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ABSTRACT

Objectives To compare breadth of condition coverage,
accuracy of suggested conditions and appropriateness

of urgency advice of eight popular symptom assessment
apps.

Design Vignettes study.

Setting 200 primary care vignettes.
Intervention/comparator For eight apps and seven
general practitioners (GPs): breadth of coverage and
condition-suggestion and urgency advice accuracy
measured against the vignettes’ gold-standard.

Primary outcome measures (1) Proportion of conditions
‘covered’ by an app, that is, not excluded because the
user was too young/old or pregnant, or not modelled; (2)
proportion of vignettes with the correct primary diagnosis
among the top 3 conditions suggested; (3) proportion of
‘safe’ urgency advice (ie, at gold standard level, more
conservative, or no more than one level less conservative).
Results Condition-suggestion coverage was highly
variable, with some apps not offering a suggestion for
many users: in alphabetical order, Ada: 99.0%; Babylon:
51.5%; Buoy: 88.5%; K Health: 74.5%; Mediktor:

80.5%; Symptomate: 61.5%; Your.MD: 64.5%; WebMD:
93.0%. Top-3 suggestion accuracy was GPs (average):
82.1%:=5.2%; Ada: 70.5%; Babylon: 32.0%; Buoy:
43.0%; K Health: 36.0%; Mediktor: 36.0%; Symptomate:
27.5%; WebMD: 35.5%; Your.MD: 23.5%. Some apps
excluded certain user demographics or conditions

and their performance was generally greater with the
exclusion of corresponding vignettes. For safe urgency
advice, tested GPs had an average of 97.0%=2.5%. For
the vignettes with advice provided, only three apps had
safety performance within 1 SD of the GPs—Ada: 97.0%;
Babylon: 95.1%; Symptomate: 97.8%. One app had a

safety performance within 2 SDs of GPs—Your.MD: 92.6%.

Three apps had a safety performance outside 2 SDs of
GPs—Buoy: 80.0% (p<0.001); K Health: 81.3% (p<0.001);
Mediktor: 87.3% (p=1.3x107%).

Conclusions The utility of digital symptom assessment
apps relies on coverage, accuracy and safety. While no
digital tool outperformed GPs, some came close, and

the nature of iterative improvements to software offers
scalable improvements to care.
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Strengths and limitations of this study

» The study included a large number of vignettes
which were peer reviewed by independent and ex-
perienced primary care physicians to minimise bias.

» General practitioners and apps were tested with
vignettes in a manner that simulates real clinical
consultations.

» Detailed source data verification was carried out.

» Vignette entry was conducted by professionals as
a recent study found that laypeople are less good
at entering vignettes for symptoms that they have
never experienced.

» Limitations include the lack of a rigorous and
comprehensive selection process to choose the
eight apps and the lack of real patient experience
assessment.

INTRODUCTION

Against the background of an ageing popula-
tion and rising pressure on medical services,
the last decade has seen the internet replace
general practitioners (GPs) as the first port
of call for health information. A 2010 survey
of over 12000 people from 12 countries
reported that 75% of respondents search for
health information online,1 with some two-
thirds of patients in 2017 reporting that they
‘google’ their symptoms before going to the
doctor’s office. However, online search tools
like Google or Bing were not intended to
provide medical advice and risk offering irrel-
evant or misleading information.” One poten-
tial solution is dedicated symptom assessment
applications (ie, apps),” which use a struc-
tured interview or multiple-choice format
to ask patients questions about their demo-
graphic, relevant medical history, symptoms,
and presentation. In the first few screening
questions, some symptom assessment apps
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exclude patients from using the tool if they are too young,
too old, are pregnant, or have certain comorbidities,
limiting the ‘coverage’ of the tool. Exclusion limits the
range of users for whom the app can be turned to for
advice, but, depending on the market segment the app
manufacturer wants to address, having a narrow coverage
may be appropriate, and it may in certain circumstances
have advantages, for example, if it was a requirement of
a regulatory authority within a certain jurisdiction, or, if
it was possible to design the app with greater usability by
narrowing its focus. Assuming the patient is not excluded,
these software tools use a range of computational
approaches to suggest one or more conditions that might
explain the symptoms (eg, common cold vs pneumonia).
Many symptom assessment apps then suggest next steps
that patients should take (levels of urgency advice, for
example, self-care at home vs seek urgent consultation),
often along with evidence-based condition information
for the user.

A recent systematic review of the literature identified
that rigorous studies are required to show that these apps
provide safe and reliable information® in the context for
which they were designed and for which they have regu-
latory approval. Most previous studies considered only a
single symptom assessment app, focused on specific (often
specialty) conditions, had a small number of vignettes
(<50), were relatively uncontrolled in the nature of the
cases presented, and suffered a high degree of bias.* For
example, a previous study examined the performance of
the Mediktor app in the emergency department (ED)
waiting room.” While this is a valid setting, most apps were
designed and approved for use primarily at home and for
newly presenting problems; accordingly, some 38.7% of
patients had to be excluded. Few studies have systemati-
cally compared symptom assessment apps to one another
in this context, which is particularly important as apps
may increasingly be used to supplement or replace tele-
phone triage.* This is particularly relevant in 2020 due to
the COVID-19 pandemic—early in the spread of COVID-
19, healthcare facilities risked being overwhelmed and
furthering contagion, so communication strategies were
needed to provide patients with advice without face-to-
face contact.®”

In contrast to deploying apps in a heterogeneous real-
world setting, where participants would not have the time
to re-enter their symptoms multiple times, and may not
receive a verifiable diagnosis, clinical vignettes studies
allow direct comparison of interapp and app-to-GP
performance.'”* Clinical vignettes are created to repre-
sent patients, these are reviewed and then assigned gold-
standard answers for main and differential diagnoses and
for triage. The clinical vignettes are then used to test both
apps and GPs. GPs are assessed through mock telephone
consultations and apps through their normal question
flow.” ® Clinical vignettes studies have the advantage of
enabling direct GP-to-app comparison, allowing a wide
range of case types to be explored, and are generalisable
to ‘real-life’ situations, but are complementary to, not a

replacement for, real-patient studies.* '” '* Seminal work
at Harvard Medical School has established the value of
such approaches but has not been updated recently.”®
The objective of the current study was to compare the
coverage, suggested condition accuracy, and urgency
advice accuracy of GPs and eight popular symptom assess-
ment apps which provide, for a general population, condi-
tion suggestions and urgency advice: Ada, Babylon, Buoy,

K Health, Mediktor, Symptomate, WebMD, and Your.MD.

We had three primary hypotheses:

1. That GPs would have better performance than the
apps in the three metrics of (a) condition suggestion
accuracy, (b) appropriateness of urgency advice and
(c) safety of urgency advice.

2. That performance of each app would be consistent
across the three metrics (condition-suggestion accura-
cy, appropriateness and safety of urgency advice).

3. That apps would differ from one another in their per-
formance across the three metrics.

Exploration of these hypotheses is important for users
of the applications and for physicians.

METHODS

The process for clinical vignette creation, review and
testing of the GPs and the apps using the vignettes is
shown in figure 1.

Clinical vignette creation

An independent primary care clinical expert consultant
(JC) was commissioned to lead the creation of 200 clinical
vignettes: JC has over 25 years’ experience in general prac-
tice and emergency practice and has also had many years
of experience in creating and customising algorithms
for use in telephone triage and for internet-based self-
assessment, including for National Health Service, UK (NHS
Direct). The vignette creation team also included two GPs
(SU and AB—employees of Ada Health), each with over
5 years primary care and ED experience. SU and AB had
worked for the Ada Health telehealth service Dr Chat but
were not involved in the development of Ada’s medical
intelligence. The vignettes were designed to include both
common and less-common conditions relevant to primary
care practice, and to include clinical presentations and
conditions affecting all body systems. They were created
to be fair cases representing real-world situations in which
a member of the public might seek medical information
or advice from a symptom assessment app, or present to
primary care. Most of the clinical vignettes were newly
presenting problems experienced by an individual or by a
child in their care, and they included some patients with
chronic conditions, for example, diabetes, hypertension,
and so on (see online supplemental tables 1-3).

The origin of 32.0% of the vignettes (numbers 1-64)
was anonymised insights from transcripts of real calls
made to NHS Direct (a UK national nurse-led telephone
next-steps advice/triage service operational until 2014)
which had previously been used as part of an NHS Direct
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vignette creation; (2) vignettes review and answer setting; (3)
testing of general practitioners (GPs); and (4) adjudication of
matching of condition suggestions to the gold standard.

benchmarking exercise for recommended outcomes
(these were used with full consent of NHS Direct). The
remaining 68.0% of the vignettes were created by the
vignette creation team (JC, SU and AB), including joint
assignment of the most appropriate main diagnosis and
differential diagnoses, as a starting point for the vignette
gold-standard answers. The vignettes included the sex and
age of the patient, previous medical history (including
factors such as pregnancy, smoking, high blood pressure,
diabetes, other illnesses), the named primary complaint,
additional information on the primary complaint and
current symptoms, and information to be provided only
‘if asked’” by the tested-GP or symptom assessment app

Table 1 Triage levels assigned to each clinical vignette

Level of urgency advice Description

Call ambulance

Go to emergency department
See primary care within 4 hours
See primary care same day
See primary care non-urgent
Home care

o O W N =

(see online supplemental table 3). Each vignette was
created with a list of gold standard correct conditions,
arrived at through the majority decision of the vignette
creation panel. This list included a main diagnosis and a
list of other differential diagnoses (generally between one
and four, but length-varying per vignette, as appropriate
to the clinical history).

Vignette review

The vignettes were reviewed externally by a panel of three
experienced primary care practitioners, each with more
than 20 years primary care experience (see acknowl-
edgements), recruited from the professional network of
JC. The role of the review panel was to make changes to
improve quality and clarity, and to set the gold-standard
main diagnosis and differential diagnoses; this was deter-
mined by the majority view.

The gold-standard triage level was set independently of
vignette creation, vignette review and vignette diagnosis
gold-standard setting — this was done by a separate panel
of three experienced primary care practitioners using a
tie-breaker panel method based on the matching process
set out by.6 The gold-standard optimal triage was assigned
by the panel to asix-point scale (see table 1), independent
of the native levels of urgency advice of any of the eight
apps. The tested-GPs’ triage and the levels of urgency
advice of each app were mapped to this scale using the
linear mapping set out in online supplemental figure 1.

Assessment of apps and GPs using vignettes

Seven external GPs were tested with the vignettes (the
‘tested-GPs’), providing condition suggestions (prelimi-
nary diagnoses) for the clinical vignettes after telephone
consultations with JC, who had the role of ‘patient-actor’—
physician. All tested GPs were listed on the GP Register
and licensed to practice by the UK General Medical
Council and had an average of 11.2 years clinical expe-
rience post qualification as a doctor and 5.3 years post
qualification as a GP. The seven GPs were recruited from
the professional networks of AB, SU and JC. Of these,
four had previously worked for the Ada Health telehealth
service Dr Chat but were no longer employees at Ada. This
prior employment did not include any involvement in the
development of the Ada symptom assessment app. The
other three GPs had no employment connection to any of
the app manufacturers. Five of the tested GPs completed
telephone consultations for all 200 clinical-vignettes. One
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GP completed 130 telephone consultations but had to
withdraw due to personal reasons. Another GP completed
100 telephone consultations but had to withdraw due to
work commitments. Based on the information provided
in the telephone consultation, the GPs were asked to
provide a main diagnosis, up to five other differential
diagnoses, and a single triage level (appropriate to a tele-
phone triage setting).

Assessment of vignettes by the symptom assessment apps
and ‘coverage’

The clinical vignettes were entered into eight symptom
assessment apps by eight primary care physicians playing
the role of ‘patient’— (app-entry-Dr-1 to -8 in figure 1).
The versions of the symptom assessment mobile apps
assessed were the most up to date version available for
iOS download between the dates of 19 November 2019
and 9 December 2019. The version of the Buoy online
symptom assessment tool used was the version available
online between the dates of 19 November 2019 and 16
December 2019. The symptom assessment apps inves-
tigated were Ada, Babylon, Buoy, K Health, Mediktor,
Symptomate, WebMD, Your.MD (see online supplemental
table 4 for a description of these apps). The eight physi-
cians were recruited from the professional network of
AB, FP and SU. They were listed on the GP Register and
licensed to practice by the UK General Medical Council,
with at least 2 years of experience as a GP and had never
worked or consulted for Ada Health; these physicians
had no other role in this study. Each physician entered
50 randomly assigned vignettes (out of 200) into each of
four randomly assigned symptom assessment apps. If the
app did not allow entry of the clinical vignette (lack of
coverage), the reason for this was recorded, as was the
reason for every vignette for which condition suggestions
or levels of urgency advice were not provided. If entry was
permitted, the physician recorded the symptom assess-
ment app’s condition suggestions and levels of urgency
advice and saved screenshots of the app’s results to allow
for source data verification. In this way, each vignette was

entered once in each app, with four physicians entering
vignettes in each app.

Source data verification

Source data verification was carried out (100% of screen-
shots compared with spreadsheet data) and any missing
or inaccurately transcribed data in the spreadsheets was
quantified, recorded in this report and corrected to
reflect the screenshot data.

Metrics for assessing condition-suggestion accuracy

We compared the top-1 suggested condition (M1), the
top-3 suggested conditions (M3), and the top-5 suggested
conditions (Mb5) provided by the seven tested GPs and
the eight apps to the gold-standard main diagnosis. We
also calculated the comprehensiveness and relevance of
each GP’s and each app’s suggestions'—see table 2 for a
description of the metrics used for comparing condition-
suggestion accuracy.

Assigning matches between tested-GPs/apps and the gold-
standard

Every suggested condition from the tested GPs and the
apps was submitted anonymously to an independent
panel of experienced primary care physicians who were
recruited from the professional network of FP, and who
were listed on the GP Register and licensed to practice by
the UK General Medical Council, with at least 2 years of
experience as a GP and had never worked or consulted
for Ada Health. The panel had the role of deciding if
the suggested condition matched the gold-standard diag-
noses list, unless there was an explicit exact match—that
is, identical text of the answer from the tested-GP/app
and the gold standard. Matching was decided using a tie-
breaker panel method which was based on the method
set out by.” The panel was presented with the condi-
tion suggestions blinded to their source. Panellists were
instructed to use their own clinical judgement in inter-
preting whether condition suggestions were matches to

Table 2 Metrics used in comparison of condition-suggestion accuracy

Abbrev. Full name Description

M1 (%) M1 (Matching-1) accuracy
diagnosis.”
M3 (%) M3 (Matching-3) accuracy

diagnosis.”
M5 (%) M5 (Matching-5) accuracy
diagnosis

COMP (%) Comprehensiveness

% of cases where the top-1 condition-suggestion matches the gold-standard main
% of cases where the top-3 condition-suggestions contain the gold-standard main
% of cases where the top-5 condition-suggestions contain the gold-standard main

Ratio of the (number of gold standard differentials matched by the suggested differentials)

to the (number of gold standard differentials for the vignette), expressed as a mean across

all vignettes.'®

RELE (%) Relevance

Ratio of the (humber of the suggested differentials that match with any of the gold

standard differentials for the vignette) to the(number of differentials provided by the tested-
GP or the symptom assessment app for the vignette), expressed as a mean across all

vignettes.'®
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the gold standard, supported by matching criteria (see
online supplemental table 5).

Mapping and comparing levels of urgency advice

Triage suggestions from each GP and levels of urgency
advice from each app were mapped to the gold standard
triage levels using the simple linear mapping scheme set
out in online supplemental figure 1. The degree of devi-
ation of GP triage urgency and of app levels of urgency
advice was compared by reporting the percentage of
vignettes for which GPs and symptom assessment apps
were: (1) overconservative; (2) overconservative but suit-
able (one level too high); (3) exactly-matched; (4) safe
but underconservative (one level too low); or, (5) poten-
tially unsafe.

The WebMD assessment report only provides informa-
tion on whether each suggested condition is urgent (via
an urgency ‘flag’). Finer urgency advice on each condi-
tion suggestion is available by clicking through to a sepa-
rate detailed screen on each suggested condition, but
unlike the other apps, no overall vignette-level summary
urgency advice is provided. Meaningful comparison to
the other apps or tested GPs was therefore not possible
and WebMD was excluded from the urgency advice
analysis in this study. For each app, with the exception
of WebMD, the proportion of ‘safe’ urgency advice, is
defined as advice at the gold standard advice level, more
conservative, or no more than one level less conservative.

We used confusion matrices in order to fully visualise
the severity of misclassification of advice levels."* These
confusion matrices were weighted in order to represent
the relative seriousness of inappropriate urgency advice,
either in the direction of being overly conservative (eg,
inefficient use of healthcare system resources), or in the
direction of being insufficiently conservative (potentially
unsafe advice). The weighted confusion matrices were
normalised to correct to the number of vignettes for
which urgency advice were provided by each app and
tested-GP.

Statistical methods

M1, M3 and Mb performance as well as levels of urgency
advice were compared using descriptive statistics and tests
appropriate for categorical data. 3” tests were used to test
whether the proportion of correct answers from all apps
and from all tested GPs were drawn from the same distri-
bution. In case of a significant difference, two-sided post
hoc pairwise Fisher’s exact tests'” '® were used to compare
individual app or tested-GP performances. Comprehen-
siveness and relevance (COMP and RELE) were assessed
by Kruskal-Wallis-H-Test (KW-H-Test) applied to all 15
answer datasets (8 apps and 7 tested GPs), followed by
post hoc pairwise testing using the two-sided Dunn test,"”
in cases where there was a significant difference on the
KW-H-Test. P values were corrected for multiple compar-
isons using the Benjamini-Hochberg procedure'” and
considered significant if less than 0.05. In figures, error
bars for individual app and tested-GP performance

represent 95% CI. These were calculated using the
Wilson-Score method for categorical data (M1, M3 and
M5)"® and using the percentile bootstrap method for
COMP and RELE." The mean app and tested-GP scores
were calculated as arithmetic means of the M1, M3, M5,
COMP and RELE performance for each app and each
tested GP, with error bars that represent the SD.

Patient and public involvement

Patients were not involved in setting the research ques-
tions, the design, outcome measures or implementation
of the study. They were not asked to advise on interpreta-
tion or writing up of results. No patients were advised on
dissemination of the study or its main results.

RESULTS

Source data verification

For vignette cases where the app-entry-Drs made data
recording errors, these were corrected to match the
source verification data saved in the screenshots. Full
sets of screenshots were recorded by seven of the eight
app-entry-Drs. One app-entry-Dr (#4) did not record all
screenshots for K Health, WebMD and for Your.MD and
for this reason a subanalysis of the 150 vignettes for which
full verification was possible for these apps is provided
in online supplemental table 6 and 7. The differences in
performance in this subanalysis is relatively minor and
might be due to random differences between the 150 and
full vignette sets or be due to app-entry-Dr4 recording
error.

App coverage

The apps varied in the proportion of vignettes for which
they provided any condition suggestions (see figure 2,
online supplemental tables 8-10). The reasons that some
apps did not provide condition suggestions included: (1)
not included in the apps’ regulatory ‘Intended Use’ or
another product design reason (eg, users below a set age
limit, or pregnant users); (2) not suggesting conditions
for users with severe symptoms (or possible conditions);
(3) presenting problem not recognised by the app (even
after rewording and use of synonyms); and, (4) some apps
did not have coverage for certain medical specialties, for
example, mental health. For 12% of the vignettes, the
urgency advice from for K Health was not recorded due
to app-entry-Dr-4 recording error and was not recorded
in source verification data saved in the screenshots. The
missing data is labelled in figure 2 and in the later figures
describing the appropriateness of urgency advice. A
subanalysis of the 150 vignettes for which full data and
full verification was possible for K Health is provided in
online supplemental table 6.

Suggested conditions: the ‘required-answer’ approach

The approach adopted in other vignettes studies by
authors in refs, semigran HL et al,3 ® Bisson L] et al,go
Burgess M et al”' Powley L et al*® Pulse Today et al,*’
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Figure 2 App breadth of coverage—that is, the proportion of vignettes for which condition suggestions and levels of urgency
advice were provided. When condition suggestions or urgency were not provided, the principal reason for this is shown, or
alternatively ‘no results’ when no reason was given. conditions given—condition suggestions were provided by the app; mental
health—mental health vignettes where no condition suggestions/urgency advice was provided; no results —the app provided

a clear statement that no condition suggestion results were found for the vignette (the reason why the app failed to give a
condition suggestion for these vignettes is uncertain, but generally these vignettes relate to minor conditions, and in most cases
it seems that the app does not have a matching condition modelled); generic—the app gave a generic answer rather than a
condition, for example, ‘further assessment is needed’; symptom not found—a directly or appropriately matching symptom to
the presenting complaint could not be found in the app so the vignette could not be entered; severity —the app did not to give
condition-suggestions for very serious symptoms—for example, the app stated only ‘Condition causing severe (symptom)’;
pregnant,vignettes for which no condition-suggestions/urgency advice was provided by the app as the patient was pregnant;
under age—vignettes for which no condition suggestions/urgency advice was provided by the app as the patient was under its
specified age limit; advice given—level of urgency advice was provided by the app; not recorded —one app-entry-Dr (#4) did not
fully record the levels of urgency advice, and there were no corresponding source data verification screenshots for this subset
of data (see online supplemental table 6 for a subanalysis of the 150 vignettes with complete source-data-verified data for K
Health on levels of urgency advice); no conditions—no condition suggestions were provided by the app, and, as a result of this,
the app did not provide urgency advice. See online supplemental tables 8-10 for details.

Nateqi J et al** has been to determine the percentage of  performance of 97.0%+2.5% (where safe is here defined
all vignettes for which the app (or tested GP) provided  as maximum one level less conservative than gold-
an appropriate condition-suggestion—here, this analysis  standard, expressed per vignette provided with advice)—

method is referred to as the ‘required-answer’ approach. three apps had safety performance within 1 SD of GPs
Results are shown in figure 3. For a full description for (mean)—Ada: 97.0%; Babylon: 95.1%; and, Symptomate:
each metric, see table 2. 97.8%. One app had a safety performance within 2 SDs of

. . . , GPs—Your.MD*: 92.6%. Three apps had a safety perfor-
Suggested conditions: the ‘provided-answer’ approach mance outside 2 SDs of GPs—Buoy: 80.0% (p<0.001); K

For users or physicians c.h(?osing or recommending a Health*: 81.3% (p<0.001); Mediktor: 87.3% (p=l.3><10'3)
symptom assessment app, it is relf.rvan.t t.o know not only (*—for two of these apps one app-entry-Dr (#4) did not
the app aceuracy, b}lt also how, wide 18 1s coverage -and record all screenshots needed for source data verifica-
ther.eforf.: the “required-answer analys.ls in the Previous tion—see online supplemental table 6 for a subanalysis of
section klls . tht‘;l most .;eljvant analy51ls. .An hz}lt}elrr.lattll:fe fully verified data, which shows the same trend of results
APPToacii 15 The provicecraliswer analysis, Wil 8 ™€ and no significant difference to the data recorded here).
number of correct suggested conditions provided by an Figure 5 summarises and compares urgency advice

app for each vignette for which it provides an answer. In . . . .
other words, there was no penalty for an app that, for performance, including the proportion of vignettes for
’ ’ which some apps did not provide advice.

any reason, does not provide condition suggestions for . o . .
a vignette, for example, children under 2 years old (see . The visualisation 11.1 figure 5 provides a hlgh—level. oYer—
online supplemental tables 4 and 10). Both analyses are V.lew of u.rgency adVl.Ce performance; however, a hmlta_
provided in this study in order to give a fully balanced tion of this approach is tbat the full range of compansc?ns
overview of the performance of all the apps. The results petween gold standard triage and levels of urgency advice
for the provided-answer analysis are shown in figure 4. 15 not 'shown. The full range. of over'conservatlve and
For a full description for each metric, see table 2. potentially unsafe urgency advice provided by each app
and tested GP is shown in the weighted confusion matrices
Levels of urgency advice (figure 6). Low numbers in the matrices (coloured green
The urgency advice performance of each app is  andyellow) correspond to good urgency advice allocation,
summarised in table 3. Tested GPs had safe triage  high numbers (coloured orange and red) correspond to
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Figure 3 Required answer approach showing the performance metrics (M1, M3, M5, comprehensiveness and relevance—as

defined in table 2) of the eight apps and seven tested general prac
average (mean) app performance is in dark green, average (mean)

titioners (GPs). App performance is coloured in light green,
tested-GP performance in dark blue, and individual tested-

GP performance in light blue. Statistical significance of the difference between the app with highest performance and all other
apps/tested GPs is shown with the * symbol indicating: p<0.05. For one of these apps (Your.MD), one app-entry-Dr (#4) did not

record all screenshots needed for source data verification—see on
data, which shows the same trend of results and no significant diff:

bad urgency advice allocation. In order to visualise the
overall urgency advice performance of each app, that
is, performance both in urgency advice coverage and in
the percentage of safe advice, these measures are plotted
against each other in figure 7.

Subanalysis of performance in the NHS-derived and non-NHS-
derived vignettes

This study evaluated app and GP performance using 200
vignettes, of which 32.0% were derived from NHS Direct
cases and 68.0% were created by the vignette creation
team. The performance of each app and average GP
performance stratified by vignette source (NHS or non-
NHS derived) are shown in online supplemental table
11. The GPs and all apps performed better in providing
appropriate urgency advice in the non-NHS vignettes than
in the NHS-derived vignettes. In condition-suggestion
accuracy, all GPs performed substantially better in M1,
M3 and M) for the non-NHS vignettes (differences in
GP mean performance were 15.0%, 11.7% and 10.8%,
respectively). Differences in GP performance in COMP
and RELE were not large, and performance in COMP was
better (difference 3.1%) in the NHS-derived vignettes.

line supplemental table 7 for a subanalysis of fully verified
erence to the data recorded here.

Apps differed in their relative condition-suggestion accu-
racy between the NHS and non-NHS derived vignettes.
Adaand Buoy, following the pattern of the GPs, performed
substantially better in the non-NHS vignettes, while Symp-
tomate performed similarly in both vignettes sets, and K
Health, WebMD and Your.MD performance was relatively
better in some and relatively weaker in other metrics in
the two sets of vignettes. Mediktor was moderately better
in the NHS derived vignettes for all metrics except RELE.

DISCUSSION

Principal findings

In this clinical vignette comparison of symptom assess-
ment apps and GPs, we found that apps varied substan-
tially in coverage, appropriateness of urgency advice and
accuracy of suggested conditions.

Synthesising the analyses on the appropriateness of
urgency advice (see table 3 and figures 5-7), the apps can
be categorised as follows:

1. Levels of safe urgency advice within one SD from the
average of GPs and:

Gilbert S, et al. BMJ Open 2020;10:6040269. doi:10.1136/bmjopen-2020-040269
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Figure 4 Provided-answer approach showing the performance metrics (M1, M3, M5, comprehensiveness and relevance—as
defined in table 2) of the eight apps and seven tested general practitioners (GPs). App performance is coloured in light orange,
average (mean) app performance is in dark orange, average (mean) tested-GP performance in dark purple, and individual
tested-GP performance in light purple. Statistical significance of the difference between the app with highest performance and
all other apps/tested GPs is shown with the * symbol indicating: p<0.05. For one of these apps (Your.MD), one app-entry-Dr (#4)
did not record all screenshots needed for source data verification —see online supplemental table 7 for a subanalysis of fully
verified data, which shows the same trend of results and no significant difference to the data recorded here.

la. Full-full or near-full coverage: Ada.
1b. Moderate coverage: Babylon.
lc. Low coverage: Symptomate.
2. Levels of safe urgency advice between one and two SD
from the average of GPs and:
2a. Low coverage: Your.MD.
3. Levels of safe urgency advice below three SD from the
average of GPs and:
3a. Moderate coverage: Buoy, Mediktor.
3b. Low coverage: K Health.

Condition suggestion coverage varies greatly with a
range of 47.5% from highest (Ada; 99.0%) to lowest
(Babylon, 51.5%). Although there is no absolute cut-off
of what an acceptable condition suggestion coverage is,
an app that can provide high coverage along with a high
accuracy of condition suggestion and high urgency advice
appropriateness, will generally be superior to an app with
narrow coverage. There is no identifiable correlation
between app M1 or M3 condition-suggestion accuracy
or urgency-advice accuracy and the condition-suggestion
coverage or urgency-advice coverage.

There was considerable variation in condition-
suggestion accuracy between the GPs and between apps.

For top-1 condition suggestion (M1), the range of tested
GPs was 16.0%, the SD 5.6% and for M3 the range was
15.9% and SD 5.2%. For the apps, the M1 condition-
suggestion accuracy range was 29.5%, the SD 8.9% and
the M3 range was 47.0% and SD 13.5%. The GPs all
outperformed apps for top-1 condition matching. For
M3 and M5 (ie, including the gold standard diagnosis
in top-3 and top-b suggestions), the best performing app
(Ada) was comparable to tested GPs, with no significant
difference between its performance and the perfor-
mance of several of the tested GPs. The top performing
symptom assessment app (Ada) had an M3 27.5% higher
than the next best performing app (Buoy, p<0.001) and
47.0% higher than the worst-performing app (Your.MD,
p<0.001). There was a significant difference between the
top performing app (Ada) and other apps for all condi-
tion accuracy measures, with two exceptions for relevance
(in the required-answer analysis).

There was also considerable variation in urgency advice
performance between the GPs and between apps. The
range of tested-GP safe advice was 6.0% and the SD was
2.5%; for the apps, the range of safe advice was 17.8%
and the SD 7.4%. Tested GPs had an average safe advice
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Table 3 Triage levels assigned to each clinical-vignette,
where safe is defined as maximum one level less
conservative than gold-standard, expressed per vignette
provided with advice.

Percentage of P value (difference

App/ tested GP safe advice to GP mean)
Ada 97.0 NS
Babylon 95.1 NS

Buoy 80.0 <0.001*
K Health 81.3 <0.001*
Mediktor 87.3 1.3x10°%
Symptomate 97.8 NS
Your.MD 92.6 NS

App mean+SD. 90.1+£7.4 -

GP mean+SD. 97.0+£2.5 -

GP1 96.0 NS

GP2 96.9 NS

GP3 94.0 NS

GP4 99.0 NS

GP5 100.0 NS

GP6 93.9 NS

GP7 99.5 NS

*P<0.05. For two of these apps (K Health & Your.MD), one app-
entry-Dr (#4) did not record all screenshots needed for source data
verification—see online supplemental table 6 for a subanalysis of
fully verified data, which shows the same trend of results and no
significant difference to the data recorded here). This analysis is
for those vignettes for which urgency advice was provided (ie, a
‘provided answer) analysis.

GP, general practitioner; NS, no significant difference.

- Il cotrecorses

Advice Level

Per cent of vignettes

Figure 5 Accuracy of urgency advice displayed as a
stacked bar chart centred on the gold standard triage. For
two of these apps (K Health & Your.MD), one app-entry-

Dr (#4) did not record all screenshots needed for source

data verification—see online supplemental table 6 for a
subanalysis of fully verified data, which shows the same trend
of results and no significant difference to the data recorded
here. GP, general practitioner.

performance of 97.1+2.5% and only three apps had safe
advice performance within 1 SD of the GPs (mean)—
Ada: 97.0%; Babylon: 95.1%; and Symptomate: 97.8%.

The results support acceptance of the hypothesis 1
(a), that GPs have better performance than the apps on
condition-suggestion accuracy. Hypothesis 1 (b) and 1
(c) were that GPs would have better performance than
the apps in the appropriateness and safety of urgency
advice, and these hypotheses are partially rejected, as,
while overall GPs performed better in urgency advice
than apps, some individual apps performed as well as GPs
in urgency advice safety and similarly to GPs in urgency
advice accuracy. Hypothesis 2 was that performance of
each app would be consistent across the three metrics
(condition-suggestion accuracy, appropriateness and
safety of urgency advice), and this hypothesis is rejected as
the results showed that apps performing well in urgency
advice safety or appropriateness did not necessarily have
high condition-suggestion accuracy. Hypothesis 3, that
apps would differ from one another in their performance
across the three metrics. This hypothesis is accepted as
there were major differences between apps in all three
metrics.

There were relative differences in the performance of
the GPs and of the apps in the NHS-derived and non-
NHS derived vignettes; however, the overall conclusions
of this study are valid for both sets of vignettes, and the
performance of each app evaluated is broadly similar
irrespective of whether all vignettes are considered or
the NHS-derived or non-NHS-derived subsets. The differ-
ences in performance likely reflect differences in the
case structure complexity in the vignettes, the degree of
ambiguity in the vignettes, the individual question flow of
the apps, differences in condition coverage of the apps
and the different frequencies of disease categories in the
vignettes—for example, there were more cardiovascular
disease cases in the NHS-derived vignettes, 7/64 (10.9%)
compared with 7/136 (5.1%) in the non-NHS-derived
vignettes.

Strengths and limitations of this study

The systematic review of Chambers et al' identified
limitations of published studies on the safety and accu-
racy of symptom assessment apps as: (1) not being
based on real patient data; (2) not describing differ-
ences in outcomes between symptom assessment apps
and health professionals; (3) covering only a limited
range of conditions; (4) covering only uncomplicated
vignettes; and (5) sampling a young healthy population
not representative of the general population of users of
the urgent care system. Of these limitations, only one
applies to this study—the limitation of being based on
clinical vignettes rather than on real-patient data. The
effect of this limitation has been minimised through
the development of many of the vignettes to be highly
realistic through the use of anonymised real patient
data collated from NHS Direct transcripts. The use of
real patient data with an actual diagnosis is not without

Gilbert S, et al. BMJ Open 2020;10:6040269. doi:10.1136/bmjopen-2020-040269
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Figure 6 Weighted confusion matrices showing the detailed triage assignments for each app. For two of these apps (K Health
& Your.MD), one app-entry-Dr (#4) did not record all screenshots needed for source data verification —see online supplemental
table 6 for a subanalysis of fully verified data, which shows the same trend of results and no significant difference to the data
recorded here. Amb, ambulance; ED, emergency department; GP, general practitioner; PC, primary care

its limitations in the evaluation of symptom assess-
ment app accuracy as it relies on face-to-face consulta-
tion to confirm diagnosis. Very often diagnosis is only
provided after physical examination or diagnostic tests,
so comparison is confounded as the real patient diag-
nosis is based on additional information not made avail-
able to the app. The vignettes approach has allowed this
study to be designed to minimise the limitations (2)—(5)
identified by Chambers ¢ al.* This has been done for

limitation (2) through inclusion of a 7-GP comparator
group; for limitation (3) by development of vignettes
for conditions spanning all body systems and sampling
all medical specialisms relevant to primary care presen-
tation; for limitation (4) by designing clinical vignettes
including not-only simple and common situations, but
also moderately complex and challenging presentations;
for limitation (5) through including vignettes spanning
from 1 month to 89years old.
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Figure 7 Summary plot of the urgency advice performance
of each app. The urgency advice coverage of each app (with
respect to app average) is plotted against the percentage
of safe advice (with respect to the general practitioner (GP)
average). For two of these apps (K Health & Your.MD), one
app-entry-Dr (#4) did not record all screenshots needed for
source data verification—see online supplemental table 6 for
a subanalysis of fully verified data, which shows the same
trend of results and no significant difference to the data
recorded here.

Relative strengths of this study are the large number
of clinical vignettes included (n=200), along with the
separation in the design of clinical-vignette writing from
the process of deciding on the gold-standard main and
secondary differential diagnoses and appropriate levels
of urgency advice. Another strength of this study is that
GPs were tested with vignettes in a manner that simulates
real clinical consulting—in this way the GPs consulta-
tion process was assessed, enabling a fair comparison to
the apps. Vignettes were entered into the apps by eight
additional primary care physicians acting as the user
(app-entry-Dr-1-8). A physician also ‘acted’ as the patient
being assessed by the GPs in the phone consultations. It
has been argued that lay-person entry is closest to the real
intended use of symptom assessment apps>; however,
it is known that lay-people are less reliable at entering
clinical vignettes than healthcare providers.”® A further
strength of this study is that each decision of whether a
condition suggestion (from an app or a GP) matched the
clinical-vignette’s main and other differential diagnoses
was made in a rigorous manner following the 3-physician
tie-breaker panel approach of Semigran et al.’

A limitation of this study was that a systematic and
comprehensive process was not used to select the symptom
assessment apps to be included. Practical considerations
in study design necessitated that the study evaluated a
total of eight apps, due to the large number of vignettes
assessed. The aim of the selection process was to include
only apps with similar intended use, and to include those
most used, those still in current use which have been eval-
uated in other studies, those most used within the UK as
the study used vignettes based on UK patient data and

those most used in the USA, as it is a highly important
market for symptom assessment applications. Apps were
then selected using a hybrid approach, including, based
on the knowledge of available apps of the study team,
internet searching and industry sources on usage data
of symptom assessment apps. For apps identified using
this approach, rigorous exclusion criteria were applied:
all apps which did not provide, for a general population,
primary care condition suggestions and urgency advice,
were excluded. Through the application of this method-
ology, we have assured that all included apps were appro-
priate and relevant for inclusion, but it is possible, due to
the limiting of the study to eight apps, without a rigorous
prioritisation selection procedure, that there was unin-
tentional bias in app inclusion. Nonetheless, the study
included all the highest used symptom assessment apps in
the UK and the USA, at the time of app selection, based
on app usage statistics for the Google Play and Apple iOS
app stores. The non-systematic selection criteria used
were that, at the time of selection: (1) Babylon and Ada
are leading symptom assessment smartphone apps in the
UK; (2) K Health, WebMD and Ada are the most used in
USA (usage data from Sensely, https://www.sensely.com);
(3) Mediktor and Buoy have existing published data’?’ ;
and (4) Your.MD has a similar user experience and user
interface to Babylon and Ada and has been compared
with them in small non-peer reviewed studies.*' **

Direct comparison of levels of urgency advice between
individual apps and between apps and GPs was chal-
lenging because (1) some apps provided no levels of
urgency advice for large numbers of vignettes; (2)
performing well in one level of urgency advice trades
off performance in other levels of urgency advice; (3)
the nature of urgency advice reporting was different in
WebMD (see the Methods section).

Furthermore, the vignettes may have had a UK bias
and some of the symptom assessment apps (eg, Buoy,
K Health & WebMD) are primarily used in the USA.
The population demographics and the health condi-
tions represented in the vignettes were broadly similar
to demographics extracted from UK and NHS England
health statistics (see the online supplemental Appendix
S1, including online supplemental figures 2 and 3). Ada
employees were involved in the vignette creation process,
and although it was ensured that the vignette creation
was separated from app medical intelligence develop-
ment, unintentional bias could have resulted in vignette
wording that was more accessible to symptom assessment
apps than the average real word primary care clinical
presentation is. A data acquisition error by one of the
app-entry-Drs meant there were unrecorded urgency
advice data for 12.0% of vignettes for one app (K Health)
and incomplete source data verification screenshots for
two other apps (YourMD and WebMD). The implica-
tion for this for the main analysis was investigated in two
subanalyses in the data supplement. Future studies could
ensure ongoing source data verification rather than
waiting until the end of study data collection for review. It
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is an unavoidable limitation that software evolves rapidly,
and the performance of these apps may have changed
significantly (for better or worse) since the time of data
collection. Finally, this study was designed, conducted
and disseminated by a team that includes employees of
Ada Health; future research by independent researchers
should seek to replicate these findings and/or develop
methods to continually test symptom assessment apps.

Comparisons to the wider literature

The results of this study are qualitatively broadly similar
to reported results from other interapp relative perfor-
mance studies, including one peer-reviewed study** and
two non-peer-reviewed studies.”’ * A peer-reviewed study
using 45 ear, nose and throat (ENT)—vignettes® evalu-
ated M1 and M3 results and found that Ada had substan-
tially better performance than other apps. Overall, Ada
was the second-best performing app out of 24 tested apps
in the ENT discipline.**

A small non-peerreviewed independent clinical
vignettes study tested NHS 111, Babylon, Ada and Your.
MD and found similar overall results to this study®;
they also found that all apps were successful at spotting
serious conditions, such as a heart attack, and that they
were fast and easy to use. A second small 2017 non-peer-
reviewed independent vignettes study,”' that was carried
out by established symptom assessment app academic
researchers, tested Babylon, Ada and Your.MD. The trend
of the results was similar to those in this study.

In an observational study carried out in a Spanish ED
waiting room, the Mediktor symptom assessment app was
used for non-urgent emergency cases for patients above
18 years old.” The study calculated accuracy with consid-
eration only for those patients whose discharge diagnosis
was modelled by the app at the time. For a total of 622
cases, Mediktor’s M1 score was reported as 42.9%, M3
score as 75.4% (ie, the symptom assessment app’s top-1
(M1), top-3 (M3), or top-10 condition-suggestion(s)
matched the discharge diagnosis in this percentage of
cases). When Moreno Barriga et al’ reported results are
refactored to consider all patient discharge diagnoses
(the standard approach) the: M1 is 34.0% and MS3 is
63.0%, compared with M1 of 23.5% and M3 of 36.0%
for Mediktor in this study (all-vignettes data). The reason
for lower Mediktor performance in the current study
compared with the study in Moreno Barriga et al’ is not
known but it may be related to a different range of condi-
tions or difficulty level than the non-urgent emergency
cases presenting to the ED—for example—the vignettes
in this study contain many true emergency cases and
also many GP or pharmacy/treat-athome cases which
would not be represented by the ED patients included
in Moreno Barriga et al’. In 2017, a 42-vignette evalua-
tion of WebMD* determined its accuracy for ophthalmic
condition suggestion: M1 was 26.0% and M3 was 38.0%.
Urgency advice based on the top diagnosis was appro-
priate in 39.0% of emergency cases and 88.0% of non-
emergency cases.

The manufacturers of the apps Babylon and Your.
MD responded to the two non-peer reviewed studies®' **
observing that their apps have been updated and improved
subsequent to the publication of those reports. Neverthe-
less, the findings with respect to condition-suggestion
performance, in the later peerreviewed study by Nateqi
et al* and in the present study appear to be in line with
those from the two non-peer-reviewed studies.

Implications for clinicians and policy-makers

The results of this study are relevant for home users of
symptom assessment apps, and to healthcare providers
offering advice to their patients on which symptom assess-
ment apps to choose. There are large (and statistically
significant) differences between app coverage, suggested
condition accuracy and urgency-advice accuracy. One of
the biggest challenges in comparing symptom checker
apps are the differences in coverage. Some coverage
restrictions, such as not allowing symptom assessment
for one user subgroup (eg, children), have no negative
effect on the app’s effective use for other user subgroups
(eg, adults). Other situations, such as the inability to
search for certain symptoms, providing no condition-
suggestions/urgency advice for certain input symptoms,
or, excluding comorbidities, mental health or pregnancy
are more problematic and can raise concerns about the
safety and benefits of the app for users who might be in
those groups.

Unanswered questions and future research

Future research should evaluate the performance of the
apps compared with real-patient data—multiple separate
single-app studies are a very unreliable way to determine
the true level of the state of the art of symptom-assessment
apps. A positive step in this direction is the ITU/WHO
Focus Group Al for Health (FG-AI4H) through which
several manufacturers of symptom assessment apps eval-
uated in this study are working collaboratively to create
standardised app benchmarking with independently
curated and globally representative datasets.” Addi-
tional areas that could be explored in such studies are
comparative economic impact, understanding user
behaviour following an assessment, that is, compliance
with urgency advice (extending the approach of Winn
et al’’) and impact on health services usage, and, the
impact of using the apps to complement a standard GP
consult (eg, through diagnostic-decision support). While
it has been argued that the accuracy of urgency advice
may be the most important output from a health assess-
ment app, the condition suggestions may be valuable to
support patient decision—making.27 To address the effect
of patients entering data directly into an app about their
own acute conditions, an observational investigation is
currently underway in an acute clinical setting in the USA
by investigators including coauthors of this study. This
includes a survey of users' technological literacy and user
experience.
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CONCLUSIONS

This study provides useful insights into the relative perfor-
mance of eight symptom-assessment apps, compared with
each other and compared with seven tested GPs, in terms
of their coverage, their suggested condition accuracy and
the accuracy of their levels of urgency advice. The results
show that the best performing of these apps have a high
level of urgency advice accuracy which is close to that of
GPs. Although not as accurate as GPs in top-1 suggestion
of conditions, the best apps are close to GP performance
in providing the correct condition in their top-3 and top-5
condition suggestions.

While no digital tool outperformed GPs in this analysis,
some came close, and the nature of iterative improve-
ments to software suggests that further improvements
will occur with experience and additional evaluation
studies.

The findings of this vignettes study on urgency advice
are supportive of the use of those symptom-assessment
apps, which have urgency advice safety similar to the levels
achieved by GPs, in the use case of supplementing tele-
phone triage (a use case described in Chambers et al').
The findings are also indicative of the future potential
of Al-based symptom assessment technology in diagnostic
decision support; however, this is an area that requires
specific clinical evidence and regulatory approval.
Further studies, which include direct use of the symptom
assessment apps by patients, are required to confirm clin-
ical performance and safety.
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Supplementary Tables

Age-range 1 month to 89 years
Male / female 43.0% / 57.0%
Body-system/specialism classification

Haematology 1.5%
Cardiovascular 7.0%

Central Nervous System - non injury | 6.0%

Dental 2.0%
Endocrine 3.5%

Ear, Nose, Throat (ENT) 3.5%

Female reproductive system 7.5%
Gastrointestinal 15.0%
Immune system 2.0%
Infection 3.5%

Lower respiratory 8.0%

Male reproductive system 2.5%

Mental health 5.0%
Musculoskeletal - injury 3.5%
Musculoskeletal - non-injury 7.5%
Oncology 0.5%
Ophthalmology 3.5%

Gilbert S, et al. BMJ Open 2020; 10:€040269. doi: 10.1136/bmjopen-2020-040269



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open
Skin 8.0%
Upper respiratory 5.0%
Urinary tract 4.5%

Supplementary Table 1

Summary of the 200 clinical vignettes: age range, sex and condition type. See also Supplementary Table 2 for a more

detailed description of each vignette and Supplementary Table 3 for the structure of example vignettes.
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# Included in|Sex [Age System/specialism Primary Advice |Main-diagnosis
main M/F complaint level
analysis
1 YES F 30 years Female reproductive Abdominal pain 1 ectopic pregnancy
system
2 NO F 6 years Lower Respiratory Shortness of 2 chest infection
breath
3 YES F 9 months Lower Respiratory Shortness of 1 bronchiolitis
breath
4 YES M 66 years Cardiovascular Chest pain 1 unstable angina
5 YES M 35 years MSK - Injury Back pain 4 contusion lumbar spine
6 YES M 23 years Mental Health Low mood 3 depression
7 YES M 26 years Gastrointestinal Vomiting 3 viral gastroenteritis
8 YES F 40 years CNS - Non injury Headache 1 brain haemorrhage
9 YES M 40 years Skin Swollen foot 4 cellulitis of foot
10 YES F 28 years Dental Toothache 6 dental abscess
11 YES M 1years Upper respiratory Lumps in neck 4 tonsillitis
12 NO F 26 years Dental Pain in face 4 dental abscess
13 YES F 6 years Gastrointestinal Itchy bottom 6 pinworm infection
14 YES F 5 months Gastrointestinal Crying baby 5 cow's milk protein intolerance
15 YES F 33 years MSK - Injury Abdominal pain 4 musculoskeletal back pain
16 YES F 20 years Immune system Dizziness 1 allergic reaction
17 YES M 14 years Upper respiratory Sore throat 6 sinusitis
18 YES M 3 months Upper respiratory Crying baby 4 common cold
19 NO F 27 years Female reproductive Vaginal bleeding 2 early onset of labour
system
20 YES F 86 years Gastrointestinal Vomiting brown 1 perforated gastric ulcer
liquid
21 YES M 57 years Gastrointestinal Diarrhoea 6 gastroenteritis
22 YES F 29 years Gastrointestinal Abdominal pain 2 appendicitis
23 YES M 2 years CNS - Non injury Fever 1 bacterial meningitis
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24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

NO

NO

NO

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

YES

YES

NO

YES

YES

NO

YES

YES

NO

NO

YES

M 59 years
F 1vyears
M 10 years

M 9 months

F 64 years
F 17 years
M 14 years
F 20 years
F 42 years
F 2 years

F 57 years
F 72 years
F 89 years
F 49 years
F 1vyears

M 89 years
F 2 years

F 5 years

M 68 years
F 41 years
F 52 years
F 7 years

M 3 years

M 30 years
F 47 years
F 27 years

ENT
Infection - General
Upper respiratory
Skin
Lower Respiratory
Lower Respiratory

Gastrointestinal

Female reproductive

system

Mental Health
ENT

Mental Health

MSK - Injury
Mental Health

Mental Health

Lower Respiratory

Lower Respiratory
Upper respiratory
CNS - Non injury
Gastrointestinal
Gastrointestinal
Skin

CNS - Non injury

Infection - general

MSK - non injury
MSK - Injury

Upper respiratory

Earache
Rash

Cough

Rash

Cough
Muscle aches
Diarrhoea

Vaginal

discharge

Low mood
Sticky eye

Aggressive

behaviour

Back pain
Confusion

Suicidal

thoughts

Breathing
difficulties

Hands shaking

Earache

Fever

Vomiting blood
Abdominal pain
Rash

Fever

Blisters on
hands

Pain in big toe
Back pain

Sore throat

otitis externa

varicella zoster

upper respiratory tract infection
eczema

acute bronchitis

influenza

appendicitis

threatened miscarriage

postnatal depression
otitis media

paranoid psychosis

wedge fracture thoracic spine
acute confusional state

post traumatic stress disorder

bronchiolitis

influenza

common cold

bacterial meningitis

acute gastritis/gastric erosions
acute cholecystitis

shingles

meningococcal septicaemia

hand foot and mouth disease

gout
muscle strain

quinsy (peritonsillar abscess)
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50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

NO

YES

YES

NO

YES

YES

YES

NO

YES

YES

YES

NO

YES

NO

NO

YES

YES

YES

YES

NO

NO

YES

NO

YES

YES

M 2 years

M 62 years
M 58 years
F 37 years
F 67 years
F 32 years
M 77 years
F 82 years
F 32 years
M 28 years
F 58 years
F 27 years
M 57 years
F 41 years
M 32 years
F 1vyears

M 13 years
F 3 years

F 32 years
M 42 years
M 10 years
F 27 years
F 26 years
M 73 years
F 8 years

ENT

Mental Health
Cardiovascular
Lower Respiratory
ENT

Cardiovascular

CNS - Non injury

Cardiovascular

Cardiovascular

CNS - Non injury

Lower Respiratory
CNS - Non injury
Cardiovascular
CNS - Non injury
Cardiovascular
Lower Respiratory
Lower Respiratory
Lower Respiratory

MSK - non injury

Cardiovascular
CNS - Non injury

MSK - non injury

Cardiovascular
Lower Respiratory

CNS - Injury

Earache
Can't sleep
Chest pain
Cough
Dizziness

Shortness of
breath

Drooping of left

side of face

Shortness of

breath

Irregular
heartbeat

Shaking of
hands

Cough
Headache
Pain in calves
Headache
Fast pulse
Cough
Wheezy
Cough

Tingling in
hands

Chest pain
Headache

Colour change

in fingers
Collapse
Cough

Headache

acute otitis media
depression

angina

acute bronchitis

benign positional vertigo

pulmonary embolism

stroke

heart failure (i.e. congestive

cardiac failure)

ventricular extrasystoles

benign essential tremor

asthma

migraine

peripheral vascular disease
subarachnoid haemorrhage
paroxysmal tachyarrhythmia
viral bronchitis

asthma

pneumonia

carpal tunnel syndrome

myocardial infarction

intracranial haematoma

Raynaud’s phenomenon of the

fingers
vasovagal attack
lung cancer

minor head injury
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76

77

78

79
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81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

YES

NO

YES

NO

YES

YES

NO

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

YES

YES

YES

NO

NO

YES

YES

M 28 years
F 77 years
F 63 years
F 37 years
M 8 years

F 17 years

M 1 months

M 38 years
M 67 years
F 68 years
M 37 years
F 63 years
M 63 years
F 82 years
M 15 years
F 35 years
M 50 years
F 50 years
M 67 years
M 50 years
F 58 years
F 23 years
F 13 years
F 47 years
M 9 years

F 30 years

MSK - Injury
Gastrointestinal

Gastrointestinal

Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal

Gastrointestinal

Skin
Ophthalmology
MSK - non injury
MSK - non injury
MSK - non injury
MSK - non injury

MSK - non injury

MSK - non injury
MSK - non injury

ENT

ENT

Upper respiratory

Mental Health
Mental Health

Endocrine

Endocrine

Endocrine

Chest pain
Abdominal pain

Blood on toilet
paper

Abdominal pain
Abdominal pain
Vomiting
Vomiting
Yellow eyes

Difficulty

swallowing

Redness of leg
Swollen eye
Shoulder pain
Stiff neck

Hip pain

Knee pain

Numbness in

fingers
Knee pain
Wrist pain

Discharge from

ear
Ringing in ear

Hoarse voice

Hearing voices
Heart pounding

Passing lots of

urine
Vomiting

Sweating

3

pleurisy
intestinal obstruction

colorectal cancer

irritable bowel syndrome
appendicitis

viral gastroenteritis
pyloric stenosis

viral hepatitis

oesophageal cancer

cellulitis

periorbital/orbital cellulitis
frozen shoulder

acute torticollis
osteoarthritis of hip
Osgood-Shlatters disease

carpal tunnel syndrome

infected infra-patellar bursa

tenosynovitis

otitis externa

tinnitus

laryngitis secondary to

reflux

acute psychosis
anxiety disorder

type 2 diabetes

diabetic ketoacidosis

Graves’ disease

acid
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105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

NO

YES

YES

YES

YES

YES

NO

YES

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

F 59 years
M 41 years
F 42 years
F 39 years
M 61 years
F 37 years
M 45 years
F 33 years
F 6 years

M 26 years
M 33 years
M 15 years
F 42 years
M 57 years
F 14 years
F 26 years
M 79 years
M 27 years
M 2 years

M 19 years
F 45 years
F 62 years

Endocrine

Endocrine

Endocrine

Endocrine

Infection - general

Urinary Tract

Ophthalmology

Female reproductive

system

Urinary Tract
Urinary Tract
Ophthalmology

Male reproductive

system

Female reproductive

system

Urinary Tract

Female reproductive

system

Female reproductive

system

Male reproductive

system

Ophthalmology
Ophthalmology

Male reproductive

system

Female reproductive

system

Female reproductive

system

Tiredness

Can't get

erection

Swelling under
jaw

Weight gain

Fever

Painful

urination

Red eyes

Abdominal pain

Abdominal pain
Pain in side
Red painful eye

Testicular pain

Vaginal

discharge

Blood in urine

Heavy periods

Vaginal bleeding

Passing urine at

night

Dry eyes

Sticky red eye

Testicular lump

Vaginal bleeding

Bloating

hypothyroidism

pituitary tumour (prolactinoma)

salivary gland stone

adrenal  adenoma  causing

Cushing's syndrome

malaria

urinary tract infection

viral conjunctivitis

ectopic pregnancy

urinary tract infection
renal stones
corneal ulcer

testicular torsion

vaginal thrush

urinary tract infection

menorrhagia

threatened miscarriage

benign prostatic hyperplasia

dry eye syndrome
bacterial conjunctivitis

hydrocoele

vaginal atrophy

ovarian pathology (cancer)
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127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

YES

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

YES

YES

YES

YES

NO

NO

NO

YES

YES

F 56 years
M 7 years

F 13 years
M 29 years
F 19 years
M 38 years
M 32 years
M 20 years
F 34 years
F 3 years

M 27 years
M 33 years
F 37 years
F 11 years
M 43 years
F 33 years
M 40 years
M 50 years
M 64 years
F 64 years
F 38 years
F 25 years
F 35 years
F 36 years
F 39 years

Female reproductive Hot flush 5

system

Gastrointestinal
Immune system

Cardiovascular

Mental Health

Lower Respiratory

Infection - general
Skin

Skin

Infection - general
Immune system
Skin

Blood

Blood

Blood
Cardiovascular
Gastrointestinal

Gastrointestinal

Male reproductive

system
Oncology

CNS - Non injury

Female reproductive

system

Gastrointestinal

Skin

Skin

Constipation 6
Sneezing 5
Palpitations 5
Low mood 5

Phlegm with 4
blood

High fever 2
Rash 4

Pimplesonface 5

Rash 6
Itchy rash 6
White toenail 5
Tiredness 5
Lump in neck 4
Bruising 4
Chest pain 3
Stomach pain 3
Stomach pain 1
Difficulty 4

passing urine
Lumpin breast 4

Headache 5

(9]

Tummy bloating

before period

Abdominal pain 5
Hair fallingout 5

Flaky patches of 5

skin

menopause

constipation

allergic rhinitis

ectopics secondary to caffeine

intake

depression

carcinoma of lung

malaria
eczema

acne

varicella zoster
acute urticaria

fungal nail infection

iron deficiency anaemia

lymphoma

clotting disorder

pulmonary embolism

diverticulitis

diverticular abscess

benign prostatic hyperplasia

breast cancer

tension headache

premenstrual syndrome

irritable bowel syndrome

alopecia

psoriasis
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151

152

153

154

155

156

157

158

159

160
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162

163

164

165

166

167

168

169

170

171

YES

YES

NO

YES

YES

YES

YES

YES

NO

YES

YES

YES

YES

NO

YES

YES

NO

YES

YES

NO

YES

YES

YES

NO

F 3years

F 3 years

M 3 years

F 12 years
F 32 years
M 30 years
M 40 years
F 30 years
F 12 years
M 21 years
F 70 years
F 33 years
F 47 years
F 4 years

M 10 years
M 40 years
M 62 years
M 52 years
M 39 years
F 21 years
F 11 years
M 18 years
M 24 years
F 2 years

Urinary Tract

Lower Respiratory

Male reproductive

system

Skin

MSK - non injury
MSK - non injury

CNS - Non injury

Female reproductive

system
MSK - non injury

Lower Respiratory

Lower Respiratory

Cardiovascular

Cardiovascular

Upper respiratory
Skin
Urinary Tract

Skin

Gastrointestinal

ENT

MSK - injury
MSK - non injury
MSK - non injury

Skin

Ophthalmology

Crying on

weeing
Cough

End of penis red

Rash

Heel pain
Shin pain
Back pain

Irregular

periods

Hip pain
Shortness of
breath

Shortness of

breath
Chest pain

Lump in lower
leg

Runny nose
Rash on chin

Pain in left side

Cracked skin

between toes
Blood on toilet
paper

Blocked nose
Swollen ankle
Back ache

Knee pain

Rash on hands

and arms

Sticky eyes

urinary tract infection

pneumonia

balanitis

scabies

plantar fasciitis

shin splints

cauda equina syndrome

polycystic ovary syndrome

slipped upper femoral epiphysis

spontaneous simple

pneumothorax

asbestosis

pulmonary embolism

thrombophlebitis

upper respiratory tract infection
impetigo
renal calculus

athlete's foot

internal haemorrhoids

nasal polyps

ankle sprain
idiopathic scoliosis
dislocated patella

contact dermatitis

viral conjunctivitis
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177
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179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

YES

YES

YES

YES

YES

NO

YES

YES

NO

YES

YES

YES

YES

NO

NO

NO

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

M 16 years
M 68 years
F 36 years
F 32 years
F 27 years
M 23 years

M 6 months

M 10 months

F 28 years

F 23 years

F 10 months

M 2 years

F 5 years
M 50 years
M 36 years
F 6 months
M 27 years

M 2 months

F 7 months
M 9 years

F 33 years
M 24 years
F 4 months
F 15 years
F 22 years

F 10 months

Immune system
Urinary tract

Skin

Runny nose
Blood in urine

Rash under

breasts

Female reproductive Bleeding after

system

CNS - Non injury
Gastrointestinal
Skin

Upper respiratory

sex

Headaches
Diarrhoea
Flaky scalp

Difficulty
breathing

Female reproductive Abdominal pain

system

Female reproductive Blisters on vulva

system

Gastrointestinal
Upper respiratory
Infection - general
Dental
Ophthalmology
Gastrointestinal
Gastrointestinal
Urinary Tract
Gastrointestinal
Dental

Mental Health

Infection - general
Gastrointestinal
MSK - injury

Urinary Tract

Gastrointestinal

Crying baby
Cough

Rash
Toothache
Blurred vision
Diarrhoea
Abdominal pain
Vomiting
Vomiting
Toothache

Worried about

pregnancy
Fever

Diarrhoea
Back pain

Pain on passing

urine

Vomiting

allergic rhinitis
bladder cancer

candidal intertrigo

cervical cancer

cluster headaches
coeliac disease
cradle cap

croup

endometriosis

genital herpes

constipation
common cold

rubella

dental abscess
corneal ulcer

viral gastroenteritis
acute pancreatitis
urinary tract infection
viral gastroenteritis
dental caries

anxiety

glandular fever
viral gastroenteritis
mechanical low back pain

urinary tract infection

viral gastroenteritis
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198 NO F 4 years Cardiovascular Fever 3 Kawasaki disease
199 | YES F 60 years Skin Crusted patch of 4 basal cell carcinoma
skin
200 YES F 56 years Gastrointestinal Pain in groin 4 femoral hernia

Supplementary Table 2
Individual details of the 200 clinical-vignettes: age range, sex, condition type (system/specialism), level of urgency

advice, and main diagnosis. See also Supplementary Table 1 for a summary.
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Category Example vignette #79 Example vignette #86

(see Supplementary Table 2) (see Supplementary Table 2)
Sex male female
Age 8 years old 63 years old

Previous medical

history

None of note.

None of note.

Primary complaint

abdominal pain

shoulder pain

Additional
information on
primary
complaint and

current symptoms

abdominal pain and fever. Temp 39.5C. Started to get
pain in the middle of his abdomen last night before
he went to bed (6 hours ago). Had some infant
paracetamol suspension and went to sleep. Now he
has woken up and is crying with pain. Feels feverish.
Says his tummy hurts on the right side now. Severity

8/10. Tummy hurts to touch. Feels hot. Looks flushed.

Constant pain - no radiation.

painful shoulder. Unable to move it for 24
hours. Onset of pain in right shoulder about 6
months ago. Gradually got worse. In the past
week it has been much worse and now unable
to move the shoulder. Right shoulder appears
higher than the other. Background ache.
Severe pain if she tries to move the shoulder.

If asked

location of pain: Right lower abdomen
Character: constant

Diarrhoea: NO

constipation - NO

blood in stools - NO

mucus - NO

urinary or testicular symptoms - NO
vomiting - NO

dehydration - NO

fever - YES

dry Mouth - NO

history of injury to the shoulder: NO

redness of the skin over the shoulder: NO
painful to touch: NO

deformity: NO

numbness, tingling or pain in the arm: NO
weakness of the arm: NO — just can’t lift it up
because of pain.

does the shoulder feel as if it is coming out of
socket?: NO

Progression

getting worse

getting worse

Levels of urgency

advice

see primary care within 4 hours

see primary care non-urgent

Main diagnosis

appendicitis

frozen shoulder

Differential
diagnoses (not

ordered)

urinary tract infection
mesenteric adenitis
inguinal hernia
testicular torsion
intestinal malrotation
ureteric colic

osteoarthritis of shoulder
bursitis of shoulder

shoulder impingement syndrome
dislocated shoulder
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Body-system/ gastrointestinal musculoskeletal - non-injury
specialism

classification

Supplementary Table 3
Two example vignettes showing the vignette structure. The items in grey shading are the vignette gold-standard

answer and vignette body-system/specialism classification.
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Name of Provider Platform addressed in this study [Regional availability Questionson  |Number of
symptom pre-existing questions
assessment factors/
app attributes
Ada Ada Health|App Available everywhere. -Gender Variable
GmbH, -Date of birth
Berlin, -Pregnant
Germany -Smoker
-High blood
pressure
-Diabetes
Babylon Babylon App Services  provided  in|-Gender Variable
Healthcare compliance with UK law|-Date of birth
Services Ltd., and regulation-- outside of
London, UK the UK, user must check if
lawful. Not all services
available outside of UK
UK version tested in this
study.
Buoy Buoy Health,[Website (Note - the term ‘app’ is|For US residents -Gender Variable
Inc., loosely used in this study as a[US version tested in this|-Age (between
Boston, MA,|generic term for symptom/|study. 2-120 years)
USA assessment tools - strictly Buoy is
not an app, but instead a website,
though it can be put onto phone
homescreens
K Health K Health Inc., |App Services available outside|-Gender Around 20
New York, NY, the US & Israel but are|-Age questions
USA solely directed to those in|-Chronic but variable
the US and/or Israel. conditions
US version tested in this|relevant to
study. symptoms
Mediktor Teckel Medical | App Available everywhere -Gender Variable
S.L, -Age
Barcelona,
Spain
Symptomate |Infermedica, |App Available everywhere -Gender 19 after
Wroctaw, -Age (Minimum|region
Poland age 18) where live
-Overweight
-Smoker
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-Recently
injured
-High
cholesterol
-Hypertension -
Diabetes
Your.MD YOUR.MD AS | App Available everywhere -Gender Variable
Oslo, Norway -Year of birth (-
and Minimum  age
subsidiary: 16)
Your.MD Ltd. -Asthma
London, UK -Diabetes
-Smoker
WebMD WebMD, LLC |App (website also available) Available everywhere -Gender 4 (excluding
Atlanta, GA, -Age age and
USA -Past  medical|gender)
history
-Medications

Supplementary Table 4

Summary of the 8 apps evaluated in this study
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Conditions should be considered a reasonable match when:

- the suggested condition is the same as the gold standard (GS).

- alternative names for the same condition are used.

- the suggested condition is a more precise description of the gold standard condition.

- the condition is an umbrella term including the other condition.

- it is reasonable to assume two different doctors might use the two different descriptions to label the same

conditions.

- one condition causes the other (directly and explicitly)

- the suggested condition conveys the nature of the GS condition, is reasonably related to the GS condition (but
is less precise) - similarity is so clear that in primary care medicine practice, the conditions would be considered

a near match.

- the suggested condition is both highly related to the GS condition and shares symptoms to a high degree with
the GS condition.

Supplementary Table 5

Matching criteria that were considered by panel physicians in deciding if condition-suggestions (from GPs or from
apps) match the gold-standard diagnoses. Note - the matching criteria apply equally to all apps and to the tested-
GPs.
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maximum one level less conservative than gold-
standard, expressed per vignette provided with

advice).

Levels of urgency advice all vignettes | 150 vignettes with | all vignettes | 150 vignettes with
for K Health source verified for Your.MD | source verified
(200) data for K Health (200) data for Your.MD

no advice given (%) [not recorded] 32.0[12.0] 33.3 32.5 38.7

potentially unsafe (%) 10.5 14.0 5.0 4.7

safe but underconservative (%) 18.0 23.3 5.0 4.0

exactly matched (%) 17.0 20.0 22.0 23.3

overconservative but suitable (%) 6.0 6.7 14.0 15.3

overconservative (%) 4.5 2.7 21.5 14.0

statistical testing (%) Fisher’s exact test for

significant difference between the urgency p-value 0.59 (no significant p-value 0.69 (no significant

advice allocation difference) difference)

% of safe advice (where safe is defined as 81.3* 79.0 92.6 92.3

Supplementary Table 6

Urgency advice subanalysis for K Health and Your.MD. One app-entry-Dr (#4) did not record complete and source
data verifiable data for K Health and Your.MD. For K Health, 12.0% of urgency advice was not recorded by app-entry-
Dr (#4) and no screenshot was saved. For Your.MD, all urgency advice was recorded but in 25% of vignettes,
screenshots were not saved for source data verification. A subanalysis was conducted to show the K Health and
Your.MD performance in the fully verified 150 vignettes and to allow comparison to their performance in the full set
of 200 vignettes. There are some differences in Your.MD’s performance in the 200-vignette and in the 150-vignette
analyses, but these are not statistically significant. Itis not possible to determine what proportion of the differences
present was due to unrecorded or unverified data, and what proportion was due to random differences between

the 150 and 200 vignettes. * - in the case of K Health, % of safe advice (where safe is defined as maximum one level

less conservative than gold-standard, expressed per vignette with available advice).
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the urgency advice allocation

difference)

Condition-suggestion performance all vignettes | 150 vignettes with | all vignettes | 150 vignettes with
for WebMD | source verified data | for Your.MD | source verified data
(200) for WebMD (200) for Your.MD

M1 (%) 21.0 253 215 18.7

M3 (%) 35.5 38.0 23.5 20.0

M5 (%) 43.5 45.3 235 20.0

COMP. (%) 38.9 42.5 14.3 12.0

RELE. (%) 33.4 34.8 40.2 35.1

statistical testing (%) Fisher’s exact

test for significant difference between p-value 0.88 (no significant p-value 0.88 (no significant

difference)

Supplementary Table 7

Condition-suggestion subanalysis for WebMD and Your.MD. One app-entry-Dr (#4) did not record complete source
data verification screenshots for WebMD or for Your.MD and therefore verification of entered data was not
possible for 50 out of 200 of the randomly assigned vignettes for these apps. A subanalysis was conducted to show
the performance of WebMD and Your.MD in the fully verified 150 vignettes and to allow comparison to their
performance in the full set of 200 vignettes. There are some differences in performance between the 200-vignette
and the 150-vignette analyses, but these are not statistically significant. It is not possible to determine what
proportion of small differences present were due data entry error in the 50-vignettes, and what proportion was due
150

to random differences

between the

and

200 vignettes.
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Scenarios for which there was no urgency advice
Under the age Pregnant | Symptom Not No condition- Not Mental Total for which no urgency
limit? % Found 2 suggestions 3 Recorded* health® advice (i.e. 100% - breadth of
% % % % % coverage
(specified
age limit)

Ada 0 0 0 0 0 0 0

1.0 3.0 5.0 0 0 0 9.0
Babylon (16+)*

9.5 0 0.5 0 0 0 10.0
Buoy (13+)

31.0 0 1.0 0 12.0 0 44.0
K Health (18+)

2.5 0 0 13.5 0 15 17.5
Mediktor (14)

31.0 0 0.5 0 0 0 315
Symptomate (184)

23.0 0.5 2.0 5.5 0 0 31.0
Your.MD (16+)

Supplementary Table 8

Coverage of each app and reasons why apps did not provide condition-suggestions for some vignettes.

* - Babylon provides levels of urgency advice to these patients such as “go to the nearest ED”, but it does not provide
condition-suggestions for patients under 16 years of age.

1-The app did not provide a condition-suggestion for those under its specified age limit.

2 - A matching symptom or appropriately matching symptom to the presenting complaint could not be found in the
app, so the vignette could not be entered.

s - No condition-suggestions were provided by the app, and, as a result of this, the app did not provide urgency
advice.

+- One app-entry-Dr (#4) did not fully record the levels of urgency advice, and there were no corresponding source
data verification screenshots for this subset of data. See Supplementary Table 6 for a subanalysis of the 150

vignettes with complete source-data-verified data for K Health on levels of urgency advice.
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s- These were mental health scenarios where no level of urgency advice was provided. Note: for the other apps,
where question flow was stopped due to mental health, the level of urgency advice of ‘seek emergency care’ was

none-the-less provided.
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Scenarios for which there were no condition-suggestions
Under the | Pregnant Symptom Condition Generic? Clear Mental Total for which no
age limit* % Not Found? | Severity? % Statement No | health condition suggestions
% % % Resultss % (i.e. 100% - breadth of
(specified % coverage)
age limit)
Ada 0 0 0 0.5 0 0 0.5 1.0
Babylon 25.5 2.5 4.0 8.5 6.0 0.5 1.5 48.5
(16+)
Buoy 8.5 0 1.0 0.5 0 0 1.5 11.5
(13+)
K Health 23.5 0 2.0 0 0 0 0 25.5
(18+)
Mediktor 4.0 0 1.0 1.0 0 11.5 2.0 19.5
(1+)
Symptomate 31.5 15 0 0 0 5.0 0.5 38.5
(18+)
Your.MD 23 1.0 0.5 0.5 4.0 5.5 1.0 35.5
(16+)
WebMD 5.0 0 0.5 0 0 1.5 0 7.0

Supplementary Table 9

The breadth of condition-suggestion coverage is shown for each app along with the reasons why apps did not provide
condition-suggestions for some vignettes.

1-The app does not provide a condition-suggestion for users under a specified age limit.

- A directly or appropriately matching symptom to the presenting complaint could not be found in the app, so the
vignette could not be entered.

s - The app did not to give condition-suggestions for very serious symptoms - e.g. the app stated only ‘Condition
causing severe [symptom]’

+- The app gave a generic answer rather than a condition, e.g. “further assessment is needed”
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s- The app provided a clear statement that no condition-suggestion results were found for the vignette. The reason
why the app failed to give a condition-suggestion for these vignettes is uncertain, but generally these vignettes relate
to minor conditions, and in most cases, it seems that the app does not have a matching condition modelled.

s - These were mental health scenarios where no conditions were provided at all
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Classification of reason App Number of vignettes for which this
was the reason for no condition-
suggestion

Mental Health Ada 1

“If she is struggling with suicidal thoughts, please stay calm, don’t

leave her alone and make sure to look for professional help right

now...(Ada)” Babylon 3

“I’'m sorry you're having thoughts of self-harm or suicide. I’'m stopping

your assessment as this is beyond my capability...(Babylon)”

“Some of the symptoms you reported might need to be checked out | Buoy 3

by a GP within the next 6 hours...(Babylon)”

“When experiencing thoughts of suicide, she should go immediately

to the ER...(Buoy)” Mediktor 4

“Seeing or hearing things is a sign of a possible mental health issue.

She should...(Buoy)”

“Mental or medical condition causing hallucinations. (Buoy)” Symptomate 1

“Go to the hospital right away. It is very likely you need medical care.

(Mediktor)”

“Thank you for telling me, Guest. As you know, | am not a doctor, but | Your.MD 2

there are people that can help you with these thoughts...(Your.MD)”

“[Symptom] are worrying symptoms. You should see a doctor within

48 hours...(Your.MD)”

Generic Babylon 12

“Your symptoms require further medical assessment. (Babylon).”

“This needs looking into...(Babylon)”

“Range of possible causes...(Babylon)”

“Symptoms can be managed at home...(Babylon - note condition not | Your.MD 8

named)”

“Ok guest, here is some information you might find helpful:

[symptom/related condition information] (Your.MD)”

Emergency/ very severe Ada 1

“Call the local emergency number for a life-threatening medical

emergency (Ada)”

“Severe chest pain...[Symptom] might be a sign of something Buoy 18

serious...(Buoy)”

“Condition causing...[serious symptom] (Buoy)” Your.MD 1

“[Symptoms] are worrying symptoms. You should see a doctor within

48 hours (Your.MD)”

Babylon 16

“Symptoms should not be ignored (Babylon)”

“Could be signs of something serious...(Babylon)”
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Clear statement of no results Symptomate 10

“No results (Symptomate)”

“I wasn’t able to find any causes for your symptoms...(Your.MD)” Your.MD 1

“No prediagnosis was reached. Please retry the assessment describing

it differently or check with a health professional (Mediktor)”

Mediktor 23
“No conditions found, try adding more symptoms (WebMD)”
“The symptoms you describe are quite complex...(Babylon)”
WebMD) 3
Babylon 1

Supplementary Table 10

Detailed analysis of why apps did not provide condition-suggestions for some vignettes

Gilbert S, et al. BMJ Open 2020; 10:€040269. doi: 10.1136/bmjopen-2020-040269



BMJ Publishilng Group Limited (BMJ) disclaims all liability and responsibilit¥ arising from any reliance

Supplemental material placed on'this supplemental material which has been supplied by the author(s) BMJ Open
GP mean App mean Ada Babylon
Vignette group All NHS Non-NHS All NHS Non-NHS All NHS Non-NHS All NHS Non-NHS
(200) (64) (136) (200) (64) (136) (200) (64) (136) (200) (64) (136)
Condition-suggestion performance
M1 (%) 48.5 39.1 52.9 215 18.8 22.8

+ + + + + +
L2836 | 627478 | 777228 | 26,1189 | 23.2864 | 2754104 | (41 7.554) | (28.1513) | (44.661.1) | (16.4-27.7) | (11.1-30.0) | (16.5-30.5)

M3 (%) 70.5 57.8 76.5 32,0 29.7 33.1
+ + + + + +
8252 | 752159 | 869553 | 3808135 | 359895 | 3904136 | 635764) | (45.669.1) | (68.7-82.8) | (25.9-38.8) | (19.9-41.8) | (25.7-41.4)

M5 (%) 77.5 67.2 824 325 29.7 33.8
+ + + + + +
82.8+4.7 76.65.5 87.4+5.0 40.8+15.2 39.6+12.6 | 41.3+16.8 (71.2-82.7) | (55.0-77.4) (5.1-7.8) (26.4-39.3) | (19.9-41.8) | (26.4-42.1)

coMmP. (%) 44.0 435 442 18.7 15.1 203
459850 | 48016 | 44.9:4.9 | 26.1291 | 265297 | 259490 | (447474) | (36.6:50.4) | (40.4-47.9) | (15.4-21.8) | (9.2:205) | (16.4-24.1)
0
RELE. (%) 69:90 | 649+69 | 703112 | 362:7.5 | 32568 | 37.987.9 459 384 49> 283 224 310

(42.4-49.6) | (32.3-44.5) | (45.1-53.8) | (23.5-32.9) | (14.0-30.2) | (25.0-36.8)

Urgency-advice performance

no advice given (%) [not recorded]] (9106 2,015 05:1.0 | 20.6+15.8 | 19.6+16.1 | 21.1+15.9 0.0 0.0 0.0 9.0 9.4 8.8
potentially unsafe (%) 29525 33134 2.4%1.9 76158 | 10561 | 6.245.7 3.0 6.3 15 45 7.8 2.9

safe but underconservative (%) | 10.8¢5.9 | 7.1#35 | 13.0:7.2 | 129150 | 10356 | 14.1¢6.6 12.0 7.8 14.0 13.5 6.3 16.9
exactly matched (%) 57.68.0 | 48.2+113 | 63583 | 259102 | 24.6:7.9 | 26,6115 33.0 3258 331 40.0 34.4 42.6
overconservative but suitable (%)] 15.246.3 17.617.1 14.6+10.1 16.317.2 13.8+4.7 17.448.7 24.5 20.3 26.5 16.5 14.1 17.6
overconservative (%) 12.6:7.7 | 21.0¢104 | 54:7.7 | 16.7¢83 | 21.2¢95 | 14.6:85 27.5 3238 25.0 16.5 28.1 11.0

% of safe advice 97.0¢2.5 | 96.6:3.5 | 97.6¢1.9 | 90.1¢7.4 | 865:7.9 | 91.8:7.2 97.0 93.8 98.5 95.1 91.4 96.8
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Buoy K Health Mediktor Symptomate
Vignette group All NHS Non-NHS All NHS Non-NHS All NHS Non-NHS All NHS Non-NHS
(200) (64) (136) (200) (64) (136) (200) (64) (136) (200) (64) (136)
Condition-suggestion performance
M1 (%) 28.0 18.8 32.4 26.0 234 27.2 235 25.0 22.8 19.0 18.8 19.1

(22.2-34.6) | (11.1-30.0) | (25.1-40.6) | (20.4-32.5) | (14.7-35.1) | (20.4-35.2) | (18.2-29.8) | (16.0-36.8) | (16.5-30.5) | (14.2-25) | (11.1-30.0) | (13.4-26.5)

M3 (%) 43.0 35.9 46.3 36.0 39.1 34.6 36.0 39.1 34.6 27.5 28.1 27.2
(36.3-49.9) | (25.3-48.2) | (38.2-54.7) | (29.7-42.9) | (28.1-51.3) | (27.1-42.9) | (29.7-42.9) | (28.1-51.3) | (27.1-42.9) | (21.8-34.1) | (18.6-40.1) | (20.4-35.2)

M5 (%) 43.0 35.9 46.3 39.0 42.2 37.5 36.5 39.1 353 30.5 29.7 30.9
(36.3-49.9) | (25.3-48.2) | (38.2-54.7) | (32.5-45.9) | (30.9-54.4) | (29.8-45.9) | (30.1-43.4) | (28.1-51.3) | (27.8-43.6) | (24.5-37.2) | (19.9-41.8) | (23.7-39.1)

COMP. (%) 27.9 28.8 27.4 27.5 30.7 26.1 28.1 29.9 27.2 16.3 15.9 16.5
(24.5-31.1) | (22.5-35.1) | (23.6-31.1) | (24-31) | (23.5-37.5) | (22.1-30) | (24.3-31.7) | (22.9-36.7) | (22.7-31.6) | (13.3-19.2) | (10.4-20.9) | (12.9-20.0)

RELE. (%) 47.5 42.7 49.8 38.6 35.5 40.1 333 29.6 35 28.7 26.9 29.6
(42.3-52.7) | (33.6-51.6) | (43.4-56.2) | (33.7-43.6) | (27.1-43.7) | (33.7-46.2) | (28.9-37.5) | (22.6-36.3) | (29.4-40.3) | (23.6-33.8) | (17.8-35.5) | (23-35.7)

Urgency-advice performance

no advice given (%) [not recorded] | 19 o 10.9 96 44.0 46.9 426 17.5 12,5 19.9 315 3238 309
potentially unsafe (%) 18.0 21.9 16.2 10.5 12,5 96 10.5 14.1 8.8 15 47 0.0

safe but underconservative (%) 20.0 12.5 235 18.0 12.5 20.6 12.0 18.8 8.8 9.5 12.5 8.1

exactly matched (%) 34.0 281 36.8 17.0 15.6 17.6 24.0 219 25.0 115 14.1 10.3
overconservative but suitable (%) 8.5 10.9 7.4 6.0 6.3 5.9 23.0 18.8 25.0 21.5 12.5 25.7
overconservative (%) 9.5 15.6 6.6 4.5 6.3 3.7 13.0 14.1 125 245 23.4 25.0
% of safe advice 80.0 75.4 82.1 813 76.5 83.3 87.3 83.9 89.0 97.8 93.0 100.0
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WebMD Your.MD
Vignette group All NHS Non-NHS All NHS Non-NHS
(200) (64) (136) (200) (64) (136)
Condition-suggestion performance
M1 (%) 21.0 20.3 213 215 219 213

(15.9-27.2) | (12.3-31.7) | (15.3-28.9) | (16.4-27.7) | (13.5-33.4) | (15.3-28.9)

M3 (%) 35.5 32.8 36.8 235 25.0 22.8
(29.2-42.3) | (22.6-45) | (29.1-45.1) | (18.2-29.8) | (16.0-36.8) | (16.5-30.5)

M5 (%) 43.5 48.4 41.2 23.5 25.0 22.8
(36.8-50.4) | (36.6-60.4) | (33.3-49.6) | (18.2-29.8) | (16.0-36.8) | (16.5-30.5)

COMP. (%) 32.2 332 317 13.9 14.9 13.4
(28.4-35.8) | (26.7-39.7) | (27.2-36.1) | (11.5-16.2) | (10.7-19.1) | (10.5-16.1)

RELE. (%) 27.3 25.7 28.1 39.7 38.7 40.1
(24.0-30.5) | (20.3-30.9) | (23.9-32.1) | (33.3-45.9) | (27.7-49.5) | (32.5-47.8)

Urgency-advice performance

no advice given (%) [not recorded]i n.d. n.d. n.d. 325 25.0 36.0
potentially unsafe (%) n.d. n.d. n.d. 5.0 6.3 4.4
safe but underconservative (%) n.d. n.d. n.d. 5.0 1.6 6.6
exactly matched (%) n.d. n.d. n.d. 22.0 25.0 20.6
overconservative but suitable (%) n.d. n.d. n.d. 14.0 14.1 14.0
overconservative (%) n.d. n.d. n.d. 21.5 28.1 18.4
% of safe advice n.d. n.d. n.d. 92.6 91.7 93.1

Supplementary Table 11
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Condition-suggestion and urgency-advice performance for all apps for the complete set of 200 vignettes, and subanalyses for the 32.0% of vignettes sourced from NHS Direct and
the 68.0% of vignettes created by the vignette creation team (95% confidence intervals are shown in brackets). The mean app and mean GP performance (+ S.D.) are also shown

for each set of vignettes. n.d. — not determined (this applies to WebMD which was not included in the urgency-advice comparison).
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Appendix S1:

Comparison of the vignettes to UK health
statistics

We explored the demographic properties and frequency of health conditions of the vignettes to
investigate how our results would generalize beyond the artificially generated vignette patient,
population and spectrum of conditions (see main manuscript section on vignette creation for
details). The age and sex distribution of the vignettes was compared to the latest available data
UK population [1]. The age and sex distribution of the chosen vignettes corresponds broadly to
that of the UK population (see Supplementary Fig. 2). Vignettes with young adults as subjects
are proportionately more frequent than young adults in the UK population, but those groups
constitute the current main user group for digital symptom assessment tools and there is therefore
good justification for their frequent inclusion in vignettes. Vignettes with young children as subjects
are also proportionately more frequent than young children in the UK population, but young
children are a high health dependency population, where the use of a symptom assessment
application by the caregiver for advice is a highly relevant use case, and a use case in which
condition suggestion and urgency advice accuracy is highly important. Over-representation of this
demographic in the vignettes is therefore justified. Importantly, the vignettes sample the whole
range of ages found in the UK population.

To compare the frequency of health conditions found in the vignettes to that in the English
population, we compared the relative frequency of condition groups of the vignettes to the
prevalence of condition groups reported by Quality and Outcomes Framework (QOF) for the NHS
in England (Quality and Outcomes Framework) [2]. The QOF reports the prevalence of conditions
belonging to six groups: (i) cardiovascular conditions (atrial fibrillation, cardiovascular disease
primary prevention, coronary heart disease, heart failure, hypertension, peripheral arterial
disease, as well as stroke and transient ischaemic attack); (ii) respiratory conditions (asthma,
COPD); (iii) lifestyle related conditions (obesity, smoking); (iv) high dependency and long term
care conditions (cancer, chronic kidney disease, diabetes mellitus, palliative care); (v) mental
health and neurological conditions (dementia, depression, epilepsy, learning disabilities, mental
health); and, (vi) musculoskeletal conditions (osteoporosis, rheumatoid arthritis). The condition
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classification system adopted by the QOF differs substantially to the classification system used
to subdivide the vignettes (see Supplementary Table 1), and some of the QOF groups were not
explicitly included in specific vignettes as they overlap other QOF groups e.g. lifestyle related
conditions such as obesity and smoking related conditions were not represented by individual
vignette main diagnoses, but these were relevant to the clinical history provided in some vignettes.
Therefore, in order to compare the condition coverage of the vignettes to the QOF data, we
adapted the condition groups of the QOF and matched them to the vignette condition groups (as
described in Supplementary Table 1). The distribution of the condition categories among the
vignettes shows the vignette creation goal, of inclusion of a diverse range of conditions in the
vignettes spanning the conditions seen by GPs, was achieved (see Supplementary Fig. 3). With
the exception of cardiovascular conditions, the proportion of condition categories found among
the vignettes and among the English NHS population are broadly similar. Although there is a
mismatch between the relative frequency of cardiovascular conditions in the vignettes and in the
English NHS population, it should be noted that there are a broad range of conditions included
this QOF category (e.g. hypertension, and primary prevention for cardiovascular disease). It
should also be noted that the proportions reported by the QOF are not necessarily comparable to
an ideal proportion of vignettes - the QOF reports condition prevalence based on all patients who
fulfil the requirements for the condition list in the respective year of the report, whereas new
occurrences of a disease are more likely to lead to the use of a digital symptom assessment
application. More generally, population morbidity data collected at doctors’ practices based on
confirmed diagnoses will always lack the unknown proportion of un- or misdiagnosed conditions
which may be picked up by digital symptom assessment applications. It is therefore not
necessarily optimal to their intended evaluation goal, for vignettes used to assess symptom
assessment applications to have a perfect match in condition frequency to the QOF prevalence
data.
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Supplementary Figures

Supplementary Figure 1
Mapping between the native levels of urgency advice provided by each app and tested-GP and the study
defined common levels of urgency advice (as shown in main manuscript Table 1).

Supplementary Figure 2
Distribution of age and sex in the study vignettes (bars) compared to the demography of the UK population
(shaded area), expressed as proportion of the vignettes or the total population, respectively.

Supplementary Figure 3
Proportion of cases per condition category reported in NHS prevalence data versus vignette conditions.
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Babylon Ada
S t t
tested-GPs Pl h
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