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Abstract

Background: Polycystic ovary syndrome (PCOS) is a heterogeneous condition that affects 4% to 21% of people with ovaries.
Inaccessibility or dissatisfaction with clinical treatment for PCOS has led to some individuals with the condition discussing their
experiences in specialized web-based forums.

Objective: This study explores the feasibility of using such web-based forums for clinical research purposes by gathering and
analyzing laboratory test results posted in an active PCOS forum, specifically the PCOS subreddit hosted on Reddit.

Methods: We gathered around 45,000 posts from the PCOS subreddit. A random subset of 5000 posts was manually read, and
the presence of laboratory test results was labeled. These labeled posts were used to train a machine learning model to identify
which of the remaining posts contained laboratory results. The laboratory results were extracted manually from the identified
posts. These self-reported laboratory test results were compared with values in the published literature to assess whether the
results were concordant with researcher-published values for PCOS cohorts. A total of 10 papers were chosen to represent
published PCOS literature, with selection criteriaincluding the Rotterdam diagnostic criteriafor PCOS, a publication date within
the last 20 years, and at least 50 participants with PCOS.

Results. Overall, the general trends observed in the laboratory test results from the PCOS web-based forum were consistent
with clinically reported PCOS. A number of results, such as follicle stimulating hormone, fasting insulin, and anti-Mullerian
hormone, were concordant with published valuesfor patientswith PCOS. The high consistency of these resultsamong theliterature
and when compared to the subreddit suggests that follicle stimulating hormone, fasting insulin, and anti-Mullerian hormone are
more consi stent across PCOS phenotypes than other test results. Some results, such astestosterone, sex hormone-binding globulin,
and homeostasis model assessment—estimated insulin resistance index, were between those of PCOS literature values and normal
values, as defined by clinical testing limits. Interestingly, other results, including dehydroepiandrosterone sulfate, luteinizing
hormone, and fasting glucose, appeared to be slightly more dysregulated than those reported in the literature.

Conclusions; The differences between the forum-posted results and those published in the literature may be due to the selection
processin clinical studies and the possibility that the forum disproportionally describes PCOS phenotypes that are less likely to
be alleviated with medical intervention. However, the degree of concordancein most |aboratory test valuesimplied that the PCOS
web-based forum participants were representative of research-identified PCOS cohorts. This validation of the PCOS subreddit
grants the possibility for more research into the contents of the subreddit and the idea of undertaking similar research using the
contents of other medical internet forums.
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Introduction

Polycystic Ovary Syndrome

Polycystic ovary syndrome (PCOS) is a condition that affects
4% to 21% of reproductive-aged peoplewith ovaries[1]. PCOS
isdiagnosed most commonly by the Rotterdam criteria[2], with
concurrent presentation of 2 or 3 of the following: evidence of
biochemical or clinical hyperandrogenism, evidence of
anovulation or oglio-ovulation, and ultrasound evidence of
polycystic ovarian morphology [3]. As such, PCOS is a
heterogenous condition [4]. PCOS is adiagnosis of exclusion,
usualy requiring an absence of thyroid disease, nonclassic
congenital adrenal hyperplasia, and hyperprolactinemia [5].
Cushing syndrome and adrenal tumors are additional common
exclusions [5]. Although PCOS was formally defined as early
as 1935[6], internationally accepted evidence-based guidelines
for the assessment and management of PCOS were published
as late as 2018 [2]. However, the evidence base available to
support treatment guidelines was rated moderate to low by its
internal assessment criteria[2].

Asaheterogeneous condition, PCOS hasavariety of associated
presentations and possible etiologies [3]. Thus, characterizing
the distinct phenotypes of PCOS s very difficult in small-scale
studies. This limitation can be mitigated if recruitment criteria
focus on a specific possible phenotype of PCOS. It is difficult
to obtain suitably large PCOS data sets using conventional
clinical study designs dueto the cost and administrative burden
of large-scale studies. Thus, aternative methods of obtaining
large PCOS data sets could be useful.

The State of PCOS M anagement and Diagnosis

Several surveys of clinicians and patients have been carried out
to assess the state of PCOS management and diagnosis.
Clinicians have expressed concerns about limited PCOS
treatment options and their lack of supporting evidence [7],
uncertainty regarding diagnosis and management [8], the need
for more tailored care toward individuals with PCOS [8], and
ahesitanceto precisely follow the Rotterdam diagnostic criteria
dueto overdiagnosis concerns[9]. A large-scale survey showed
that of the individuals who meet the Rotterdam criteria, those
with lower BMI are less likely to receive a PCOS diagnosis
[1Q]. Patients with PCOS with lower BMIs or without all the
Rotterdam criteria are also less likely to be referred to clinical
studies of PCOS [11]. These factors could lead to the neglect
of certain PCOS phenotypesin the literature.

Surveys of patients with PCOS revealed widespread
dissatisfaction with traditional treatment options such as oral
contraceptives and ovulation-inducing agents [7,12]. This was
often due to distressing side effects and minimal symptom
improvement [7]. Surveyed people with PCOS also expressed
dissatisfaction with their physicians’ awareness of PCOS[13,14]
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and the lack of information provided to them about PCOS or
relevant clinical therapies upon diagnosis[15].

The PCOS Reddit Forum

Some people with PCOS find and participate in online PCOS
support groups that exist on various social media platforms.
This is possibly due to dissatisfaction with clinical diagnosis
and management options. Online support groups can contain
written accounts of the challenges of living with PCOS from a
cohort that is larger than most clinical studies [16]. A survey
indicated that people with PCOS regard online PCOS support
groups as helpful for learning how to manage PCOS [17].
However, somefound it distressing to read about other people’s
hardships or felt more isolated after reading about others
experiences that did not match their own [17].

In thisstudy, laboratory test results posted to apublicly available
online PCOS support group were collected to explore the
feasibility of using information posted to an online support
group to investigate PCOS. This was done using a mixture of
manual processing and machine learning methods. The PCOS
subreddit [16], hosted on Reddit, was chosen due to its large
number of participants (approximately 30,000), public
availability of posts and comments, and encouragement from
the platform curators to access and use the data.

The Potential of Reddit and Machine Learning
Research

The content of the PCOS subreddit could yield alarge volume
of data exploring people’'s experiences with PCOS, the
symptoms they present with, the treatments they use, and their
perceived treatment outcomes. Thiskind of large data set could
prove useful for studying heterogeneous conditionsthat require
a large number of participants to compare and contrast
phenotypes. However, processing the subreddit has its own
limitations. The biases seen within the subreddit are different
from those seen in traditional research due to the self-reported
nature of the data and the requirements to participate in the
subreddit. The large volume of data leads to significant data
extraction challenges. Manual approaches to reading and
interpreting datamay be too arduousto undertake with sufficient
consistency. Hence, automated machine learning approaches
were also implemented in this study. However, any automated
approach would be subject to errors and misclassification. Thus,
to establish the PCOS subreddit forum as a suitable data source
for PCOS research, the relevance and validity of the extracted
data must be assessed.

Previously, self-reported accounts have been used to discuss
PCOS [10,18,19], and Reddit data has been used in clinical
research [20-22]. However, to the authors knowledge, no
studies have directly processed the contents of an online PCOS
support group. Thispaper validates the research potential of the
PCOS subreddit data set by comparing the laboratory test results
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found in the subreddit to the laboratory results of 10
peer-reviewed PCOS studies. The decision was made to assess
the validity of the subreddit data through laboratory results, as
they are an easy metric to compare with clinical laboratory data
reported in research studies using statistical methods. Once the
data extraction methods and content of the subreddit have been
validated with the comparison of laboratory results, the
discussions of symptoms and treatment methods within the
subreddit can be explored in future research.

Methods

Data Collection and Cleaning

On the May 3, 2021, all historic posts and comments were
gathered from the web-based PCOS subreddit [16] using the
Pushshift Reddit Dataset [23]. No recruiting or direct interaction
with the PCOS subreddit was carried out as part of the data
collection. The Pushshift Reddit Dataset is an archive of all
platform content since 2015 and is intended for research use
[23]. Reddit is organized into posts and their replies, called
comments. Users can reply to comments, leading to
multifurcating discussion threads. This PCOS subreddit data
set contained atotal of approximately 45,000 posts and 300,000
comments from 30,000 unique accounts [16]. Only posts were
used in laboratory test analysis. The posts were randomly
shuffled, and the first 5000 of the shuffled posts were separated
for manual processing. These posts were read and labeled to
identify the presence of laboratory test results. Table 1 contains
asummary of the abbreviationsand unitsused for the laboratory
test results and other user information explored in this study.

In order to processthe remaining 40,000 posts, machinelearning
was used to select relevant posts. Globa vectors word
embeddings [24], a method for transglating words into vectors,
were created with the text from all PCOS subreddit posts and
comments for use in machine learning. Using the labeled posts
and global vectors embeddings, aconvolutional neural network
(CNN), a type of machine learning, was trained to indicate
whether atext post may contain laboratory test results. A subset
of the labeled posts were not used in training and were instead
used to approximate the accuracy of the network. CNN structure
and training are described in Multimedia Appendix 1 [25,26].

The postslikely to contain laboratory test results were manually
read, and relevant results were recorded. Ages, BMIs, or
information pertaining to menstrual cycle phase were also
recorded when available. Ages were sometimes approximated
using the dates that posts were created and other posts from the
same account in which they stated their age. BMIsweretypically
calculated using given height and weight information. Asresults
were recorded, subreddit values were compared to standard
laboratory test result ranges [27] to ensure values were not
nonsense values or mistranscribed units. Units were only
considered mistranscribed if the given unit was not a common
unit for the given test, the value and unit combination did not
make physiological sense, or the value made significantly more
physiological sense if the unit was a different common unit.
The manner in which PCOS may affect results was considered
during this process. For example, an abnormally high total
testosterone (total T) result of 90 ng/dL (healthy referencerange
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[20-75 ng/dL]) was considered reasonable for PCOS, while
dehydroepiandrosterone sulfate (DHEA-S) of 8 g/dL was
considered a possible unit mistranscription (healthy reference
range[59-328 g/dL] or [1.6-8.9 moal/L]). Table S1in Multimedia
Appendix 2 shows atable of specific considerationsfor possible
unit or value mistranscription. Cases where units were
considered mistranscribed were exceedingly rare.

In some cases, the laboratory test results were presented with
full, unambiguous names, units, and ranges. In other cases, the
results were written without units or the full test name.
Typically, the test result and correct unit could be determined
with the given information. If either were unclear, the result
was marked as uncertain. Figure 1 shows the test recording
process and when aresult would be marked as uncertain. When
all results were recorded, unit conversions were made so that
each test result was recorded with asingle unit. Unit conversions
are shown in Multimedia Appendix 3.

Some posts with laboratory test results were attached to the
same account or contained multiple sets of test results from
different time periods. Between tests, significant lifestyle
changes or new treatments were often applied, leading to the
same person presenting with very different results and
symptoms. Due to these drastic changes in PCOS presentation,
each set of tests taken on the same day was considered its own
point of data, separate from other tests taken from the same
person on different days. Given the nature of the data, knowing
what medications people were taking at the time of the
laboratory tests was not possible.

Once al the laboratory test results were gathered, some
reprocessing was carried out to maximize accuracy. All results
marked as uncertain and results with an absol ute z score greater
than 2 were reprocessed. Occasionally, a person would discuss
the sametest resultsin different posts. To prevent asingleresult
from appearing multipletimes, all identical results by the same
account were analyzed and duplicate results were omitted from
further analysis, even if they were posted across multiple days.
Given theresultsfrom aparticular day of testing, some accounts
reported portions of the results across multiple posts. In obvious
cases of this, the results were merged into 1 set.

Some laboratory test results were numerically extreme when
compared to other results. Since gathering datafrom the internet
is noisy by nature, mistranscriptions and outliers were to be
expected. Extreme outlier removal seemed necessary before
further processing could be undertaken. Any test result with an
absolute z score greater than 4 was removed. While a z score
of 2 or 3 for outlier remova is more established [28],
characterizing disease states that are known for outlier behavior
should be undertaken with a greater allowance for outliersthan
istypical. The rate of outlier removal was calculated for each
test. The frequency with which different laboratory test results,
ages, BMI's, and pieces of menstrual cycleinformation appeared
within the data set varied. Summary statistics were derived for
each type of value that appeared in the data at least 20 times.
Percentages were cal cul ated for the frequencies of each type of
value among all the data and the proportion of uncertain values
for each laboratory test.
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Abbreviation Result description Unit used in this study
Age Age at time of laboratory test Years
Total T Total testosterone ng/dL
DHEA-S Dehydroepiandrosterone sulfate pg/dL
BMI BMI at time of laboratory test kg/m?
LH/FSH Ratio of luteinizing hormone to follicle stimulating hormone _a
FreeT Free testosterone pg/mL
FPG Fasting plasma glucose mg/dL
FSH Fallicle stimulating hormone U/L
HbA 1. Glycated hemoglobin %
LH Luteinizing hormone U/L
TSH Thyroid stimulating hormone mU/L
PRL Prolactin ng/mL
E2 Estradiol pg/mL
Fl Fasting insulin muU/L
P Progesterone ng/mL
SHBG Sex hormone binding globulin nmol/L
AMH Anti-Mullerian hormone ng/mL
HOMA-IR Homeostasis Model Assessment-Estimated Insulin Resistance Index (calculated using fasting ——
insulin and fasting plasma glucose)
FT4 Free thyroxine ng/dL
17-OHP 17-hydroxyprogesterone ng/dL
Vit D Vitamin D ng/mL
FER Ferritin ng/mL
TC Total cholesterol mg/dL
LDL Low-density-lipoprotein cholesterol mg/dL
TG Triglycerides mg/dL
A4 Androstenedione ng/dL
ALT Alanine transaminase U/L
HDL High-density-lipoprotein cholesterol mg/dL
ot applicable.
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Figure 1. Thetest result recording process. Ellipses represent actions, and boxes represent decisions.

Read Result in Post
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unambiguously?

(ie, “fasting glucose” rather than
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than “testosterone”, etc)
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(ie, the units for total and free
testosterone are typically different)

No

T
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unit?
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non-fasting glucose are different) y,
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Does the value itself clarify the
result?

(ie, there are certain total teslosterone
values that would not make sense as
free testosterone values when
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(ie, “the doctor said my total
testosterone was very high”)
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Choose the most likely result
given available information
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h 4

Is there reason to believe
the unit is incorrect?

No

Yes range that clarifies

i dehyd drost
(ie, a dehydroepiandrosterone what the unit is?

sulfate of 4 meg/dL is likely a
mistake and the real unit may

be memoaliL) No
T

No

value that clarifies
what the unit is?

No

Relevant Literature Used

To explore how well the subreddit data set captured a PCOS
population viablefor research, comparisons were made between
the PCOS subreddit data distributions and distributions from
the aggregate of up to 10 relevant PCOS studies. Comparisons
were & so made between the subreddit and the individual studies.
Test results with few values in the subreddit data or no strong
relationship to PCOS were excluded from the comparison.

PCOS populationsfrom 10 papers were chosen to represent the
literature’ svalues. A search for peer-reviewed research relating
to PCOSwas carried out to identify papers reporting laboratory
results from people with PCOS. Approximately 50 potentially
useful paperswere identified by prioritizing larger cohorts and
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and mark result as uncertain,
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a diverse range of countries and study contexts. Papers with
fewer than 50 participants with PCOS in the study were
excluded. It was also required that papers be less than 20 years
old, allow for at least 5 relevant laboratory test comparisons,
and had diagnosed their PCOS popul ation through the Rotterdam
criteria. All selected papers made exclusionsfor thyroid disease,
nonclassic  congenital adrena hyperplasia, and
hyperprolactinemiaas part of their diagnosis. These criterialed
to 10 papers for comparison. Critically, comparisons between
the candidate papers and the subreddit data were not made
before the papers were selected and had no bearing on which
paperswere used in this study. PCOS popul ation sizes and other
relevant information pertaining to the sel ected papers are shown
in Table 2.
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Table 2. Relevant context of literature polycystic ovary syndrome (PCOS) populations used in comparisons.
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PCOS Cycle phase Fastingstas Described eth-  Study type Study context Potential biases and
group (whenovulatory) tus nicity specific differences to
size,n subreddit data set

Diamanti-Kan- 634 Follicular Fasting Greek Cau- Prospective Exploring pheno-  Only individualsin

darakisand Panidis casian typeswithin good health with no

[29] PCOS. chronic or acute dis-

eases and no medica-
tion that may affect re-
sults were included.

Cai et al [30] 600 Early Follicular  Fasting Chinese Cross-sectional ob- Exploring TSH?2 Smokers were exclud-

servational levelsin PCOS. ed.

Tos et a [31] 375 Not Specified Fasting 97.1% Cau-  Retrospectiveanal- Exploring how Tosi et a [26] identify
casian (3.9% ysis well insulinresiss  apotential referral bias
undeclared) tance (IR) indexes  toward insulin resistant
(Italian Study) capture IR in women. Women with

PCOS. diseases or treatments
that affect IR were ex-
cluded.

Paschou et al [32] 372 Early Follicular ~ Fasting Greek Cau- Cross-sectional ob-  Investigatingim-  Participants with addi-
casian servational pact of adrenal hy- tional medical illnesses,

perandrogenismon  psychiatricillnesses, or

IRandlipid profile treatments that would

in PCOS. impact study were ex-
cluded.

Sovaet al [33] 319 Early Follicular ~ Fasting Nordic Cau-  Cross-sectional ob- Exploring AM Hb  Only women with
casian servational levelsinwomen  PCOSreferred with

with PCOS. anovulatory infertility
and PCOMC. Exclusion
of T2DMY, liver dis-
ease, history of cardiac
or renal failure, hormon-
al treatment, smokers,
or acohol use.

Kumar et al [34] 213 Follicular Fasting 12.7 % Black, Cross-sectional ob- Exploringpresence  None were apparent.
87.3 % White servational of hyperandro-

(Study inthe genism in PCOS.
United States)

Bahceci eta [35] 98 Follicular Fasting Not specified  Cross-sectional ob- Exploringrelation-  Only norma BMI (20-
(Turkish servational ship between 25) women with PCOS
Study) PCOS prolactin without acanthosisnigri-

levelsand IR. cans.

Homburgetal [36] 90 Early Follicular ~ Not Speci- Not specified  Prospective Exploringrelation-  Only women with

fied (English ship between PCOS who sought out
Study) AMH, PCOSand  infertility trestment.
PCOM.
Pigny et d [37] 73 Early Follicular ~ Not Speci- Not specified Cross-sectional ob- Exploring if AMH  None were apparent.
fied (French servational levels could surro-
Study) gate antral follicle
count in PCOS di-
agnosis.

Wright et a [38] 69 Early Follicular ~ Fasting Not specified Cross-sectional ob- Exploring effect of Excluded smokers and
(Turkish servational PCOS caused hor-  patients with obesity,
Study) monal and prediabetes, diabetes,

metabolic abnor-  severeiodine deficiency

malitiesonthyroid.

or medication that may
affect results.

8TSH: thyroid stimulating hormone.

bAMH: anti-Mullerian hormone.

®PCOM: polycystic ovarian morphology.
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4T2DM: type 2 diabetes mellitus.

Statistical Analysis

To make comparisons, the means and SD were obtained or
calculated for each paper. The aggregate means, SD, and
numbers of people with PCOS were calculated using all 10
papers. Equivalence tests were performed using the two
one-sided t test (TOST) procedure. An equivalence test is
designed with the null hypothesis that the samples are
significantly different. Hence, rejecting the null hypothesis of
a TOST equivalence test allows us to conclude that there are
no significant differences between the 2 samples [39].
Boundaries (b) are used in a TOST equivalence test to allow
for nonsignificant differences between the samples [40]. A
medium affect Cohen d value (£0.499) and the pooled SD from
the groups being compared (SD poq1e9) Were used to calcul ate the

boundaries in the TOST tests (Equation 1) [40].

b =+ 0.499 SDyootea (€a. 1)

When equivalence was not confirmed, 1-sided t tests were
performed to determine if a PCOS subreddit data mean was
statistically higher or lower than aliterature value.

Ethical Considerations

Anincreasing portion of health sciencesresearch uses data sets
obtained from publicly accessible platforms such as social media
websites, including Reddit [41]. The PCOS subreddit exploration
was reviewed by the University of Canterbury (New Zealand)
human ethics committee. As it fulfilled Australasian Human
Research Ethics Consultancy Services (AHRECS) standards
[42], it was considered by this committee to be low risk and
out-of -scope. However, best practices regarding the ethical use
of third-party consumer-based data sets and other research
involving human participantsin this setting are evolving [41,43].

The authors consider that their research fulfills current ethical
guidelines for several reasons. First, regarding consent, the
Reddit privacy policy for consumers of its services states:

Reddit also allows third parties to access public
Reddit content via the Reddit API and other similar
technologies [....] and you should take that into
consideration before posting to the Services[44].

https://formative.jmir.org/2023/1/e44810
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Furthermore, one of the deliberate intentions of Pushshift, the
site where the data was retrieved, is to make the data on Reddit
available for research such as this [23]. Second, this study is
for public good rather than for reasons such ascommercial gain.
Third, the methodology behind the way Reddit datais used for
research, for example, data cleaning methods, is transparently
discussed in our methods section. Furthermore, Reddit users
are anonymous and voluntarily publish their information. It was
possible for a family member or friend to post on behaf of
another. In al such cases, the datawere not included. Care was
also taken not to publicize any identifiable usernames. Fourth,
the potential for biasis acknowledged. Finally, the researchers
did not interact in any way with participants, for example, by
using the subreddit to direct the generation of new information
for the purposes of their research. Overall, the ethical risk of
using this data set was thoroughly assessed and considered
extremely low risk from a participant perspective.

Results

Data Collection and Cleaning

After training on 272 subreddit posts, CNN achieved an overall
accuracy of 98% (89/91) on the testing data set (n=91) that
contained examples of posts with and without laboratory test
results. It achieved an accuracy of 96% (4429/4637) on amuch
larger testing data set (n=4637) including only posts without
laboratory test results. These results imply the CNN is highly
accurate but may be susceptible to some false-positive
classifications. Thetrained CNN identified 3454 poststhat were
likely to contain laboratory test results in the approximate
45,000-post data set.

After thelaboratory test results were extracted using the process
in Figure 1, there were 1585 sets of laboratory test results and
6487 individua results in the data set. Figure 2 shows the
process of retrieving the data set, and Table 3 is a summary of
the final data set. Table S3in Multimedia Appendix 4 provides
the available data describing the cycle phase at the time of the
laboratory testing. It isimportant to note that many of the tests
taken inthe luteal phase were done because of irregular cycles.
Plots of ages and BMIs within the data set are given in
Multimedia Appendix 5.
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Figure 2. Diagram showing the gathering of the data set. Ellipses represent resources or tools. Boxes represent different stages of the processing. CNN:
convolutional neural network; PCOS: polycystic ovary syndrome.

PCOS subreddit

Posts gathered
using Pushshift on
May 3, 2021

Manually read posts
44,960 posts found Random selection 5000 posts selected and ,ab)‘;, compems —

163 posts with blood
test results

Train a CNN
to detect blood
test results with

labelled posts

Blood Result
Detecting CNN

4837 posts without
blood test results

Label all posts
with CNN

3454 posts likely to Manually read posts and 1408 posts had
have blOﬁd test record blood test results blood test results
results

Seperate tests
that were taken
at different times

1671 sets of test
results

Remove extreme outliers 1769 sets of test
with Z score > 4 results
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Table 3. Summary of data collected from the polycystic ovary syndrome (PCOS) subreddit of laboratory tests and other relevant information with

more than 20 appearances.
Number (no Portion of test sets  Mean (SD) (no  Median (IQR) (no outliers)  Portion of results ~ Outliersre-
outliers), n with result (no out-  outliers) with uncertainty moved, %
liers), % (with outliers), %
Age (years) 661 41.7 255 (5.3) 24 (13-44) 0 0
Totd TA(ng/dL) 552 34.8 55.9 (37.9) 50 (1.5-375.1) 22 05
DHEA-S (g/dL) 381 24 396.5(165.2) 400 (15-1046) 0.8 1
BMI (kg/m?) 240 151 24.4(6.4) 22.4(15.4-48.6) 0 0
L H/ESHS 236 14.9 2.2(14) 1.9(0.1-7.9) 0.4 0.4
FreeTd (oymL) 226 14.3 5.9 (4.4) 4.9 (0.1-30) 6.6 13
FPGE (my/dL) 219 138 94.2 (17.6) 93 (50-157) 0.9 0.9
FsH' (UIL) 214 135 5.8(3.1) 5.5(0.6-26.9) 05 05
HbA 19 (%) 211 13.3 55(0.8) 5.3(4.1-9.3) 05 19
LHN (UIL) 206 13 12.9(13.6) 8.9 (0.3-85) 05 14
TSH' (mUIL) 176 111 2.4(16) 2(0.1-8.9) 0.6 06
PRLI (ng/mL) 140 8.8 24.2 (23.9) 16.3(0.8-173) 14 0.7
E2X (pg/mL) 138 8.7 79.3(88.2) 46.9 (3.5-516.) 6.4 1.4
A (mUiL) 131 8.3 12.9(12) 9(1.2-72) 8.2 22
P™ (ng/mL) 89 5.6 5(10.1) 0.6 (0.03-47) 122 11
SHBG" (nmol/L) 72 45 84.4(70.7) 65.5 (14-339.9) 0 0
AMH® (ng/mL) 61 38 10.2 (6) 9.2(0.02-26.) 32 16
HOMA-IRP 57 36 2.1(2.4) 1.6(0.3-17.7) 34 17
FT49 (ng/dL) 48 3 1.1(0.2) 1.1(0.8-1.7) 4.1 2
17-0HF (ngdl) 4 28 1257(111.8)  79.8 (10-459) 45 0
Vit DS (ng/mL) 4 26 26.4(17.3) 24 (4-80) 0 0
FER! (ng/mL) 31 2 37.8(33) 28.5(6-167) 0 0
TC! (my/dL) 30 19 219.8 (55.2) 225.5 (105-317) 0 0
LDLY (mg/dL) 27 17 132.1 (46.6) 128 (67-290) 0 0
76" (mg/dL) 25 16 129.9 (75.7) 125 (46-300) 0 0
A4X (ng/dL) 23 15 349.9(376.3)  209.1(1.7-1440) 17.4 0
ALTY (UIL) 23 15 90.0 (106.4) 37 (12-412) 0 0
HDLZ (mg/dL) 23 15 60.7 (18.8) 53 (31-94) 0 0

Total T: total testosterone.

PDHEA-S: dehydroepiandrosterone sulfate.

CLH/FSH: the ratio of luteinizing hormone to follicle stimulating hormone.
9Free T free testosterone.

®FPG: fasting plasma glucose.

fESH: follicle stimulati ng hormone.

9HbA 1 glycated hemoglobin.

PLH: luteinizi ng hormone.
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ITSH: thyroid stimulating hormone.

IPRL: prolactin.

KE2: estradiol.

I=F fasting insulin.

Mp: progesterone.

NSHBG: sex hormone binding globulin.
OAMH: anti-Mullerian hormone.
PHOMA-IR: homeostasis model assessment-estimated insulin resistance index.
9FT4: free thyroxine.

'17-OHP: 17-hydroxyprogesterone.

SVit D: vitamin D.

'FER: ferritin.

UTC: total cholesteral.

VLDL: low-density-lipoprotein cholesterol.
YWTG: triglycerides.

XA4: androstenedione.

YALT: alanine transaminase.

ZHDL: high-density-lipoprotein cholesterol.

Table 5 shows the individual comparisons between the PCOS

Comparison to L iterature subreddit data and each paper used in the aggregation.

Table 4 shows the results of the comparison between the PCOS
subreddit data and the aggregate of the PCOS literature values.
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Table4. Theresultsof the statistical comparisons between polycystic ovarian syndrome (PCOS) subreddit data and the aggregate of the PCOS literature

data.
Result PCOS subreddit data Aggregate literature data Comparison
n Mean (SD) n Mean (SD) Result P value

Age (years) 661 255 (5.3) 2843 26 (26.6) Equivalent <.001
Total T2 (ng/dL) 552 55.9 (37.9) 2378 72.9(84) Equivalent <.001
DHEA-SP (g/dL) 381 396.5 (165.2) 1288 265.5 (293.7) Literature lower <.001
BMI (kg/m?) 240 24.4 (6.4) 2843 27.4(28.3) Equivalent <.001
Free T (pg/mL) 226 5.9 (4.4) 911 11.4 (13.7) Literature higher <.001
FPGd (mg/dL) 219 94.2 (17.6) 2080 89.7 (90.6) Equivalent <.001
FSHE (U/L) 214 58(3.1) 1883 5.9(6.4) Equivalent <.001
LHf (UIL) 206 12.9(13.6) 1883 8.2(10.1) Literature lower <.001
TSHI (mUIL) 176 2.4(16) 767 2.2(2.6) Equivalent <.001
PRLP (ng/mL) 140 24.2(23.9) 167 21.4(26.2) Equivalent <.001
Al (mUIL) 131 12.9(12) 2080 14.2 (18.6) Equivalent <.001
SHBG (nmol/L) 72 84.4 (70.7) 1423 44.5 (53.8) Literature lower <.001
AMHK (ng/mL) 61 10.2 (6) 482 9.9(12.3) Equivalent <.001
HOMA-IR' 57 2.1(24) 1135 3(39) Equivalent .02

Total T: total testosterone.

bDHEA-S: dehydroepiandrosterone sulfate.
®Free T: free testosterone.

9rpG: fasting plasma glucose.

€FSH: fallicle stimulating hormone.

fLH: luteinizi ng hormone.

9TSH: thyroid stimulating hormone.

PPRL: prolactin.

'FI: fasting insulin.

ISHBG: sex hormone-binding globulin.
KAMH: anti-Mullerian hormone.
'HOMA-IR: homeostasis model assessment-estimated insulin resistance index.
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Table 5. The mean of the polycystic ovary syndrome (PCOS) subreddit data set and the PCOS populations in literature with the literature sample
numbers in parentheses®®.

PCOS Subreddit Da-  Diamanti- Caietd Tosi et Paschou Sovaet Kumar Bahceci- Hom- Pigny et Wright et

ta Kandarakis [30] al[31] eta al[33] etd etal burget a[37] a[3§]
and Panidis  (n=600), (n=375), [32] (n=319), [34] [35] a[36] (n=73), (n=69),
[29] (n=634), mean mean (n=372), mean (n=213), (n=98), (n=90), mean mean
mean (SD) (SD) (SD) mean (SD) mean mean mean (SD) (SD)

(SD) (SD) (SD) (SD)
n Mean (SD)
Age(years) 661  255(53) o43(5@2 277 23.1 255 281 275 224 316 29 24.8
(522 (53° (61® (43° (667 (35° (44° (44° (627
Tota Td 552 55.9 (37.9) 79 (28.9)C 64.9 _€ 85.8 46.2 99.7 99 (35)0 — 45 50 (25_3)61
(ng/dL) (26.8)2 (36.5° (2022 (89.2)° (21.6)°
DHEA.S 38l 395 2863(119.8° — — 2883 — 1639 — — — 265.3
(g/dL) (165.2) (127.4)° (83.4)° (118.3)°
BMI(kgmd) 240 244(64) 57(742 264 276 278 2713 36 235 249 26 21.9
en* (7 (° 63°  (92° (59% (4% (61* (21°
Free T9 226 59(44) — 137 — — — 9.2 1.9 — — —
(pg/mL) (7.3)° 58°  (11°
FpGh 219 942(176) g5g8(1372 — 851 831 918 88 05 — — 80.8
(mg/dL) 10 798P (9? (123" (9.2 (8.6)°
FSH! (UIL) 214 5.8(3.1) 55 (1.7)2 6.23 — — 6.2 — 6.9 51 55 5.8(3.2)2
(252 (2.2 (562 (142 (16?2
LH (UIL) 206 12.9(136) 79 (5_7)b 8.8 — — 6.9 — 76 (5)b 8.8 6.7 (4)b 16.6
(6.4)° (4.8)° (5.2)° (9.7)2
TSHK 176 24(16) — 23 — — — — 17 — — 25 (1)
(MUIL) (1.2)3 (1.18)°
prL! 140  242(239) — — — — — — 247  — — 16.6
(ng/mL) (17.1)3 9.7)°
AMmuL) 131 129012 1331442 — 15.7 15.2 112 19.7 102  — — 113
(11.82 (482 (11.5* @W4N° (622 (6.92
SHBGn 72 84.4 (70.7) 38 (20.6)b — — 315 50.9 — 115 — — —
(nmol/L) (125° (@7.7)° (38)°
AMHO 61 102(6) — — — — 9.3 — — 10.9 114  —
(ng/mL) (6.6)° @5% (8"
HOMA-IRP 57 2.1(24) — — 34 31 2.6 — — — — 2.3 (157

28)° (19° (28?2

gtatistically equivalent (P value from equivalence test was P<.05).

BLiterature value was statistical ly lower than the subreddit value (P value from one-sided upper t test was P<.05).
CLiterature value was statistically higher than the subreddit value (P value from one-sided lower t test was P<.05).
Total T: total testosterone.

®Not available.

'DHEA-S: dehydroepiandrosterone sulfate.

YFree T: free testosterone.

PFPG: fasting plasma glucose.

IFSH: follicle stimulati ng hormone.

ILH: luteinizi ng hormone.

kTSH: thyroid stimulating hormone.

IPRL: prolactin.

ME|: fasting insulin.

"SHBG: sex hormone-binding globulin.
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CAMH: anti-Mullerian hormone.

Emanuel et al

PHOMA-IR: homeostasis model assessment-estimated insulin resistance index.

Discussion

Principal Results

The PCOS subreddit contains dense information that could
potentially be used for clinical research. However, therelevance
of theinformation must first be ascertained. Participation within
the PCOS subreddit does not require confirmation of adiagnosis
and allows anyone with internet accessto post. Hence, thereis
potential for significant biases to arise. In particular, there is
likely to be a notable rate of users who do not formally fulfill
diagnostic criteria or a bias toward those with limited health
care access. However, thereisavery large dataset of potentially
valuable personal accounts on the platform. In particular, the
exploration of the PCOS subreddit led to a large number of
posts that contained |aboratory test resullts.

The subreddit data set yielded high androgens, high luteinizing
hormone (LH), high anti-Mullerian hormone (AMH), and
clinical evidence of metabolic issues. Thus, the subreddit users
align with the PCOS laboratory result trends described in the
literature. Tables 4 and 5 show that alignment was not perfect.
However, this is expected, as even any 2 studies with dightly
different inclusion and exclusion criteria are unlikely to
exclusively achieve statistical equivalence across a range of
factors. The broad alignment observed in thisstudy isapositive
outcome, asit provesthe PCOS subreddit contains data rel evant
to PCOS. Furthermore, this study allows interesting conclusions
to be drawn regarding the PCOS subreddit cohort and why the
subreddit data set differsfrom the literature data sets. The major
reasons for differences were likely the subreddit containing
more neglected phenotypes, the lack of exclusion criteriain the
subreddit, and the discordant exclusion criteria throughout the
literature.

Asshownin Table5, the subreddit follicle stimulating hormone
(FSH), fasting insulin (FI), and AMH test resultsweretypically
either equivalent or at least rarely statistically different from
theliterature values. The subreddit DHEA-Sand LH test results
weretypically higher than the literature values, while subreddit
tota T, homeostasis model assessment-estimated insulin
resistance index (HOMA-IR), and BMI results were typically
lower than or equivalent to the literature values. It is possible
that the higher LH values within the subreddit are due to a
portion of the laboratory testsbeing carried out in themid cycle
and luteal phases of menstruation. Similarly, this could imply
that the FSH values within the subreddit may be lower in
comparison to the literature values when accounting for the
different menstrual phases.

Alternatively, areview and meta-analysis found areferral bias
in studies toward patients with PCOS who were more obese
and had the more classic PCOS phenotype (all Rotterdam criteria
present) compared to PCOS populations that had purposefully
employed strategies to achieve broad inclusion [11]. As BMI
decreases, the likelihood of having a PCOS diagnosis also
decreasesfor individual swho meet the Rotterdam criteriawhen
surveyed [10]. Therefore, the subreddit may have captured more

https://formative.jmir.org/2023/1/e44810

of the phenotypes of PCOS that were difficult to diagnose, such
as PCOS with a norma BMI and wesker hyperandrogenism.
The abundance of thelower BMI phenotypeswould aso explain
the higher LH, asthereis an inverse relationship between BMI
and LH in PCOS[3]. It isalso possible that people with higher
BMIs were less likely to voluntarily include their BMI in the
subreddit post due to embarrassment or concern that it would
become the focus of the discussion [7].

Similarly, the PCOS subreddit may have attracted people whose
PCOS symptoms were more difficult to treat. People with a
high HOMA-IR would likely be treated with metforminin many
countries, whereas people with a normal HOMA-IR may have
cometo the subreddit searching for alternative treatments. It is
also possiblethat people with PCOS who had the expected high
total T or high HOMA-IR did not post about these results
because they understood theimplications of these measurements
and did not feel the need to seek advice from the subreddit
community. A person with the symptoms of PCOS but a low
total T value may have been more likely to discuss it in the
subreddit due to the common misunderstanding that a person
with PCOS must have ahigh total T [45].

The subreddit fasting plasmaglucose (FPG), thyroid stimulating
hormone (TSH), and prolactin (PRL) results were greater than
or equal to the literature values. However, this was an expected
result as some studi es excluded peoplewith abnorma BMI [35],
obesity [35,38], prediabetes[29,32,38], diabetes[29,31-33,38],
high TSH [31,34,38], or high prolactin [30,31,34]. The subreddit
data contained no such exclusions. Since PCOS is a metabolic
disease with known links to insulin resistance [46], it may be
expected that the PCOS subreddit contributors exhibited values
more in line with insulin resistance. Age was equitable with
some studies and higher or lower than others, thusimplying the
ages of the PCOS subreddit participants were not outside the
range of PCOS cohortsin published studies.

Free testosterone (Free T) was aso inconsistent. The larger
studies had greater free T valuesthan the PCOS subreddit. This
was not unexpected and aligned with the phenomenon of greater
total T in the literature. However, a study that excluded all
abnormal BMIs when selecting study participants reported a
free T value significantly lower than the other literature values
and the subreddit value [35]. It has been reported in several
PCOS studies that elevated free androgens are strongly
associated with elevated BMI [47-49]. Thus, it is logical that
the only study to exclude patients with an abnormal BMI isthe
only oneto report a significantly lower free T value.

Sex hormone-binding globulin (SHBG) was inconsistent in a
similar way to free T, with the normal BMI study breaking the
trend set by thelarger studies. Thelarger studiesreported higher
SHBG values than the subreddit values, but the normal BMI
study found a lower SHBG value. SHBG levels are lower in
populations with PCOS [50], but thisis especially truein those
who al so possess ahigh BMI [47-49]. Sincethe subreddit BMI
was often lower than the literature values, it is expected that the
subreddit SHBG would be higher than the literature values that
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did not exclude based on BMI but lower than the literature
values that only took normal-BMI participants.

Discussion of M ethods

A series of dtatistical equivalence tests were carried out to
compare the important values across Reddit data and typical
studies. The comparisons made in this paper were exploratory,
and interpretation of Table 5 allows the subreddit values to be
placed in the context of published literature values. No particular
comparison was considered important in isolation; rather, all
comparisons were considered together. Since this research was
not intended to capture significancein asingleisolated statistical
test, undertaking statistical testing to account for multiple
comparisons was unnecessarily conservative. Furthermore,
P<.05 was suitable to allow rejection of the null hypothesisfor
all tests.

The use of a CNN to select posts likely to contain laboratory
test results reduced manual processing time. However, there
remains the possibility that some posts containing laboratory
test information were overlooked due to uncommon phrasing
that was not recogni zed by the automated algorithm. Thiswould
only affect results if the rate of omission was high and there
was a hias in the reported values of the omitted posts. The
CNN'’s overall accuracy of 98% (89/91) on the testing data
impliesthat a high rate of omission is extremely unlikely.

While it is important to carefully select the study cohorts to
avoid obscuring the effect the study seeks to capture, it isalso
important to consider the bias ubiquitous with such exclusion
criteria. By removing peoplewith higher BMIs, as some studies
do[35,38], uptoan estimated 61% [51] of the PCOS population
may beignored. Similarly, by removing people with high TSH,
up to 34% [30] of the PCOS population may be overlooked.
The method of data collection used here alowed for a more
complete exploration of PCOS and conditions that may be
mistaken for it.

However, this data collection method was not without its
problems. The data set was limited to English speakers with
internet access and knowledge of the subreddit’s existence. It
was also biased toward people with a desire to post in the
subreddit, such as people without reliable, affordable, or
satisfying clinical care. However, it must be noted that typical
observational studies have similar biases. In particular, most
studies involving laboratory tests require volunteersto actively
engage in and participate in clinica research (Table 2).
Furthermore, typical studies often recruit from clinics, thus
requiring primary patient attendance, which is linked to
affluence or the intensity of symptoms. Thus, the demands of
compliance in typical studies are likely to lead to biases
different, but no lessimportant, than the biases observed in the
PCOS subreddit cohort. Furthermore, the biasesin the subreddit
represent an important, perhaps overlooked, sector of patients
with PCOS that requires investigation.

Additionally, the way users presented their results often led to
ambiguity and uncertain values in the data set. The results for
progesterone (P), estradiol (E2), and Vitamin D had high
proportions of uncertainty due to large and overlapping ranges
for different common units. Another common cause of
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uncertainty was determining if an insulin or glucose test was
fasting when that was not stated. Differentiating between free
and total testosterone without units was al so difficult when the
givenvaluewassmall, astotal T innmol/L and free T in pg/mL
both allow for small values. Free thyroxine (FT4) had high
uncertainty due to difficulty distinguishing between total
thyroxineand FT4 when the full namewas not stated. However,
very few test results had over 5% uncertainty.

It was difficult to determine whether people posting on the
PCOS subreddit were on medications that would impact their
laboratory test results. Additionally, as anyone can post on the
subreddit, some of the posters would not have clinically
confirmed PCOS. Devel opmentsin text interpretation software
may enable the isolation of values from people who have not
been diagnosed or people on certain medications. However,
without this step, this study showsthe PCOS subreddit contained
datathat was aligned with what would be expected from aPCOS
data set.

The PCOS Subreddit

Dueto theinclusive nature of the web-based forum, areasonable
expectation would have been average laboratory test resultsthat
measured between the levels of PCOS dysregulation in the
literature and normal results. While this was the case for many
of theresults, other results unexpectedly showed more extreme
PCOS dysregulation than the literature values. Thiswas likely
also aresult of the more inclusive nature of the subreddit and
the tendency of published research to exclude people with
multiple conditions. Regardless of the differences between the
PCOS subreddit and the literature values, the comparisons
between them have validated the usefulness of the subreddit
data set. They also allow an indication of which dysregulations
seem most consistent across PCOS. The subreddit values of
FSH, FI, and AMH wereamost entirely equivalent to the PCOS
literature values, implying these test results are perhaps more
consistent features of PCOS dysregul ation across the most PCOS
phenotypes when compared to other resullts.

The PCOS subreddit provides a uniquely inclusive look at a
variety of people presenting with PCOS-like symptoms.
Furthermore, analysis of the subreddit could be made quickly,
inexpensively, and with large cohort populations. Thus, the
PCOS subreddit may provide data that can be analyzed in
specific clinical research ventures. The unprompted and
self-reported nature of the data set creates a unique situation
where people discuss only what they consider relevant rather
than providing a complete overview of their symptoms. This
leads to a data set that places more importance on what people
having PCOS perceive as the most problematic aspects of the
syndrome.

The Potential of Medical Internet Forum Data Sets

There are several benefitsto extracting datafor clinical research
from freely available internet forums targeting certain
conditions. Theindividuals posting in internet forumswill likely
represent a different, more diverse subpopulation than those
participating in traditional clinical research. It islikely that the
conditionswith the most dissatisfied patientswill have the most
activeforums, making it easy for researchersto target the groups
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with unmet clinical needs. The datais also very abundant and
readily available at a low direct cost. This data availability
allows a broad research lens for certain conditions. However,
due to the voluntary participation in the forum, it is likely that
some participants do not actually have the condition of interest,
and ultimately add noise to the data. In contrast, traditional
clinical research can ensure that individuals in the population
studied have the condition of interest due to the strict screening
processes. However, traditional clinical research is resource
intensive and must choose between a narrow scope and low
numbers. There will be a point when statistical inference from
the large numbers in the forum overcomes the poor
signal-to-noise ratio.

While machine learning is currently undergoing swift
development, the authors do not believe it is currently reliable
enough to process large amounts of data for clinical research
without supervision. Creating supervised machine learning
algorithmsis arduous asit requires manual processing of large
subsets of the data. It is likely that in the future, machine
learning will advance to the point where the data can be
processed both easily and accurately, but evenin that case, there
will be limitations. In particular, care must be taken to ensure
the data source has well-understood biases to ensure
interpretation of the outcomesisclinically meaningful. It iseasy
to misuse machine learning without careful consideration of
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how it isbeing trained [52]. Overall, traditional clinical research
and automated forum data extraction both yield very distinct
but uniquely useful types of data.

Conclusions

Extracting PCOS subreddit laboratory results using a machine
learning approach produced alarge data set of demographic and
laboratory values obtained from individual s with self-reported
PCOS displaying arange of clinical phenotypes. The subreddit
results were broadly consistent with a PCOS population.
Comparisons of reported subreddit laboratory data with those
of recently published observational studies for patients with
PCOS showed equivalence across some of these values. The
most equivalent results across the PCOS literature data and the
subreddit datawere FSH, FI, and AMH, opening the possibility
that these PCOS dysregulations are less dependent on PCOS
clinical phenotypesthan others. Even subreddit resultsthat were
not equivalent to the literature values were consistent with PCOS
dysregulations. Due to the large number of posts, the subreddit
dataset could potentialy offer an avenueto analyze the differing
biochemical phenotypes of PCOS, such as those with elevated
DHEA-S rather than elevated total T. Thus, this research
validates the approach of extracting PCOS subreddit data for
the purpose of undertaking exploratory clinical research on a
large number of people with PCOS.
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Total T: total testosterone

TSH: thyroid stimulating hormone
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