. Allocation was concealed up to the point of randomization which was
immediately after the patient consented to participating in the trial. After randomization participants, study
personnel and health-care providers were not masked to group assignment due to the intervention design.

Procedures

Following initial triage, patients underwent eligibility screening conducted by the study personnel (study
nurse, student research assistant or study physician) and, upon providing informed consent, were randomly
assigned to either the control or intervention group (see details on randomization below). All participants
completed a baseline survey (baseline anxiety, prior use of SCA, and affinity for technology interaction®")
prior to the first encounter with the treating physician. A survey on socio-demographic and other variables not
subject to change during a patient’s stay (age, sex, native language, country of residence, level of education,
net household income, frequency of using the internet, tablet computers and smartphones, self-perceived
health and chronic morbidity®?, self-efficacy®® eHealth-Literacy®*) was handed out at a suitable time during
their stay, ie either before or after the encounter with the treating physician (sociodemographic survey).
Furthermore, after seeing the treating physician or in exceptional cases within 72 hours thereafter, all

participants were asked to answer a post-encounter survey. Participants in the intervention group completed

https://preprints.jmir.org/preprint/64028 [unpublished, peer-reviewed preprint]
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the self-assessment of their symptoms with SCA after taking the baseline survey but prior to their first
encounter with the treating physician. Following SCA use and preceding consultation with a treating
physician, participants in the intervention group completed a post-SCA survey on their experience with the
SCA and their level of anxiety. We administered all surveys through a tablet computer. Study personnel

instructed the participants on using the tablet.

Study personnel ensured that a print-out of the SCA summary reports were available to the treating physicians
at the time of their first encounter with patients in the intervention group. However, in order not to interfere
with the patient-physician-relationship and care provision, study personnel neither encouraged nor
discouraged the treating physicians to engage with this summary report. All participating physicians were
aware that such summary reports will be in place for patients in the intervention group. After providing care to
the patients, the participating physicians completed the physician-sided, paper-based survey (physician-sided
PSQ, physician’s satisfaction with care provided, whether the patient questioned their authority, physician’s

appraisal of the SCA’s helpfulness and impact on the patient encounter).

At the trial site JKB all patients presenting during recruiting days were screened for eligibility. Due to greater

patient volume, we were unable to screen all patients for eligibility at trial sites CCM and CVK.

The SCA used in the intervention (© 2024 Ada Health GmbH: www.ada.com) was developed independently
of the researchers involved in this trial. We selected this particular commercial SCA out of the many available
based on the available literature on its reported (diagnostic and triage) accuracy, the safety of its advice,its
usability, breadth of conditions and chief complaints covered?******* and its availability in both German and
English. It requires users to detail basic demographic information (such as age and sex), past medical history
(such as smoking behavior and prior diagnoses) and information on the current medical complaints. In this
first step, the user can select an unlimited number of symptoms®®. The user then provides further information
by answering a sequence of closed questions with binary or multiple answer options which the SCA presents
in a conversational manner. Such “conversations” last about six to eight minutes.?****” Then, the SCA
provides an assessment of the urgency of the complaints and suggests one to five probable causes (diagnostic
suggestions), which are illustrated using a Sankey diagram. During the time we conducted our trial, the SCA
inquired neither about the users’ intent to seek care nor their own urgency assessment of their complaints, nor
the diagnoses they suspected. The SCA’s report also summarizes the findings affirmed or denied by the user.
The SCA generates its suggestions using a medical knowledge base, that hard-codes libraries of signs and
symptoms, and diagnoses and their relationships, and a Bayesian network algorithm.”® The company behind
Ada Health describes the algorithm as “artificial intelligence”.”® Further details of the SCA’s underlying
algorithm are not publicly available. Ada Health is the second most frequently used SCA in Germany,
according to 2024 study '°, and according to the developers also widely used in other countries, namely
Australia®.

In the care as usual group patients only used the tablet to fill out the questionnaires (baseline, socio-
demographic, and post-encounter survey) and could not self-assess their symptoms with the SCA via the
tablet. We did not prohibit patients in both groups from searching for online health information or for using a

SCA with their own devices during the participation in the study.

The study personnel observed patients closely for any signs of discomfort during the study procedures. In both

study groups clinical routine care was conducted as usual. Study procedures were interrupted for clinical

https://preprints.jmir.org/preprint/64028 [unpublished, peer-reviewed preprint]
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interventions or if otherwise necessary.

Outcomes
Primary Outcome

The primary outcome was participants’ satisfaction with their interaction with the treating physician assessed

)61,62

by the Patient Satisfaction Questionnaire (PSQ)°"*, an instrument consisting of visual analogue scales ranging

from 0 to 100 for each of 5 items. A Participant’s satisfaction is defined as the average of all five items, with
higher values indicating greater satisfaction. We collected the participants’ responses on the primary outcome
in the post-encounter survey prior to discharge or, in exceptional cases, within 72 hours of discharge in case
the participants left the trial site without completing the post-encounter questionnaire. We considered a mean

difference of 5 points (Scale 0 - 100) between treatment groups as clinically relevant.

Secondary and exploratory outcomes

Participants’ satisfaction with the care received was measured using the “Fragebogen zur
Patientenzufriedenheit” (ZUF-8)®° instrument, a German version of the Client Satisfaction
Questionnaire (CSQ-8)**. The ZUF-8’s scale ranges from 8 to 32 points, with higher values
indicating greater satisfaction. As some participants did not respond to all 8 items of the ZUF-8 (each
having a scale of 1 to 4), we calculated the average value of items to which the participant
responded. Thus, we report our results for the ZUF-8 on a scale from 1 to 4. This is a deviation from
the protocol where we planned no such modification to account for missing values. We expected a
difference of one point in care satisfaction as measured by the ZUF-8 original scale between the
intervention and control, corresponding to 0.125 points on the scale ranging from 1 to 4.

Participants’ anxiety was measured up to three times during the course of the trial: initially after
recruitment (baseline), after using the SCA for participants in the intervention group, and a finally
after the patient-physician-interaction. We used a visual analogue scale with a range from 0 to 100
with higher values indicating greater anxiety®. Physicians’ satisfaction with the patient-physician
interaction was measured using the physician version of the PSQ®"*?, which rephrases the PSQ items
to the physician perspective.

As further exploratory outcomes we report participants’ perceived effect of the SCA on the patient-physician
interaction and patient care (intervention group only; 2 5-point Likert scales), the helpfulness of the SCA’s
report according to physicians (intervention group only; 5 3-point Likert scales), and the physicians’
satisfaction with the care they delivered (regarding overall satisfaction, time to diagnosis, and patient’s length-
of-stay; visual analogue scale ranging from 0 - 100).

Sample size calculation

The trial group made a reasoned choice that a mean difference of at least 5 points in the PSQ score after the
physician encounter between intervention and control group would be clinically relevant:In the literature we
found a standard deviation of the patient-facing PSQ of 14 to 17 points.®* Assuming a standardized mean
difference of 0.3 and equal variance, and considering a two-sided alpha of 0.05, a power of 0.80 and a
medium-sized drop-out rate of 20%, a total of 440 patients were needed (i.e., 220 in each arm of the trial). For
the purpose of sample size calculation, we conservatively employed a two-sample t-test for independent
groups. However, our a priori planned analysis of the primary endpoint involves a mixed effects model, which
accounts for the clustered data structure (details below).

https://preprints.jmir.org/preprint/64028 [unpublished, peer-reviewed preprint]
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Statistical analyses

Descriptive statistics are given as mean with standard deviation (SD), median with the interquartile range
(IQR) or frequency and proportion depending on scale and distribution.

We conducted our primary analysis according to the modified intention-to-treat of principle, including all
randomly assigned patients who reported on at least one item related to the respective primary or secondary
outcome measure in the post-encounter survey. We conducted subgroup analyses by study site as pre-planned.

We analyzed the primary outcome (patients’ satisfaction with the patient-physician interaction as measured by
the PSQ) by means of a linear mixed model with fixed effect for intervention and study site as random effect
(including only participants who responded to at least one item of the PSQ). We report the group means and
standard deviations, the estimator of the linear mixed model, 95% confidence intervals, and the respective p
value. We conducted statistical analyses with R, version 4.4.0°, using the tidyverse®’ for data cleaning. We
bootstrapped confidence intervals and calculated p values using the R packages lme4°® and parameters®,
respectively. For secondary outcomes (patients’ satisfaction with the care received, change in anxiety levels
after SCA use, proportion of participants more anxious after the physician encounter than at baseline,
physicians’ satisfaction with patient-physician interaction) our analyses follow the same approach as for the
primary outcome. As planned, we conducted no adjustments of p values due to multiplicity. To address
missing data in primary and secondary outcomes, multiple imputation techniques were employed as
sensitivity analysis (see Supplementary Table 3). Regarding exploratory outcomes we report descriptive
statistics only.

The researchers statistically assessing the primary outcome were blinded to group assignment. Though not
described in the previously published study protocol, we imputed missing data for primary and secondary
endpoints as a sensitivity analysis using the R package mice”®.

Ethical considerations

All participants provided written informed consent. We made consent forms and participant-facing
information leaflets on the study available in English and German. The information leaflet included
information on the study’s intended purpose, design, procedure, the responsible persons, how and by whom
their personal data was processed for the purposes of the study,and the participants’ rights including rights
stemming from the European Union’s General Data Protection Regulation.The trial, the consent forms and
information leaflets, were approved by the Institutional Review Board at Charité — Universitdtsmedizin Berlin
(reference number: EA2/284/21). We put in place technical and organizational measures to adhere to the
European Union’s General Data Protection Regulation with the support of the Charité — Universitdtsmedizin
Berlin’s Clinical Trial Office. These measures included pseudonymizing data prior to conducting analyses,
limiting access to all trial data, and storing and processing potentially re-identifiable trial data on servers
owned and maintained by Charité — Universitdtsmedizin Berlin. To render data reported in this paper
anonymous, we only report aggregate statistics. The trial was prospectively registered in the German Clinical
Trials Register (DRKS-ID: DRKS00028598). The protocol has been previously published.”* This manuscript
follows the Consolidated Standards of Reporting Trials (CONSORT) statement.”” We compensated each
participating patient with a 10€ gift voucher redeemable at over 300 brands and e-commerce platforms.
Treating physicians received a 5€ gift voucher for every survey they completed on an encounter with a patient

enrolled in the trial.
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Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data interpretation, writing
of the report, or decision to submit for publication. The developer of the SCA “Ada Health” was not a sponsor
of the study and had no role in study design, data collection, data analysis, data interpretation, writing of the

report, or decision to submit for publication, either.

Results

Recruitment took place from April 11" 2022 to January 25" 2023. We extended the recruitment phase beyond
the planned six months to account for staff shortage and COVID-19 pandemic related restrictions. We finished
recruitment on the day when we reached the pre-determined sample size. We enrolled 442 participants, 220 of
which were randomly assigned to the intervention group, and 222 to the control group. Two eligible
participants in the control group dropped out immediately after randomization, one due to organizational
issues, the other because of a medical condition. Three participants assigned to the intervention group
withdrew their consent and five further participants were lost due to organizational issues. Of the 434 included
participants 188 (43.3%) reported a male, 220 (50.7%) female, and 4 (0.9%) diverse sex (the remaining 22
provided no indication of sex). The median age of participants was 36 years (IQR 25). Full details of group
characteristics at baseline are reported (Table 1). The baseline survey was completed by 426 participants (206
participants assigned to the intervention and 220 participants to the control group). Of these, 363 provided
sufficient data to determine the primary outcome (173 assigned to the intervention group, 190 assigned to the
control group), with all of these but two (both assigned to the intervention group) completing all surveys.
Figure 1 provides all numbers of participants who completed the surveys over time.

Supplementary Table 1 juxtaposes sex and age distributions of enrolled patients and all patients presenting at
these trial sites during the trial period.
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Figure 1 Recruitment Flowchart
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Trial profile outlining the total number of patients screened, randomized, completing study surveys at multiple

times during their stay, and included in the analysis for the primary endpoint. SCA = symptom checker

application. We conducted a multicentre, controlled parallel-group trial, at three study sites in Berlin,

Germany. Between April 2022 and January 2023, we recruited self-referred, adult walk-in patients presenting

with an acute and undiagnosed chief complaint. The intervention group self-assessed their complaints with an

SCA prior to the first encounter with a treating physician while the control group received care as usual. After

the patient-physician-encounter we surveyed patients and physicians on the patient-physician-interaction and

their satisfaction with care.

Table 1 Baseline characteristics

|

Control

Intervention
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n 222 212
Age in years 36 (19) 30 (16)
Sex
Male 96 (43%) 92 (43%)
Female 122 (55%) 98 (46%)
Other 2 (1%) 2 (1%)
NA 2 (1%) 20 (9%)
Questionnaire completed in English 49 (22%) 54 (26%)
Native language
German 120 (54%) 103 (49%)
English 20 (9%) 20 (9%)
Other 78 (35%) 68 (32%)
NA 4 (2%) 21 (10%)
Residence
Currently  residing  in | 209 (95%) 175 (83%)
Germany
Currently residing outside | 10 (5%) 16 (8%)
of Germany
NA 3 (1%) 21 (10%)
Education
Student 6 (3%) 7 (3%)
Basic education 1 (<1%) 0 (0%)
Lower secondary | 13 (6%) 12 (6%)
education after year 9 or 10
Lower secondary | 38 (17%) 25 (12%)
education until year 10
High school degree for | 135 (61%) 124 (59%)
university entrance
Other  school leaving | 21 (10%) 23 (11%)
certificate  (e.g. awarded
abroad)
NA 8 (4%) 21 (10%)
Professional qualification
No qualification;  still | 28 (13%) 26 (12%)
undergoing  professional
training, e.g. student,
trainee, in pre-vocational
training, intern
No professional | 12 (5%) 13 (6%)
qualification and  not
undergoing training
Apprenticeship - receiving | 21 (9%) 10 (5%)
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vocational training from a

company
Training at a vocational | 32 (14%) 17 (8%)

school, commercial school
- combined vocational and

academic education
Technical college, | 14 (6%) 11 (5%)

e.g. guild school, school
for technicians, vocational

or professional academy
University of  applied | 18 (8%) 16 (8%)

sciences, engineering

college, advanced technical

college

University or college 82 (37%) 87 (41%)

Other formal qualification | 5 (2%) 8 (4%)

(e.g. acquired abroad)

NA 10 (5%) 24 (11%)
Net household income

Less than 1.800€ 53 (24%) 61 (29%)

1.801€ to 2.800€ 50 (23%) 41 (19%)

2.801€ to 4.000€ 44 (20%) 25 (12%)

More than 4.000€ 39 (18%) 43 (20%)

NA 36 (16%) 42 (20%)
Anxiety (0-100) 73 (26) 72 (21)
Triage category

3 85 (38%) 67 (32%)

104 (47%) 110 (52%)
5 3 (1%) 1 (<1%)
NA 30 (14%) 34 (16%)

Self-efficacy (ASKU)
eHealth literacy (eHEALS) 3.5(0.88) 3.6 (1)
Self-perceived health

Very good 38 (17%) 43 (20%)
Good 110 (50%) 83 (39%)
Fair 54 (24%) 47 (22%)
Bad 14 (6%) 18 (8%)
Very bad 4 (2%) 1 (<1%)
NA 2 (1%) 20 (9%)
Chronic morbidity

Yes 99 (45%) 74 (35%)
No 115 (52%) 115 (54%)
NA 8 (4%) 23 (11%)
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Internet usage
Daily 201 (91%) 178 (84%)
Several times a week 15 (7%) 9 (4%)
Several times a month 4 (2%) 2 (1%)
Never 0 (0%) 3 (1%)
NA 2 (1%) 20 (9%)

Tablet usage
Daily 37 (17%) 33 (16%)
Several times a week 32 (14%) 22 (10%)
Several times a month 24 (11%) 21 (10%)
Several times a year 36 (16%) 31 (15%)
Never 86 (39%) 83 (40%)
NA 7 (3%) 22 (10%)

Previously used SCAs 12 (5%) 14 (7%)

Baseline characteristics of the intention-to-treat population. Data are n, n (%) or median (IQR). ASKU =
“Allgemeine Selbstwirksamkeit Kurzskala”, an instrument measuring individuals’ self-efficacy. eHEALS =
eHealth Literacy Scale. SCA = symptom checker application. NA refers to both missing responses and
respondents indicating their preferences not to provide a response. The higher dropout rate in the
intervention group yields a greater proportion of NAs relative to the control group. We conducted a
multicentre, controlled parallel-group trial, at three study sites in Berlin, Germany. Between April 2022 and
January 2023, we recruited self-referred, adult walk-in patients presenting with an acute and undiagnosed
chief complaint. The intervention group self-assessed their complaints with an SCA prior to the first
encounter with a treating physician while the control group received care as usual. After the patient-
physician-encounter we surveyed patients and physicians on the patient-physician-interaction and their
satisfaction with care.

Primary Outcome

Across all three recruiting sites, participants’ mean PSQ scores were close to 80 (on a scale from 0 to 100) in
both groups, see Table 2. The linear mixed effects model revealed no significant fixed effect for group
(estimate: -2.4, 95%-CI: -6.3 to 1.1, reference: control group). While in two recruiting sites (CCM and JKB)
patient-sided PSQ scores were similar between participants in the control and intervention group, for
participating patients from the CVK site in the intervention group on average we observed 11-point lower
satisfaction with the patient-physician interaction than their controls (see Supplementary Table 2). The
employment of different imputation methods revealed no significant effects of missing data (see

Supplementary Table 3).

Table 2 Primary and secondary endpoints according to each study group
in the modified intention-to-treat population

‘ Control ‘ Intervention ‘ p value
Patient satisfaction with patient-physician interaction (patient-sided PSQ)
Descriptive 80.8 (19.6); n=190 78.5 (20); n=173 .
Estimate for fixed effect | .. -24(-6.3-1.1) 0.24
of study group in linear
mixed model,
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intervention to control

group

Patient satisfaction with care (ZUF-8)

Descriptive 2.6 (0.2); n=190 2.6 (0.2); n=173

Estimate for fixed effect | .. 0.02 (-0.02 - 0.06) 0.27
of study group in linear

mixed model,

intervention to control

group, 95% CI

Change in anxiety level, before SCA use to after

Descriptive - -1.7 (13.5); n=199

Estimate for fixed effect | - -0.1 (-5.0-4.5) 0.96
of study group in linear
mixed model, 95% CI
Participants more anxious after the physician encounter than at baseline
n (%) 39/191 (20.4%) 36/173 (20.8%) ..
Estimate for fixed effect | .. 0.0 (-0.5-10.6) 0.93
of study group in
generalized linear mixed
model, 95% CI
Physician satisfaction with patient-physician interaction (physician-sided PSQ)

Descriptive 76.3 (14.9); n=203 73.7 (15.3); n=191 .
Estimate for fixed effect | .. -2.7 (-5.4-0.5) 0.08
of study group in linear

mixed model,

intervention to control

group, 95% CI
Summary table of the primary and secondary outcomes. Data are n/N (% or proportion) or mean (SD) unless
otherwise stated. PSQ = Patient Satisfaction Questionnaire. ~ZUF-8 = Fragebogen zur
Patientenzufriedenheit, a German version of the Client Satisfaction Questionnaire (CSQ-8). SCA = symptom
checker application. Patient anxiety was assessed at baseline, dafter using the SCA (intervention group only)
and after the physician encounter with a visual analogue scale with a range from 0 to 100, with lower values
indicating less anxiety. We conducted a multicentre, controlled parallel-group trial, at three study sites in
Berlin, Germany. Between April 2022 and January 2023, we recruited self-referred, adult walk-in patients
presenting with an acute and undiagnosed chief complaint. The intervention group self-assessed their
complaints with an SCA prior to the first encounter with a treating physician while the control group received
care as usual. After the patient-physician-encounter we surveyed patients and physicians on the patient-
physician-interaction and their satisfaction with care. We surveyed patients’ anxiety regarding their symptoms
at multiple steps during the trial (before and dfter the physician encounter, and in the intervention group
additionally after using the SCA).

Secondary Outcomes
Satisfaction with care (ZUF-8)

On average, participants in the intervention and control group reported similar ZUF-8 average scores (control
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group: mean of average score of 2.6 (SD = 0.2), N = 190; intervention group: mean of average score of 2.6
(SD =0.2), N = 173). The estimated group difference (0.02, 95%-CI: -0.02 to 0.06, p = 0.27) is lower than the
hypothesized 0.125.

Anxiety induced by SCA usage

On average, patients reported slightly lower levels of anxiety immediately after using the SCA (66.7 vs. 64.5,
i.e.-1.7 points, on a scale from 0 to 100, n=199), though this decrease was not statistically significant
(estimate = -0.1, 95%-CI: -5.0 to 4.5, p = 0.96). Approximately one third of patients (70/199, 35.2%) in the
intervention group reported increased values of anxiety after the SCA assessment, about half (n=36/70) of
them indicating that their anxiety increased by more than 5 points. At the same time, one quarter (52/199,
26.1%) of patients in the intervention group reported a decrease in anxiety by more than 5 points. In both
groups a fifth of participants reported greater levels of anxiety after the physician encounter than their baseline
level (see Table 2).

Treating physicians’ satisfaction with interaction (physician-sided PSQ)

Participating physicians completed the physician-facing PSQ in 91% of cases, with scores missing regarding
19/222 patients in the control group and 21/212 patients in the intervention group. Participating physicians on
average reported lower PSQ scores (73.7, SD: 15.3) for patients in the intervention group than regarding
patients in the control group (76.3, SD: 14.9). This group difference was less than the 5 points (on a scale from
0 to 100) we deemed relevant in the study protocol and was not significant (95%-CI: -5.4 to 0.5, p = 0.08). In
2 of the 4 imputation methods we applied, mean differences reached significance (see Supplementary Table
3). These differences still were below the predefined 5-point group-difference we deemed clinically relevant.
For all remaining secondary outcomes, none of the four imputation approaches yielded statistically significant
differences, see Supplementary Table 3).

Differences in primary and secondary outcome measures between intervention and control group did not turn
significant when including only patients of the intervention group whose treating physician took note of the

SCA report (data not shown).

Further exploratory analyses

Patient-reported effects of the SCA

When asked about the perceived effect of the SCA on the patient-physician-interaction, more than half of the
participants in the intervention group reported no effect (57.9%, 95/164). More participants (40.2%, 66/164)
reported a (rather) positive influence than a (rather) negative effect (1.8%, 3/164). The numbers were similar
when asked about the perceived effect on the care received, see Supplementary Table 4. The numbers also
remain similar when considering only cases where the physician indicated to have taken notice of the SCA’s
report (data not shown).

Effects of the SCA based on physician-reported outcomes

Physicians reported to have taken notice of the SCA’s summary report and recommendations for majority of
patients in the intervention group (59.9.%, 112/187). Physicians most often indicated that the SCA was neither
helpful nor unhelpful with the five pre-specified tasks, see Supplementary Table 5). For all five tasks, the SCA
was rated (rather) helpful more often than (rather) unhelpful. The SCA was considered most helpful for
history taking, diagnosis and conveying information to the patient. This remains unchanged when considering
only cases where the treating physician indicated to have seen the SCA’s report (data not shown).

Physicians rated their satisfaction with the patient care they delivered, the adequacy of time to diagnosis and
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the adequacy of overall length of stay of their patients about equal across both trial groups, see Supplementary
Table 6. In both groups, treating physicians reported only very few instants of patients questioning their
authority (intervention group: 2/188 (1.1%); control group: 4/184 (2.2%)).

Discussion

The AkuSym study was the first RCT to investigate the impact of using an SCA prior to contact with the
treating physician on patients’ satisfaction with the patient-physician interaction. There was no significant
effect of SCA usage in the ED on the primary endpoint (patients’ satisfaction with the patient-physician-
interaction) or the pre-specified secondary endpoints (patients’ anxiety, patients’ satisfaction with care,
physicians’ satisfaction with the patient-physician-interaction). Patients’ and physicians’ satisfaction with their
interaction did not increase with patients’ prior use of the SCA, nor did the satisfaction with the care they
received or, respectively, the care their physicians provided. Similarly, measures relating to care efficiency,
i.e. physicians’ appraisal of the time to diagnosis and length of stay, did not demonstrate a benefit of the SCA
(no group difference between treatment groups). This contrasts with the perceived effects of the SCA as
around a third of patients in the intervention group indicated that the SCA positively impacted their patient-

physician-interaction and the care they received.

This discrepancy between measured effects of the SCA and patients’ perception thereof is in line with
previous literature on patients seeking health information online prior to receiving urgent care services: a
survey-based observation study suggested a positive impact with 77.3% (150/196) of patients that had
searched their current health problems prior to visiting an ED reported this to have improved the patient-
physician relationship.” Meanwhile a RCT primarily investigating the effect of web-based searches on the
accuracy of patient generated differential diagnoses did not provide any evidence for an effect of web-based
searches on its secondary endpoints (patient-reported satisfaction with care, patients’ and physicians’
satisfaction with the patient-physician relationship, and patient’s anxiety).*

We found the same discrepancy between perceived and measurable influence of the SCA on the side of the
treating physicians: while the treating physicians of patients in the intervention group often considered their
patient’s use of the SCA helpful for certain tasks like diagnosis, this did not translate into a relevant difference

in the physicians’ appraisal of the adequacy of time-to-diagnoses between the intervention and control groups.

These discrepancies give rise to further questions why the perceived positive impact did not materialize in our
study: they may, for example, have not been recorded by our choice of endpoints, materialize only in certain
subgroups or different usage scenario.

Our trial cannot provide evidence for benefits of SCAs in acute care. However, it also provides no evidence
for negative effects of such tools which are commonly at the core of reservations from providers and patients:
more patients reported a relevant decrease than increase of anxiety after SCA usage, and only very few
physicians reported that their patients questioned their authority - with no difference between the groups.

Two in five physicians did not take notice of the SCA report prior to seeing the respective patient. This might
have abated the SCA’s effect on the patient-physician-interaction. Leaving it up to the patient to address the
report and within the physician’s discretion to consult a decision or documentation support tool better reflects
the reality of acute care. Thus, we deliberately decided not to recommend physicians to engage with the SCA
report.

This study has limitations: SCAs are used in a variety of different scenarios and by users with heterogeneous
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expectations.””*’ Our findings are likely not generalizable to many of these usage scenarios of SCAs. Our
patients used the SCA while being in an ED. It is plausible that the SCA might have influenced patients’
anxiety levels differently if they had used it at home, outside of a care setting. Our trial included a single SCA
of the many available SCAs. Others SCAs may well impact patients, physicians and clinical care differently.
We deliberately focused on investigating the SCA’s effects on the patient-physician relationship and
satisfaction with care. Our study does not address the investigated SCA’s utility for navigating patients
through a healthcare system safely and efficiently, as we recruited patients who had already decided to seek
care in one of the three trial sites. Thus, the participating patients’ valuation of the SCA’s utility does not relate
to the use case of consulting the SCA prior to seeking care.

Further, it is crucial to note that our findings may not reflect important differences between subgroups: The
positive and negative effects of SCAs might be specific to a certain subset of users (for example, users with
previous experience with online health information, users with hypochondric traits, etc). Most of our patients
in the intervention had never used an SCA before. This may be a strength of our trial as it allows us to
estimate the effect of SCAs when utilized by a broader and more diverse population than their current users
(early adopters). The impact of SCA use might differ between their current users who referred themselves to
using these apps, and users prompted to use these apps for example by healthcare providers. However, the
proportion of trial participants with prior experience with SCAs is too small in our sample to investigate this
meaningfully. Additionally, all our trial sites are in a highly urban location and recruited study participants
were younger than the entirety of patients presenting at the trial sites during the recruitment period. Thus, the
patient collective is not representative of the entire acute care patient population.

Due to German employee data protection requirements, we were not allowed to match participating patients to
their treating physicians. Thus, we are unable to investigate whether physician-related variables confounded

our results.

Post-recruitment, we observed a baseline difference in age, with the control group participants being, on
average, 5 years older than those in the intervention group. Despite rigorous efforts to identify violations of
the study procedure, we found no such violations of the recruitment procedure as the cause. Given that
younger age correlated with higher usability reported by the patients in our study, the younger average age of

our intervention group could have biased our trial’s results in favor of the SCA.

While research is still investigating differences between search-engine based access to online health
information and SCAs, advances in generative artificial intelligence (AI) spawned new means for
laypersons (and professionals). Though some SCAs, including the one used in this trial, have been
shown to have high values for usability, accuracy and safety, our research corroborates that this
might not in itself translate into added value for clinical care. This view is encouraged by a recent
study not finding a commercially available, patient-facing computerised diagnostic decision support
system to improve diagnostic quality’”®. Even newer generative Al-based applications designed to
support clinical care may face a similar struggle’. Possible avenues forward are integrating such
intelligent support tools in a more sophisticated fashion into existing processes and/or expanding
their functions’.

Conclusion

In summary, we conducted to our knowledge the first non-industry funded, randomized controlled trial
investigating clinically relevant effects of using a SCA (Ada Health) in an acute care setting. Our trial yields
no evidence for relevant positive or negative effects of using an SCA prior to the physician encounter on the
patient-physician relationship and satisfaction with care. Both patients and physicians more often perceived
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the SCA’s influence as positive than negative. Thus, it remains an open question whether the perceived
positive effects are unsubstantiated, were not captured by our choice of endpoints, or materialize only in
certain subgroups or different usage scenarios. Our study did not reveal negative effects of SCA use
commonly described in the literature such as inducing anxiety or eroding patients’ trust in healthcare
professionals. Our trial underscores the need for and value of clinical trials on mobile health applications as
high usability and high levels of reported accuracy did not translate in improving patient and physician
reported outcomes.
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Trial profile outlining the total number of patients screened, randomized, completing study surveys at multiple times during
their stay, and included in the analysis for the primary endpoint. SCA = symptom checker application. We conducted a
multicentre, controlled parallel-group trial, at three study sitesin Berlin, Germany. Between April 2022 and January 2023, we
recruited self-referred, adult walk-in patients presenting with an acute and undiagnosed chief complaint. The intervention group
self-assessed their complaints with an SCA prior to the first encounter with atreating physician while the control group
received care as usual. After the patient-physician-encounter we surveyed patients and physicians on the patient-physician-
interaction and their satisfaction with care.
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