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Abstract

Background: Patients are increasingly seeking Web-based symptom checkers to obtain diagnoses. However, little is known
about the characteristics of the patients who use these resources, their rationale for use, and whether they find them accurate and
useful.

Objective: The study aimed to examine patients experiences using an artificial intelligence (Al)—assisted online symptom
checker.

Methods: An online survey was administered between March 2, 2018, through March 15, 2018, to US users of the Isabel
Symptom Checker within 6 months of their use. User characteristics, experiences of symptom checker use, experiencesdiscussing
results with physicians, and prior personal history of experiencing a diagnostic error were collected.

Results: A total of 329 usable responses was obtained. The mean respondent age was 48.0 (SD 16.7) years; most were women
(230/304, 75.7%) and white (271/304, 89.1%). Patients most commonly used the symptom checker to better understand the causes
of their symptoms (232/304, 76.3%), followed by for deciding whether to seek care (101/304, 33.2%) or where (eg, primary or
urgent care: 63/304, 20.7%), obtaining medical advice without going to a doctor (48/304, 15.8%), and understanding their
diagnoses better (39/304, 12.8%). Most patients reported receiving useful information for their health problems (274/304, 90.1%),
with half reporting positive health effects (154/302, 51.0%). Most patients perceived it to be useful as a diagnostic tool (253/301,
84.1%), as atool providing insights leading them closer to correct diagnoses (231/303, 76.2%), and reported they would use it
again (278/304, 91.4%). Patients who discussed findings with their physicians (103/213, 48.4%) more often felt physicians were
interested (42/103, 40.8%) than not interested in learning about the tool’s results (24/103, 23.3%) and more often felt physicians
wereopen (62/103, 60.2%) than not open (21/103, 20.4%) to discussing the results. Compared with patientswho had not previously
experienced diagnostic errors (missed or delayed diagnoses: 123/304, 40.5%), patientswho had previously experienced diagnostic
errors (181/304, 59.5%) were more likely to use the symptom checker to determine where they should seek care (15/123, 12.2%
vs 48/181, 26.5%; P=.002), but they less often felt that physicians were interested in discussing the tool’s results (20/34, 59% vs
22/69, 32%; P=.04).

Conclusions: Despite ongoing concerns about symptom checker accuracy, alarge patient-user group perceived an Al-assisted
symptom checker as useful for diagnosis. Formal validation studies evaluating symptom checker accuracy and effectivenessin
real-world practice could provide additional useful information about their benefit.
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Introduction

Background

Patients are increasingly seeking to be more involved in their
health care [1,2]. As a result, digital health care tools (both
online and mobile health tools) have proliferated [ 3,4], and their
use by patients has dramatically increased [5]. Overall, 1in 3
US adultsreported going onlineto try to self-diagnose amedical
condition in 2013 [6]. In addition to searching the internet for
health information, use of digital health care tools includes
online, artificial intelligence (Al)—assisted symptom checkers
for obtaining diagnoses or self-triage [7-10]. A previous report
assessed the accuracy of general symptom checkersusing patient
vignettes[9] and found that diagnostic accuracy (defined asthe
correct diagnosis being listed first) was 34% and triage advice
was appropriate 57% of thetime. Accuracy varied considerably
among symptom checkers (with arange of 5%-50%), leading
toaconcern about their use[11,12]. Furthermore, it isunknown
if patients [7] use online symptom checkers as a replacement
for seeing physiciansin person. Also unknown aretherationale
why patients use symptom checkers, whether they find them
accurate and useful, and if these tools provide them with any
benefit.

In light of evidence that approximately 1 in 20 US adults
experience a diagnostic error every year (with half incurring
severe or permanent harm) [13], the National Academies of
Sciences, Engineering, and Medicine recommends the use of
patient engagement tools, including symptom checkers and
other digital health tools, in efforts to address this issue [14].
As a part of the solution digital health tools offer patients
broader, quicker access to health information, [15], but their
use may differ among patient groups. Mobile phone use for
looking up general health information differs across race and
ethnicity (with 67% of African Americans/blacks, 73% of
Hispanics, and 58% of whites reportedly doing so) [16] and
patients with chronic health conditions tend to have less access
totheinternet[17]. It isunclear how these patternswould relate
to the use of online symptom checkers, but differences in use
among these groups of patients could result in disparate benefits
of the tools. Furthermore, other patient characteristics, such as
previous positive or negative health care experiences, could
also alter use, usefulness, and experiences with such toals.

Currently, it is unclear if patients use symptom checkers to
supplement medical advice (which is what many of the tool
devel opers suggest in addition to speaking with physicians about
the obtained results) or if they are using them as a substitute for
in-person health care by seeking in-person health care only if
instructed by the symptom checker. Finaly, in assessing
symptom checker benefits, it is vital to understand patient
perspectives[18] after actual use[19] (rather than to just assess
their accuracy in fictitious situations as these data may not be
ecologically valid). Knowledge about both the benefits of
symptom checkers and how they can be improved could
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maximize patient benefits and minimize unintended
consequences (such as cyberchondria, anxiety, or unnecessary
health care use—proposed consegquences of Web-based medical
tools) [20-22].

Objectives

To address current knowledge gaps, we examined user
characteristics and experiences and potential consequences of
symptom checker use, including subsequent physician
discussions around use of the symptom checker inrelationto a
popular online Al-assisted symptom checker, the Isabel
Symptom Checker [23]. In addition, we compared perceptions
of the symptom checker in patientswho previously experienced
errors in diagnosis versus those who did not, because these
experiences may affect symptom checker favorability.

Methods

Description of the I sabel Symptom Checker

The Isabel Symptom Checker (Isabel Healthcare) [23] isafree
Web-based, Al-assisted symptom checker intended for use by
patients (as opposed to the Isabel Differential Diagnosis
Generator [Isabel Healthcare] intended for clinicians) and has
been shown to have better accuracy than the average symptom
checker in avignette-based study (defined as having the correct
diagnosislisted first in 44% of cases compared with an average
rate of 34% in the 23 symptom checkerstested) [9]. It currently
has over 12,000 registered users globally, with almost 7000 in
the United States (not all users register) and the symptom
checker completes between 200,000 to 300,000 searches per
month [24]. Patients research their symptoms by entering their
age range, gender, pregnancy status, geographic location or
travel history, and symptoms in everyday language. Using
machine learning and a training database of 6000 disease
presentations, the symptom checker uses evidence-based natural
language processing techniques to create a list of likely
diagnoses ranked in order of relevance for the symptoms
entered. Patients can sort their likely diagnoses as atop-10 list;
afull list of al relevant diagnoses; alist including only red-flag,
do-not-miss diagnoses, which indicate that medical advice
should be sought immediately; or asalist divided into common
versus rare diagnoses. Diagnoses are linked to reference
resources, allowing patients to learn more. These resources
include the consumer-facing Merck Manual (Merck Sharpe &
Dohme Corp) [25], MedlinePlus (National Library of Medicine)
[26], a patient version of UpToDate (UpToDate, Inc) [27], and
the Mayo Clinic website (Mayo Foundation for Medical
Education and Research) [28]. Next steps are provided where
users can “contact a doctor,” “find a lab test’ or determine
where they should go for medical care using additional triage
functionality (using the “Where Now” button). The symptom
checker is freely available and provides information for both
adult and pediatric patients (see Figure 1 for example
screenshot).
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Figure 1. Screenshot of the patient facing, artificial intelligence assisted |sabel Symptom Checker.
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Participants

With the help of Isabel Healthcare, we sent email invitations to
all registered US users of the Isabel Symptom Checker (4000)
to complete an online survey through SurveyMonkey
(SurveyMonkey) [29], a commercial survey website. All of
these users had registered and used the symptom checker within
thelast 6 months. On the basis of the limited available internal
institutional funding, we were able to offer a survey incentive
to only the first 385 respondents, al of whom received US $20
gift card incentives, these available funds thus determined
sample size. Local institutional review board approval was
obtained at Baylor College of Medicine and written consent
was obtained from the participants.

Survey

The survey was created by a multidisciplinary team (authors
AM, TG, CS, and HS) with expertise in patient experience,
cognitive psychology, psychometrics, internal medicine, and
diagnostic errors. It comprises multiple-choice questions, 5-item
Likert-type questions (with choices ranging from strongly
disagree to strongly agree), and 5 open-ended questions and
was designed to elicit information related to 4 main areas (see
Multimedia Appendix 1 for full survey):

1. User characteristics (including age, gender, race, level of
education, household income, and presence of chronic
health conditions; see Multimedia Appendix 2 for full list).

2. Experiences of symptom checker use (including why and

how patients used thetool, self-reported health and financia
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outcomesrelated to itsuse [in multiple-choice, Likert-type,
and open-ended versions], whether they thought the
symptom checker gave them useful information for their
health problem, whether they followed the symptom
checker's advice to go to the emergency department (ED)
if advised to do so, how easy to use and useful the tool was,
and whether the tool led them closer to correct diagnoses,
see Multimedia Appendix 3 for full list).

Experiences discussing symptom checker results with
physicians (whether patients discussed symptom checker
use with physicians, and if so, physicians' receptivenessto
patients' use of the tool [including an open-ended question
further detailing those experiences], and if not, why they
chose not to [in both multiple-choice and open-ended
versions]; see Multimedia Appendix 4 for full list).
Personal experience of an error in diagnosis previously
(defined for them as whether or not they have ever been
given either the wrong diagnosis for a health concern or
not given any diagnosisfor ahealth concern that they were
seeking medical help for; thisincludes both multiple-choice
guestions and an open-ended response, where participants
could detail their diagnostic error experiences).

3.

4.

After development, the survey was pilot tested in both paper
and online forms with 5 and 13 patients, respectively, and
correspondingly refined to increase readability and
understandability by simplifying and clarifying the language.
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Data Analysis

All data were summarized using descriptive statistics, except
open-ended responses, which were coded using content analysis.
In addition, we compared demographics, experiences around
Isabel Symptom Checker use, and subsequent interactionswith
physicians between users who had previously experienced
diagnostic errors and those who had not using independent t
tests, Chi-square, or Fisher exact tests where appropriate. We
also conducted additional subanalyses using Chi-square or Fisher
exact tests to determine whether certain behaviors (following
the advice of the symptom checker and going to the ED and
talking to one’s doctor about Isabel results) were associated
with other demographics. All tests were two tailed, done using
IBM SPSS Statistics 22 (IBM Corporation), and considered
significant when P<.05.

Results

Sample

From the sample of 385 respondents, 329 provided mostly
complete (>90% of the survey was complete) and relevant data
(18 participants responses were excluded for not completing
>90% of the questions and 38 because they described using the
tool asamedical professional for either education or diagnosing
patients when el aborating on the question “What prompted you
to usethelsabel Symptom Checker?” after choosing the* Other”
response). Only datafrom the 329 nonexcluded respondents are
reported. The mean time to compl ete the survey was 12:21 (SD
10:43) min.

User Characteristics

Mean respondent age was 48.0 (SD 16.7) years; most of them
were women (230/304, 75.7%), white (271/304, 89.1%), with
bachelor’s degrees or higher (191/302, 63.2%), and had less
than US $100,000 in household income (216/287, 75.3%), health
care coverage (296/304, 97.4%), and chronic health conditions
(216/329, 65.7%; Multimedia Appendix 2).

Experiences Around Symptom Checker Use

Patients most commonly used the symptom checker to better
understand what could causetheir symptoms (232/304, 76.3%).
The next most common reasons included to decide whether to
seek in-person health care (101/304, 33.2%), to decide what
health care setting to visit (eg, primary or urgent care: 63/304,
20.7%), to get medical advice without going to the doctor
(48/304, 15.8%), or to better understand the diagnosis made by
their doctor (39/304, 12.8%). Many respondents used the
symptom checker before (119/304, 39.1%) or both before and
after seeing a physician (113/304, 37.2%). Of additional note,
of the 26 patients given advice to proceed to the ED, 14 (54%)
did. Most usersthought the symptom checker gave them useful
information for their health problems (274/304, 90.1% either
strongly agreeing or agreeing) with about half reporting positive
health effects (154/302, 51.0%). Although over half were neutral
interms of benefitting financially (172/303, 56.8%); most found
the symptom checker useful: perceiving it to be satisfying
(263/304, 86.5%), easy to use (182/303, 60.1%), useful as a
diagnostic tool (253/301, 84.1%), and providing them with
insights leading them closer to correct diagnoses (231/303,
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76.2%). In addition, most reported they would use it again
(278/304, 91.4%; Multimedia Appendix 3).

Open-ended responses detailing effects on health based on what
participants learned most often included positive consequences
(168/175, 96.0%). M ost often, patients conveyed that symptom
checker use enabled them to determine whether their condition
might be serious, which helped them distinguish when to seek
medical attention based on symptoms and severity (49/175,
28.0%; see Multimedia Appendix 5 for additional findings).
Similarly, open-ended responses about financial effects were
mostly positive (64/69, 93%) and most often related to reporting
fewer doctor visits post—symptom checker use (34/69, 49%; see
Multimedia Appendix 5 for additional findings).

Experiences Discussing Symptom Checker Results
With Physicians

Of those who visited physicians after using the tool (213/304,
70.1%), amost half discussed the findingswith their physicians
(103/213, 48.4%). Their experiences were mixed, but patients
more often felt physicianswereinterested (42/103, 40.8%) than
not interested (24/103, 23.3%) in learning about the tool’s
results. Similarly, patients more often felt their physicianswere
open (62/103, 60.2%) than not open (21/103, 20.4%) to
discussing the tool’s results (Multimedia Appendix 4). In
open-ended responses, patients described both positive (15/29,
52%) and negative (14/29, 48%) interactions with their doctors
when discussing their Isabel results. For example, the most often
talked about positive experience discussing the results with
physicians was the perception that physicians were open to the
use of Isabel (6/29, 21%), yet the most often talked about
negative experience was frustration on behalf of the patients
during such discussions (7/29, 24%,; see Multimedia Appendix
5 for additional findings).

Patients who chose not to discuss the findings with their
physicians (110/213, 51.6%) did so because of various concerns,
including thinking their doctors would not approve of their use
of the tool or the doctors would think the patients mistrusted
them or were trying to second guess or replace them by using
the tool (see Multimedia Appendix 4). In the corresponding
open-ended response, they most often described not discussing
the results with their doctors because of worry about pushback
or concerns about their physicians' reactions (21/52, 40%; see
Multimedia Appendix 5 for additional findings).

Previous Experiences of Diagnostic Errors

Morethan half of the patients reported previously experiencing
diagnostic errors (181/304, 59.5%). Females made up 80.7%
(146/181) of the diagnostic error group but only 68.3% (84/123)
of the nonerror group (see Multimedia Appendix 2; P=.01). In
addition, patient users reporting previous diagnostic errors
reported having more doctor visitsin the last year (10.4vs 4.1
visits; P<.001); had higher use of online resources to obtain
medical information, including sources other than WebMD or
Google (35/181, 19.3% vs 10/123, 8.1%; P=.01); and weremore
likely to have arthritis (88/169, 52.1% vs 38/121, 31.4%;
P<.001), asthma (47/166, 28.3% vs 15/117, 12.8%; P=.002),
or other chronic health conditions (93/181, 51.4% vs 25/123,
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20.3%; P<.001) compared with the nonerror group (Multimedia
Appendix 2).

Users who previously experienced diagnostic errors were also
more likely to use the Isabel Symptom Checker to determine
where they should seek care (48/181, 26.5% vs 15/123, 12.2%;
P=.002) and to use it both before and after seeing a doctor
(rather than at only one time point; 86/181, 47.5% vs 27/123,
22.0%; P<.001). They were also more likely to experience
positive health benefits from the symptom checker compared
with others (98/181, 54.1% vs 56/121, 46.3%; P=.03). The
diagnostic error group was also more likely to perceive they
obtained insights about their diagnoses from the tool (141/180,
78.3% vs 90/123, 73.2%; P=.01), and less often found their
doctors supportive regarding their use of thetool (61/179, 34.1%
vs 48/121, 39.7%; P=.02; Multimedia Appendix 3).

Userswho previously experienced diagnostic errors were more
likely to see a doctor after using the symptom checker than
those who did not (145/181, 80.1% vs 68/123, 55.3%; P<.001),
but they were equally likely to discuss the results with their
physicians (69/145, 47.6% vs 34/68, 50.0%; P=.74). In these
conversations, however, they less often felt their doctors were
interested in learning about their symptom checker results
(22/69, 32% vs 20/34, 59%; P=.04; Multimedia Appendix 4).

When describing their diagnostic errorsin open-ended responses
(n=108), patients reported several contributory factors to their
diagnostic errors. These included their perceptions that
physicians (1) were unable to manage diagnostic uncertainty
(33/108, 30.6%), (2) made multiple unnecessary referrals to
otherswhen faced with challenging diagnoses (22/108, 20.4%),
(3) prioritized financial gains over patient benefit (19/108,
17.6%), (4) unfairly labelled patients (eg, as drug or attention
seekers, as drama queens, as having symptoms “al in [their]
head[s],” or as not “look[ing] sick”: 16/108, 14.8%), and (5)
did not take the time to listen to patients (13/108, 12.0%).
Several patients reported harm, including long-term health
consequences from errors, such as disability or life-threatening
experiences (73/108, 67.6%; see Multimedia Appendix 5 for
additional findings).

Additional Behavioral Differences as Related to
Demographics

Neither likelihood of going to the ED when the symptom
checker suggested (n=25) nor the likelihood of discussing the
results with their doctors (assuming they saw a doctor after
using the symptom checker; n=217) were significantly related
to gender, income, education, or being an underrepresented
minority in our sample (see Multimedia Appendix 5 for details).

Discussion

Principal Findings

Patients used an online symptom checker to learn more about
what could cause their symptoms, to determine whether to seek
care or where, to get medical advice without going to a doctor,
or to better understand their diagnosis. Most patients thought
thetool gave them useful information for their health problems
and thought it provided them with insights leading them closer
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to correct diagnoses. Half of the patients reported positive health
effects. However, the patients who discussed the findings with
their physicians conveyed mixed experiences about whether
physicians were interested or open about discussing symptom
checker resullts.

Strengths

The strengths of this study are the examination of naturalistic
patient experiences and the assessment of subsequent related
events, which are often missing from existing digital health tool
studies (most previous studies examined vignette-based
assessments [30,31] or patients aready presenting to their
doctors[32-35] with limited follow-up) [7]. Most patients used
the symptom checker between 2 weeks and 4 months before
the survey, allowing for adequate time for diagnoses to evolve
and related subseguent events to occur, such as the completion
of diagnostic tests, referrals, treatment, and potential responses
to treatment.

Limitations

However, there are several study limitations. As we rely on
self-reported data, there is no validation of patient outcomes
via some type of medical record audit, making it difficult to
assess outcome accuracy. Nonethel ess, over time, patientswould
have enough information to make a determination about the
ultimate accuracy of the diagnosis suggested by the tool. In
addition, as with all surveys, participants may be subject to
acquiescence bias—the tendency to agree with most statements.
However, we did not find much evidence for this: despite much
agreement with positively worded questions, negatively worded
guestions were not similarly agreed with (people were not
merely agreeing). An additional limitation is that these data
represent patient perceptions of only 1 symptom checker, and
itisnot clear if these resultswould generalize to other symptom
checkers, especially to those that do not utilize Al-assisted
natural language searching. We also offered an incentive of a
US $20 gift card to the first 385 participants, which may have
skewed our sampleto peoplewho are quick to respond to emails.
Our sample might also be unique: participants had a mean of 8
visits to physicians within the last 12 months, meaning they
could be different—perhaps sicker—compared with the general
population. However, this population may aso be more likely
to use such tools given their high interaction with the health
care system, so these patterns are still important to understand.
In addition, our sample is overwhelmingly female and white,
with a mean age of 48 years, thereby reducing our ability to
examine demographic differences in terms of experiences or
behavior related to symptom checker use. However, this
represents user data available from Isabel Healthcare (females
represented 62% of users over the last year, with 39% of users
aged between 40 and 64 years). It is difficult to know if our
sampleis representative of typical usersin other ways. Finally,
this study was not designed to explain the differences in
perceptions and experiences between groups who had
experienced diagnostic errors versus those who had not, but
only to describe them: the reasonsfor these differencesarelikely
very complicated and future studies could further examine the
roots of these differences.
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For Additional Discussion

Some findings warrant additional consideration. For example,
previous studies show that some underrepresented groups use
mobile resources more for obtaining health information [16].
Perhapsthese groupsare using digital health toolsasasubstitute
for other less-available heath resources. Given that the
long-term implications of using these tools are not understood,
this could represent disparities affecting health outcomes,
especialy as patients in this study used the tool to triage
themselves or get medical advice without going to a doctor.
Nonetheless, our sample did not overwhelmingly include
underrepresented groups. Assuch, additional research is needed
to further scrutinize disparitiesrel ated to symptom checker use.

Another finding worth additional consideration isthat over half
of the respondents reported previously experiencing diagnostic
errors. Although this may seem high, thisis a selected sample
of symptom checker users, many of whom have had multiple
interactions with the health care system. We do not intend this
to be a population-based estimate. Nonetheless, the National
Academies of Sciences, Engineering, and Medicine have
extrapolated from large estimates that most Americanswill get
awrong or late diagnosis at some point in their lives [14], and
population-based surveys suggest that 12% of patients may have
been misdiagnosed, so the high rate of misdiagnosis is quite
possiblein our sample[36]. These patients used thetool at more
time points and used more online health resources in general,
but they perceived their doctors to be less interested when
discussing the tool’s results. This could relate to the higher
incidence of chronic diseases reported in this group and more
negative health care experiences that often occur in patients
with chronic disease [37]. Although past dissatisfaction with
the health care system has been linked to increased use of the
internet for heath-related purposes [38-40], the impact of
medical circumstances or past diagnostic errors on the use of
alternate health resources (such as symptom checkers) remains
ripe for exploration.

Our findings also highlight a disconnect between patients and
physicians when it comes to the use of digital health tools.
Although the sample was generally enthusiastic and satisfied
with the tool, the patients felt their physicians showed mixed
receptivity to theinformation and mixed opennessto discussing
it. This might discourage future use of such tools and future
engagement by patients, similar to patterns seen in the
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contrasting patient and physician enthusiasm about email use
for health communications [41].

In addition to this concern, afear that has surfaced over the use
of these tools is the potential for patients anxiety to increase,
thereby increasing health care utilization. These data show that
many patients are using the tool to see whether they needed to
see a doctor and help them determine where they should seek
care. Despite this, a previous study pointed out that this
particular symptom checker never advises self-care, which may
also increase health care utilization [9]. We currently do not
know if such toolswould lead to asignificant increasein health
care use. A larger sample and additional objective follow-up
data would help us understand if this represents appropriate
utilization of resources.

Finally, we think it is worth reflecting on the effect that such
tools might have on patients sense of confidence in their
abilities to diagnose themselves. Diagnosisis atask that often
involves clinical uncertainty, something physicians themselves
face [42]. Undoubtedly, patients would experience more
diagnostic uncertainty than physicians owing to less expertise,
but as more patients use these types of tools and obtain answers
without actually seeing a health care professional, it will be
important to examine the effect of these tools on how patients
think about self-diagnosis and any resulting conseguences
thereof (such as false reassurance, suggested by others [43]).
Thisstudy isaninitial examination of real-life symptom checker
use, but as Fraser et a point out [43], the evaluation of such
tool s should assess them with increasing ecological validity and
should examine multiple aspects: usability, effectiveness, and
safety. We have begun to examine usability and effectiveness,
but much more remains to be understood to thoroughly
investigate all of these facetsin real-world situations.

Conclusions

In conclusion, while accessing a popular online symptom
checker for triage and diagnosis, patients reported receiving
useful information for their diagnostic process, despite ongoing
concerns about the accuracy of various types of symptom
checkers[43]. Prior negative health care experiences related to
misdiagnoses might affect how patients use and benefit from
thesetoolsfor triage and diagnosis, an arearipefor exploration.
Evaluation of long-term, objective health benefits, particularly
in diverse patient groups, is needed to better understand the
broader impact of symptom checkers on diagnosis and health
outcomes.

The authors would like to thank Jason Maude, founder and CEO of Isabel Healthcare, for distributing the survey to users and for
providing product information regarding the symptom checker. This work was supported in part by the Houston Veterans
Administration (VA) Health Services Research and Development (HSR& D) Center for Innovations in Quality, Effectiveness,
and Safety (CIN13-413). In addition, AM is supported by a VA HSR&D Career Development Award (CDA-17-167); TG is
supported by an Agency for Healthcare Research and Quality Mentored Career Development Award (KO1-HS025474); and HS
is supported by the VA HSR& D Service (CRE12-033 and the Presidential Early Career Award for Scientists and Engineers USA
14-274), the VA National Center for Patient Safety, the Agency for Healthcare Research and Quality (RO1HS27363), and the
Gordon and Betty Moore Foundation. These funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript.

http://www.jmir.org/2020/1/e14679/ JMed Internet Res 2020 | vol. 22 | iss. 1| e14679 | p. 6

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Meyer et al

Conflictsof Interest

The authors have no conflicts of interest to report. Jason Maude, founder and CEO of Isabel Healthcare, distributed the survey
to usersand provided the product information regarding the symptom checker, but otherwise he did not haveinput ontheanalysis,
conclusions reached, or manuscript preparation and did not commission this report or provide funding for it.

Multimedia Appendix 1

Full survey (delivered via SurveyMonkey): Isabel Symptom Checker Post-Use Survey.
[DOCX File, 27 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Characteristics of the Isabel Symptom Checker patient users.
[DOCX File, 24 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Patient experiences of using the Isabel Symptom Checker.
[DOCX File, 27 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Patients' experiences of discussing the Isabel Symptom Checker results with their physicians.
[DOCX File, 24 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Additional findings from open-ended responses.
[DOCX File, 24 KB-Multimedia Appendix 5]

References

1.  McDonald KM, Bryce CL, Graber ML. The patient isin: patient involvement strategies for diagnostic error mitigation.
BMJ Qual Saf 2013 Oct;22(Suppl 2):ii33-ii39 [FREE Full text] [doi: 10.1136/bmjgs-2012-001623] [Medline: 23893394]

2. Anderson M, McCleary KK. From passengersto co-pilots: patient rolesexpand. Sci Trans Med 2015 Jun 10;7(291):291fs25.
[doi: 10.1126/scitransd med.aac6023] [Medline: 26062844]

3. Ralf-Gordon J. Research 2 Guidance.: Research 2 Guidance; 2016. The mHealth Apps Market is Getting Crowded URL.:
https://research2gui dance.com/mheal th-app-market-getting-crowded-259000-mheal th-apps-now/ [accessed 2019-12-06]

4.  AitkenM, LyleJ. IQVIA. Parsippany, NY: IMS Ingtitute for Healthcare | nformatics; 2015 Sep. Patient Adoption of mHealth:
Use, Evidence and Remaining Barriers to Mainstream Acceptance URL.: https://www.iqvia.com/-/medialigvia/pdfs/
institute-reports/patient-adopti on-of -mheal th.pdf [accessed 2019-12-06]

5. Powell AC, Landman AB, Bates DW. In search of afew good apps. JAm Med Assoc 2014 May 14;311(18):1851-1852.
[doi: 10.1001/jama.2014.2564] [Medline: 24664278]

6. Fox S, Duggan M. Pew Research Center. 2013 Jan 15. Health Online 2013 URL : http://www.pewinternet.org/2013/01/15/
health-online-2013-2/ [accessed 2019-12-06]

7.  Millenson ML, Baldwin JL, Zipperer L, Singh H. Beyond Dr. Google: the evidence on consumer-facing digital tools for
diagnosis. Diagnosis (Berl) 2018 Sep 25;5(3):95-105. [doi: 10.1515/dx-2018-0009] [Medline: 30032130]

8. Jutel A, Lupton D. Digitizing diagnosis. areview of mobile applicationsin the diagnostic process. Diagnosis (Berl) 2015
Jun 1;2(2):89-96. [doi: 10.1515/dx-2014-0068] [Medline: 29540025]

9.  Semigran HL, Linder JA, Gidengil C, Mehrotra A. Evaluation of symptom checkers for self diagnosis and triage: audit
study. Br Med J 2015 Jul 8;351:h3480 [FREE Full text] [doi: 10.1136/bmj.h3480] [Medline: 26157077]

10. Wyatt JC. Fifty million people use computerised self triage. Br Med J 2015 Jul 8;351:h3727. [doi: 10.1136/bmj.h3727]
[Medline: 26156750]

11. Kao CK, Liebovitz DM. Consumer mobile health apps: current state, barriers, and future directions. Phys Med Rehabil
2017 May;9(5S):S106-S115. [doi: 10.1016/j.pmrj.2017.02.018] [Medline: 28527495]

12. Bauer M, Glenn T, Monteith S, Bauer R, Whybrow PC, Geddes J. Ethical perspectives on recommending digital technology
for patients with mental illness. Int J Bipolar Disord 2017 Dec;5(1):6 [FREE Full text] [doi: 10.1186/s40345-017-0073-9]
[Medline: 28155206]

13.  Singh H, Meyer AN, Thomas EJ. The frequency of diagnostic errorsin outpatient care: estimations from three large
observational studies involving US adult populations. BMJ Qual Saf 2014 Sep;23(9):727-731 [FREE Full text] [doi:
10.1136/bmjgs-2013-002627] [Medline: 24742777]

http://www.jmir.org/2020/1/e14679/ JMed Internet Res 2020 | vol. 22 | iss. 1|€14679 | p. 7
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app1.docx&filename=62d4b8cf73e0a3744b68da46df182b18.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app1.docx&filename=62d4b8cf73e0a3744b68da46df182b18.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app2.docx&filename=c4642bfdd45cfc10540b276014892c1c.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app2.docx&filename=c4642bfdd45cfc10540b276014892c1c.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app3.docx&filename=39b628815af1f83a1383ff5d8a864b42.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app3.docx&filename=39b628815af1f83a1383ff5d8a864b42.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app4.docx&filename=ae4d4aece992cf42e1f4144cb08e9148.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app4.docx&filename=ae4d4aece992cf42e1f4144cb08e9148.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app5.docx&filename=7a6849a5c53697a733da3aec5c54a0d7.docx
https://jmir.org/api/download?alt_name=jmir_v22i1e14679_app5.docx&filename=7a6849a5c53697a733da3aec5c54a0d7.docx
http://qualitysafety.bmj.com/cgi/pmidlookup?view=long&pmid=23893394
http://dx.doi.org/10.1136/bmjqs-2012-001623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23893394&dopt=Abstract
http://dx.doi.org/10.1126/scitranslmed.aac6023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26062844&dopt=Abstract
https://research2guidance.com/mhealth-app-market-getting-crowded-259000-mhealth-apps-now/
https://www.iqvia.com/-/media/iqvia/pdfs/institute-reports/patient-adoption-of-mhealth.pdf
https://www.iqvia.com/-/media/iqvia/pdfs/institute-reports/patient-adoption-of-mhealth.pdf
http://dx.doi.org/10.1001/jama.2014.2564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24664278&dopt=Abstract
http://www.pewinternet.org/2013/01/15/health-online-2013-2/
http://www.pewinternet.org/2013/01/15/health-online-2013-2/
http://dx.doi.org/10.1515/dx-2018-0009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30032130&dopt=Abstract
http://dx.doi.org/10.1515/dx-2014-0068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29540025&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=26157077
http://dx.doi.org/10.1136/bmj.h3480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26157077&dopt=Abstract
http://dx.doi.org/10.1136/bmj.h3727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26156750&dopt=Abstract
http://dx.doi.org/10.1016/j.pmrj.2017.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28527495&dopt=Abstract
http://europepmc.org/abstract/MED/28155206
http://dx.doi.org/10.1186/s40345-017-0073-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28155206&dopt=Abstract
http://qualitysafety.bmj.com/cgi/pmidlookup?view=long&pmid=24742777
http://dx.doi.org/10.1136/bmjqs-2013-002627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24742777&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Meyer et al

14. Nationa Academies of Sciences, Engineering, and Medicine, Institute of Medicine, Board on Health Care Services,
Committee on Diagnostic Error in Health Care. Improving Diagnosis in Health Care. Washington, DC: The National
Academies Press; 2015.

15. Akter S, Ray P mHealth - an ultimate platform to serve the unserved. Yearb Med Inform 2010;2010:94-100. [Medline:
20938579]

16. Anderson M. Pew Research Center. 2015 Apr 30. Racial and Ethnic Differencesin How People Use Mobile Technology
URL: http://www.pewresearch.org/fact-tank/2015/04/30/raci al -and-ethni c-differences-in-how-peopl e-use-mobil e-technol ogy/
[accessed 2019-12-06]

17. Fox S, Duggan M. Pew Research Center. 2013 Nov 26. The Diagnosis Difference URL : https.//www.pewresearch.org/
science/2013/11/26/the-diagnosis-difference/ [accessed 2019-12-06]

18. Vincent CA, Coulter A. Patient safety: what about the patient? Qual Saf Health Care 2002 Mar;11(1):76-80 [FREE Full
text] [doi: 10.1136/ghc.11.1.76] [Medline: 12078376]

19. McCartney M. Margaret McCartney: innovation without sufficient evidenceisadisserviceto all. Br Med J 2017 Sep
5;358:j3980. [doi: 10.1136/bm;j.j3980] [Medline: 28874353]

20. White RW, Horvitz E. Cyberchondria: studies of the escalation of medical concernsin web search. ACM Trans Inf Syst
2009;27(4):1-37. [doi: 10.1145/1629096.1629101]

21. Mueller J, Jay C, Harper S, Davies A, Vega J, Todd C. Web use for symptom appraisal of physical health conditions: a
systematic review. JMed Internet Res 2017 Jun 13;19(6):€202 [ FREE Full text] [doi: 10.2196/jmir.6755] [Medline:
28611017]

22. Gass MA. Digital Commons at Salem State University. Salem State University: Department of Nursing, Salem State
University; 2016 May 1. Risksand Benefits of Self-diagnosis Using the Internet URL : https://digital commons.sal emstate.edu/
cai/viewcontent.cgi 7article=1096& context=honors_theses [accessed 2019-12-06]

23. Isabel Symptom Checker. 2018. Isabel Symptom Checker - The One the Doctors Use URL : https://symptomchecker.
isabel healthcare.com/the-symptom-checker/how-it-works [accessed 2019-12-06]

24. Maude J. Meyer AN. 2018. Personal email communication .

25. Merck Manuals. 2019. Merck Manua Consumer Version URL : https://www.merckmanuals.com/home [accessed 2019-12-06]

26. MedlinePlus. 2019. URL: https://medlineplus.gov/ [accessed 2019-12-06]

27. UpToDate. 2019. UpToDate Subscriptions for Patients and Caregivers URL : https.//www.uptodate.com/home/
uptodate-subscription-options-patients [accessed 2019-12-06]

28. Mayo Foundation for Medical Education Research (MFMER). Mayo Clinic. 2019. URL : https.//www.mayaoclinic.org/
[accessed 2019-12-06]

29. SurveyMonkey. 2019. URL: https://www.surveymonkey.com/ [accessed 2019-12-06]

30. CoieraE. The Guide to Health Informatics 3rd Edition. 2018 Jun 29. Paper Review: The Babylon Chatbot URL : https:/
[coiera.com/2018/06/29/paper-review-the-babyl on-chatbot/ [accessed 2019-12-06]

31. Luger TM, Houston TK, Suls J. Older adult experience of online diagnosis: results from a scenario-based think-aloud
protocol. J Med Internet Res 2014 Jan 16;16(1):e16 [FREE Full text] [doi: 10.2196/jmir.2924] [Medline: 24434479]

32. Powley L, Mcllroy G, Simons G, Raza K. Are online symptoms checkers useful for patients with inflammatory arthritis?
BMC Musculoskelet Disord 2016 Aug 24;17(1):362 [FREE Full text] [doi: 10.1186/s12891-016-1189-2] [Medline:
27553253]

33. Bisson LJ, Komm JT, Bernas GA, Fineberg MS, Marzo JM, Rauh MA, et a. How accurate are patients at diagnosing the
cause of their knee pain with the help of aweb-based symptom checker? Orthop J Sports Med 2016
Feb;4(2):2325967116630286 [FREE Full text] [doi: 10.1177/2325967116630286] [Medline: 26962542]

34. Hageman MG, Anderson J, Blok R, Bossen JK, Ring D. Internet self-diagnosis in hand surgery. Hand (N Y) 2015
Sep;10(3):565-569 [FREE Full text] [doi: 10.1007/s11552-014-9707-X] [Medline: 26330798]

35. Farmer SE, Bernardotto M, Singh V. How good isinternet self-diagnosis of ENT symptoms using Boots WebM D symptom
checker? Clin Otolaryngol 2011 Oct;36(5):517-518. [doi: 10.1111/].1749-4486.2011.02375.x] [Medline: 22032458]

36. NORC at the University of Chicago, IHI/NPSF Lucian Leape Institute. Americans Experiences with Medical Errors and
Views on Patient Safety. In: Institute for Healthcare Improvement. Cambridge, MA: Ingtitute for Healthcare Improvement
and NORC at the University of Chicago; 2017.

37. Ali A, Vitulano L, Lee R, Weiss TR, Colson ER. Experiences of patients identifying with chronic Lyme disease in the
healthcare system: aqualitative study. BMC Fam Pract 2014 May 1;15:79 [FREE Full text] [doi: 10.1186/1471-2296-15-79]
[Medline: 24885888]

38. deRosisS, Barsanti S. Patient satisfaction, e-health and the evolution of the patient-general practitioner relationship:
evidence from an Italian survey. Health Policy 2016 Nov;120(11):1279-1292 [EREE Full text] [doi:
10.1016/j.healthpol.2016.09.012] [Medline: 27836231]

39. LiN, Orrange S, Kravitz RL, Bell RA. Reasons for and predictors of patients' online health information seeking following
amedical appointment. Fam Pract 2014 Oct;31(5):550-556. [doi: 10.1093/fampra/cmu034] [Medline: 24963151]

40. Tustin N. Therole of patient satisfaction in online health information seeking. JHealth Commun 2010 Jan;15(1):3-17. [doi:
10.1080/10810730903465491] [Medline: 20390974]

http://www.jmir.org/2020/1/e14679/ JMed Internet Res 2020 | vol. 22 | iss. 1| e14679 | p. 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20938579&dopt=Abstract
http://www.pewresearch.org/fact-tank/2015/04/30/racial-and-ethnic-differences-in-how-people-use-mobile-technology/
https://www.pewresearch.org/science/2013/11/26/the-diagnosis-difference/
https://www.pewresearch.org/science/2013/11/26/the-diagnosis-difference/
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=12078376
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=12078376
http://dx.doi.org/10.1136/qhc.11.1.76
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12078376&dopt=Abstract
http://dx.doi.org/10.1136/bmj.j3980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28874353&dopt=Abstract
http://dx.doi.org/10.1145/1629096.1629101
https://www.jmir.org/2017/6/e202/
http://dx.doi.org/10.2196/jmir.6755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28611017&dopt=Abstract
https://digitalcommons.salemstate.edu/cgi/viewcontent.cgi?article=1096&context=honors_theses
https://digitalcommons.salemstate.edu/cgi/viewcontent.cgi?article=1096&context=honors_theses
https://symptomchecker.isabelhealthcare.com/the-symptom-checker/how-it-works
https://symptomchecker.isabelhealthcare.com/the-symptom-checker/how-it-works
https://www.merckmanuals.com/home
https://medlineplus.gov/
https://www.uptodate.com/home/uptodate-subscription-options-patients
https://www.uptodate.com/home/uptodate-subscription-options-patients
https://www.mayoclinic.org/
https://www.surveymonkey.com/
https://coiera.com/2018/06/29/paper-review-the-babylon-chatbot/
https://coiera.com/2018/06/29/paper-review-the-babylon-chatbot/
https://www.jmir.org/2014/1/e16/
http://dx.doi.org/10.2196/jmir.2924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24434479&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-016-1189-2
http://dx.doi.org/10.1186/s12891-016-1189-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27553253&dopt=Abstract
http://europepmc.org/abstract/MED/26962542
http://dx.doi.org/10.1177/2325967116630286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26962542&dopt=Abstract
http://europepmc.org/abstract/MED/26330798
http://dx.doi.org/10.1007/s11552-014-9707-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26330798&dopt=Abstract
http://dx.doi.org/10.1111/j.1749-4486.2011.02375.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22032458&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/1471-2296-15-79
http://dx.doi.org/10.1186/1471-2296-15-79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24885888&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0168-8510(16)30242-1
http://dx.doi.org/10.1016/j.healthpol.2016.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27836231&dopt=Abstract
http://dx.doi.org/10.1093/fampra/cmu034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24963151&dopt=Abstract
http://dx.doi.org/10.1080/10810730903465491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20390974&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Meyer et al

41. Singh H, Fox SA, Petersen NJ, Shethia A, Street RL. Older patients enthusiasm to use electronic mail to communicate
with their physicians: cross-sectional survey. JMed Internet Res 2009 Jun 16;11(2):e18 [FREE Full text] [doi:
10.2196/jmir.1143] [Medline: 19632972]

42. BhiseV, Rgjan SS, Sittig DF, Morgan RO, Chaudhary P, Singh H. Defining and measuring diagnostic uncertainty in
medicine: asystematic review. JGen Intern Med 2018 Jan;33(1):103-115 [FREE Full text] [doi: 10.1007/s11606-017-4164-1]
[Medline: 28936618]

43. Fraser H, CoieraE, Wong D. Safety of patient-facing digital symptom checkers. Lancet 2018 Nov 24;392(10161):2263-2264.
[doi: 10.1016/S0140-6736(18)32819-8] [Medline: 30413281]

Abbreviations
Al: artificial intelligence
ED: emergency department
HSR&D: Health Services Research and Devel opment
VA: Department of Veterans Affairs

Edited by G Eysenbach; submitted 12.05.19; peer-reviewed by K McDonald, D Wong, N Mackintosh, SD'Arcy; comments to author
22.08.19; revised version received 17.10.19; accepted 22.10.19; published 30.01.20

Please cite as:

Meyer AND, Giardina TD, Spitzmueller C, Shahid U, Scott TMT, Sngh H

Patient Perspectives on the Usefulness of an Artificial Intelligence-Assisted Symptom Checker: Cross-Sectional Survey Study
J Med Internet Res 2020;22(1):€14679

URL: http://www.jmir.org/2020/1/e14679/

doi: 10.2196/14679

PMID: 32012052

©Ashley N D Meyer, Traber D Giardina, Christiane Spitzmueller, Umber Shahid, Taylor M T Scott, Hardeep Singh. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 30.01.2020. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the origina publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

http://www.jmir.org/2020/1/e14679/ JMed Internet Res 2020 | vol. 22 | iss. 1| e14679 | p. 9
(page number not for citation purposes)

RenderX


https://www.jmir.org/2009/2/e18/
http://dx.doi.org/10.2196/jmir.1143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19632972&dopt=Abstract
http://europepmc.org/abstract/MED/28936618
http://dx.doi.org/10.1007/s11606-017-4164-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28936618&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(18)32819-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30413281&dopt=Abstract
http://www.jmir.org/2020/1/e14679/
http://dx.doi.org/10.2196/14679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012052&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

