JMIR MHEALTH AND UHEALTH Peven et al

Original Paper

Assessment of a Digital Symptom Checker Tool's Accuracy in
Suggesting Reproductive Health Conditions: Clinical Vignettes
Study

Kimberly Peven', BSN, MPH, PhD; Aidan P Wickham', MEng, MRes, PhD; Octavia Wilks', BSc, MPH, MBBCh;
Yusuf C Kaplan', MD; Andrei Marhol*, MD, PhD; Saddif Ahmed', BSc, MBBChB, MSc, DPhil; Ryan Bamford®,
BSc, MSc; Adam C Cunningham?, PhD; Carley Prentice', BA; Andras Meczner?, MD; Matthew Fenech®, MD, PhD;
Stephen Gilbert’, PhD; Anna Klepchukova', MD; Sonia Ponzo"’, BSc, MSc, PhD; Liudmila Zhaunova' , BSc, PhD

1Fl0 Health UK Limited, London, United Kingdom

2Your.MD Limited, London, United Kingdom

3UnaHealth GmbH, Hamburg, Germany

“Else Kroner Fresenius Center for Digital Health, TUD Dresden University of Technology, Dresden, Germany
" these authors contributed equally

Corresponding Author:

Aidan P Wickham, MEng, MRes, PhD
Flo Health UK Limited

27 Old Gloucester Street

London, WC1IN 3AX

United Kingdom

Phone: 44 60396823

Email: a_wickham@flo.health

Abstract

Background: Reproductive health conditions such as endometriosis, uterine fibroids, and polycystic ovary syndrome (PCOS)
affect alarge proportion of women and people who menstruate worldwide. Preval ence estimates for these conditions range from
5% to 40% of women of reproductive age. Long diagnostic delays, up to 12 years, are common and contribute to health
complications and increased health care costs. Symptom checker apps provide userswith information and toolsto better understand
their symptoms and thus have the potential to reduce the time to diagnosis for reproductive health conditions.

Objective: This study aimed to evaluate the agreement between clinicians and 3 symptom checkers (developed by Flo Health
UK Limited) in assessing symptoms of endometriosis, uterine fibroids, and PCOS using vignettes. We also aimed to present a
robust example of vignette case creation, review, and classification in the context of predeployment testing and validation of
digital health symptom checker tools.

Methods: Independent general practitioners were recruited to create clinical case vignettes of simulated users for the purpose
of testing each condition symptom checker; vignettes created for each condition contained a mixture of condition-positive and
condition-negative outcomes. A second panel of general practitioners then reviewed, approved, and modified (if necessary) each
vignette. A third group of general practitioners reviewed each vignette case and designated a final classification. Vignettes were
then entered into the symptom checkers by a fourth, different group of general practitioners. The outcomes of each symptom
checker were then compared with the final classification of each vignette to produce accuracy metricsincluding percent agreement,
sensitivity, specificity, positive predictive value, and negative predictive value.

Results. A total of 24 cases were created per condition. Overall, exact matches between the vignette genera practitioner
classification and the symptom checker outcome were 83% (n=20) for endometriosis, 83% (n=20) for uterine fibroids, and 88%
(n=21) for PCOS. For each symptom checker, sensitivity was reported as 81.8% for endometriosis, 84.6% for uterine fibroids,
and 100% for PCOS; specificity wasreported as 84.6% for endometriosis, 81.8% for uterinefibroids, and 75% for PCOS; positive
predictive value was reported as 81.8% for endometriosis, 84.6% for uterine fibroids, 80% for PCOS; and negative predictive
value was reported as 84.6% for endometriosis, 81.8% for uterine fibroids, and 100% for PCOS.

Conclusions: The single-condition symptom checkers have high levels of agreement with general practitioner classification for
endometriosis, uterine fibroids, and PCOS. Given long delays in diagnosis for many reproductive health conditions, which lead
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to increased medical costs and potential health complications for individuals and health care providers, innovative health apps
and symptom checkers hold the potential to improve care pathways.

(JMIR Mhealth Uhealth 2023;11:e46718) doi: 10.2196/46718
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Introduction

Background

Millions of women and people who menstruate worldwide are
affected by reproductive health conditions. Endometriosis,
uterine fibroids, and polycystic ovary syndrome (PCOS) are
among the most common with prevalences estimated at
10%-15%, 20%-40%, and 5%-20%, respectively [1-12]. All 3
conditions have been associated with fertility issues [12-14].
Endometriosisisacondition where endometrial tissueisfound
outside of the uterus and is typically characterized by painful
periods, abnormal bleeding, and chronic pelvic pain, among
other symptoms [5,14,15]. Uterine fibroids are benign uterine
tumors that can cause a variety of debilitating symptoms, such
as heavy menstrual bleeding, pain, and bladder or bowel
dysfunction [12,16]. PCOS is a complex endocrine disorder
characterized by a variety of symptoms, such as menstrual
dysfunction and hirsutism, of differing severity and without a
certain etiology [13]. These conditions can have similar
presentations;, for example, both pain and intermenstrual
bleeding are symptoms of endometriosis and uterine fibroids,
and additionally, these conditions can coexist in individuals at
the sametime.

Long diagnostic delays are common for endometriosis, uterine
fibroids, and PCOS, with patientsreporting receiving adiagnosis
between 2 and 12 years from the onset of symptoms [17-22].
Controversy over diagnostic criteriamay further complicate or
delay fina diagnosis [12,23-25]. Another contributing factor
to diagnostic delaysisalow level of knowledge on reproductive
health as affected persons may believe symptoms are normal
or hereditary, thus delaying in seeking medical input until
symptoms worsen [26]. Delays in diagnosis can lead to
worsening of symptoms, further health complications with
fertility or psychiatric conditions, and a reduced quality of life
[26-31]. Both endometriosis and uterine fibroids severely affect
quality of life, everyday functioning, and workplace productivity
[32-36]. A common sequela of PCOS is aso alowered quality
of life [37] but also includes infertility, type 2 diabetes, and
cardiovascular and psychiatric conditions (eg, hypertension,
depression, and anxiety) [38].

In addition to risks of developing complications with fertility
or psychiatric conditions [27-30], long diagnostic delays are
associated with increased hedlth care use and costs [39].
Endometriosis costs an average of US $27,855 per patient
annually in the United States alone [40], while overall yearly
expenditure for uterine fibroids is estimated to be US $34.4
billion [35]. Further, patients with long diagnostic delays for
endometriosis have 60% higher mean all-cause costs compared
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to those with short delays [39]. Similarly, the economic costs
of PCOS on individuals and health care systems are estimated
to be US $8 hillion per year [8]. As diagnostic costs represent
a small proportion of the total economic burden of disease,
particularly in light of long diagnostic delays, accessto simpler
screening processes may be a cost-effective strategy [41].

Innovations in health technologies and mobile apps have the
potential to bridge this economic gap, deliver better health
outcomes, and improve quality of life. Worldwide, there are
more than 6 billion smartphone subscribers [42] and more than
350,000 health-related mobile apps [43]. As such, people
increasingly turn to the internet for health information [44-46],
with an increasing number of digital health interventionsexisting
to assist with condition diagnosis (eg, check user symptoms
against common condition symptoms) [47,48].

Despite the widespread avail ability and advantages of symptom
checker apps, there remains a knowledge gap on the accuracy
of many of thesetools[49]. Researchers, clinicians, and patient
groups are increasingly demanding more rigorous validation
and evaluation of digital health solutions, with scientists
highlighting the need for evidence generation [50-53]. Case
vignette studies represent an established methodology for the
evaluation of digital symptom checkers. In such studies, relevant
fictitious patient cases are assessed by the symptom checker
under investigation, and the output is compared to that of a
human expert assessing the same case [54]. However, several
scoping reviews have identified significant variability in study
designs and reported quantitative measures when assessing
symptom checkers, with about half reports describing app
characteristics and half examining actual accuracy metrics,
which were found to vary greatly [49,55]. A recent review of
digital and web-based symptom checkers found diagnostic
accuracy of the primary diagnosis varied from 19% to 38% and
triage accuracy ranged from 49% to 90% [56]. Even though
information on their development and validation islimited and
its reliability isin question [47,49], trust in symptom checker
apps is high among laypersons [57].

Flo App and Symptom Checker Development

Flo (by Flo Health UK Limited) is a health and well-being
mobile app and period tracker for women and people who
menstruate, with over 58 million monthly active users[58]. Flo
allows usersto track their symptomsthroughout their menstrual
cycle (eg, cramps, menstrual flow, and mood) or preghancy and
postpartum (eg, lochia), as well as general health information
like contraceptive use, ovulation or pregnancy test results, water
intake, and sleep. Additionally, the app offers personalized,
evidence-based, and expert-reviewed content via an in-app
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library. Further, digital health assistants (chatbots) provide users
with information about a range of conditions.

Flo has developed 3 single-condition symptom checker
“chatbots’ to assess symptoms of reproductive health conditions
(endometriosis, uterine fibroids, and PCOS). The decision to
focus on these conditions was based on their prevalence, the
feasibility of symptom assessment via an app, and the
multifactorial impact that these conditions can have (eg, quality
of life, productivity, cardiovascular diseases, mental health
conditions, and fertility). The symptom checkers use symptom
information gained through conversation-like questions and
answers as well as symptom or menstrual cycle information
previously entered into the app. Users with acute presentations
are provided with alist of red flag symptoms (eg, nausea with
vomiting, fever, and vaginal bleeding not related to the period)
at the beginning of the conversation and are advised to
discontinue the conversation with the symptom checker and
seek urgent medical advice if their presence is confirmed by
the user. After the conversation, the symptom checker givesthe
user one of two possible outcomes: (1) a strong match for the
condition—"You're experiencing several symptoms typically
associated with [condition]” or (2) aweak or no match for the
condition—"While you may be experiencing some symptoms
of [condition], your combination of symptoms does not strongly
indicate it.” An informative summary is available for the user
that reiterates which of the user’'s symptoms match the
presentation of aparticular condition as described in the relevant
clinical guidelines. This summary can then be used by the user
to facilitate any subsequent conversationswith their health care
provider. The symptom checker is not intended as a diaghostic
tool, does not provide medical advice, and users are advised to
seek medical input to further investigate any concernsthey have.

To ensure medical accuracy and safety during the devel opment
of symptom checkers, Flo uses a combination of an in-house
medical team and external doctors specializing in the conditions
of interest. The medical team builds the chat sequences
considering the most relevant signs and symptoms based on the
latest medical guidelines and evidence. The chat sequence is
medically tested, reviewed, and adjusted in an iterative product
development process.

Theaim of thisstudy wasto determinethe accuracy (agreement
between clinician and symptom checker) of 3 symptom checkers
for endometriosis, uterine fibroids, and PCOS developed using
current medical guidelines (Monash, European Society of
Human Reproduction and Embryology, and American Academy
of Family Physicians) [24,59,60]. To this end, we devised a
case vignette study whereby fictional patient caseswere assessed
for symptoms of the earlier-mentioned conditions by both
symptom checkers and medical practitioners. We also aimed
to provide a comprehensive illustration of how we created,
reviewed, and categorized vignette cases in the predepl oyment
testing and validation of digital health symptom checker tools.

https://mhealth.jmir.org/2023/1/e46718
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Methods
Vignette Testing

Overview

Clinical case vignettes were created, reviewed, approved,
classified, and entered into the symptom checkers by
independent general practitionersrecruited specifically for this
study. Vignette cases needed to encompass presentations of not
just endometriosis, fibroids, and PCOS but also other similarly
presenting reproductive (eg, amenorrhea) and general health
(eg, thyroid disorder) conditions. General practitioners have
knowledge of a wide range of condition symptomatology and
are typically the first point of contact for a patient in a health
care systemin the United Kingdom (where the study took place).
Therefore, we reasoned that general practitioners were a more
suitable choice for vignette creation, review, and classification
instead of obstetricians and gynecologists.

All general practitioners were UK -based with an average of 12
years of clinical experience and were not previoudly affiliated
with Flo. All genera practitioners were remunerated for their
time. No human subjects, interviews, or patient-doctor
transcripts were used in the creation of vignettes; all case
vignettes involved in this study are fictitious and were created
from each general practitioner’s experience of treating patients
with these conditions.

Vignette Creation, Review, and Approval

Five external general practitioners were recruited to
independently create clinical case vignettes of simulated users
(Figure 1, step 1). These simulated users would be presenting
for the first time without any history of diagnosis or treatment
for 1 of the 3 conditions of interest, namely, endometriosis,
uterinefibroids, or PCOS. Caseswere derived from the general
practitioners’ clinical experience and theliterature. The general
practitioners completed a template (Multimedia Appendix 1)
for each vignette that contained information on the user’s
background, history of presenting condition, medical, surgical,
and family history, as well as details on their menstrual cycle
and other symptoms. The general practitioners were instructed
to create a set number of cases for each of the 3 conditions and
for each of the 3 possible outcomesto ensure aspread of severity
and condition types: (A) “You're experiencing specific signs
and symptoms commonly associated with [condition]”, (B)
“Although you're experiencing some of the potential signsand
symptomsof [condition], they are not specific enough to indicate
it strongly,” and (C) “You're not experiencing any of the signs
and symptoms commonly associated with [condition].” The
general practitioners were instructed that “A” cases are those
for which the user has specific features of the condition, and
this differential diagnosis is the most likely cause of their
symptoms. “B” and “C” cases are those which are considered
to not have the condition. General practitionerswereinstructed
that “B” cases represent users who show either too few or only
some specific findings, and a clinician would not think of this
condition as the most likely cause for these symptoms. “C”
cases represent users who show either too few or nonspecific
symptoms, and there would be other differential diagnoses that
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are more likely to be the cause of the symptoms.
Condition-negative cases had other diagnoses such as urinary
tract infection, thrush, pregnancy, and functional constipation.

Each vignette was reviewed by a second general practitioner
(Figure 1, step 2) who could either approve the vignette as-is

Peven et a

or suggest changes to clarify the case. If changes were
suggested, the case would then be reviewed, edited, and
approved by athird general practitioner who would finalize the
case. In total, 24 cases were created for each condition, in line
with other single-condition or single-system symptom checker
evaluations [61-64].

Figure 1. Vignette study procedure including (1) independent vignette creation by 5 external genera practitioners; (2) vignette review, modification,
and approval by a second and third general practitioner where required; (3) independent vignette classification by 6 external general practitioners not
involved in other stages; (4) entry of vignettes into symptom checkers by 5 external general practitioners not involved in other stages; and (5) analysis

of results.

Vignette
creation

Modification and
approval

1 2 3 4 5 1 2 3 4 5

External general
practitioners

External general
practitioners

I ndependent Classification of Vignettes

After vignette approval (Figure 1, step 2), all information related
to the intended designation of each vignette was removed: the
type of case (A, B, or C above) and any notes about the
diagnosis the creator had in mind when creating the vignette
were removed from the vignette template. To avoid bias from
the case creator when setting the final classification, an
additional independent panel of 6 additional external general
practitioners not involved in previous steps of the vignette
creation was recruited to classify the vignettes (Figure 1, step
3). The classifying general practitioners received a random
selection of vignettes, each designated as either an endometriosis
vignette, uterine fibroid vignette, or PCOS vignette. For each
vignette, the general practitioners reviewed the case and
designated the most likely outcome for the specified condition
(endometriosis, uterine fibroids, or PCOS) matching the
symptom checker wording: (1) a strong match for the
condition—"You're experiencing several symptoms typically
associated with [condition]” or (2) weak or no match for the
condition—"While you may be experiencing some symptoms
of [condition], your combination of symptoms does not strongly
indicate it” During this step of classification, to ensure there
was a shared agreement on the classification of each case, each
vignette was reviewed independently by 3 general practitioners;
the majority view (at least 2 out of 3) was taken as the “true
value” or gold-standard classification for the vignette. While
the vignettes were created with 3 levels of categorization for
each condition, the classifying general practitioners were not
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aware of these levels and were asked to make a binary
classification for each vignette.

Vignette Entry

An additional set of 5 external genera practitioners (not
involved in the other steps) were recruited to enter the vignette
cases into a prototype of the symptom checkers (Figure 1, step
4). At this stage, the general practitioners were blinded to the
condition assigned to the vignette, the classification, and the
condition the symptom checker was assessing. If the symptom
checker asked a question that was not contained in the vignette,
general practitioners were instructed to follow a step-by-step
protocol to determine the appropriate answer. First, if the
symptom information requested by the symptom checker was
specified in the vignette template but not included by the creator,
anegative response should be selected (eg, the vignette template
specifies pain symptoms should include whether the radiation
of pain is present, but the vignette creator does not detail this
in their description of pain, then pain radiation should be
assumed to be absent). If the information was not part of the
template, a neutral response (eg, “I don’t know” and “I don’t
want to answer this question”) should be selected. If no neutral
response was available, a negative response should be selected.
If no negative response was available, the answer mostly within
normal limits should be selected (eg, the inputting general
practitioner would select aperiod length of 2-7 days, as opposed
to a period length of 1 day or less or a period length of 8 days
or more).
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Analysis

The fina classification set by the independent genera
practitioner classifiers (Figure 1, step 3) was compared with the
outcome of the symptom checker astested in Figure 1, step 4.
Outcomes were arranged in 2-way tables as shown in Figure 2.
Accuracy statistics for percent agreement between genera
practitioner classification and symptom checker, sensitivity,

Peven et a

specificity, positive predictive value (PPV), and negative
predictive value (NPV) were cal culated using the true positives
(TP), true negatives (TN), false positives (FP), and false
negatives (FN) as detailed: accuracy (percent agreement):
(TP+TN)/(TP+TN+FP+FN);  sensitivity: ~ TP/(TP+FN);
specificity: TN/(FP+TN); PPV: TP/(TP+FP); and NPV:
TN/(FN+TN) (Figure 2).

Figure 2. Two-way validation table demonstrating the true positive, true negative, false positive, and false negative cases produced when comparing

the symptom checker output to the general practitioner gold standard.

Symptom checker

General

Condition positive or
strong match for the condition

"You're experiencing several
sympfoms typically associated

with [condition]"
practitioner
(gold Condition negative or
standard) weak match for the condition

"While you may be experiencing

Condition positive or
strong match for the condition

"You're experiencing several
symptoms typically associated with
[condition]*

c) General practitioner designated
weak match and symptom checker
designated strong match (false

Condition negative or
weak match for the condition

"While you may be experiencing
some symptoms of [condition], your
combination of symptoms does not

strongly indicate it."

b) General practitioner
designated strong match and
symptom checker designated
weak match (false negative)

some symptoms of [condition],
your combination of symptoms
does not strongly indicate it."

positive)

Results

Vignette Cases

Of the total of 24 cases that were created per condition (Table
1), 11-13 cases were classified as a strong match for the

condition, and 11-13 cases were classified as aweak match for
the condition after final classification by a panel (shown in
Figure 1, step 3).

Table 1. Two-way validation table by condition (endometriosis [E], uterine fibroids [UF], and polycystic ovary syndrome [P]).

Condition positive or strong match for the  Condition negative or weak match for the  Total
condition condition
E,n UF n Pn E,n UF n Pn E,n UFn PBn
General practitioner (gold standard)
Condition positiveor strong 9 11 12 2 2 0 11 13 12
match for the condition
Condition negative or weak 2 2 3 11 9 9 13 11 12
match for the condition
Total 11 13 15 13 11 9 24 24 24

Accuracy Metrics

Overall, exact matches (percent agreement) between the vignette
classification and the symptom checker outcome ranged from
83% (20/24) for endometriosis and uterine fibroids to 88%
(21/24) for PCOS (Figure 3 and Table 2). While there were no
FN outcomes for PCOS, 8% (6/72) of all cases were falsely
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XSL-FO

RenderX

identified by the relevant symptom checker as negative for
endometriosis and uterine fibroids. FP outcomes ranged from
8% (2/24) for endometriosis and uterine fibroids to 13% (3/24)
of al casesfor PCOS. An example vignette case showinga TP,
TN, FR, and FN case (determined by agreement between general
practitioner and symptom checker) is provided for each
condition in Multimedia Appendix 2.
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Figure3. Overall symptom checker performance showing the proportion of fal se-positive outcomes, exact match outcomes, and fal se-negative outcomes

by condition. PCOS: polycystic ovary syndrome.
100 7

751

50 1

Proportion (%)

25 1

Endom'etriosis Fibr'oids
Condition

Outcome

False positive

. Exact match

False negative

PCOS

Table 2. Accuracy metrics for endometriosis, fibroids, and polycystic ovary syndrome (PCOS).

Condition Values, n Agreement (%) Sensitivity (%) Specificity (%) Ppy2 (%) NPVP (%)
Endometriosis 24 83.3 818 84.6 818 84.6
Fibroids 24 83.3 84.6 81.8 84.6 81.8
PCOS 24 875 100 75 80 100

3ppV: positive predictive value.

bNPV: negative predictive value.

While sensitivity was very high (100%) for PCOS (Table 2),
specificity was high for al 3 conditions (>81%). PPV ranged

from 80% for PCOS to 84.6% for uterine fibroids, while NPV
ranged from 81.8% for uterine fibroids to 100% for PCOS.

Discussion

Summary

In this study, we provide an example methodology for the
creation, review, and classification of vignette cases for the
testing and validation of digital health symptom checker tools.
The percent agreement between general practitioner-designated
vignette cases and 3 single-condition symptom checkers for 3
reproductive health conditions (endometriosis, fibroids, and
PCOS) was assessed. We found the designation given to case
vignettes by the symptom checkers had high levels of agreement
between general practitioner and symptom checker
(83.3%-87.5%), sensitivity (81.8%-100%), specificity
(75%-84.6%), PPV (80%-84.6%), and NPV (81.8%-100%)
when compared to gold standard designation by genera
practitioners. Overall, these metrics show the high performance
of the symptom checkers when tested on robustly designed
clinical vignettes.

https://mhealth.jmir.org/2023/1/e46718
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Comparison With Prior Work

This high accuracy of the identification of reproductive health
conditions is particularly important as high rates of diagnostic
error are reported by patients. A study of patients with
self-reported surgically confirmed endometriosis found that
75.2% of patients reported being misdiagnosed with another
physical health or mental health problem by their health care
professional [65]. A similar study of patients diagnosed with
PCOS found that 33.6% of women reported >2 years time to
diagnosis, 47.1% visited 23 headlth professionals before a
diagnosiswas established, and 64.8% were dissatisfied with the
diagnostic process [66]. The use of a tool like a symptom
checker could give the user better knowledge and awareness of
their symptomsin conversationsthey may have with their health
care provider, leading to a more effective diagnostic pathway.
We have shown in previous research that users agree Flo
increasestheir knowledge of the menstrual cycle and facilitates
easier conversations with their health care provider [67].

Other vignette studies of multicondition symptom checkers
have shown mixed results for accuracy. A study by Gilbert et
al [68] comparing urgency advice (ie, triage) from 7
multicondition symptom checker apps and 7 genera
practitionersto gold-standard vignettes found that the condition
suggested first matched the gold standard (ie, M 1 accuracy) for
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71% of general practitionersand 26% of apps; when broadening
to the condition suggested in the top 5 (ie, M5 accuracy), the
accuracy of general practitionersrose to 83% and appsto 41%.
Another study by Schmieding et al [69] comparing 22 symptom
checkers using 45 vignettes found M1 accuracy of 46%, and
M10 accuracy was 71%.

The multicondition symptom checkers evaluated by Gilbert et
al [68] and Schmieding et al [69] were assessed using vignette
cases that covered both common and |ess-common conditions
seen in primary care practice, conditions that affect all body
systems, and conditions that have a range of urgency levels.
Further, these evaluated symptom checkers are designed to
detect a wide range of conditions for a general population. In
contrast, this study evaluated single-condition symptom checkers
using vignettes specifically designed to represent presentations
with specific symptoms of the condition (strong match or
condition positive) and presentationswith symptoms not specific
to the condition (weak match or condition negative). This
symptom checker design difference may explain the variation
in accuracy found between our symptom checkers (single
condition) and other studied symptom checkers (multicondition).

Evaluations of single-condition symptom checkers include a
study of 12 web-based symptom checkers for COVID-19 [70]
and a study of an app-based symptom checker for PCOS [62].
COVID-19 symptom checkersranged widely in both sensitivity
(14%-94%) and specificity (29%-100%), with only 4 symptom
checkers having both sensitivity and specificity above 50% and
2 with both sensitivity and specificity above 75%. Sensitivity
and specificity in our symptom checkers were between 75%
and 100%. The PCOS symptom checker evaluated by Rodriguez
et al [62] reported 12%-25% FP cases and no FN out of 8 cases
tested. Our PCOS symptom checker had no FNs and 3 (13%)
FP cases out of 24 casestested. Our PPV and NPV valueswere
80%-100% for our 3 symptom checkers, suggesting relatively
high chancesthat positively tested casestruly have the condition
in question.

With the exception of COVID-19, which has a symptomatol ogy
and overall presentation that differs greatly from the
reproductive health disorders assessed in this study, digital or
app-based symptom checkers for a single condition are
uncommon. Symptom-based patient-completed questionnaires
and screening toolsdo exist, including for common reproductive
health conditions such as endometriosis or PCOS. A patient
self-assessment tool for endometriosis with 21 questionsfound
sensitivity of 76% and specificity of 72%, PPV of 73%, and
NPV of 75% [71]. Our endometriosis symptom checker had a
similar but dightly higher sensitivity (81.8%), specificity
(84.6%), PPV (81.8%), and NPV (84.6%). A 4-item
guestionnaire for use in the diagnosis of PCOS among women
with aprimary complaint of infertility had 77% sensitivity and
94% specificity, and aPPV and NPV calculated from their data
as87% and 88%, respectively [72]. Our PCOS symptom checker
had higher sensitivity (100%), lower specificity (75%), higher
NPV (100%), and lower PPV (80%), prioritizing the
identification of cases. It should be noted, however, that our
symptom checker is designed to be for a broader population
than the 4-item clinical tool, including those who are not trying
to get pregnant or experiencing fertility issues. Questionnaires
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such as these have some limitations. They may not be available
to the public and additionally may be subject to more user error
(eg, question skipping). App-based symptom checkers, on the
other hand, can use historical datafrom users such asmenstrual
regularity to improvethe accuracy of user answers. Additionaly,
users cannot accidentally skip questions, and the app will
provide a detailed summary of results and recommendations.

It is not uncommon for variation of opinion between groups of
general practitionersreviewing vignetteswith El-Ostaet a [73]
reporting classification agreement between 3 general
practitioners' primary diagnosisand the intention of the vignette
being 32.4%. Each vignette in this study was reviewed
independently by 3 different general practitioners, and in 71%
(51/72) of cases, al 3 general practitioners agreed with the
vignette assignment given at the vignette approval stage (Figure
1, step 2). However, it should be noted that El-Osta et a [73]
provided a comparison between primary diagnosis of general
practitioners and origina vignette intention, whereas this
analysis only concerns strong or weak match for known
reproductive conditions. All 3 general practitionersagreed with
each other (regardless of the vignette intention) for 81% (58/72)
of vignette cases. This disagreement between general
practitioners and some differences with the symptom checker
results are to be expected, particularly when using
symptom-based assessment for reproductive health conditions
that can be complicated to diagnose, have overlapping
symptomatology with other system conditions such as
gastrointestinal and urinary conditions, and are often dismissed
or considered to be “normal” variations in the menstrual cycle
by some. These conditions have a notoriously prolonged time
to diagnosis [16-19] and require investigations including
imaging. Further, the sensitivity of different testing methods
can vary. For example, physical examination for deep infiltrating
endometriosis can have poor accuracy and requires imaging
[74].

The possible applications of symptom checkersand health apps
are far-reaching and could have benefits at the individual user
level, health care professional level, and macro or health system
level [63,75]. Especially for many reproductive health conditions
where the time to diagnosisis currently long and contributesto
high health care costs [17,26,66,76], an earlier diagnosis can
lead to early treatment and thus decrease complications from
untreated conditions and decrease health care costs of treating
more advanced disease[27,28,39]. Menstrual cycledetailssuch
as cycle length, period length, or flow can be important
information for health care providerswhen diagnosing patients.
Health apps can help track cycle details over time and use these
details when determining risk for conditions as well as in
summary information for users to share with their health care
providers (eg, the Flo app provides a*“ health report” whereyou
can download a summary of symptoms over a period of time,
average cycle length, and other details to share with a health
care provider). Additionally, as people with symptoms such as
heavy bleeding or menstrual pain may believe these are normal
or hereditary [26], personalized assessment of symptoms and
encouragement to seek further evaluation from a medical
professional where appropriate may improve an individual’s
understanding of their symptoms and health status and decrease
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timeto diagnosis. Our prior research has demonstrated that 58%
of Flo usersreport improvementsin understanding the normality
of certain cycle-related symptoms and recognizing the abnormal
nature of others, while 1 in 3 Flo users reported that the use of
the Flo app improved their communication with their health
care provider [67]. Therefore, mobile apps with symptom
checkers could identify users with risk factors for certain
conditions, educate users about their symptoms, and further
encourage conversation with their medical providers.

Strengths and Limitations

Strengths of this study include the use of different groups of
independent, external general practitioners unfamiliar with the
symptom checkers to create, enter, and classify case vignettes
for symptom checker testing. Additionally, vignettes were
created with a wide range of symptomatology to ensure the
inclusion of borderline presentations as these are notoriously
difficult to assess, even for doctors, although they represent a
frequent reality as people do not often fit neatly into textbook
case presentations. Further, each vignette case was reviewed
by an independent, experienced genera practitioner and
classified by a separate panel viewing the vignettes for thefirst
time. When generating vignette cases that represent typical
presentations of a single condition as seen by a general
practitioner, there will only be so many permutations of
symptomatology that can be generated before repetitions of
vignette cases occur; as a result, we created 72 vignette cases
intotal, 24 for each of our 3 conditions. The number of vignettes
needed to evaluate symptom checkersis not well defined [54].
Other vignette symptom checker eval uations have used between
3 and 400 cases for testing, with single-condition or
single-system evaluations (eg, mental health, ophthalmology,
and PCOS) using fewer cases and multicondition evaluations
using larger numbers of cases [61-63,77,78]. Among the 400
vignettes published by Hammoud et a [78], any single condition
isonly represented by at most 5 cases.

Limitations, however, should be noted. Vignette studies rely
on clinical opinion of asmall number of general practitioners.
An audit study of clinical vignette benchmarking has shown
significant variation between groups of general practitioners
considering clinical vignettes [73]. To decrease bias from
differencesin clinical opinion, all cases were blindly reviewed
by 3 general practitioners, one-third involved in cases of
disagreement. We found agreement between all 3 general
practitioners in 81% (58/72) of our cases. Vignettes also rely
on the classical presentation of conditions that may present
differently in real life or in patients with complex or atypical
condition presentations. When creating vignettes, we recognize
there is a possibility for bias, expected patterns, or entrenched
unknowns in the understanding of each condition’s
symptomatology. Additionally, although we recognize that
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patients do not usually present to primary care practitioners
with a prespecified suspected diagnosis and that therefore this
aspect of the study design does not reflect usual medical
practice, these chatbots are not meant to replace the interaction
with primary care providers but rather to allow usersto review
their symptomsin advance of seeing ahealth care professional.
As outlined in the medical guidelines, symptom severity, risk,
and prevalence may vary across world regions and ethnicities.
Neither the Flo app nor the symptom checker collect data on
the user’s race or ethnicity, so neither race nor ethnicity were
included in the vignette creation process. In addition to this, the
vignettes in this study were created by panels of genera
practitionersbased in the United Kingdom and may not provide
an accurate representation of symptoms for every cultural
context. We recognize the inclusion of such information could
help to identify at-risk individuals better.

While we found 100% sensitivity for our PCOS symptom
checker, itislikely with alarger sample size and real-life cases,
this level of perfect sensitivity will not be maintained. Other
changesin accuracy statisticsarelikely to be seenin real-world
use. Further, as real-world users may interpret their symptoms
and the questions differently than doctors, future studies
including the general population should be carried out to test
each symptom checker's performance in the context of
real-world deployment. The use of vignette-patient casesis an
important part of predeployment algorithm testing for digital
symptom checkers[54,79] and isthefirst stage of our symptom
checker evaluation. The next stage in evaluating our symptom
checkers will include the use of real-world data such as
observational studies of condition diagnosed and undiagnosed
people’s symptoms and early fiel d-testing of thein-app symptom
checkers on users and comparing the output to an official
diagnosis from a doctor. Evaluation of symptom checkers and
digital health tools should follow multistage processes with
increasing exposure to real environments exploring not only
effectiveness but also usability and balance between probability
of disease and risk of missing a diagnosis[79].

Conclusions

In conclusion, we have described a methodology for creating
and classifying vignettes using multiple independent panels of
general practitioners for the predeployment testing of digital
health symptom checker tools. We found high levels of
agreement between general practitioner classification and
single-condition symptom checkers for 3 reproductive health
conditions (endometriosis, fibroids, and PCOS). Given long
delays in diagnosis for many reproductive health conditions,
which lead to increased medical costs and potential health
complications, innovative health apps and symptom checkers
hold the potential to improve care pathways.
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