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Abstract

Background: Inthe context of adeepening global shortage of health workers and, in particular, the COVID-19 pandemic, there
isgrowing international interest in, and use of, online symptom checkers (OSCs). However, the evidence surrounding the triage
and diagnostic accuracy of these tools remainsinconclusive.

Objective: This systematic review aimed to summarize the existing peer-reviewed literature evaluating the triage accuracy
(directing users to appropriate services based on their presenting symptoms) and diagnostic accuracy of OSCsaimed at lay users
for general health concerns.

Methods: Searches were conducted in MEDLINE, Embase, CINAHL, Health Management Information Consortium (HMIC),
and Web of Science, as well as the citations of the studies selected for full-text screening. We included peer-reviewed studies
published in English between January 1, 2010, and February 16, 2022, with a controlled and quantitative assessment of either or
both triage and diagnostic accuracy of OSCs directed at lay users. We excluded tools supporting health care professionals, as
well as disease- or specialty-specific OSCs. Screening and data extraction were carried out independently by 2 reviewersfor each
study. We performed a descriptive narrative synthesis.

Results: A total of 21,296 studies were identified, of which 14 (0.07%) were included. The included studies used clinical
vignettes, medical records, or direct input by patients. Of the 14 studies, 6 (43%) reported on triage and diagnostic accuracy, 7
(50%) focused on triage accuracy, and 1 (7%) focused on diagnostic accuracy. These outcomes were assessed based on the
diagnostic and triage recommendations attached to the vignette in the case of vignette studies or on those provided by nurses or
genera practitioners, including through face-to-face and telephone consultations. Both diagnostic accuracy and triage accuracy
varied greatly among OSCs. Overall diagnostic accuracy was deemed to be low and was almost always lower than that of the
comparator. Similarly, most of the studies (9/13, 69 %) showed suboptimal triage accuracy overall, with afew exceptions (4/13,
31%). The main variables affecting the levels of diagnostic and triage accuracy were the severity and urgency of the condition,
the use of artificia intelligence algorithms, and demographic questions. However, the impact of each variable differed across
tools and studies, making it difficult to draw any solid conclusions. All included studies had at least one area with unclear risk
of bias according to the revised Quality Assessment of Diagnostic Accuracy Studies-2 tool.

Conclusions:  Although OSCs have potential to provide accessible and accurate health advice and triage recommendations to
users, more research isneeded to validate their triage and diagnostic accuracy before widescal e adoption in community and health
care settings. Future studies should aim to use acommon methodology and agreed standard for evaluation to facilitate objective
benchmarking and validation.

Trial Registration: PROSPERO CRD42020215210; https://tinyurl.com/3949zw83

(J Med Internet Res 2023;25:e43803) doi: 10.2196/43803
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Introduction

Background

The global shortage of health workers anticipated by the World
Health Organization (WHO) is expected to increase from 7.2
million in 2013 to 12.9 million by 2035 [1]. Online symptom
checkers (OSCs) have been promoted as a way of supporting
more rational use of health care services while saving time for
patients, reducing anxiety, and allowing them to take more
ownership of their health (self-care) [2,3]. OSCsare web-based
tools that can be accessed using a computer, tablet device, or
smartphone via a website or an app. On the basis of responses
to aseriesof questions, OSCs may suggest apossible diagnosis
and a triage recommendation to inform the next steps [4]. The
triage function guides users on whether they should seek ahealth
care assessment, the setting (eg, emergency department [ED]
or genera practice clinic), and the degree of urgency (eg,
immediately, within afew days, or weeks) [5].

The use of OSCs has exploded in recent years. In the United
Kingdom, the National Health Service (NHS) 111 onlineservice,
which registered 2 million contactsin 2019, reached 7.5 million
visits during the first 10 months of 2020, mainly as a
consequence of the COVID-19 pandemic[6]. OSCsmay indeed
provide patients with a more personalized assessment than
search engines such as Google [7] and can be used to not only
get adiagnosis or a triage recommendation without going to a
physician but also learn more about the cause of symptoms or
better understand adiagnosis[8]. Studiesfocused on COVID-19
OSCs showed that these tools tend to have high overall user
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satisfaction [9] and can help support remote care and
self-management, thus reducing the demands on clinicians and
health services [10].

However, the potential benefits of OSCs, whether individual
or collective, depend primarily on their safety and accuracy. If
inadequately designed, they could misdiagnose and misdirect
users, potentially diverting them from seeking adequate care
or, conversely, placing additional strain on health systems. Two
systematic reviews assessed the literature evaluating OSCs
[11,12] with mostly weak evidence regarding their diagnostic
and triage accuracy. One review focused only on urgent health
issues[12], whereasthe other included specialty-specific OSCs
[11]; both were outdated after the recent publication of several
eligible studies.

Objectives

This systematic review aimed to update and summarize the
peer-reviewed literature eval uating the triage accuracy (defined
as directing users to appropriate services based on their

presenting symptoms) and diagnostic accuracy of OSCs aimed
at lay users for general health concerns.

Methods

This systematic review was conducted following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines[13] (MultimediaAppendix 1[13]).

Eligibility Criteria
All inclusion and exclusion criteria are presented in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

Article type: peer-reviewed articles only
Language: English
Publication dates: January 1, 2010, to February 16, 2022

Population: general population of any age seeking advice digitally regarding how to address, manage, and treat their symptoms and potential
health issues, ranging from minor to acute and including long-term conditions

Intervention: any web-based or digital servicethat suggestseither or both a probable diagnosis and atriage recommendation based on the symptoms
inputted by users; these online symptom checkers may be apps, websites, or any other digital platforms (including prototypes) accessible through
amobile phone, tablet device, or computer

Comparator: triage and diagnosis attached to the vignette or assigned via telephone or face-to-face consultation with a genera practitioner or

nurse

«  Outcomes: quantitative data on diagnostic and triage accuracy of tested online symptom checker

«  Study design: observational studies, randomized or nonrandomized controlled trials, controlled before-after studies, or interrupted time series

studies

Exclusion criteria

. Articletype: dissertations, conference proceedings, abstracts, and all non—peer-reviewed papers

« Language: any language other than English
«  Publication dates: before 2010 or after February 16, 2022

«  Population: specific age or patient group (eg, patients with COVID-19 symptoms or children only)

« Intervention: toolsthat only provide an asynchronous web-based consultation (eg, viaemail) or health advice without diagnosis or triage, aswell

as those that were specific to age, disease, or specialty
«  Comparator: no comparator

«  Outcomes: not applicable

«  Study design: all study designs other than observational studies, randomized or nonrandomized controlled trials, controlled before-after studies,

or interrupted time series studies

Search Strategy

A scoping review was conducted after consulting with aresearch
librarian to help establish search terms. Aniinitial list of search
terms was compiled and applied to MEDLINE and Embase to
confirm therelevance of theresults. Referencelistsfrom several
relevant studies and similar reviews were manually searched to
expand the search terms and refine the search strategies. Medical
Subject Headings were adapted for each database. Searches
were carried out on February 17, 2022 (searching for studies
published between January 1, 2010, and February 16, 2022).
We searched the following 5 databases: MEDLINE, Embase,
CINAHL, Headth Management Information Consortium
(HMIC), and Web of Science. No manual searching was
performed, but we screened the references of all studies selected
for full-text screening. The final list of search terms for each
database is presented in Multimedia Appendix 2.

Study Selection

The studies retrieved were first imported into EndNote X7
(Clarivate) to help identify and remove duplicates. Theincluded
studies were then entered in Covidence (Veritas Health
Innovation Ltd), where additional duplicates were removed.
Titles and abstracts were screened by 2 researchers. The fulll
text of potentialy eligible studies was then independently
assessed by 2 researchers. Studies wherethe primary reviewers
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disagreed were reviewed independently by a third researcher;
any remaining disagreement was resolved through team
discussion.

Data Extraction

After full-text screening, data extraction was carried out by 2
researchersindependently for each study using acomprehensive
standardized extraction form designed for the specific
characteristics of this review and refined after the testing of 2
(14%) of the 14 studies. Key areas of data collection were the
study sample size and characteristics; reference standard,
measures, and levels of triage and diagnostic accuracy; and any
additional comparator and reported outcomes. The detailed data
extraction tableis presented in Multimedia Appendix 3[14-27].

Risk of Biasand Applicability

Two researchers independently assessed the risk of bias and
applicability concerns using a revised version of the Quality
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)
tool [28] for the domains of patient selection, performance of
the index test, performance of the reference test, and flow and
timing (for risk of bias only). Conflicts were resolved through
discussion. No study was excluded based on quality assessment.
We also assessed the overall strength of evidence (quality and
relevance) for both main outcomes using an adaptation of the
method described by Chambers et al [12] in their review. This
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involved classifying evidence based on study numbers, risk of
bias, and levels of consistency among the findings.

Analysis

We performed a descriptive narrative synthesis as well as a
strength-of-evidence assessment structured around the
prespecified research questions and outcomes to describe the

Riboli-Sasco et d

collective findings of the included studies. Wide variations in
design and methodology made meta-analyses impractical.

Results

A total of 21,284 recordswereidentified through initial searches,
with an additional 12 studies identified through citation
searching. Of the 21,296 studies, 14 (0.07%) wereincluded in
thereview (Figure 1).

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.

[

]

Characteristics of the Included Studies

Table 1 shows the main characteristics of the included studies
published between 2014 and 2022. Of the 14 studies, 5 (36%)
were conducted with participants based in the United States
[14-18], three (21%) in the United Kingdom [19-21], two (14%)
in Australia[22,23], two (14%) in Canada[24,25], one (7%) in
the Netherlands [26], and one (7%) in Hong Kong [27]. Seven
(50%) of the 14 studies[14,15,17,18,21-23] used standardized
patient vignettes, several (3/7, 43%) were inspired by, or
included, the 45 vignettes used by Semigran et al [14,15]. The
remaining studies (7/14, 50%) used data from rea patients
through either their medical health records [16,27] or direct
input by users [19,20,24-26] in different settings, including
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primary care and emergent care settings. Population sizesranged
from 45 to 25,333 patients.

Of the 14 studies, 7 (50%) evaluated a single OSC
[17-20,24-26], whereas the other 7 (50%) tested and compared
the performance of two [27] to thirty-six [22] OSCs. Where
provided, the most common justifications for selection were
language (English), the level of popularity among users, and
accessibility (free). The most frequently included OSC was
WebMD (included in 6/14, 43% studies), followed by Isabel
and Symptomate (tested in 5/14, 36% studies) and Drugs.com,
Symcat, and FamilyDoctor (each tested in 4/14, 29% studies).
The complete list of tested OSCs is presented in Multimedia
Appendix 4 [14-27], along with measurements used to assess
their diagnostic and triage accuracy.
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Table 1. Main characteristics of the included studies.
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Authors, year;  Study design oscs? n  Population or sample Reference standard Additional comparator
country
Pooteetal [19], Prospectivecohort 1 A total of 154 patients from aPCP stu-  Seven GP<® through F2F N/A®
2014; United  study dent health center; age: 17 to 43 years  consultation
Kingdom (mean age: 22 years); 64.3% female
and 35.7% male
Semigraneta  Vignette cohort 23 A total of 45 standardized patient vi-  Diagnostic and triage recom- N/A
[14], 2015; study gnettes, mean age 34.02 (SD 22.48) mendations attributed to the
United States years; age range 4 monthsto 77 years; vignettes
38% female and 62% male
Semigraneta  Vignette cohort 23 Same as Semigran et al [14] Diagnostic recommendations A total of 234 GPs
[15], 2016 study attributed to the vignettes through the Human Dx'
United States platform
Verzantvoort et Prospective, crosss 1 A total of 126 app users; 52% female Telephonetriageby anurse  N/A
a [26], 2018; sectional cohort and 48% male
theNetherlands  study
Berry etal [16], Retrospectivecohort 5 A total of 168 EDY patient recordswith ED physician through F2F N/A
2019; United study prior diagnosis of HIV or hepatitis C; consultation and triage all
States mean age 44.9 (SD 12.3) years; 36.9% deemed emergent as patients
female and 63.1% male; 38% Black ~ Presented tothe ED
and 62% White
Gilbert et al Vignette cohort 8 A total of 200 standardized patient vi- Diagnostic and triage recom- A total of 7 GPs
[17], 2020; study gnettes, mean age 35.59 (SD 24.48) mendations attributed to the  through telephone con-
United States years; age range 1 month to 89 years;,  vignettes sultation; gold standard
57% female and 43% male set by 2 panelsof 3 GPs
each for diagnosis and
triage
Hill etal [22],  Vignette cohort 36 A total of 48 standardized patient vi-  Diagnostic and triage recom- N/A
2020; Australia  study gnettes (including 30 adapted from mendations attributed to the
Semigran et a [14]); meanage 21.2  vignettes and confirmed by 2
(SD 10.2) years, agerange 4 weeksto GPsand 1 ED specialist
77 years, 43.75% female and 56.25%
male
Yueta [27], Retrospective cohort 2 A total of 149 real A& ED patient charts; Triage categoriesassigned by  N/A
2020; Hong study Drugs.com: mean age 55.6 years; 58% thetriage nursesusing A& E
Kong female and 42% male; FamilyDoctor: ~ department triage protocols
mean age 55.4 years; 55% female and
45% male
Ceney et d Vignette cohort 12 A total of 50 standardized patient vi-  Diagnostic recommendations  N/A
[21], 2021, study gnettes (including 44 from Semigran  attributed to the vignettes and
United King- et a [14] and an additional 6to account  triage recommendations ac-
dom for depression or COVID-19infection) - ¢ording to NICE' guidance
Chanetal [25], Prospectivecohort 1 A total of 581 patients (281 ED patients Triage by GP through F2F N/A
2021; Canada  study and 300 PC patients); ED patients: consultation and reviewed by
mean age 38 (SD 16; range 16-91) 2 physician authors who, by
years; PC patients: mean age 48 (SD  consensus, assigned a corre-
18; range 16-91) years; 63% female  sponding triage recommenda-
and 37% male tion
Delshad et &l Vignette cohort 1 A total of 50 standardized patient vi-  Three consensustriagerecom-  Triage decisions by 14
[18], 2021; study gnettes, meanage47.1 (SD 19.8) years, mendations attributed tothe  individual GPs
United States age range 20 to 84 years, 50% female vignettes by 14 GPs
and 50% male
Gilbert et a Vignette cohort 1 Same as Hill et a [22] Triage recommendationsset  N/A
[23], 2021; study inHill et a [22], and 1 clini-
Australia cian (with GPand ED experi-
ence) decided whether the di-
agnostic recommendations
provided by the app matched

the one set by Hill et a [22]
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Authors, year;  Study design oscs? n  Population or sample Reference standard Additional comparator
country

Trivedi et a Prospectiveobserva- 1 A total of 429 patients; mean age 47 CcTAY scoresassigned face VA

[24], 2021, tional study (SD 22) years; 50.2% female and to face by the dedicated ED

Canada 49.8% male triage nurse

Dicksoneta  Retrospectivecohort 1 A total of 25,333 patients; medianage  \|TSK triage categoriesas- /A

[20], 2022; study 46 (range 30-62) years, 54.2% female g gned face to face by atriage

United King- and 45.8% male nurse

dom

80SC: online symptom checker.

bpc: primary care.

°GP: general practitioner.

9F2F: face-to-face.

EN/A: not applicable.

"Human Dx: Human Diagnosis Project.
9ED: emergency department.

A& E: Accident & Emergency.

INICE: National Institute for Health and Care Excellence.
ICTAS: Canadian Triage and Acuity Scale.
KMTS: Manchester Tri age System.

Diagnostic Accuracy

Thediagnostic accuracy of thetested OSC was reported in 50%
(7/14) of the included studies [14-17,21-23]. Significant
variability in the levels of diagnostic accuracy of OSCs was
observed among individual OSCsand studies, but the diagnostic
accuracy was deemed to be low overall and, on average, lower
than that of general practitioners (GPs) when compared [15,17].
Table 2 presents the levels and ranges of average diagnostic
accuracy, defined as listing the correct diagnosis first, as well
as the main variables assessed by each study.

There was agreement regarding the general impact of condition
frequency with a better average diagnostic accuracy observed
for common conditions than for uncommon conditions in 2
(14%) of the 14 studies[14,22], but the findings were conflicting

https://www.jmir.org/2023/1/e43803
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regarding the influence of condition urgency on diagnostic
accuracy [14,21,22]. Hill et al [22] also found that the 8 OSCs
using artificial intelligence (Al) agorithms had a better
diagnostic accuracy overall: they listed the correct diagnosis
first for 46% (95% CI 40%-57%) of the vignettes compared
with only 32% (95% Cl 26%-38%) for the 19 other tested OSCs.
However, these authors noted that “information about whether
programs employed Al algorithms was drawn solely from that
provided in the [O]SC,” which is problematic because
definitions of Al and algorithms may vary among studies and
OSCs, with some authors restricting Al to machine learning
methods, whereas others included Bayesian methods or even
simple rules-based algorithms. Finally, the source of the OSC,
namely the Apple App Store or Google Play Store, was found
to affect diagnostic accuracy in 1 (7%) of the 14 studies [22].
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Table 2. Levels of average diagnostic accuracy (ADA) and main variables identified.

Authors, year; ogcs? n  OSCADA (listingthecorrect diagnosis  ADA range, % Mainvariablesidentified ADA of additional comparator

country first) (OSC) to % (OSC)
Values, % (95% Values, mean Values, % (95% Values,
Cl) (SD) Cl) mean (SD)
Semigranetal 23 34 (31-37) _b S(MEDoctor)to  «  yrgency |© N/AF N/A
[14], 2015; 50 (DocResponse) F d
United States requency 1

«  Demographic data

e
<«

o Maximum number
of diagnosesprovid-
ed —

« Distributor <

«  Nursetriage proto-

col «
Semigranetal 23 34 (31-37) — 5(MEDoctor)to «  None 72.1(69.5- —
[15], 2016; 50 (DocResponse) 74.8)9
United States
Berry et a 5 — — 3 (WebMD) to « None N/A N/A
[16], 2019; 16.4 (Symcat)
United States
[17], 2020; t0 48 (Ada) (based on tran-
United States scripts of real calls
made to NHS Di-
rect) |
Hill eta [22], 36 36 (31-42) — 12 (ePain Assist)  » Urgency 1 ij N/A N/A
2020; Aus- to 61 (Sympto- «  Frequency 1
tralia mate) N '
o Demographicdatat
o Maximum number
of diagnosesprovid-
ed
o ApplevsGooglet|
Ceney et d d 37.7(33.6-41.7) — 22.2(Caidr)to72 .«  Urgency | N/A N/A
[21], 2021, (Ada) «  Number of ques-
United King- tions 1
dom «  Timeto complete
Gilbert et al 1m 65" — N/A o Audtrdian-specific  N/A N/A
[23], 2021; vignettes |
Australia

30SC: online symptom checker.

PNot stated.

Cincreases average diagnostic accuracy.

dT: decreases average diagnostic accuracy.

€| no substantial influence on average diagnostic accuracy.
fes: N/A: not applicable.

9A total of 234 general practitioners on the Human Diagnosis Project platform.
PNHS: National Health Service.

iSeven GPs through telephone consultation.

Jﬂ: mixed impact on average diagnostic accuracy.

Kal: artificial intelligence.

lout of 12 online symptom checkers.

MAda

"95% CI values not provided.
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Triage Accuracy

With the exception of the study by Semigran et a [15], all
studies reported on the selected OSCs' triage accuracy, which
seemed to be suboptima overall. Levels of average triage
accuracy are presented in Table 3. A triage was deemed accurate
only when it matched the one attributed by >1 clinicians asthe
gold standard. In the study by Berry et al [16], however, al
cases were “expected to be mostly emergency” because they
were records of patients presenting to the ED. This was
surprising because triage advice, that is, whether and where
users should seek a health care assessment for their presenting
symptoms, is precisely one of the main functions of OSCs, with
several studies showing that laypersonstend to be biased toward
overtriage, while also missing emergency cases [29-31]. In
addition, as Chan et a [25] pointed out in their review, and as
others have shown [32], if patients decide to present to the ED,
it does not mean that they automatically qualify for emergency
treatment, thus undermining the pertinence of the findings of
Berry et a [16] regarding triage accuracy.

Triage accuracy seemed to be affected by the level of urgency
of the condition as shown in 5 (36%) of the 14 studies
[14,21,22,24,27]. Of these 5 studies, 3 (60%) found that triage
accuracy increased with the urgency of the condition[14,21,22].
The results regarding the frequency of the condition were more
conflicting, depending on the studies and OSCs. According to

https://www.jmir.org/2023/1/e43803
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Hill et at [22], the accuracy of the 5 OSCs requiring
demographic data (defined asrequesting “ at least age and sex”)
was on average greater than that of the OSCsin the 14 studies
that did not require demographic data. | n the study by Semigran
et al [14], OSCsthat used the Schmitt or Thompson nursetriage
protocols were more likely to provide appropriate triage
decisions. Finaly, 2 (15%) studies [14,22] found that some of
the OSCs (including i Triage, Symcat, Everyday Health, Doctor
Diagnose, Symptomate, and Isabel) never recommended
self-care and therefore could not match this triage category.

Specific characteristics of the study population may also affect
the levels of triage accuracy of OSCs. Berry et al [16] found
that a significantly higher percentage of patients with hepatitis
C virus infection received a “correct diagnosis’ than patients
with HIV infection, both remaining low, however, leading the
authorsto conclude that current OSC software algorithms may
not account for patient populations with complex,
immunocompromised HIV infection and hepatitis C virus
infection. Only 2 (14%) of the 14 studies[19,24] looked at the
impact of users age and gender [19] or age and sex [24] on
triage accuracy and found diverging results. Finaly,
methodological choices relating to the type or source of the
vignettes also affected diagnostic accuracy (eg, vignettes made
up by researchers vs vignettes based on transcripts of real calls
madeto NHS Direct [17] or Australian-specific vignettes[23]).
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Table 3. Levelsof average triage accuracy (ATA) and main variables identified.
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Authors, year; osc?n OSCATA ATA range, % (OSC) to % (OSC) Main variablesidentified  ATA of additional comparator
country
Values, Values, Values, % Values, mean
% (95%  mean (SD) (95% ClI) (SD)
Cl)
Poote et al 1 39b _c N/Ad . Age PN N/A N/A
[19], 2014; . Gender &
United King-
dom
Semigraneta  1of 57 (52- — 33 (iTriage) to 78 (HMS Family  « Urgency 19 N/A N/A
[14], 2015; 61) Health Guide) . h
United States Frequency |
o Schmitt or Thompson
nursetriage protocols
1
Verzantvoort 1 g1P — N/A « None N/A N/A
et al [26],
2018; the
Netherlands
Berry et a 5 45.8° — — « Morepatientswith ~ N/A N/A
[16], 2019; hepatitisC virusinfec-
United States tion received a cor-
rect triage than pa-
tientswith HIV infec-
tion
Gilbertetal 8 — 90.1(7.4) 80 (Buoy)to97.8 (Symptomate) «  NHS' vignettes N/A 97.0 (2.5/
[17_], 2020; (based on transcripts
United States of real calls made to
NHS Direct) |
Hill et a [22], 19k 49 (44- — 17 (Doctor Diagnose) to 61 o Urgency 1 N/A N/A
2020; Aus- 54) (Healthdirect) .  Frequency 1
tralia «  Demographic data t
Al algorithm <
o Maximum number of
diagnoses provided
>
Yuetd [27], 2 62° — 50 (FamilyDoctor) to 74 o Urgency 1 N/A N/A
2020; Hong (Drugs.com)
Kong
Ceney et d 10M 57.7 — 35.6 (Caidr) to 90 (Doctorlink) « Urgency 1 N/A N/A
[21], 2021, (53.2- «  Number of questions
United King- 62.2) PEN
dom
Chaneta 1 73b — N/A . None 58bvn N/A
[25], 2021;
Canada
Delshadeta 1 Consen- — N/A « None Consensus  N/A
[18], 2021; SUSA: A: 82° con-
United States] 85°, con- sensus B:
sensus B: 69, and con-
92° and sensus C:
consen- 8gP°
susC:
8gP
Gilbert et a 1 63° — N/A o Audrdian-specific ~ N/A N/A
[23], 2021, vignettes |
Australia
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Authors, year; osc?n OSCATA ATA range, % (OSC) to % (OSC) Main variablesidentified  ATA of additional comparator
country
Values, Values, Values, % Values, mean
% (95%  mean (SD) (95% ClI) (SD)
Cl)
Trivedi et a 1 27b — N/A . Urgency NP N/A N/A
[24], 2021; «  Sex:Morefemalepa
Canada tients received a cor-
rect triage than male
patients
« Age morepatientsin
the20to 39 yearsage
group received a cor-
rect triage than other
age groups
»  Cardiorespiratory
problems t
Dicksoneta 1 30.7° — N/A « None N/A N/A
[20], 2022;
United King-
dom

80SC: online symptom checker.

b9596 CI values not provided.

°Not stated.

IN/A: not applicable.

€ no substantial influence on average triage accuracy.
fout of 23 online symptom checkers.

91: increases average triage accuracy.

hl: decreases average triage accuracy.

INHS: National Health Service.

Iseven general practitioners through telephone consultation.
Kout of 36 online symptom checkers.

IAI: artificial intelligence.

MOut of 12 online symptom checkers.

Patients’ decision.

Triage by 14 individual general practitioners.

P+1: mixed impact on average triage accuracy.

Additional Reported Outcomes

Of the 14 studies, 9 (64%) assessed under- and overtriage by
0SCs[14,17,19,21,22,24-27]. Of these 9 studies, 5 (56%) found
that OSCstend to overtriage (ie, berisk averse) [14,19,24-26],
which is defined as encouraging users to seek care in a setting
or with adegree of urgency that is not strictly necessary for the
presenting symptoms. Overtriageislikely dueto concerns about
patient safety and product liability. However, most of the studies
(5/9, 56%) observed that undertriage did occur. Yu et al [27]
found that Drugs.com and FamilyDoctor undertriaged 24%
(95% Cl 16%-34%) and 45% (95% CI 35%-55%) of the cases,
respectively. Chan et al [25] estimated that compliance with the
triage recommendations in their cohort could have reduced
hospital visits by 55% but would al so cause potential harm from
delayed care in 2% to 3% of the cases. Ceney et d [21] found
that all 12 OSCs tested led to additional resource use, ranging
between 12.5% (95% Cl 6.1%-33.5%) for the OSC with the
lowest impact and 87.5% (95% Cl 52.8%-100%) for the OSC
with the highest impact. It is pertinent that such estimates are

https://www.jmir.org/2023/1/e43803

based on the assumption that users follow the advice provided
by the OSC, which none of the included studies assessed.
However, Verzantvoort et a [26] did report that 65% of the
usersintended to follow the OSC tool advice. Gilbert et al [17]
reported on the coverage, comprehensiveness, and relevance of
each OSC. Furthermore, Dickson et al [20] reported that the
median time for nurse triage was 17 (IQR 9-31) minutes
compared with the median time of 5 (IQR 4-6) minutes for
eTriage.

Risk of Bias Within Studies

The evaluation of the risk of bias and applicability was
conducted using the revised QUADAS-2 tool, and the results
are summarized in Table 4. This assessment revealed that all
studieshad at least 1 areawith unclear risk of bias, and 6 (43%)
of the 14 studies had a high risk of bias; for instance, Yu et a
[27] replaced cases with chief complaints not available on the
OSCs with more compatible ones, which, according to the
authors, likely resulted in overestimated accuracy levels of the
OSCs. Dickson et a [20] acknowledged the possibility of
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selection bias owing to the perceptions of reception staff
regarding the ability of older patients to use the OSC, which
resulted in its reduced use by patients aged >70 years. In the
study by Poote et a [19], the GP assessing the patients
conditions had accessto theindex test results, which meansthat
the reference standard was not blinded to the index test results.
In the study by Hill et a [22], the lack of data regarding the
blinding of the inputters to the diagnostic or triage

Riboli-Sasco et d

recommendations, as well as their familiarity with the system,
introduced arisk of biasregarding the conduct of theindex test.
The affiliation of authors is another source of bias because
several of the included studies were conducted by authors
working for OSC developers; for example, in the study by
Gilbert et al [23], 4 of the 5 authors worked for the tested app,
Ada

Table 4. Risk-of-bias summary using the revised version of the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool.

Study Risk of bias Applicability concerns
Patient selection  Indextest Referencestandard Flow andtiming Patient selection Index test Reference standard

Poote et a [19] 4a + _b * ? + 2
Semigran et a [14] + + ? + ? + ?
Semigran et a [15] ? + ? ? 2 + +
Verzantvoort et al [26] ? + ? - + + +
Berry et a [16]¢ + ? - ? + ? +
Gilbert et a [17] + ? + + + ? +
Hill et a [22] + - + ? + ? +
Yuetal [27] - + ? 2 + + +
Ceney et d [21] + + + ? + + +
Chan et a [25] ? + + ? + + +
Delshad et al [18] ? ? + ? + + +
Gilbert et al [23] + ? ? + + + +
Trivedi et a [24] ? ? + ? 2 2 +
Dickson et a [20] - + + ? ? + +

2 low risk of bias.
b_ high risk of bias.
€2 unclear risk of bias.

4in this study, the reference standard for the triage accuracy and the reference standard for the diagnostic accuracy were different. Only the one for the

triage accuracy had a high risk of bias.

Overall Strength-of-Evidence Assessment

The overal strength of evidence for key outcomes is
summarized in Table 5. Although thereisrather strong evidence

https://www.jmir.org/2023/1/e43803
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that the diagnostic accuracy of OSCstendsto belower than that
of health care professionals (HCPs), the strength of evidenceis
more variable regarding triage accuracy.
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Table 5. Overall strength of evidence by main outcome.

Riboli-Sasco et d

Outcome and reference standard (and

additional comparator)

Relevant studies

Evidence statement

Strength of evidence

Diagnostic accur acy

GP? (F2F° consultation)

Attributed to the vignette

Attributed to the vignette and

confirmed by GPs

Attributed to the vignette
GPs as additional comparator

Triage accuracy

Triage nurses

GPs

GPs

Patients' self-triage asaddition-

a comparator

Attributed to the vignette

Attributed to the vignette &

confirmed by GPs

Attributed to the vignette
GPs as additional comparator

Patients self-triage

NICEY guidance

Berry et a [16]°
Semigran et al [14]°
Ceney et a [21]°

Hill et al [22)°
Gilbert et al [23]°

Gilbert et al [17]°
Semigran et al [15]°

Verzantvoort et al [26]°
Trivedi et al [24]°
Dickson et a [20]°
Yuetal [27]¢

Poote et a [19]°¢
Delshad et al [18]®

Chan et al [25]°

Semigran et al [14]°
Gilbert et al [23]°

Hill et al [22]°

Gilbert et a [17]f

Berry et a [16]°

Ceney et a [21]°

Despite great variations among OSCsd, overal diag-
nostic accuracy was deemed to be low and always
lower than that of the reference standard.

Despite great variationsamong OSCs, overall diagnos-
tic accuracy was deemed to be low and always lower
than that of the reference standard.

Despitegreat variationsamong OSCs, overall diagnos-
tic accuracy was deemed to be low and always lower
than that of the reference standard.

Despite great variationsamong OSCs, overall diagnos-
tic accuracy was deemed to be low and always lower
than that of the reference standard and of the compara-
tor (GPs).

Despite some variations among OSCs, including rela-
tively high levels of triage accuracy in the study by
Verzantvoort et a [26], triage accuracy was always
lower than that of the reference standard. However,
the study by Verzantvoort et a [26] and the study by
Yu et d [27] both had 1 area each with a high risk of
bias.

Findings were inconsistent, with great variations be-
tween studiesthat evaluated 2 different OSCs. Howev-
er, thereference standard chosen in the study by Poote

et al [19]€ has a high risk of bias.

Overall triage accuracy was lower than that of the
reference standard but considered high and higher than
that of the additional comparator (patients).

Therewasgreat variation anong OSCs. Overall triage
accuracy was always lower than that of the reference
standard and considered to be low.

Despite some variations among OSCs, triage accuracy
was deemed to be low and always lower than that of
thereference standard. However, theindex test chosen
has a high risk of bias.

Therewasgreat variation anong OSCs. Overall triage
accuracy was aways|ower than the reference standard,
but some OSCs performed almost as well as the addi-
tional comparator (GPs).

Overall triage accuracy was deemed to be low and al-
ways lower than reference standard. However, the
reference standard chosen has a high risk of bias.

Overall triage accuracy was deemed to be low, with a
few exceptions and great variations among OSCs but
always lower than the reference standard.

Moderate

Strong

Strong

Strong

Moderate

Inconsistent

Moderate

Strong

Weak

Moderate

Weak

Moderate

8GP: general practitioner.
BF2F: face-to-face.

®Worst outcome with online symptom checkers.
dosc: online symptom checker.
€Better outcome with online symptom checkers.

fVarying results within study.
INICE: National Institute for Health and Care Excellence.
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Discussion

Principal Findings

Evidence on thetriage and diagnostic accuracy of OSCs suggests
that they are currently not a viable replacement for other triage
and diagnostic options such as telephone triage or in-person
consultations. Furthermore, some of the OSCs performed well
regarding triage accuracy but poorly regarding diagnostic
accuracy and vice versa. Studies evaluating various OSCs also
reveal ed important performance variations among them. Several
of the studies (5/14, 36%) found that the condition’s frequency
(2/14, 14%) and urgency (5/14, 36%) could affect diagnostic
and triage accuracy levels but with mixed conclusions. In
addition, some specific OSC characteristics may aso play a
role, including the use of Al, self-reported demographic and
anthropomorphic data, the maximum number of diagnoses
provided, or the use of nurse triage protocols. Some
characteristics of the study population were al so shown to affect
thelevel of triage and diagnostic accuracy, including the source
of the vignettes as well as the health status of patients or the
geographic specificity of diseases and symptoms. The safety of
the triage recommendation as well as the tendency to over- or
undertriage were important outcomes associated with triage
accuracy. These al so resulted in some of the studies (3/13, 23%)
estimating the potential impact on service use, which diverged
among studies, partly because some of the tools promoted
overuse of services whereas otherstended to undertriage users.

Strengthsand Limitations

We conducted a comprehensive search by repeatedly revising
and reviewing our search strategy and search terms, including
manually searching reference lists. Highly inclusive searches
yielded asignificant number of initial results, which we screened
in pairsto limit errors. However, we acknowledge that eligible
studies might have been excluded or omitted and that relevant
papers in gray literature or papers written in languages other
than English or published before 2010 might also have been
excluded owing to our selection criteria. The included studies
were all conducted in high-income countries, which may limit
the wider generalizability of the findings. Comparison among
studies was particul arly difficult because of the variety of study
designs, outcome measures, popul ations, and tools considered.
In addition, 4 (29%) of the 14 studies evaluated >10 OSCs,
adding to the complexity of comparisons. Triage accuracy,
which consistently appeared as the main outcome of interest
across studies, was measured using varying numbers of
categoriesaswell asdifferent time periods and triage locations,
thus limiting further the possibility for objective head-to-head
comparisons. Thelack of acommon methodology for evaluating
OSCsstrongly limitsthe possibility of comparison among tools
and studies. It is pertinent too that all 14 studies had at least 1
areawith an unclear risk of bias, and 6 (43%) of the 14 studies
had a high risk of bias.

Comparison With Prior Work

Two previous systematic reviews assessed the literature on a
similar topic. The 2019 systematic review by Chambers et a
[12] included any type of publication, including gray literature,
but was limited to studies relating to urgent health issues only.

https://www.jmir.org/2023/1/e43803
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The evidence was assessed as being mostly weak and
insufficient to determine the level of safety of digital symptom
checkers and OSCs for patients. More recently, Wallace et al
[11] published a systematic review on the diagnostic and triage
accuracy of OSCs, including specialty-specific tools, but the
search was restricted to MEDLINE and Web of Science up to
February 15, 2021. Both triage accuracy and diagnostic accuracy
of the OSCs were found to be mostly low despite variations.
Reliance on these tools was therefore considered as posing a
potential clinical risk. The identification of 7 new studies
published since mid-February 2021, along with increasing use
of OSCs during the COVID-19 pandemic despite cautionary
calls, motivated us to conduct this review.

This review aimed to not only update but also strengthen the
quality of the evidence by including only peer-reviewed papers
and focusing on OSCsfor general health concerns (nonspecialty
specific). However, the evidence remainsinconsistent and calls
both for caution in promoting OSCs and the need for further
studiesto improve and inform future devel opment of thesetools.

Implications for Research and Practice

Most of theincluded studies (10/14, 71%) highlighted that OCS
performance tended to remain low and that further
improvements, testing, and research are needed. Although there
isasensein commentaries and previous studies[12] that OSCs
tend to overtriage and thus should be considered risk averse,
our review identified several instances of undertriage among
OSCs. Thisfinding is concerning because it suggests arisk of
delay in accessing care for individuals using these
decision-support tools. The impact of overtriage on health
services must also be considered because this might negatively
affect the quality of services provided and thus ultimately
represent arisk for service users. Additional work is urgently
needed to understand the extent and implications of
inappropriate triage recommendations of existing publicly
available OSCs, which require areal-life assessment of rates of
user compliance with the tool’s advice.

The ability of OSCs to change or direct the behavior of users
through the provision of triage recommendations remains
unclear; this has significant implications for their likely impact
on health service use and health outcomes. Current evidence
on user compliance remains scarce and inconsistent: studies
with relatively positive results tend to be limited to users
intention to follow the recommendation [26,33] or to
experiments with vignettes instead of users own symptoms
[34]. Meanwhile, 2 other studies reported less encouraging
results, with few users following the ED visit advice [8] or a
majority of patientsin aprimary care waiting room not changing
their decision to seethe GP despite the OSC's alternative advice
to wait and self-care [35]. Interestingly, the evaluation of the
telephone advice and triage service NHS 111 al so showed poor
compliance with advice, with 11% of the patients advised to
self-care or seek primary care attending the ED [36].

Four (29%) of the included 14 studies offered suggestions for
improvement of OSCs, including incorporating local, regional,
and seasonal epidemiological data, along withindividual clinical
data[14,27], aswell as moreefficient inclusion of demographic
datain the algorithm [ 14]. Authors also suggested that, despite
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their limitations, OSCs could still be useful for tracking
epidemiological data, self-education of usersabout their health,
improving patient-physician relationships and directing users
to appropriate care (especialy for toolsthat are directly linked
with health care services) [22], and supporting the use of
Al-based symptom assessment technol ogy in diagnostic decision
support for GPs [17].

More studies are needed to clearly assess the triage and
diagnostic accuracy of OSCs for all potential users. The lack
of consensus on how OSCs should be evaluated by any national
or international regulatory body meansthat devel opers produce
their own evidence to validate products to meet regulatory
requirements (UK Conformity Assessed [UKCA] and
Conformité Européenne [CE] markings). There is a need for
additional research into the methods of evaluating OSCs,
including how to establish a gold standard response and
determine appropriate accuracy and safety scoresin comparison
with this gold standard. A consensus agreement on what could
be deemed an acceptable rate of under- or overtriage would
also berequired. Specific evidence standards should be provided
for OSCs to augment existing guidance, such as the National
Ingtitute for Health and Care Excellence (NICE) evidence
standards framework and the evaluation requirements for
medical device certification with the Medicines & Healthcare
Products Regulatory Agency (MHRA). A set of congruent
requirements for the standardized vignette-based clinical
evaluation process of OSCs has been proposed with this aim

[37].

Future studies should ideally be based on the direct input of
real-life patients, who would be best placed to enter their own
symptoms into the OSCs to allow a better assessment of
real-world performances, instead of mostly fictional
clinician-authored vignettes or medical records drafted and
entered by researchers who are likely to be prone to bias. In
addition, the study populations should be broad and diverse in
terms of race, age, sex, gender, socia class, education, and
abilities because these characteristics have been correlated with
differential and possibly discriminatory treatment by an HCP
in real-life encountersin multiple countries and settings[38-41].
For several communities and individuals, including ethnic
minorities, migrants, and women, as well as gender
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nonconforming and lesbian, gay, bisexual, transgender, and
queer (LGBTQ) communities [42], the use of an OSC might
potentially represent a safer, more accessible, and more accurate
option than areal-life encounter with an HCP. However, if these
communities are not included and accounted for in the design
and testing of digital technology, including OSCs, such
discriminations might be further reinforced [43]. Achieving
health equity requiresashift in methodol ogies and perspectives,
including the adoption of afeminist intersectional lensin digital
health [44]. Finally, although OSCs may be perceived as useful
[8], there may also be issues in understanding and interpreting
the recommendations provided [45], making accessibility,
usability, and interpretability the key factors to consider when
designing, promoting, and evaluating these tools.

In response to the limitations inherent in current eval uations of
OSCs, several authors have caled for a multistage-process
evaluation of increasing exposure to real-life clinical
environments in proportion to OSC system maturity, taking
place both before and after the tool’s launch and including the
testing of different aspects of the OSC, such as usability,
effectiveness, and safety [46-51].

Conclusions

OSCs have a significant potential to provide accessible and
accurate health advice and triage recommendations to patients.
If clinical safety is assured through reproducible evidence of
diagnostic and triage accuracy, OSCs could have a valuable
placein asustainable health system, with the potential to support
individuals to self-care more regularly for self-limiting
conditions while al so directing them to appropriate health care
assessment when needed. This arrangement could also help to
rationalize the use of health care products and services and
reduce unnecessary pressure on HCPs and health systemsin a
variety of settings. Our review highlighted inconsistent evidence
across the included studies regarding the triage and diagnostic
accuracy of OSCsfor general health concerns. Asthe congruent
use of these tools continues to increase, especially after the
advent of the COVID-19 pandemic, it is essentia that
researchers, developers, and HCPs work together and engage
with users to ensure OSCs' safety and accuracy before their
widescale adoption in home, community, and heath care
settings.
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