International Journal of /
* Environmental Research m\DP|
and Public Health Z

Article

Analysis of Answers to Queries among Anonymous
Users with Gastroenterological Problems on an
Internet Forum

Mikotaj Kaminski *¥(, Michat Borger >*(, Piotr Prymas 2(", Agnieszka Muth 2,
Adam Stachowski 20, Igor Loniewski 32 and Wojciech Marlicz

1
2

Sanprobi Sp.z 0.0. Sp. k., 70-535 Szczecin, Poland

Faculty of Medicine I, Poznan University of Medical Sciences, 60-780 Poznan, Poland;
michalborger.mb@gmail.com (M.B.); piotr.prymas0@gmail.com (P.P.); muth.agnieszka@gmail.com (A.M.);
adam.stachowski@onet.pl (A.S.)

Department of Biochemistry and Human Nutrition, Pomeranian Medical University, 70-204 Szczecin,
Poland; sanprobi@sanprobi.pl

Department of Gastroenterology, Pomeranian Medical University, 70-204 Szczecin, Poland;
marlicz@hotmail.com

Correspondence: mikolaj.w.kaminski@gmail.com; Tel.: +48-516268563

t These authors contributed equally to this manuscript.

check for
Received: 13 January 2020; Accepted: 5 February 2020; Published: 6 February 2020 updates

Abstract: Internet forums are an attractive source of health-related information. We aimed to
investigate threads in the gastroenterological section of a popular Polish medical forum for anonymous
users. We characterised the following aspects in threads: the main problem of the original poster,
declared ailments and rationale of the responses (rational, neutral, harmful or not related to the
problem of the original poster). We analysed over 2717 forum threads initiated in the years 2010-2018.
Users mostly asked for diagnosis of the problem [1814 (66.8%)], treatment [1056 (38.9%)] and diagnostic
interpretation [308 (11.3%)]. The most commonly declared symptoms were abdominal pain [1046
(38.5%)], diarrhea [454 (16.7%)] and bloating [354 (13.0%)]. Alarm symptoms were mentioned in 309
(11.4%) threads. From the total 3550 responses, 1257 (35.4%) were assessed as rational, 693 (19.5%) as
neutral, 157 (4.4%) as harmful and 1440 (40.6%) as not related to the user’s problem. The original
poster’s declaration of blood in stool, dyspepsia, pain in the abdominal right lower quadrant, weight
loss or inflammatory bowel disease was positively related to obtaining at least one potentially harmful
response. Advice from anonymous users on Internet forums may be irrational and disregards alarm
symptoms, which can delay the diagnosis of life-threatening diseases.

Keywords: forum; Internet; gastrointestinal ailments; infodemiology; abdominal pain; advice; thread;
diarrhea; Poland; bloating

1. Introduction

Gastrointestinal ailments are perceived as an embarrassing problem [1]. Almost 45% of men
and 33% of women do not inform the physician about heartburn [2], and 50% of the individuals do
not disclose problems with faecal incontinence [3,4]. It is reported that women, younger people and
patients with the worse condition are more likely not to inform a doctor on their health problem [5]. A
lack of trust in confidentiality in a medical office and limited access to public healthcare may convince
patients to search for treatment on the Internet [6-8].

Up to 90% of the web users look for health-related information [9], and 80% of them perceive
the information they found as reliable [10]. The Internet provides the comfort of immediate access to
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numerous websites associated with the query. The web may be attractive for individuals experiencing
minor ailments, who are reluctant to seek help in healthcare professional offices [11]. Moreover, users
may consult professional or non-professional peers about their problems [12-15]. Internet forums
provide anonymity which may encourage users to confess the most embarrassing problems. However,
the namelessness of peers using the same forum should limit trust in the received answers. Despite
this, it is suggested that anonymous health-related advice may significantly affect the decision of the
user [16].

Infodemiology (information epidemiology) is an approach to investigating data from e-sources
for epidemiological purposes [17,18]. Infodemiology analyses data from social media, search engines
and web forums [19]. Previously, analyses on small samples of health-related threads reported good
quality of most of the received medical advice [20,21]. However, data on Internet forum threads
on gastrointestinal problems are scarce. We hypothesize that analysis of a large number of threads
from health forums may provide a unique insight into the most prevalent health problems of the
e-community and the accuracy of the advice.

We aimed to analyse threads associated with gastrointestinal complaints on an Internet forum for
anonymous users. The investigation involved characterisation of the most prevalent health problems
as well as an assessment of answers given by anonymous peers.

2. Material and Methods

2.1. Data Collection

We analysed threads from the gastroenterological section of a popular Internet Polish health
forum for anonymous users. We disclosed the name of the forum to the Editor-in-Chief and reviewers
of the manuscript. The name of the forum is not published to not promote the website. In total,
forum consists of over 150,000 threads, 2 million posts and is used by over 130,000 registered users.
The website has moderators but in our experience the intervention of the administrators is minimal.
The forum enables users to initialise a thread both with and without registration and is active and up
to date. The registration of an account requires providing an e-mail without any personal data. In
Poland, web-scraping is not forbidden by any regulation. The terms of service of the forum also do
not forbid web-scraping. Public statements of anonymous individuals such as commentary does not
apply to the Intellectual Property Protection Act. The data we collected did not include personal data
thus regulations of the General Data Protection Regulation of the European Union do not apply in this
case. We scrapped data from all available threads on August 4th, 2018, using rvest package of R 3.6.1
(R Foundation, Vienna, Austria) [22]. The collection involves thread URL, user nickname, thread title,
initial post and comments. This is a retrospective infodemiology study using data from a forum for
anonymous users. Our analysis did not create any risk for the subjects due to anonymity of the data.
Therefore, we neither violated the Helsinki Declaration 1964 nor required Ethical Committee approval.

2.2. Data Analysis

All threads were analysed after presenting to the coauthors the protocol of the study. The supervisor,
medical specialist of gastroenterology (WM), has been consulted about the doubts. We characterised
the main declared problems. The problems were categorised as ‘simple’ (clear description of ailment)
or ‘complex’ (ambiguous description or many declared problems at once). Moreover, we characterised
the type of the initial post as ‘question on treatment’, ‘question on diagnosis’, ‘request for diagnostic
interpretation’, ‘request for drug/doctor/healthcare facility recommendation’ (the original poster (OP)
declared that the problem is known/diagnosed), ‘request for emotional support or motivation” and
‘others, not related’. The category ‘others, not related” contained duplicate posts, advertisements or
posts initializing discussion about healthcare or a health condition in general (the OP does not declare
any disease or complaint). The initial post could be classified into more than one category. However, we
noted all diseases declared by the OPs, as well as complaints and duration of the problem. The working
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definitions of the 15th most prevalent symptoms are presented in Table S1. We characterised the advice
of the other anonymous users and shortly noted all of them. We performed a descriptive analysis.

To analyse the factor that decides which initial posts get at least one answer related to the OP
problem (which means excluding responses containing advertisement information), we performed
logistic regression analysis. The dependent variables were the presence of at least one answer related
to the OP problem. The independent variables were the category of the initial post, the complexity of
the problem (complex counted as one), the duration of the problem (longer than four weeks counted
as one), the presence of each disease and the presence of each symptom. We included all independent
variables with a p-value at least <0.1 in the multivariate model. We excluded variables with extreme
confidence interval bounds (0 to infinite).

We investigated the rationality of users’ advice. We set one of the following categories to each
response: rational, the answer is medically justifiable; neutral, the answer will probably not help, but
the risk of side effects is minimal; harmful, the respondent omits an alarm symptom and/or the advice
is risky for the patient; and not included, the answer does not refer to the OP problem or does not
give a proposition for treatment. In case of questions on the interpretation of the diagnostic results or
recommendations of healthcare facilities or professionals, answers with the correct interpretation or
suitable recommendation were marked as rational while interpretations irrationally downplaying the
findings of the diagnosis or suggesting alternative medical specialists instead of a medical professional
were characterised as harmful. Other types of answers were marked as neutral. All commentaries to
visit medical offices were assessed as rational. Two authors (MK and MB) independently assessed all
pieces of advice. Any inconsistencies in the lists were referred to by the senior author (WM).

We performed a logistic regression analysis to assess the characteristics of initial posts that are
endangered by harmful advice. The dependent variable was the initial post with at least one piece of
harmful advice (coded as one) vs. the initial post with non-harmful piece(s) of advice (coded as null).
The independent variables were the category of the initial post, the complexity of the problem (complex
counted as one), the duration of the problem (longer than four weeks counted as one), the presence
of each disease, and the presence of each symptom. We included all independent variables with a
p-value at least <0.1 in the multivariate model. We excluded variables with extreme confidence interval
bounds (0 to infinite).

We analysed answers with the same content to identify spam. We investigated the duplicate
content to seek for potential commercial adverts.

3. Results

3.1. General Characteristics

Overall, we analysed n = 2862 forum threads. We identified n = 145 (0.05%) threads, with initial
posts classified as off-topic or advertisements which were excluded from further analysis. The number
of initial posts according to their type was as follows (percentage of all included threads equal to
n =2717): ‘question on treatment’ n = 1056 (38.87%), ‘question on diagnosis’ n = 1814 (66.76%),
‘request for diagnostic interpretation” n = 308 (11.34%), ‘request for drug/doctor/healthcare facility
recommendation’ n = 96 (3.53%) and ‘request for emotional support or motivation’ n = 129 (4.75%)

Overall, n = 1535 (56.5%) OPs provided duration of the problem. In n = 854 (31.4%) threads, a
complaint lasted at least four weeks, while in n = 681 (25.1%) a complaint lasted less than four weeks.
As many as n = 1306 (48.1%) OPs’ problems were categorised as ‘complex’.

3.2. Declared Symptoms

In total, the users declared n = 5192 symptoms. Anonymous users declared the most prevalent
symptoms which are abdominal pain [n = 1046 (38.5%)], diarrhea [n = 454 (16.7%)], bloating [nn = 354
(13.0%)], nausea [n = 307 (11.3%)] and constipation [n = 288 (10.6%)] (Table 1). We presented the
number of declared locations of abdominal pain in Figure 1. A substantial proportion of the users did
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not declare abdominal pain location [n = 284 (27.2%)]. Moreover, in n = 309 (11.4%) threads, users
declared at least one alarm symptom [total number (percentage of all analysed threads)]: blood in
stool (including tarry stool and stool with fresh blood) [183 (6.7%)], weight loss [94 (3.5%)], dysphagia

[18 (0.7%)], ascites [13 (0.5%)], odynophagia [9 (0.3%)] and hemoptysis [7 (0.3%)].

Table 1. The most prevalent declared ailments and conditions on the gastroenterology section of the
Polish Internet forum for anonymous users.

Top Ailment Conditions
1 Abdominal pain Gastroenteritis
' 1046 (38.5%) [20.1%] 96 (3.53%) [13.4%]
» Diarrhoea Irritable bowel syndrome
' 454 (16.71%) [8.7%] 67 (2.47%) [9.4%]
3 Bloating Haemorrhoids
’ 354 (13.03%) [6.8%] 45 (1.66%) [6.3%]
4 Nausea Helicobacter pylori infection
' 307 (11.30%) [5.9%] 44 (1.62%) [6.1%]
5 Constipation Hiatal hernia
’ 288 (10.60%) [5.5%] 39 (1.44%) [5.4%]
6 Flatulence Inflammatory bowel disease
’ 256 (9.42%) [4.9%] 30 (1.10%) [4.2%]
7 Intestinal rumbling Peptic ulcer disease
’ 218 (8.02%) [4.2%] 26 (0.96%) [3.6%]
3 Fatigue Pregnancy
' 189 (6.96%) [3.6%] 22 (0.81%) [3.1%]
9 Blood in stool Hypothyroidism
’ 183 (6.74%) [3.5%] 20 (0.74%) [2.8%]
10 Vomit Duodenitis
' 153 (5.63%) [2.9%] 19 (0.70%) [2.7%]
1 Heartburn Food allergy or intolerance
' 144 (5.30%) [2.8%] 16 (0.59%) [2.2%]
1 Belching Anxiety disorders
' 136 (5.01%) [2.6%] 15 (0.55%) [2.1%]
13 Rectal or anal pain Overweight
’ 97 (3.57%) [1.9%] 14 (0.52%) [2.0%]
14 Weight loss Biliary system diseases
' 94 (3.46%) [1.8%] 12 (0.44%) [1.7%]
Loss of appetite Parasites infection
15. PP Coeliac disease

89 (3.28%) [1.7%]

11 (0.40%) [1.5%]

Data is presented as number and percentage of the total number of analysed threads in round brackets, and a
percentage of the total number of declared symptoms or conditions in square brackets. Data is presented as the total
number of users who declared location of the abdominal pain [ = 1046 (100%)] and percentage of the total number

of users who declared abdominal pain.
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Figure 1. Location of the abdominal pain declared on a gastroenterology forum for anonymous users.

3.3. Declared Conditions

In total, the users declared n = 716 conditions. The top ten most common declared conditions
were gastroenteritis [1n = 97 (3.6%)], irritable bowel syndrome [n = 67 (2.5%)] and hemorrhoids [nn = 45
(1.7%)] (Table 1).

3.4. Posts with Answers

A total of n = 1172 (43.1%) posts obtained answers related to the OP problem. The results
of univariate logistic regression analysis are presented in Table S2. In the multivariate regression
model, posts with declaration of complaints, blood in stool (OR [95% CI], 1.54 [1.11-2.11]; p = 0.01),
constipation (1.38 [1.05-1.77]; p = 0.02), diarrhea (1.29 [1.04-1.60]; p = 0.02), and rectal or anal pain (1.53
[1.00-2.35]; p = 0.049), were positively associated with at least one answer, while posts with request for
interpretation of the diagnostic results (0.56 [0.42-0.73]; p < 0.001) were negatively associated with
responses to the initial post (Figure 2).
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Question on diagnostics 1.07 [0.89-1.29] HH
Diagnostics results interpretation*™**  0.56 [0.42-0.73] .
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Bloating 1.05[0.82-1.35] = o
Headache 1.43 [0.85-2.38] —a—
Loss of an appetite 1.32 [0.86-2.04] —a—
Rectal or anal pain* 1.53 [1.00-2.35] —a—
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Figure 2. Multivariate logistic regression analysis. Dependent model: obtaining an answer related to
the original poster’s problem (coded as one). The results are presented as odds ratio [95% confidence
interval]. CI: Confidence Interval, OR: Odds Ratio, * p-value < 0.05, *** p-value < 0.001.

3.5. Analysis of the Answers

We analysed a total of n = 3550 responses. A total of n = 316 (8.9%) pieces of advice required
assessment by the senior author. After classification of all answers, we found n = 1257 (35.4%) rational
answers, 693 (19.5%) neutral, 157 (4.4%) harmful and 1440 (40.6%) not related to the problem of the OP.
We included translated examples of rational and harmful advice with commentary in Table S3. Among
the rational answers, 615 (48.9%) rational pieces of advice recommended consultation with a physician
(either GP or medical specialist). The summary of advice on initial posts with alarm symptoms is
presented in Figure 3.

We found that a total of n = 87 threads (7.4% of threads with at least one response) had at least
one potentially harmful piece of advice for the OP. From the total n = 159 threads with declaration
of at least one alarm symptom and at least one answer, in n = 42 (42/159 = 26.4%) of these threads,
the OP obtained at least one harmful piece of advice. The characteristics of declared symptoms and
diseases associated with the occurrence of at least one harmful piece of advice in the univariate logistic
regression model are presented in Table S4. In the multivariate model, initial posts with declaration
of the occurrence of blood in stool (6.34 [3.59-11.22]; p < 0.001), dyspepsia (2.83 [1.06-7.57]; p = 0.40),
pain in the right lower quadrant (3.35 [1.24-9.10]; p = 0.02), weight loss (3.68 [1.60-8.53]; p < 0.01) and
suffering from hypothyroidism (6.62 [1.13-38.79]; p = 0.040) or inflammatory bowel disease (IBD) (4.64
[1.04-20.62]; p = 0.044) were independently endangered by harmful advice from anonymous users
(Figure 4).
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Figure 3. The number of pieces of advice and their characteristics in the initial post about the
alarm symptom.

Blood in stool*** 6.34 [3.59-11.22] ——
Constipation 1.14 [0.59-2.18] —a—
Dyspepsia* 2.83[1.06-7.57] ——
Dysphagia 4.55[0.79-26.35] ! -
Headache 1.41[0.43-4.56] [
Hypogastrium pain 1.10[0.42-2.92] —.

Left lower quadrant pain 1.43[0.41-4.99] —_——
Rectal or anal pain 1.04 [0.41-2.60] —.—

Right lower quadrant pain* 3.35[1.24-9.10] —
Weight loss™* 3.68 [1.60-8.53] —a—
Hypothyroidism* 6.62 [1.13-38.79] L =
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Figure 4. Multivariate logistic regression analysis. Dependent model: the initial post with at least one
harmful answer (coded as one). The results are presented as odds ratio [95% confidence interval]. CI:
Confidence Interval, OR: Odds Ratio, * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

3.6. Duplicated Posts

We identified a total of n = 16 types of duplicate answers which totally appeared 59 times (1.7%)
among answers. Among the unique duplicate answers, n = 7 were advertisements of a probiotic brand
name which was posted in a total of n = 22 answers (Table S5). Most of the other duplicate posts
recommended searching for an answer on a different medical forum or medical website.
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4. Discussion

In this infodemiological study, we investigated a large number of forum threads related to
digestive system ailments. We carefully analysed the main and side problems of users as well as the
rationality of the respondents. This approach enables us to assess the main problems of anonymous
forum users with gastrointestinal ailments.

4.1. Main Findings

The forum community discussed both recently developed health issues and everyday life problems
with chronic illness [23]. Most of the users search for advice concerning diagnosis or treatment of
the health problem or diagnostic findings’ interpretation. This does not exclude further consultation
with a health professional, rather than seeking for initial advice or to confront the information from a
professional [24]. Since a forum is not solely dedicated to emotional problems, only less than 5% of the
initial posts users searched for emotional support, which is similar to the previously described Internet
forum [14].

Data on the prevalence of gastrointestinal symptoms in Poland are scarce. Ziétkowski et al.
reported that the most common abdominal symptoms in a middle-sized Polish city are heartburn/reflux
(36%), bloating (31%), dyspepsia (23%) and constipation (13%) [25]. In a large US study, the most
prevalent symptoms in the general population were heartburn/reflux (31%), abdominal pain (25%),
bloating (21%), diarrhea (20%), constipation (20%) and nausea/vomiting (10%) [26]. The prevalence of
symptoms declared by forum users partially reflects the real-world prevalence. It seems that forum
users are concerned with symptoms that might be mainly related to common organic diseases such
as gastroenteritis as well as functional bowel disorders [27,28]. The abdominal pain was the most
commonly reported pain in the upper quadrant and umbilical region which may be related to gastritis,
biliary colic, or functional disorders. Interestingly, heartburn was declared only by 5.30% of the OPs.
In a previous report, gastroesophageal reflux disease symptoms bothered 27.1-58.0% of the users, and
they were the most prevalent abdominal symptoms among Polish adults [25]. Moreover, analysis of
Google Ads data revealed that Google users from Poland tend to intensively search for information
related to heartburn in comparison with other Western countries [11]. We hypothesise that people
may ignore heartburn due to its high prevalence or try to eliminate precipitating food as well as using
over-the-counter antacids [29]. In up to 6.74% of the threads, users declared the occurrence of blood
in stool. This symptom may be perceived as both embarrassing and ominous. A total of 1.5% of
patients older than 34 years report rectal bleeding in general practice in the UK [30]. However, it is
reported that blood in stool may occur in 15.5-18.0% of adults during a year, but only a minority of
them seek healthcare [31,32]. Therefore, individuals suffering from blood in stool might perceive a
forum for anonymous users as a comfortable area for disclosing the problem. Other alarm symptoms
were less commonly reported. Currently, there are many efforts to provide online interventions to
individuals who present suicidal behaviour on the Internet [33,34]. For instance, the crisis support
service for people with suicidal thoughts in the US is provided via both phone hotline and anonymous
chat [35]. Similarly, it is worth considering informing the community about alarm symptoms as well as
working up similar online interventions for individuals who search for information related to these
symptoms. This kind of tool may improve early diagnosis of life-threatening diseases. Using Google
Ads may create targeted advertisements of quality websites for those who seek information on alarm
symptoms [36]. This may help to direct users to a proper health facility. However, this requires further
studies on the efficacy of such campaigns. Only a small portion of the users disclosed a disease they
suffered from. This is not surprising because most of the OPs searched for advice on the diagnosis of
declared ailments.

We found that declaration of the occurrence of blood in stool, constipation, diarrhea and rectal or
anal pain was positively related to obtaining at least one answer from peers. It seems that ailments
related to defecation were more likely to get at least one answer. We suppose that disclosing such an
embarrassing symptom may encourage other users with similar experiences to respond to the problem.
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Peers were less likely to interpret diagnostic results which may suggest that anonymous users do not
have the proper knowledge to do that.

We assessed 35% of the responses as rational, and almost half of them recommended consultation
with a physician, while 4.4% of the responses were harmful. Our outcomes are similar to those of
previous reports where a large amount of the advice on health forums is somewhat rational and only a
minority is irrational or has a poor quality [20,37]. Importantly, we found that several characteristics
of the initial posts might be positively associated with at least one potentially harmful response. It
is particularly dangerous for users who may experience alarm symptoms or suffer from a serious
condition. Individuals with IBD tend to actively search for information related to their diseases [38—40].
Our study suggests that these users may be endangered by obtaining harmful advice. It was previously
reported that e-content dedicated to IBD might be a poor source of education [41,42], which may
encourage patients to use a complementary medicine method without a scientific background [43,44].
Forum users tend to rely on social media sources and their own experience, but not on scientific
sources [45]. For this reason, advice on minor ailments might be somewhat rational, but the poor
knowledge may lead to disregarding alarm symptoms. Therefore, the public should be informed about
alarm symptoms and encouraged to seek an immediate consultation with a physician. This may help
in the early diagnosis of life-threatening diseases. This is particularly important in gastrointestinal
malignancies which are characterised by moderate-to-poor long-term prognosis [46]. Such public
campaigns could be driven via e-advertisement which was suggested in previous reports [47,48].

We found that approximately 1.7% of all responses were duplicated. In a substantial part of the
duplicate posts, anonymous users recommended probiotics or using another website. Previously, it
was demonstrated that online forums may be an area of marketing campaigns [49,50]. Pharmaceutical
commercials may target both consumers and specialists [51]. It is the responsibility of the e-marketers
to not mislead potential consumers on the Internet. Particularly, the e-marketer should not recommend
the product on an anonymous forum if users declare an alarm symptom or condition that will not be
improved by the advocated product. We do not know the motivation of users who wrote duplicate
posts. It could be either commercial or quickly sharing their own experience in similar threads.
Nevertheless, this issue requires further dedicated studies.

4.2. Strengths and Practical Implications

This is the first comprehensive infodemiology study investigating numerous forum posts related to
gastroenterological problems. We analysed all available threads on a selected section of the forum. We
characterised the most common symptoms and diseases reported by forum users. We presented some
examples of interesting conversations on the forum. A substantial number of pieces of advice were
potentially harmful for users. Disregarding alarm symptoms may delay the diagnosis of life-threatening
diseases. This is particularly important in gastrointestinal malignancies that are characterized by
moderate-to-poor long-term prognosis [46]. Internet forums are poorly investigated, and this study
suggests that their content may mislead users. We cannot conclude what decision was made by the
users. However, even anonymous advice might be convincing [16]; thus, there is a possibility that some
users made the wrong decision. For this reason, the study provides a background for a public discussion
on the reliability of this kind of health-related sources. Users should be critical of the information that
is not provided by health professionals. The administrators of such forums should implement methods
to detect users disclosing alarm symptoms. Prompt direction of users with emergency symptoms to a
proper medical facility may prevent delaying the diagnosis. Moreover, physicians should be aware
that noncompliance may be related to patients’ discussions on forums [52]. There is a need for further
studies investigating real-life consequences of advice from the Internet sources.

4.3. Limitations

We acknowledge several flaws in this study. Firstly, data were retrieved from one anonymous
forum for Polish-speaking users. This limits generalisation of the outcomes to the other nations and to
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other anonymous forums. Secondly, the assessment of the answers was subjective. To restrain the
evaluation bias, the pieces of advice were independently analysed by two authors, and inconsistencies
were corrected by the senior author. Nevertheless, these evaluations are arbitrary, and this point affects
the reproducibility of the study. Moreover, users did not always disclose their general characteristics
such as age and gender or characteristics of the complaint and detailed medical history. For this
reason, the accuracy of advice and its assessment is limited. Thirdly, the infodemiological study
using data from an Internet forum is time-consuming. We were not able to use a natural language
processing program viable for this analysis in the Polish language. However, we hope that future
analysis of medical forum content may be enhanced by the application of natural language processing
methods [35]. Finally, the study does not provide the characteristics of the users. We do not know the
motivation of the anonymous users to use the medical forum, their age, place of living, etc.

5. Conclusions

The prevalence of ailments declared by the forum users is similar to the real-world prevalence of
the symptoms. Advice from anonymous users on Internet forums may be irrational and disregard
alarm symptoms, which can delay the diagnosis of life-threatening diseases. The public should
be aware of this danger, and this problem requires forum administrators to take action that would
promptly direct users who report emergency symptoms to seek medical advice.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/3/1042/s1,
Table S1. Working definitions of the most commonly reported symptoms by forum users. Table S2. Univariate
regression analysis. Dependent variable: obtaining at least one answer related to the original poster’s problem
(counted as one). Table S3. Examples of threads from the gastroenterology section of the Polish forum for
anonymous users. Table S4. Univariate regression analysis. Dependent variable: the initial post with at least one
harmful piece of advice (coded as one) vs. the initial post with non-harmful piece(s) of advice (coded as null).
Table S5. Duplicated posts.

Author Contributions: Conceptualization, M.K. and I.L.; methodology, M.K. and A.M.; software, M.K,; validation,
M.K; formal analysis, M.K,; investigation, M.K., M.B., PP, AM., and A.S,; resources, M.K,; data curation, M.K.,
M.B., PP, A M., and A S.; writing—original draft preparation, M.K.; writing—review and editing, M.K., M.B.,
PP, AM., AS., LL. And W.M,; visualization, M.K; supervision, L.L. and W.M.; project administration, M.K. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Acknowledgments: We would like to thank Editage (www.editage.com) for English language editing.

Conflicts of Interest: I.L. and W.M. are foundation shareholders of Sanprobi, manufacturer and distributor of
probiotics. M.K., M.B., PP, A.M.,, and A.S. received remuneration from this company, and the content of this study
was not subject to any constraints by this company.

References

1.  Spiegel, B.M.R,; Khanna, D.; Bolus, R.; Agarwal, N.; Khanna, P.; Chang, L. Understanding gastrointestinal
distress: A framework for clinical practice. Am. J. Gastroenterol. 2011, 106, 380-385. [CrossRef]

2. Oliveria, S.A.; Christos, PJ.; Talley, N.J.; Dannenberg, A.J. Heartburn Risk Factors, Knowledge, and Prevention
Strategies: A Population-Based Survey of Individuals with Heartburn. Arch. Intern. Med. 1999, 159, 1592.
[CrossRef]

3. Edwards, N.L; Jones, D. The prevalence of faecal incontinence in older people living at home. Age Ageing
2001, 30, 503-507. [CrossRef] [PubMed]

4. Whitehead, W.E.; Borrud, L.; Goode, P.S.; Meikle, S.; Mueller, E.R.; Tuteja, A.; Weidner, A.; Weinstein, M.;
Ye, W. Pelvic Floor Disorders Network Fecal incontinence in US adults: Epidemiology and risk factors.
Gastroenterology 2009, 137, 512-517. [CrossRef] [PubMed]

5. Levy, A.G,; Scherer, A.M.; Zikmund-Fisher, B.J.; Larkin, K.; Barnes, G.D.; Fagerlin, A. Prevalence of and
Factors Associated with Patient Nondisclosure of Medically Relevant Information to Clinicians. JAMA Netw.
Open 2018, 1, €185293. [CrossRef] [PubMed]

6.  Baeten, R,; Spasova, S.; Vanhercke, B.; Coster, S. Inequalities in Access to Healthcare: A Study of National Policies
2018; European Commission: Brussel, Belgium, 2018.


http://www.mdpi.com/1660-4601/17/3/1042/s1
www.editage.com
http://dx.doi.org/10.1038/ajg.2010.383
http://dx.doi.org/10.1001/archinte.159.14.1592
http://dx.doi.org/10.1093/ageing/30.6.503
http://www.ncbi.nlm.nih.gov/pubmed/11742780
http://dx.doi.org/10.1053/j.gastro.2009.04.054
http://www.ncbi.nlm.nih.gov/pubmed/19410574
http://dx.doi.org/10.1001/jamanetworkopen.2018.5293
http://www.ncbi.nlm.nih.gov/pubmed/30646397

Int. |. Environ. Res. Public Health 2020, 17, 1042 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Martini, M.; Bragazzi, N. Googling for neurological disorders: From seeking health-related information to
patient empowerment, advocacy and open self-disclosure in the Neurology 2.0 era. J. Med. Internet Res. 2019.
[CrossRef] [PubMed]

Andreassen, H.K.; Bujnowska-Fedak, M.M.; Chronaki, C.E.; Dumitru, R.C.; Pudule, I; Santana, S.; Voss, H.;
Wynn, R. European citizens’ use of E-health services: A study of seven countries. BMC Public Health 2007,
7,53. [CrossRef] [PubMed]

McDaid, D.; Park, A.-L. Online Health: Untangling the Web; Bupa: London, UK, 2010.

Beck, E; Richard, J.-B.; Nguyen-Thanh, V.; Montagni, I.; Parizot, I.; Renahy, E. Use of the internet as a health
information resource among French young adults: Results from a nationally representative survey. J. Med.
Internet Res. 2014, 16, e128. [CrossRef]

Kaminski, M.; Loniewski, I.; Misera, A.; Marlicz, W. Heartburn-Related Internet Searches and Trends of
Interest across Six Western Countries: A Four-Year Retrospective Analysis Using Google Ads Keyword
Planner. IJERPH 2019, 16, 4591. [CrossRef]

Vydiswaran, V.G.V.; Reddy, M. Identifying peer experts in online health forums. BMC Med. Inf. Decis. Mak.
2019, 19, 68. [CrossRef]

Gavrila, V,; Garrity, A.; Hirschfeld, E.; Edwards, B.; Lee, ]. M. Peer Support Through a Diabetes Social Media
Community. J. Diabetes Sci. Technol. 2019, 13, 493—-497. [CrossRef] [PubMed]

Kauw, D.; Repping-Wuts, H.; Noordzij, A.; Stikkelbroeck, N.; Hermus, A.; Faber, M. The contribution of
online peer-to-peer communication among patients with adrenal disease to patient-centered care. . Med.
Internet Res. 2015, 17, e54. [CrossRef] [PubMed]

Wray, J.; Brown, K,; Tregay, J.; Crowe, S.; Knowles, R.; Bull, K.; Gibson, F. Parents” Experiences of Caring for
Their Child at the Time of Discharge After Cardiac Surgery and During the Postdischarge Period: Qualitative
Study Using an Online Forum. |. Med. Internet Res. 2018, 20, e155. [CrossRef]

Saran, I.; Fink, G.; McConnell, M. How does anonymous online peer communication affect prevention
behavior? Evidence from a laboratory experiment. PLoS ONE 2018, 13, e0207679. [CrossRef] [PubMed]
Eysenbach, G. Infodemiology and Infoveillance. Am. . Prev. Med. 2011, 40, S154-S158. [CrossRef]
Eysenbach, G. Infodemiology and infoveillance: Framework for an emerging set of public health informatics
methods to analyze search, communication and publication behavior on the Internet. J. Med. Internet Res.
2009, 11, ell. [CrossRef]

Ayers, ] W.; Westmaas, J.L.; Leas, E.C.; Benton, A.; Chen, Y.; Dredze, M.; Althouse, B.M. Leveraging Big Data
to Improve Health Awareness Campaigns: A Novel Evaluation of the Great American Smokeout. JMIR
Public Health Surveill. 2016, 2, e16. [CrossRef]

Cole, J.; Watkins, C.; Kleine, D. Health Advice from Internet Discussion Forums: How Bad Is Dangerous?
J. Med. Internet Res. 2016, 18, e4. [CrossRef]

Hoffman-Goetz, L.; Donelle, L.; Thomson, M.D. Clinical guidelines about diabetes and the accuracy of peer
information in an unmoderated online health forum for retired persons. Inf. Health Soc. Care 2009, 34, 91-99.
[CrossRef]

Wickham, H. Ggplot2: Elegant Graphics for Data Analysis, 2nd ed.; Springer: Cham, Switzeland, 2016;
ISBN 978-3-319-24277-4.

Kingod, N.; Cleal, B.; Wahlberg, A.; Husted, G.R. Online Peer-to-Peer Communities in the Daily Lives of
People with Chronic Illness: A Qualitative Systematic Review. Qual. Health Res. 2017, 27, 89-99. [CrossRef]
Van Riel, N.; Auwerx, K.; Debbaut, P.; Van Hees, S.; Schoenmakers, B. The effect of Dr Google on doctor—patient
encounters in primary care: A quantitative, observational, cross-sectional study. BJGP Open 2017, 1, 833.
[CrossRef] [PubMed]

Ziotkowski, B.A.; Pacholec, A.; Kudlicka, M.; Ehrmann, A.; Muszyriski, ]. Prevalence of abdominal symptoms
in the Polish population. Gastroenterol. Rev. 2012, 1, 20-25. [CrossRef]

Almario, C.V,; Ballal, M.L.; Chey, W.D.; Nordstrom, C.; Khanna, D.; Spiegel, B.M.R. Burden of Gastrointestinal
Symptoms in the United States: Results of a Nationally Representative Survey of Over 71,000 Americans.
Am. |. Gastroenterol. 2018, 113, 1701-1710. [CrossRef] [PubMed]

Stachowska, E.; Maciejewska, D.; Ryterska, K.; Baszuk, P; Skonieczna—Zydecka, K.; Czerwiniska-Rogowska, M.;
Palma, J.; Gudan, A.; Mruk, H.; Wolska, A.; et al. Abdominal Pain and Disturbed Bowel Movements are
Frequent among Young People. A Population Based Study in Young Participants of the Woodstock Rock
Festival in Poland. J. Gastrointestin. Liver Dis. 2018, 27, 379-383.


http://dx.doi.org/10.2196/13999
http://www.ncbi.nlm.nih.gov/pubmed/30946019
http://dx.doi.org/10.1186/1471-2458-7-53
http://www.ncbi.nlm.nih.gov/pubmed/17425798
http://dx.doi.org/10.2196/jmir.2934
http://dx.doi.org/10.3390/ijerph16234591
http://dx.doi.org/10.1186/s12911-019-0782-3
http://dx.doi.org/10.1177/1932296818818828
http://www.ncbi.nlm.nih.gov/pubmed/30600704
http://dx.doi.org/10.2196/jmir.3869
http://www.ncbi.nlm.nih.gov/pubmed/25720377
http://dx.doi.org/10.2196/jmir.9104
http://dx.doi.org/10.1371/journal.pone.0207679
http://www.ncbi.nlm.nih.gov/pubmed/30462718
http://dx.doi.org/10.1016/j.amepre.2011.02.006
http://dx.doi.org/10.2196/jmir.1157
http://dx.doi.org/10.2196/publichealth.5304
http://dx.doi.org/10.2196/jmir.5051
http://dx.doi.org/10.1080/17538150902865136
http://dx.doi.org/10.1177/1049732316680203
http://dx.doi.org/10.3399/bjgpopen17X100833
http://www.ncbi.nlm.nih.gov/pubmed/30564661
http://dx.doi.org/10.5114/pg.2012.27218
http://dx.doi.org/10.1038/s41395-018-0256-8
http://www.ncbi.nlm.nih.gov/pubmed/30323268

Int. |. Environ. Res. Public Health 2020, 17, 1042 12 of 13

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Skonieczna—Zydecka, K.; Stachowska, E.; Maciejewska, D.; Ryterska, K.; Palma, J.; Czerwiriska-Rogowska, M.;
Kaczmarczyk, M.; Gudan, A.; Mruk, H,; Swiniarska, B.; et al. The Digestive Health among Participants of the
Woodstock Rock Festival in Poland-A Cross-Sectional Survey. Int. |. Environ. Res. Public Health 2018, 15,
2256. [CrossRef]

Fendrick, A. Self-selection and use patterns of over-the-counter omeprazole for frequent heartburn.
Clin. Gastroenterol. Hepatol. 2004, 2, 17-21. [CrossRef]

Ellis, B.G.; Thompson, M.R. Factors identifying higher risk rectal bleeding in general practice. Br. J. Gen.
Pract. 2005, 55, 949-955.

Eslick, G.D.; Kalantar, ].S.; Talley, N.J. Rectal bleeding: Epidemiology, associated risk factors, and health care
seeking behaviour: A population-based study. Colorectal Dis. 2009, 11, 921-926. [CrossRef]

Talley, N.J.; Jones, M. Self-reported rectal bleeding in a United States community: Prevalence, risk factors,
and health care seeking. Am. J. Gastroenterol. 1998, 93, 2179-2183. [CrossRef]

Marchant, A.; Hawton, K.; Stewart, A.; Montgomery, P; Singaravelu, V.; Lloyd, K.; Purdy, N.; Daine, K;
John, A. A systematic review of the relationship between internet use, self-harm and suicidal behaviour in
young people: The good, the bad and the unknown. PLoS ONE 2017, 12, e0181722. [CrossRef]

Zalsman, G.; Hawton, K.; Wasserman, D.; van Heeringen, K.; Arensman, E.; Sarchiapone, M.; Carli, V,;
Hoschl, C.; Barzilay, R.; Balazs, J.; et al. Suicide prevention strategies revisited: 10-year systematic review.
Lancet Psychiatry 2016, 3, 646-659. [CrossRef]

Predmore, Z.; Ramchand, R.; Ayer, L.; Kotzias, V.; Engel, C.; Ebener, P.; Kemp, J.E.; Karras, E.; Haas, G.L.
Expanding Suicide Crisis Services to Text and Chat: Responders’ Perspectives of the Differences Between
Communication Modalities. Crisis 2017, 38, 255-260. [CrossRef]

Jones, R.B.; Soler-Lopez, M.; Zahra, D.; Shankleman, J.; Trenchard-Mabere, E. Using online adverts to
increase the uptake of cervical screening amongst “real Eastenders”: An opportunistic controlled trial.
BMC Res. Notes 2013, 6, 117. [CrossRef] [PubMed]

Farrell, A. Accuracy of online discussion forums on common childhood ailments. JMLA 2018, 106, 455.
[CrossRef] [PubMed]

Cima, R.R.; Anderson, K.J.; Larson, D.W.; Dozois, E.J.; Hassan, I.; Sandborn, W.J.; Loftus, E.V.; Pemberton, J.H.
Internet use by patients in an inflammatory bowel disease specialty clinic. Inflamm. Bowel Dis. 2007, 13,
1266-1270. [CrossRef] [PubMed]

Yu, Q.; Xu, L.; Li, L.; Zhi, M,; Gu, Y.; Wang, X.; Guo, H,; Li, Y,; Fan, Y,; Yang, B.; et al. Internet and WeChat
used by patients with Crohn’s disease in China: A multi-center questionnaire survey. BMC Gastroenterol.
2019, 19, 97. [CrossRef]

Lerrigo, R.; Coffey, ].T.R.; Kravitz, ]J.L.; Jadhav, P.; Nikfarjam, A.; Shah, N.H.; Jurafsky, D.; Sinha, S.R.
The Emotional Toll of Inflammatory Bowel Disease: Using Machine Learning to Analyze Online Community
Forum Discourse. Crohn’s Colitis 360 2019, 1, otz011. [CrossRef]

Mukewar, S.; Mani, P.; Wu, X.; Lopez, R.; Shen, B. YouTube® and inflammatory bowel disease. J. Crohn’s
Colitis 2013, 7, 392-402. [CrossRef]

Van der Marel, S.; Duijvestein, M.; Hardwick, J.C.; van den Brink, G.R.; Veenendaal, R.; Hommes, D.W.;
Fidder, H.H. Quality of web-based information on inflammatory bowel diseases. Inflamm. Bowel Dis. 2009,
15,1891-1896. [CrossRef]

Abitbol, V.; Lahmek, P.; Buisson, A.; Olympie, A.; Poupardin, C.; Chaussade, S.; Lesgourgues, B.; Nahon, S.
Impact of complementary and alternative medicine on the quality of life in inflammatory bowel disease:
Results from a French national survey. Eur. . Gastroenterol. Hepatol. 2014, 26, 288-294. [CrossRef]

Becker, H.M.; Grigat, D.; Ghosh, S.; Kaplan, G.G.; Dieleman, L.; Wine, E.; Fedorak, R.N.; Fernandes, A.;
Panaccione, R.; Barkema, H.W. Living with Inflammatory Bowel Disease: A Crohn’s and Colitis Canada
Survey. Can. J. Gastroenterol. Hepatol. 2015, 29, 77-84. [CrossRef] [PubMed]

Sudau, E; Friede, T.; Grabowski, J.; Koschack, J.; Makedonski, P.; Himmel, W. Sources of Information and
Behavioral Patterns in Online Health Forums: Qualitative Study. J. Med. Internet Res. 2014, 16, €10. [CrossRef]
[PubMed]

Bray, F; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J. Clin. 2018, 68, 394-424. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/ijerph15102256
http://dx.doi.org/10.1016/S1542-3565(03)00287-8
http://dx.doi.org/10.1111/j.1463-1318.2008.01721.x
http://dx.doi.org/10.1111/j.1572-0241.1998.00530.x
http://dx.doi.org/10.1371/journal.pone.0181722
http://dx.doi.org/10.1016/S2215-0366(16)30030-X
http://dx.doi.org/10.1027/0227-5910/a000460
http://dx.doi.org/10.1186/1756-0500-6-117
http://www.ncbi.nlm.nih.gov/pubmed/23531167
http://dx.doi.org/10.5195/JMLA.2018.355
http://www.ncbi.nlm.nih.gov/pubmed/30271286
http://dx.doi.org/10.1002/ibd.20198
http://www.ncbi.nlm.nih.gov/pubmed/17567877
http://dx.doi.org/10.1186/s12876-019-1011-3
http://dx.doi.org/10.1093/crocol/otz011
http://dx.doi.org/10.1016/j.crohns.2012.07.011
http://dx.doi.org/10.1002/ibd.20976
http://dx.doi.org/10.1097/MEG.0000000000000040
http://dx.doi.org/10.1155/2015/815820
http://www.ncbi.nlm.nih.gov/pubmed/25803017
http://dx.doi.org/10.2196/jmir.2875
http://www.ncbi.nlm.nih.gov/pubmed/24425598
http://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593

Int. |. Environ. Res. Public Health 2020, 17, 1042 13 of 13

47.

48.

49.

50.

51.
52.

Borgmann, H.; Kliesch, S.; Roth, S.; Roth, M.; Degener, S. Feasibility and Efficacy of a Urologic Profession
Campaign on Cryptorchidism Using Internet and Social Media. Urol. Int. 2017, 98, 478-482. [CrossRef]
Graham, J.E.; Moore, J.L.; Bell, R.C.; Miller, T. Digital Marketing to Promote Healthy Weight Gain Among
Pregnant Women in Alberta: An Implementation Study. J. Med. Internet Res. 2019, 21, e11534. [CrossRef]
Bickart, B.; Schindler, R.M. Internet forums as influential sources of consumer information. J. Interact. Mark.
2001, 15, 31-40. [CrossRef]

Pitta, D.A.; Fowler, D. Internet community forums: An untapped resource for consumer marketers.
J. Consum. Mark. 2005, 22, 265-274. [CrossRef]

Sweet, M. Pharmaceutical marketing and the internet. Aust. Prescr. 2009, 32, 2—4. [CrossRef]

Abdellaoui, R; Foulquié, P,; Texier, N.; Faviez, C.; Burgun, A.; Schiick, S. Detection of Cases of Noncompliance
to Drug Treatment in Patient Forum Posts: Topic Model Approach. J. Med. Internet Res. 2018, 20, e85.
[CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1159/000449257
http://dx.doi.org/10.2196/11534
http://dx.doi.org/10.1002/dir.1014
http://dx.doi.org/10.1108/07363760510611699
http://dx.doi.org/10.18773/austprescr.2009.001
http://dx.doi.org/10.2196/jmir.9222
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Data Collection 
	Data Analysis 

	Results 
	General Characteristics 
	Declared Symptoms 
	Declared Conditions 
	Posts with Answers 
	Analysis of the Answers 
	Duplicated Posts 

	Discussion 
	Main Findings 
	Strengths and Practical Implications 
	Limitations 

	Conclusions 
	References

