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Abstract

Background: Health agencies have been widely adopting social mediato disseminate important information, educate the public
on emerging health issues, and understand public opinions. The Centers for Disease Control and Prevention (CDC) widely used
social media platforms during the COVID-19 pandemic to communicate with the public and mitigate the disease in the United
States. It is crucial to understand the relationships between the CDC's social media communications and the actual epidemic
metrics to improve public health agencies’ communication strategies during health emergencies.

Objective: This study aimed to identify key topicsin tweets posted by the CDC during the pandemic, investigate the temporal
dynamics between these key topics and the actual COVID-19 epidemic measures, and make recommendations for the CDC's
digital health communication strategies for future health emergencies.

Methods: Two types of datawere collected: (1) atotal of 17,524 COVID-19-related English tweets posted by the CDC between
December 7, 2019, and January 15, 2022, and (2) COVID-19 epidemic measures in the United States from the public GitHub
repository of Johns Hopkins University from January 2020 to July 2022. Latent Dirichlet allocation topic modeling was applied
to identify key topics from all COVID-19—elated tweets posted by the CDC, and the final topics were determined by domain
experts. Various multivariate time series analysis techniques were applied between each of the identified key topics and actual
COVID-19 epidemic measures to quantify the dynamic associations between these 2 types of time series data.

Results: Four major topics from the CDC’s COVID-19 tweets were identified: (1) information on the prevention of health
outcomes of COVID-19; (2) pediatric intervention and family safety; (3) updates of the epidemic situation of COVID-19; and
(4) research and community engagement to curb COVID-19. Multivariate analyses showed that there were significant variabilities
of progression between the CDC's topics and the actual COVID-19 epidemic measures. Some CDC topics showed substantial
associations with the COVID-19 measures over different time spans throughout the pandemic, expressing similar temporal
dynamics between these 2 types of time series data.

Conclusions: Our study is the first to comprehensively investigate the dynamic associations between topics discussed by the
CDC on Twitter and the COVD-19 epidemic measuresin the United States. We identified 4 major topic themesviatopic modeling
and explored how each of these topics was associated with each major epidemic measure by performing various multivariate
time series analyses. We recommend that it is critical for public health agencies, such as the CDC, to update and disseminate
timely and accurate information to the public and align major topics with key epidemic measures over time. We suggest that
social media can help public health agencies to inform the public on health emergencies and to mitigate them effectively.

(JMIR Infodemiology 2024;4:e49756) doi:10.2196/49756

KEYWORDS

infoveillance; social media; COVID-19; US Centersfor Disease Control and Prevention; CDC; topic modeling; multivariate time
series analysis
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Introduction

The COVID-19 pandemic caused more than 760 million cases
and 6.8 million deaths globally as of April 2023 [1]. Therefore,
itiscrucia for public health agencies, such as the US Centers
for Disease Control and Prevention (CDC), to quickly and
effectively disseminate up-to-date and reliable health
information to the public to curb the pandemic. Over the past
years, social media has been widely used by various public
health agencies to make announcements, disseminate
information, and deliver guidelines of effective interventions
to the public. The CDC is among the early adopters of socia
media to engage with the public, increase health literacy in the
society, and promote healthy behaviors [2]. Moreover, the
CDC's socid media team has developed the Health
Communicator’'s Social Media Toolkit to efficiently use social
media platforms; map health strategies; listen to health concerns
from the public; and deliver evidence-based, credible, and timely
health communi cationsin multiple formats such astexts, images,
and videos. The CDC’s digital health communication efforts
have been especially established on various social media
platforms such as Twitter, Facebook, and Instagram.

Building successful interactionswith the public relies on people
understanding the content and raising awareness of it. The CDC
has been heavily engaging in social media presence [3]. For
example, during the COVID-19 pandemic since 2019, it has
been responsive and proactive on Twitter to continuously tweet
about reliable health-related messages and quickly diffuse public
engagement by responding to user comments, retweeting
credible sources, and monitoring online conversations in real
time. Hence, it is meaningful to recognize the COVID-19
pandemic information disseminated by the CDC on social media,
characterize various contents and topics, and evaluate posting
patterns with regard to the actual epidemic dynamics.
Monitoring the content, topics, and trends will help identify
current issues or interests and the levels of interventions. It is
critical to eval uate the associ ati ons between various COVID-19
content topics tweeted by the CDC and the actual COVID-19
epidemic measures (eg, cases, deaths, testing, and vaccination
records). Knowing the underlying associations between the
CDC's digital health communication contents on social media
and the actual COVID-19 epidemicswill help in understanding
and evaluating the CDC’ stweeting patternswith changesin the
epidemic, and will further help in recommending more effective
socia mediacommunication strategiesfor public health agencies
accordingly.

Infodemiology and infoveillance studies tackle health
challenges, generateinsights, and predict patterns and trends of
diseases using previously neglected online data. Infodemiol ogy,
which isthe conjunction of “information” and “ epidemiology,”
defined by Gunther Eysenbach, is the field of distribution and
determinants of information of apopulation through the internet
or other electronic media [4]. Infoveillance takes surveillance
as the primary aim and generates automated analysis from
massive online data. It employs innovative computational
approaches to mine and analyze unstructured online text
information, such as analyzing patterns and trends, predicting
potential outbreaks, and addressing current issues of public
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health. Unliketraditional epidemiological surveillance systems,
which include cohort studies, disease registries, population
surveys, and health care records, infoveillance studies discover
awide range of health topics, monitor health issues including
outbreaks and pandemics, and forecast epidemiological trends
in real time. A large amount of anonymous online data can be
obtained in a more timely manner with these approaches than
with traditional surveillance systems, and this will help
researchers and public health agenciesto prepare for and tackle
public health emergencies and issues more efficiently and
effectively.

Social media platforms have been having impacts on the
community education of COVID-19 and delivering various
health information about the disease. Many studies have also
incorporated the concept of infoveillance by analyzing
unstructured textual data obtained from social media. Liu et &
[5] collected and analyzed media reports and news articles on
COVID-19to derivetopicsand useful information. They aimed
to investigate the relationship between media reports and the
COVID-19 outbreak, and the patterns of health communication
on the coronavirusthrough mass mediato the general audience.
They obtained mediareportsand articlesrel ated to the pandemic
and studied prevalent topics. There had been prevalent public
discussions of attitudes and perspectives on mask-wearing on
socia media. Therefore, it isimportant for public health agencies
to disseminate the supporting evidence and benefits of masking
to mitigate the spread of COVID-19. Al-Ramahi et al [6] studied
the topi cs associated with the public discourse against wearing
masks in the United States on Twitter. They identified and
categorized different topics in their models. These studies all
applied infoveillance to investigate the potential impacts of
diseases, health behaviors, or interventions on target populations,
communities, and the society. However, mass mediaand social
media are also prone to the spreading of misinformation and
conspiracy theories, especially from unreliable sources [7].
Hence, the sources of information obtained from social media
are crucia as misinformation could potentially create bias,
mislead public perceptions, and provoke negative emotions.
Official accounts of public health agencies are usually sources
of unbiased and reliable health information. Although there
have been several studies that collectively explored the topics
discussed by the genera public on social media during the
pandemic, no investigations have been performed so far to
identify various topics from health agencies, such asthe CDC,
during alarge health emergency.

Furthermore, information discrepanciesand delays could occur
between topics posted by health agencies and real -time epidemic
trends. Such discrepancies could cause confusion among the
public on interventions for health emergencies. Therefore,
quantifying their associationsisimportant to reduce knowledge
gaps. Chen et a [8] studied correlations between the Zika
epidemic in 2016 and the CDC'’s responses on Twitter. They
quantified the association between the 2 types of data through
multivariate time series analyses and information theory
measurements. The study discovered the CDC’svarying degrees
of efforts in disseminating health-related information to the
public during different phases of the Zika pandemic in 2016.
However, no study so far has investigated such dynamic
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associations, more specifically, the CDC's COVID-19 content
topic tweeting patterns and the actual COVID-19 epidemic
metrics.

While till being investigated, it isimperative to understand the
dynamic associ ations between various content topics on social
media and actual epidemic outcome metrics, which will guide
health agencies to identify driving factors between the 2 and
help in disseminating helpful knowledge to the public
accordingly. In this study, we aimed to discover the underlying
COVID-related topics posted by the CDC during different
phases of the COVID-19 pandemic. We also aimed to further
quantify and eval uate the dynamic associ ations between content
topics of the pandemic and multiple COVID-19 epidemic
metrics. The findings of this study will significantly increase
our knowledge about the efficiency of the CDC's health
communications during the pandemic and help make further
recommendations for the CDC'’s social media communication
strategies with the public in the future.

Methods

Data Acquisition and Preprocessing

Using the Twitter academic APl (application programming
interface) and search query (see search query in Multimedia
Appendix 1), we retrieved a total of 17,524 English tweets
posted by 7 officia CDC-affiliated Twitter accounts up to
January 15, 2022 (for the detailed acquisition processfor CDC
tweets, see Multimedia Appendix 1). We also acquired the
COVID-19 epidemic metric data in the United States from the
Johns Hopkins University — Center for Systems Science and
Engineering (CSSE) public GitHub repository [9-11]. Four sets
of important COVID-19 time series data were retrieved,
including daily cumulative confirmed cases, deaths, testing, and
vaccination. The data were all at the US national level. The 4
sets of original COVID-19 time series data consisted of dates
and their cumulative targeted measurements. The case series
set included the dailly cumulative number of confirmed
COVID-19reported cases, and it had 751 records, ranging from
January 22, 2020, to February 10, 2022. The death series set
reported the daily cumulative number of confirmed COVID-19
death cases, and it had 908 records, ranging from January 22,
2020, to July 17, 2022. The testing data set reported the daily
cumulative number of completed polymerase chain reaction
(PCR) tests or other approved nucleic acid amplification tests,
and it had 760 records, ranging from January 13, 2020, to
February 10, 2022. The vaccination data set included the daily
cumulative number of people who received acompl ete primary
series of vaccine doses from the CDC Vaccine Tracker, and it
had 428 records, ranging from December 10, 2020, to February
10, 2022.

For consistency in subsequent analyses, all CDC tweet time
seriesand US COVID-19 variable time serieswere standardized
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to the same time span in this study, ranging from the start date
of reported case data (January 22, 2020) to the end date of CDC
tweet collection (January 15, 2022), with atotal of 725 records
for each data type. Since vaccination data were not available
until late 2020, missing values were filled with zeros. In
summary, we had 4 time series from 4 different COVID-19 US
epidemic metrics and another time series of number of tweets
from all 7 CDC-associated Twitter accounts.

Natural Language Processing

In order to identify major topicsinthe CDC's COVID-19 tweets,
we performed various natural language processing (NL P) steps.
NLP, especidly topic modeling, provides granular
characterization of textual inputssuch asthe CDC’'sCOVID-19
communications.

Regular expressions were first applied to process tweet texts
by removing @mentions, hashtags, special characters, emails,
punctuations, URLs, and hyperlinks. Tokenization was
performed to break down sentences into individual tokens,
which can be individual words or punctuations. For example,
the sentence“As COV1D19 continuesto spread, we must remain
vigilant” becomes tokens of “As,” “COVID19,” “continues,”
“to,” “spread,” “,,” “we,” “must,” “remain,” and “vigilant” after
tokenization. Next, lemmatization, a structural transformation
where each word or token is turned to its base or dictionary
form of the morphological information, was performed. For
example, for words “studies’ and “studying,” the base form, or
lemma, wasthe same “ study.” In addition to stop word removal
viathe Python NLTK library, we created our own list of stop
words and removed them from the texts (see the stop words list
in Multimedia Appendix 1). With help from domain experts,
we excluded stop wordsthat did not contribute to topic mapping.

N-grams, phraseswith n words, were devel oped with athreshold
value of 1 to form phrases from tweets. Phrase-level n-grams
were applied here because phrases offer more semantic
information than individual words [12]. A higher threshold
value resulted in fewer phrases to be formed. The texts were
mapped into adictionary of word representations, which was a
list of uniquewords, and it wasthen used to create bag-of-words
presentations of the texts. A term frequency-inverse document
frequency (TF-IDF) model was implemented to evaluate the
importance and relevancy of the words to a document. It was
calculated by multiplying term frequency, which isthe relative
frequency of aword within adocument, with inverse document
frequency, which measures how common or rare a word is
acrossacorpus. A higher TF-IDF value indicates that the word
is more relevant to the document it is in [13,14]. Words that
were missing and lower than the threshold value of 0.005 from
the TF-IDF model were excluded. Table 1 shows the process
of data collection and preprocessing, and Table 2 shows the
steps of subsequent NLP and statistical analyses.
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Table 1. Data collection and preprocessing.

Yineta

Variable Data collection Data preprocessing
CDC? tweets * Twitter API® using a search query «  Remove @mentions, hashtags, special characters, emails,

« 17,524 English tweets by January 15, 2022

COVID-19 epidemic

metrics Hopkins University

«  Confirmed case count: 751 records; January 22, *

2020, to February 10, 2022

«  Death count: 908 records, January 22, 2020, to July *

17, 2022

Public GitHub repository of the CSSE® at Johns

punctuations, URLs, and hyperlinks

«  Tokenization: break down sentences into individual tokens

« Lemmatization: each word or token isturned to its base or
dictionary form

« Removealist of stop words created by research experts

«  N-grams: form phrases from the tweets

«  Modify the date range: January 22, 2020 (the start date of
reported case data) to January 15, 2022 (the end date of CDC
tweets)

Standardize metric time seriesto be the same asthat of CDC
tweets

Fill missing valuesin the vaccination data with zeros

«  725recordsfor each of the 4 metric series

Turn cumulative records to daily records

o  Completed COVID-19 tests: 760 records, January

13, 2020, to February 10, 2022

«  Complete vaccination: 428 records; December 10,

2020, to February 10, 2022

8CDC: Centers for Disease Control and Prevention.
bAPI: application programming interface.
CCSSE: Center for Systems Science and Engineering.

Table 2. Subsequent analyses.

Variable Topic modeling

Dataanalysis

CDC? tweets and .

COVID-19 metrics assigning 4 topics

«  Extract generated topicswith their top 10 unique asso-  ®

ciated keywords

«  Produceinteractive visualizations using pyL DAvis

Construct an LDAP topic model using CDC tweets ~ *

Domain experts examine topic keywords with randomly
sampled tweetsin iteration

Domain experts determine the theme of each topic

o Perform multivariate time series analyses between each
topic time series and each COVID-19 metric time series:

1. Visualization
2. Cross-correlation function (CCF)
3. Mutual information (M)

4. Autoregressive integrated moving average with external vari-
able (ARIMAX) model

8CDC: Centers for Disease Control and Prevention.
bLDA: latent Dirichlet allocation.

Topic Modeling With Latent Dirichlet Allocation

To identify more specific topics from all the COVID-19 tweets
posted by the CDC, we performed topic modeling via latent
Dirichlet alocation (LDA). LDA automatically generates
nonoverlapping clusters of words (ie, clusters of words based
ontheir distributionsin their corresponding topics) that represent
different topics based on probabilistic distributions across the
whole corpus (ie, al CDC tweets in this study). LDA was
developed to find latent, hidden topics from a collection of
unstructured documents or acorpuswith text data. Topic models
are probabilistic models that perform at 3 levels of documents:
a word, a document, and a corpus consisting of multiple
documents. The details of LDA and topic models are provided
in Multimedia Appendix 1. We investigated and compared
across 3to 8 potential topics and determined the optimal number

https://infodemiol ogy.jmir.org/2024/1/e49756

of topics based on both topic model evaluation and domain
expert interpretations of the identified topic clusters.

Model perplexity and topic coherence scores were calculated
as performance metrics of LDA. Perplexity is a decreasing
“held-out log-likelihood” function that assesses LDA
performance using aset of training documents. Thetrained LDA
model is then used to test documents (held-out set). The
perplexity of aprobability model g on how well it predicts a set
of samples x4, Xy, ..., Xy drawn from an unknown probability

distribution p, is defined as follows [15]:

]

Anidea gshould have high probabilities q(x;) for the new data.
Perplexity decreases as the likelihood of the words in new data
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increases. Therefore, lower perplexity indicates better
predictability of an LDA model.

Topic coherence assesses the quality of the topics, which is
measured as the understandability and semantic similarities
between high scoring words (ie, the words that have a high
probability of occurring within a particular topic) in topics
generated by LDA [16]. We used the UMass coherence score
[17], which accounts for the order of a word appearing among
the top words in atopic. It is defined as follows [18]:

@

where N is the number of top words of a topic of a diding
window, P(w;) is the probability of the ith word w appearing
in the diding window that moves over a corpus to form
documents, and P(w;, w;) is the probability of words w; and w;
appearing together in the sliding window. According to the
study from UMass, coherence decreases initially and becomes
stationary as the number of topicsincreases[16].

Representations of al topicswere presented in word-probability
pairs for the most relevant words grouped by the topics.
Interactive visualizations were produced using the pyLDAvis
package in Python 3.7 to examine the topics generated by L DA
and their respective associated keywords. A data frame of all
dominant key topicswas created. The original unprocessed full
texts of the CDC tweets, 1Ds, and posting dates were combined
into a data frame along with their corresponding key topic
number labels and topic keywords. In addition, the daily
percentage of each topic from LDA was calculated for further
time series analysis. For instance, vaccine/vaccination is an
identified key topic, so the percentage of vaccine-related CDC
tweets on each day was calculated for the entire study period
to construct the vaccine/vaccination-specific topic time series.
Since LDA is technically an unsupervised clustering method,
after thetopicsor clusters of word distributionsfrom the CDC's
tweets were generated using LDA, domain experts were
involved to further label and interpret the content of the topics
using domain knowledge. We randomly generated 20 sample
tweets from each topic using Python for domain experts to
examine, analyze, and determine the themes of the topics. For
each topic, LDA provided alist of the top keywords associated
with that topic, and we selected the top 10 keywords. We
examined these keywords and referred to the 20 sampl e tweets,
and then derived a theme or context that encompasses these
keywords and the original tweets through further discussions,
which was important for understanding the context in which
thesewordswere used. Thefinal agreement on theinterpretation
of LDA-generated topics was reached after multiple iterations
and discussions of the above process.

Multivariate Time Series Analyses Between | dentified
CDC Tweset Topicsand COVID-19 Epidemic Metrics

Data Preparation

Key topic time series datawere derived from the previous NLP
and LDA processes. We constructed a multivariate data frame
with posting dates and number of tweets for each key topic at
adaily resolution. Since LDA identified 4 key topics, atotal of
4 CDC key topic time series were developed. There were also
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4 US COVID-19 epidemic metric time series: daily cumulative
reported cases, cumulative confirmed deaths, cumulative number
of completed PCR tests or other approved nucleic acid
amplification tests, and cumulative number of people who
received a complete primary series of vaccines. These 4 sets of
COVID-19 epidemic metric time series were then converted to
daily measures via first order differencing. Multivariate time
series analyses wereimplemented to investigate the associations
between time series of key CDC tweet topicsand USCOVID-19
epidemic metrics.

Visualizations

Both types of time series, CDC key topics and COVID-19
metrics, were visually inspected in the same plot on double
y-axes, with the left y-axis displaying the daily COVID-19
metric and right y-axis displaying the daily CDC tweet topic
count. In addition, each plot was further divided based on
COVI1D-19 phaseswith different dominant variants. theoriginal,
Alpha, Delta, and Omicron variants, with their corresponding
starting dates: March 11, 2020; December 29, 2020; June 15,
2021; and November 30, 2021, respectively. This helps further
observe and identify dynamic changes of time series and their
associations during different phases of the pandemic.

Cross-Correlation Function

Between 2 time series (also known as signals x and y), the
cross-correlation function (CCF) [19] quantifies their levels of
similarities (ie, how similar the 2 series are at different times),
their associations (ie, how values in one series can provide
information about the other series), and when they occur [20].
The CCF takes the sum of the product for each of the x and y
data points at time lag |, defined as follows [19]:

@

where N is the number of observationsin each time series, and
X; and y; are the observations at the ith time step in each of the
time series. The CCF rangesfrom —1to 1, and alarger absolute
value of the CCF is related to a greater association shared by
the 2 time series at a given time lag | [21]. In this study, each
of the 4 CDC tweet topic time series was compared with each
of the 4 COVID-19 epidemic metric time series to calculate
their respective CCFs. All CCF values were calculated with a
maximum lag of 30 days, as we assumed that the real-world
epidemic could not influence online discussions for more than
amonth and vice versa

Mutual I nformation

Mutual information (MI) was calculated by computing the
entropy of the empirical probability distribution to further
quantify the association between each of the 4 key CDC tweet
topics and each of the 4 US COVID-19 epidemic metrics. Ml
measures the amount of mutual dependence or average
dependency between 2 random variables X and Y. It is defined

asfollows[22]:
@]

where x; and y; are the ith elements of the variables X and Y,
respectively. When applied to time series data, X and Y are 2
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individual time series and x, and y; are their respective
observations at the ith time step. Note that M| isasingle value
instead of afunction over lag| asinthe CCF. A larger M| value
indicates a higher shared mutual dependency between the 2 time
series.

Autoregressive | ntegrated Moving Average With
External Variable

Neither the CCF nor M1 differentiate dependent and independent
variables, that is, the formula was symmetric with regard to X
and Y variables. Wefurther eval uated whether the CDC tweeting
topics were influenced by real-world COVID-19 epidemic
outcomes. An autoregressive integrated moving average with
external variable (ARIMAX) model was constructed to fit each
of the 4 CDC topics with each of the 4 COVID-19 epidemic
metrics during the entire study period. A univariate
autoregressive integrated moving average (ARIMA) model fits
and forecasts time series data with the integration of an
autoregressive (AR) component and a moving average (MA)
component with their respective orders/lags (see Multimedia
Appendix 1 for detailed information about the AR model). The
ARIMA model consists of both AR(p) and MA(q) as well as
an order d differencing term, resulting in thefollowing ARIMA

(p, d, g) model [23, 24]:
E

or in backward shift operator form:

@

See Multimedia Appendix 1 for details on the parameters.

The ARIMAX mode further extends ARIMA to the multivariate
time series by incorporating at east one exogenous independent
variable x.. ARIMAX (p, d, ) is specified as follows [25]:

]

or in backward shift operator form [26]:

]

where (] contributes to the exogeneous independent variable
that could potentially influence the dependent variable y,.

In this study, ARIMAX was developed to evaluate how
real-world epidemic metrics, model ed as exogeneous variabl es,
impact CDC tweet topic dynamics as dependent variables. Each
of the4 CDC tweet topicswas model ed as adependent variable
(y,) and each of the 4 COVID-19 epidemic measures was an
independent exogeneous variable (x,). The optimal ARIMA and
ARIMAX model parameter set (p, d, ) was determined by the
R ARIMA model package.

In addition to reporting the values of the ARIMAX model
parameter set (p, d, g), differencein Akaikeinformation criterion
(dAIC), root mean square error (RMSE), and mean absolute
error (MAE) were also computed to compare different ARIMAX
performances. The optimal model was the one with the lowest
AIC score. dAIC was computed in between 2 models (see
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Multimedia Appendix 1 for detailed information on AIC). We
had an ARIMA model of a single topic time series and an
ARIMAX model of that topic time series with an exogeneous
variable. Negative dAIC values indicated that the ARIMAX
model showed improvement in model performance over the
ARIMA counterpart that did not include an exogenous variabl e.

The commonly used RMSE and MAE were adopted as
performance metrics. They are defined as follows [27]:

@
@

where n is the number of data pointsin a sampley (y;, where

i=1, 2, ..., n). RMSE and MAE are Euclidean distance and
Manhattan distance in high-dimensional space, respectively.

Results

Topic Modeling and Content Results

A total of 17,524 English tweets posted by the CDC were
retrieved and analyzed. Four key topicswere generated viaL DA
based on eval uation metricsincluding perplexity and coherence
score. These topics were then examined and categorized to
themes by domain experts (Textbox 1 with exampletweetswith
their respective topics). The themes of the topics and their top
10 unique associated keywords are presented in Table 3.

Topics were plotted as circles and displayed on the left panel;
the most relevant terms or associated keywords with their
corresponding topics were displayed in frequency bars on the
right panel, which showed each term’s frequency from each
topic acrossthe corpus (ie, all CDC COVID-19 tweets sampled)
[28] (see Multimedia Appendix 1 for more detailed information
about visualizations in the pyL DAvis package). The size of the
circle indicated the prevalence of that topic in the corpus.
Visualizations for al topics, displayed in circles on the left
panel, and their top 15 corresponding relevant terms or
associated keywords, displayed in frequency bars on the right
panel, are provided in Figures S1-S5 in Multimedia Appendix
1

Based on the LDA visualization results, these 4 identified key
topics had the largest distancesand minimal dimensional overlap
in the reduced 2D plane. From a public health perspective, the
CDC'sonline health communication of COVID-19, the largest
health emergency in the 21st century, has been relatively
cohesive and comprehensive. Therefore, the 4 key topics
identified viaL DA were not completely mutually exclusive. In
addition, the 4-topic model had the balance of separation of
topicsfrom acomputational perspective and clear interpretability
from ahesalth perspective. Increasing the number of topicsyields
a substantial amount of topic overlap, which was aso
challenging to provide explicit and clear interpretations. Figure
Lillustrates an example of topic 4 [29,30]. A list of associated
terms of topic 4 and the overall frequency of the termsin the
corpus have been displayed in the right panel. The 5 key terms
from topic 4 based on overall frequency across al tweets were
“booster,” “school,” “increase,” “parent,” and “country.”
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Textbox 1. Example tweets from each topic theme.

Topic 1. General vaccination information and education, especially preventing adver se health outcomes of COVID-19

. “Evenastheworld sattention is focused on #COVID19, this week we are taking time to highlight how #VaccinesWork and to thank the heroes
who help develop and deliver lifesaving vaccines. #WorldlmmunizationWeek message’

. “CDC's#COVID19 Vaccine Webinar Seriesis a great place to start learning about a variety of topics around COVID-19 vaccination.”

o “The#DeltaVariant of thevirusthat causes#COV D19 is more than two times as contagious as the original strain. Wear amask indoorsin public,
even if vaccinated and in an area of substantial or high transmission. Get vaccinated as soon as you can.”

Topic 2: Pediatric intervention, pediatric vaccination information, family safety, and school and community protection

. “Make #handwashing a family activity! Explain to children that handwashing can keep them healthy. Be a good role model—if you wash your
hands often, your children are more likely to do the same. #COVI1D19”

o “Parents: During #COVID19, well-child visits are especially important for children under 2. Schedule your child’sroutine visit, so the healthcare
provider can check your child's development & provide recommended vaccines.”

o “Itiscritically important for our public health to open schools this fall. CDC resources will help parents, teachers and administrators make
practical, safety-focused decisions as this school year begins”
Topic 3: Updateson COVID-19 testing, case, and death data, and relevant information of the disease

« “CDC tracks 12 different forecasting models of possible #COVID19 deaths in the US. As of May 11, al forecast an increase in deaths in the
coming weeks and a cumulative total exceeding 100,000 by June 1. See national & state forecasts.”

o “Thelatest CDC #COVIDView report shows that the percentage of #COV ID19-associated deaths has been on the rise in the United States since
October and has now surpassed the highest percentage seen during summer.”

o “#COVID19 cases are going up dramatically. This increase is not due to more testing. As the number of cases rise, so does the percentage of
tests coming back positive, which shows that COVID-19 is spreading.”
Topic 4: Research, study, health care, and community engagement to curb COVID-19

«  “Our Nation’s medical community has been vigilant and their help in identifying confirmed cases of #COVID19 in the United States to date has
been critical to containing the spread of this virus”

«  “Inanew report using datafrom Colombia, scientistsfound that pregnant women with symptomeatic #COV D19 were at higher risk of hospitalization
& death than nonpregnant women with symptomatic COVI1D-19. HCPs can inform pregnant women about how to stay safe.”

« “A new study finds masking and fewer encounters or less time close to persons with #COVID19 can limit the spread in university settings.
#MaskUp when inside indoor public places regardless of vaccination status.”

Table 3. Identified key topics of Centers for Disease Control and Prevention tweets with unique focal keywords.

Key topics Top 10 unique keywords

1. General vaccination information and education, especially preventing adverse learn, time, safe, fully vaccinate, prevent, child age, old, share,
health outcomes of COVID-19 (including cases, severe conditions/hospitalization,  flu, month

and death)

2. Pediatric intervention, pediatric vaccination information, family safety, and school  work, school, datum, test, infection, family, free, home, public,
and community protection check

3. Updates on COVID-19 testing, case, and death data, and relevant information of  patient, update, booster, cause, recommend, increase, day, pro-
the disease gram, important, read

4. Research, study, health care, and community engagement to curb COVID-19 vaccination, vaccinate, child, protect, protection, report, visit,
risk, community, travel
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Figure 1. Interactive mapping of topic 4 generated by latent Dirichlet allocation.
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Multivariate Time Series Analysis Results

CCF Resaults

The time series of CDC tweet topics and COVID-19 metrics
were plotted to visually examine patterns and potential
associations. A total of 16 time series plots (4 topics x 4
COVID-19 epidemic metrics) were generated (Figures S14-S29
in Multimedia Appendix 1). CCFs were computed to quantify
the dynamic association between each CDC key topic series
and each of the 4 COVID-19 epidemic metrics. Quantitative
results have been presented (Tables S3-S6 in Multimedia
Appendix 1). Visudlizations (Figures S30-S44 in Multimedia
Appendix 1) illustrated CCFs between both types of time series.
CCF values and plots showed that the CDC’s key COVID-19
tweet topic series was not substantialy correlated with the
confirmed COVID-19 case count series. As an example, there
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were no specific patterns between topic 2 and daily confirmed
COVID-19 cases (Figure 2A).

COVID-19 confirmed cases and the death time series had very
similar dynamic patterns in the United States across the time
span (Figure 2B). Consequently, they al so showed similar CCFs
with the CDC key topic series (Figure $45 in Multimedia
Appendix 1). COVID-19 deaths had no substantial correlations
with any of the 4 CDC key topics (Figures S18-S21 in
Multimedia Appendix 1) based on CCFs. There were no
substantial correlations between any of the 4 key topicsand the
COVID-19 testing series as well as the fully vaccinated rate
series. Examples showed the CCFs between those and topic 2
(Figures3and 4). Theseresultsindicated apotentia discrepancy
between the CDC’s health communication focus and the actual
COVID-19 epidemic dynamics in the United States during the
pandemic.
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Figure 2. Time series of topic 2 against 2 COVID-19 metrics: (A) case counts, (B) death counts. CDC: Centers for Disease Control and Prevention;
US: United States.
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Figure 3. Cross-correlation function (CCF) between the completed COVID-19 test series and topic 2 tweets. (A) Trends of CDC tweet topics and
number of completed tests; (B) CCF between COVID-19 confirmed cases and topic 2 tweets. CDC: Centers for Disease Control and Prevention.
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Figure 4. Cross-correlation function (CCF) between the completed COVID-19 vaccination series and topic 2 tweets. (A) Trends of CDC tweet topics
and vaccination records; (B) CCF between records of fully vaccinated people and topic 2 tweets. CDC: Centers for Disease Control and Prevention.

(A)

| ” topic 2 -+
Fully Vaccinsted

Fully vaccinated

Onticran

MI Results

M1 values between each CDC tweet topic and each COVID-19
metric were calculated, and they are shown in Table 4.
Confirmed case counts and topic 4 (research, health care, and
community engagement to restrain COV1D-19) had the highest
MI value (3.21), indicating that there was a strong dependency
in COVID-19 cases and topic 4. On the other hand, the
vaccination rate and topic 3 had the lowest MI value (0.56),
indicating almost independence between the 2 series. Among
all 4 key topics, topic 4 showed the highest M1 values (3.21,
3.02, 3.21, and 1.65) with the 4 COVID-19 metrics. Topic 2
(pediatricintervention, family safety, and school and community
protection) had consistently lower MI values with the
COVID-19 metric than topic 4. The M1 of topic 1 (information
on COVID-19 vaccination and education on preventing its
adverse health outcomes) and topic 3 (updates on COVID-19
testing, case, and death metrics, and relevant information of the
disease) showed similar values with all 4 COVID-19 metrics,
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although the MI vaues of topic 1 were dlightly higher.
Vaccination and educational information on the adverse health
outcomes of COVID-19 appeared to not be substantialy
correlated with COVID-19 epidemic metrics, including testing,
cases, and deaths. We speculated that the CDC considered both
vaccination and preventing adverse heath outcomes of
COVID-19 critical to public heath and disseminated these
topics regardless of the current COVID-19 situation at thetime
of posting.

In addition, M| values between all pairs of CDC topics were
calculated (Table S7 in Multimedia Appendix 1). Theresulting
M1 values, ranked from the largest to smallest, were for topics
2 and 4, topics 3 and 4, topics 1 and 2, topics 2 and 3, topics 1
and 4, and topics 1 and 3. Based on the CDC's COVID-19
tweeting patterns, pediatric intervention and family and
community safety were strongly associated with health care
research studies and public engagement to curb the spread of
COVID-19.

Table4. Mutual information values between Centers for Disease Control and Prevention key topics and COVID-19 metrics in the United States.

COVID-19 daily measurements in the United States Topic 12 Topic ob Topic 3° Topic 4d
Confirmed case counts 125 293 1.18 321
Death counts 112 2.74 1.06 3.02
Completed COVID-19 test counts 124 291 1.18 321
Fully vaccinated counts 0.60 1.49 0.56 1.65

#Topic 1: General vaccination information and education, especially preventing adverse health outcomes of COVID-19.
bTopic 2: Pediatric intervention, pediatric vaccination information, family safety, and school and community protection.
“Topic 3: Updates on COVID-19 testing, case, and death data, and relevant information of the disease.

dTopic 4: Research, study, health care, and community engagement to curb COVID-19.

ARIMAX Results

ARIMAX performance measures, including valuesof ARIMAX
parameters (p, d, q), dAIC, RMSE, and MAE, are reported in
Table 5. As an external input, the vaccination rate time series
significantly improved the performances of the origina ARIMA
models for all CDC key topics (dAIC = -108.15, -69.79,
-90.54, and -91.53 for topics 1 to 4, respectively). This was
thelargest increasein model performance acrossall topicswith
theexogeneousvariableinthe ARIMAX model. The COVID-19
case seriesimproved the ARIMA model performance for CDC

https://infodemiol ogy.jmir.org/2024/1/e49756

topics 1 and 3 (dAIC = -104.76 and —1.53 for topics 1 and 3,
respectively). Including the death or testing seriesdid not result
insubstantial improvementsto the ARIMA model performance
for all CDC key topics.

ARIMAX modelswith lower RM SE and MAE valuesindicated
higher accuracy of the time series models (Table 5). Overall,
ARIMAX modelsfor topics 1 and 3with all COVID-19 metrics
delivered the smallest RM SE values (lowest [1.10] for topic 3
with death counts and highest [1.21] for topic 1 with full
vaccination records), while those of topic 4 delivered the largest
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RMSE values (lowest [6.25] with death counts and highest
[6.93] with full vaccination records). Similarly, MAE values
were the lowest for ARIMAX models for topics 1 and 3 with
the epidemic metrics (lowest [0.82] for topic 3 with death counts
and highest [0.91] for topic 1 with full vaccination records),
and they were the largest for topic 4 with the epidemic metrics
(lowest [4.97] with death counts and highest [5.56] with full
vaccination records). These ARIMAX performance results
showed significant variabilities between the 2 types of time
series (CDC key tweet topics and actual COVID-19 metricsin
the United States).

We performed an exhaustive search to identify the optimal
ARIMAX parameters (p, d, g). For example, topic 1 with death

https://infodemiol ogy.jmir.org/2024/1/e49756
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counts and completed testing records had the same parameter
set (p, d, g=2, 1, 3), indicating that the optimal ARIMAX model
between these time series needed first-order differencing (d=1)
to achieve stationarity and minimal AlC values, itsARtimelag
was2 (p=2), anditsMA timelag was 3 (g=3). Thetopic 1 series
with case counts and complete vaccination had the same
parameter values (p, d, g=5, 1, 0), indicating that the model was
simply an AR model (g=0 with no MA terms) with atime lag
of 5 (p=5) after first-order differencing (d=1). The complete
ARIMAX parameters are shown in Table 5. All ARIMAX
models needed first-order differencing (d=1) to be stationary
and to minimize AIC values.
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Table 5. Autoregressive integrated moving average with external variable performance measures of each Centers for Disease Control and Prevention

topic and COVID-19 epidemic metric pair.

COVID-19 epidemic measuresand - Topc 1° Topic 2° Topic 3¢ Topic 4°
ARIMAX? metrics
Case counts
ARIMAX par’ (5,1,0) @ 1,1) 21,1 (3.1,2
daicsd -104.76" (2240.19, 0.45(4304.09, 4303.64)  _1 53N (2227.50,2220.12) 11.97(4785.89,4773.92)
2344.95)'
RMSE 121 466 112 6.45
MAEK 0.90 3.66 0.86 5.10
Death counts
ARIMAX par 2 1,3) @ 1,1 21,1 (3.1,2
dAIC 6.72(2240.19, 2233.47)  36.60(4304.09,4267.49) 20.43 (2227.59, 2207.16)  60.14 (4785.89, 4725.75)
RMSE 112 456 1.10 6.25
MAE 0.84 357 0.82 4.97
Testing
ARIMAX par 21,3 @1,1) ©,1,2 (3.1,2
dAIC 0.13(2240.19, 2240.06)  19.56(4304.09,4284.53) 1.83 (2227.59, 2225.76)  36.97 (4785.89, 4748.92)
RMSE 113 4,60 111 6.34
MAE 0.84 361 0.85 4,99
Vaccination
ARIMAX par (5,1,0) (5,1,0) (5,1,0) (5,1,0)
dAIC -108.15" (2240.19, -60.79" (4304.09, -90.54" (2227.59, -91.53" (4785.89,
2348.34) 4373.88) 2318.13) 4877.42)
RMSE 121 4.90 118 6.93
MAE 0.91 381 0.89 5.56

3ARIMAX: autoregressive integrated moving average with external variable.

bTopi(: 1: General vaccination information and education, especially preventing adverse health outcomes of COVID-19.
“Topic 2: Pediatric intervention, pediatric vaccination information, family safety, and school and community protection.
dTopic 3: Updates on COVID-19 testing, case, and death data, and relevant information of the disease.

®Topic 4: Research, study, health care, and community engagement to curb COVID-19.

FARIMAX parameters (p, d, ).
9dAIC: delta Akaike information criterion (AIC) or differencein AIC.

hNegative dAIC: indicatesimprovement of performancein the ARIMAX model compared with its autoregressive integrated moving average (ARIMA)

model.

IAIC values of ARIMA and its corresponding ARIMAX models.
JRMSE: root mean square error.

KMAE: mean absolute error.

Discussion

Principal Findings

In this study, we systematically investigated and
comprehensively identified the CDC's key topics, COVID-19
epidemic metrics, and dynamic associ ations between the 2 types
of data series based on 17,524 COVID-related English tweets
from the CDC since January 2022. The LDA topic model was
built to characterize and identify the dynamic shifts of topics
inthe CDC’s COVID-19 communication over aperiod of more
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than 2 years. For the first time, we were able to identify the
following 4 key topics: (1) general vaccination information and
education; (2) pediatric intervention that also involved family
and school safety; (3) updates on the COVID-19 epidemic
situation, such as numbers of cases, deaths, etc; and (4) research
studies that were able to curb the pandemic.

Our study took a unique approach of infoveillance by identifying
potential associations between COVID-19 epidemic outcome
metricsin the United States and the CDC's key topic dynamics
during different stages of the pandemic. This innovative
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framework significantly expanded the origina infoveillance
approach that generally relied on the number of posts (ie, posting
dynamics) without further extracting more detailed and
meaningful content topics and sentimentsfrom the textual data.
Our study was ableto further provide practical and useful health
communication strategies for public health agencies to
effectively communicate timely and accurate information to the
public. It is important to investigate the dynamic associations
between the CDC's tweets on COVID-19 and the progression
of the pandemic for several reasons:

1. Understanding their relationship can revea how public
health messaging impacts public perception and engagement
at different stages of a major health emergency. A strong
association between the CDC's tweets and epidemic
measuresindicatesthat public health messaging is effective.
Weak associations might indicate that messaging from the
CDC to the public over time is not effective; however, it
will lead us to further explore the influential factors and
provide health communication strategies for public health
agencies.

2. It can also show if the CDC's messaging on Twitter is
proactive or reactive to the actual epidemic, informing
strategies for future public health communication.

3. It helps public health agencies better allocate resources.
For example, if tweets related to educating the public on
monitoring COVID-19 symptoms and updating certain
metrics lead to an increase in the number of people trying
to get COVID tests, then resources could be directed toward
opening testing centers and sending free test kitsto homes.

Our study is the first of its kind to comprehensively evaluate
the impact of online public health communication, especially
on Twitter, which is one of the major social media platforms,
during different phases of alarge health emergency. We studied
the overall daily volume of COVID-19—elated tweets posted
by the CDC over time as a baseline (Figure 5), and the volume
of tweets was higher in the early phase of the pandemic,
indicating a strong effort at the CDC to disseminate important
information to the public. We did not observe visually clear
patterns of an association with COVID-19 epidemic measures.
We further applied novel NLP to significantly reduce the gap
of previous studies that overlooked the dynamic association
between detailed topics discussed by public health agencies on
social media and real-world epidemic metrics.

We then examined the dynamic associations between the 4
identified key topics and 4 COVID-19 epidemic outcome
metrics. Among the 4 major topics, topic 1, which covered
information on vaccination and adverse health outcomes of
COVID-19, had substantially strong associations with death
counts and testing records during the Alpha phase (December
29, 2020, to June 14, 2021). We found that during this phase,
when the overall vaccination-related CDC tweets were
decreasing, the daily vaccination rate (number of people who
received a complete primary series of the COVID-19 vaccine
based on the CDC Vaccine Tracker) was increasing, which
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aligned with the CDC's effort in emphasizing the importance
of vaccination to the public on social media. When discussions
from the CDC about vaccination wereincreasing after the Alpha
phase, the vaccination rate started to decrease. Thereasons could
be but are not limited to the following:

1. Ineffective messaging from the CDC on social mediatothe
public during later stages of the pandemic.

2. Lack of engagement from the public, since not everyone
follows or engages with official accounts and might miss
or overlook them amidst other content.

3. Fatigue from information overload where frequent data
updates on social media platforms can lead to
desensitization, making it less likely for users to pay
attention over time and act on the information.

4. Temporal delays create time lag, which can impact the
associations between the topics and the real epidemic
measures.

5. Political factors such as antivaccination groups.

Therefore, with all possible influential factors, the CDC could
not fully impact the public’s responses and actions on getting
vaccinated even though they had been making efforts on sharing
educational information about vaccination. Thisfinding showed
that the CDC had been making efforts to emphasize the
importance of vaccination on Twitter, but the public response
was weak. Thus, it isimportant to further study the influential
factors for the CDC's social media strategies. Topic 3, which
provided updates on 3 of the COVID-19 measures (testing,
cases, and deaths) and their relevant information, aligned better
with the case series during the Delta phase (June 15, 2021, to
November 29, 2021). It also matched with the death series
during the declared pandemic phase (original variant: March
11, 2020, to December 28, 2020) and Delta phase, classified by
the World Health Organization on May 11, 2021. Furthermore,
even though topic 3 did not demonstrate a visible association
with the testing series, timely communication from the CDC
was actually strongly associated with the testing time series
over the entire study period based on the multivariate time series
analysis.

According to these key findings, we suggest that aligning the
content topics of health communication from public health
agencies with the temporal dynamics of COVID-19 or other
emerging public health emergencies (eg, major epidemic
outcome metrics) can help provide more timely and relevant
information to the public. Therefore, we recommend that the
CDC and other public health agencies monitor the epidemic
outcome metrics in real time. Health agencies can then post
timely updates about the emergency, most recent findings, and
interventions on social mediaaccording to the dynamic changes
of these outcome metrics. Public health agencies can regain
trust from the public by not only helping the public better
understand the complex dynamics of the health emergency, but
also informing the public with evidence-based guidance and
recommendations more effectively.
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Figure5. Time series of the daily number of Centersfor Disease Control and Prevention (CDC) tweets and COVID-19 case counts. US: United States.
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Limitations and Future Work

There are severa limitations in this infoveillance study that
could be improved in future work. First, while we focused on
probabilistic-based LDA for topic modeling, there are other
aternative NLP approaches such as deep learning—based
bidirectional encoder representations from transformers (BERT).
Hence, we will explore BERT and other state-of-the-art NLP
techniques for content topic modeling and sentiment analysis
in the future. Second, given the complexity of this study, we
will incorporate subthemes to further help contextualize the
clustersin future work. Third, the CDC does not have the sole
power of controlling people’s responses and actions over time
(eg, getting tested and receiving full vaccine doses), even with
consistent effort on Twitter to educate the public and mitigate
the pandemic. There are other factors that could affect the
associations between the CDC’s messages and the COVID-19
measures:

1 Time lags: What is posted might not reflect real-time
situations, which can impact the association strength
between the posted measures and real-world metrics; thus,
we suggest aligning the content topics of health
communi cation with up-to-date epidemic outcome metrics.

2. Discrepanciesin posting methods: The CDC simplifiesthe
data in their posts to make the information more
comprehensible for the audience, which might not align
with the detailed epidemic metrics posted from other
sourceswith different interpretations of the reported metrics.

3. Variability in the data source: The data open to the public
might come from sources and reporting standards that are
different from the CDC's protocol, which could weaken
potential associations.

4. Audience. As a government health agency, the CDC
prioritizes certain datafor social mediato cater to the public
for relevancy. For example, posting daily epidemic
measures could lead to strong associationswith COVID-19
metrics, but an association does not mean causality, and
we assumethat the CDC does not generatetheir tweetswith

https://infodemiol ogy.jmir.org/2024/1/e49756

mewving average of daily number of tweets

Déiily case rec;)rds in::the US

the intention to improve associations of any kind and their
priority isto present avariety of reliable information to the
public.

5. Fatigue from information overload: Frequent data updates
on social media can lead to desensitization, making it less
likely for usersto pay attention and react to theinformation
over time, for example, tweeting about daily epidemic
measures decreases the public’s attention over time.

6. Political and societal factors, for example, antivaccination
groups and conspiracy theories about the pandemic.

In addition, it is important for us to continue to examine the
validity of the underlying assumption that the CDC’s health
communication makes an impact during a pandemic. In this
infodemiology study, we focused on the national effects of these
tweets. Future studies should further examine geospatial factors
and other confounding factors to help understand whether and
how much the CDC'’s tweets impact pandemic outcomes.

Lastly, public engagement (ie, retweets, likes, replies, etc) of
the CDC'’s health communication is an important indicator of
the effectiveness of online health communication efforts. There
have been studies that analyzed public sentiments and attitudes
[31-34] toward various health-related topics. However, very
few studies have investigated the associations of public
sentiment shiftsalong disease-related metrics. In addition, public
sentiments and attitudes are heavily influenced by health
agencies messages and should not be misled by misinformation.
Public opinionsal so influence health practices and interventions,
which have asignificant impact on the actual epidemic outcomes
(eg, case, desth, vaccination, etc). Thus, it isimportant to further
investigate the underlying association between public health
communication topics and actual epidemic measures. The
insights can help public health agencies develop better social
media strategies to address public concerns at different stages
of the emergency. Therefore, we suggest that examining the
dynamics and patterns of public responses to health agencies
original communications can provide valuableinsightson public
perceptions and attitudes around various issues during the
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pandemic, such as pharmaceutical interventions (eg, vaccination)
and nonpharmaceutical interventions. Detailed content analysis
can be applied to explicitly identify public concernsin response
to the CDC’s health communications. In addition, sentiment
analysis can be applied to extract public sentiments (ie, positive,
neutral, or negative) toward the CDC’s health communications,
and further helpidentify public attitudes and reactionsto various
content topicsthat the CDC has communicated. Public attitudes
will ultimately determine individual health behavior and
decision-making, such as vaccinati on acceptance and compliance
with nonpharmaceutical interventions, which in turn drive the
overall epidemic dynamics. Therefore, it iscritical toinvestigate
real-time public engagement, such asretweeting or replying on
social media, toward public health agencies’ communications
to better inform health agencies about prioritizing their
communications and addressing public concerns about specific
content topics.

Conclusions

This study investigated the dynamic associations between the
CDC's detailed COVID-19 communication topics on Twitter
and epidemic metrics in the United States for almost 2 years
during the pandemic. Using LDA topic modeling, we were the
first to comprehensively identify and explore various
COVID-related topics tweeted by the federal public health
agency during the pandemic. Wea so collected daily COVID-19
epidemic metrics (confirmed case counts, death counts,
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completed tests records, and fully vaccinated records) and
performed various multivariate time series analyses to unravel
the temporal patterns and associations with the CDC's
COVID-19 communication patterns (ie, investigated the
dynamic associations between the time series of each topic
generated by the LDA model and the time series of each
epidemic metric). The results suggested that some topics were
strongly associated with certain COVID-19 epidemic metrics,
indicating that advanced social mediaanalytics (eg, NLP) could
be a valuable tool for effective infoveillance. Based on our
findings, we recommend that the CDC, along with other public
health agencies, could further optimize their health
communications on social media platforms by posting contents
and topics that align with the temporal dynamics of key
epidemic metrics. While the CDC had been making efforts to
share information on social media platforms to educate the
public throughout the pandemic, the public responses to these
messageswere relatively weak. It isimportant to further explore
the potential factors that played a role in the effectiveness of
the CDC'ssocia mediaperformancein future studies. Assuch,
we suggest increasing online health communication on health
practices and interventions during high-level epidemic periods
with large numbers of cases and deaths. Our findings also
highlighted the importance of health communication on social
media platforms to better respond to and tackle future health
emergencies and issues.
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Abstract

Background: The COVID-19 pandemic prompted global behavioral restrictions, impacting public mental health. Sentiment
analysis, atool for assessing individual and public emations from text data, gained importance amid the pandemic. This study
focuses on Japan's early public health interventions during COVID-19, utilizing sentiment analysis in infodemiology to gauge
public sentiment on social media regarding these interventions.

Objective: This study aimsto investigate shiftsin public emotions and sentiments before and after the first state of emergency
was declared in Japan. By analyzing both user-generated tweets and retweets, we aim to discern patterns in emotional responses
during this critical period.

Methods: We conducted a day-by-day analysis of Twitter (now known as X) data using 4,894,009 tweets containing the
keywords “corona,” “COVID-19,” and “new pneumonia’ from March 23 to April 21, 2020, approximately 2 weeks before and
after the first declaration of a state of emergency in Japan. We also processed tweet data into vectors for each word, employing
the Fuzzy-C-Means (FCM) method, atype of cluster analysis, for the words in the sentiment dictionary. We set up 7 sentiment
clusters (negative: anger, sadness, surprise, disgust; neutral: anxiety; positive: trust and joy) and conducted sentiment analysis of
the tweet groups and retweet groups.

Results: The analysis revealed a mix of positive and negative sentiments, with “joy” significantly increasing in the retweet
group after the state of emergency declaration. Negative emotions, such as “worry” and “disgust,” were prevalent in both tweet
and retweet groups. Furthermore, the retweet group had a tendency to share more negative content compared to the tweet group.
Conclusions: This study conducted sentiment analysis of Japanese tweets and retweets to explore public sentiments during the
early stages of COVID-19 in Japan, spanning 2 weeks before and after the first state of emergency declaration. The analysis
revealed a mix of positive (joy) and negative (anxiety, disgust) emotions. Notably, joy increased in the retweset group after the
emergency declaration, but this group also tended to share more negative content than the tweet group. This study suggests that
the state of emergency heightened positive sentiments due to expectations for infection prevention measures, yet negative
information also gained traction. The findings propose the potential for further exploration through network analysis.

(IMIR Infodemiology 2024;4:€37881) doi:10.2196/37881
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Introduction

Background

The COVID-19 outbreak that occurred in December 2019 in
Wuhan City, Hubei Province, China, spread rapidly in other
countries after January 2020. Lockdowns were implemented
primarily in Europe after March 2020 as infection prevention
measures. The use of lockdowns as a quarantine measure varied
from country to country; however, in the United States, the
United Kingdom, France, and other countries, strict measures
to regulate behavior were implemented, such as curfews and
total school closures, with penaltiesimposed for violations.

COVID-19 spread rapidly in Japan after the first infection was
confirmed on January 16, 2020, with incidents such asthe mass
infection on the Diamond Princess cruise ship in early February

Table 1. Japan’sresponse to theinitial spread of COVID-19.

Uedaet al

[1]. On April 7, the Japanese government declared a state of
emergency in 7 prefectures—Tokyo, Kanagawa, Saitama, Chiba,
Osaka, Hyogo, and Fukuoka—owing to the rapid spread of the
infection by massinfection in medical facilities and elsewhere
[2]. Although the restrictions imposed by the emergency
declaration (eg, requests to remain inside and limitations on
large-scale events) were less enforceable than those imposed
by the lockdown, they did result in a significant decrease in
travel rates throughout Japan. However, previous studies have
shown that such strong behaviora restrictions may have a
negative psychological impact on the public [3]. The emergency
declaration was extended to all prefectures, and the restrictions
imposed by the emergency declaration were subsequently lifted
on May 25. Table 1 summarizes the major developmentsin the
early stages of the COV1D-19 outbreak in Japan in chronological
order.

Date Events References
2020/1/16 Thefirst case of COVID-19 infection is confirmed in Kanagawa Prefecture, Japan. [4]
2020/2/4 COVID-19infection isconfirmed in passengers on the Diamond Princess, alarge cruise ship, returningto Hong Kong.  [1]
2020/2/27 The Japanese government requests the temporary closure of al elementary schools, junior high schools, and high [5]
schools in Japan from March 2 to spring break.
2020/3/10 The Japanese government declares the new coronavirus infection a historical emergency. [6]
2020/3/13 The prime minister can now declare a“ state of emergency.” [7]
2020/3/26 The prime minister also orders the establishment of a government task force based on the act on special measures. [8]
2020/417 The Japanese government declares astate of emergency. Seven prefectures (Tokyo, Kanagawa, Saitama, Chiba, Osaka, [9]
Hyogo, and Fukuoka), including the Tokyo metropolitan area, are designated as target areas.
2020/4/16 An emergency declaration is extended to cover al prefectures until May 6. [10]
2020/5/4 A decision is made to extend the period of the state of emergency until May 31. [9]
2020/5/14 The Japanese government decides to lift the state of emergency for 39 prefectures, excluding 8 prefectures on specia  [9]
aert (Tokyo, Kanagawa, Saitama, Chiba, Hokkaido, Kyoto, Osaka, and Hyogo).
2020/5/21 The Japanese government decides to the lift state of emergency for Kyoto, Osaka, and Hyogo. [9]
2020/5/25 The Japanese government decides to lift the state of emergency for all prefectures. [9]

Prior Work in Infodemiology

Following the spread of COVID-19, social networking services
(SNSs) were used to transmit information about the virus,
accelerating activity in thefield of infodemiology, which utilizes
this data. Infodemiology is arelatively new research field that
combines health informatics and public health with dataanalysis.
It is a scientific discipline that studies the distribution of
information and its determinants in information media,
particularly the internet, to provide reliable information on
public health [11]. Infodemiology became widely known after
the World Health Organi zation (WHO) used theterm at thefirst
WHO Infodemiology Conference in response to the spread of
COVID-19 and stated the need to promote research activities
in this field worldwide [12]. In a previous study, Su et a [13]
used sentimental analysis of text information from SNS datato
reflect public concernsand psychologica changesinindividuals,
providing information to promote public health. In particular,
a sentiment analysis of the Italian region of Lombardy, where
the lockdown was enforced, indicated that the number of SNS
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users with feelings of “anxiety” decreased after the lockdown.
In addition, Heras-Pedrosa et a [14] observed through sentiment
analysisthat “anxiety” and “anger” toward government policies
werethetop feelingsin Spainin the early stages of theinfection.
Furthermore, in Japan, Niu et a [15] conducted a sentiment
analysis from SNS text data on the reasons for the delay in
COVID-19 vaccine uptake compared to other countries,
suggesting that concerns about side effects may have outweighed
the fear of infection in the initial vaccination process. Thus,
socia media—based analysisreflects the psychological changes
inindividuals and enablesthe provision of real-timeinformation
to the government enacting public health policies and infection
prevention measures.

SNS Usagein Japan

The importance of social media has been increasing in Japan
as well, with social media being utilized in public health
countermeasures against recent pandemics. The usage rate of
SNSsin Japan is still on the rise, with the Ministry of Internal
Affairsand Communications 2020 Survey on Communications
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Usage Trends[16] showing that the percentage of people using
SNSs was 73.8%, an increase of 4.8% from the previous year.
It also points out that the growth is particularly largein the age
groups comprising people 19 years and bel ow and 60 years and
above, indicating that the usage rate of SNSs by age group is
increasing for all generations. In terms of the purpose of use,
the second-highest percentage of respondents chose “to search
for information | want to know,” followed by “to communicate
with acquaintances,” suggesting that social mediaisused by all
generations in Japan as an important means of obtaining
information. However, while the research field of infodemiology
is being actively promoted, there are limited reports on
infodemiology in Japan, even though social mediais used by a
wide range of generations.

Study Purpose

In this study, we investigated psychological changes in
individuals after the initial spread of COVID-19 in Japan and
public sentiment changes following state-of-emergency
declarations by conducting sentiment analysis using SNS data
in infodemiol ogy.

Methods

Research Data

We extracted geocoded Twitter data using “Nazuki no Oto,” a
service provided by NTT Data Corporation [17]. The target
period was from midnight on March 23, 2020, 2 weeks before
the first declaration of a state of emergency in Japan, to April
21, 2020. We selected tweets containing the keywords “ 3 O

7 (corona),” “COVID-19,” and “HAYFH A (new pneumonia)”

by random sampling of 4,997,353 tweets. In addition, the data
used in this study include retweets, afunction that allows users
to repost other users’ or their own tweets. Duplicate tweetswere
removed from the Twitter dataextracted for this study, and only
unique Twitter data were used.

Data Preprocessing

Before conducting the sentiment analysis on the extracted
Twitter data, we preprocessed the data. For preprocessing, we
deleted Twitter data that contained symbols that could not be
analyzed by morphological anaysis, hashtags (eg, #COVID-19),
and URL s only. Consequently, atotal of 4,965,100 tweetswere
used as the target data for sentiment analysis.

Morphological Analysis

In contrast to structured and quantitative data, which can be
easily analyzed by a computer, qualitative text data, which are
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often used in sentiment analysis, require processing to extract
the data objectively. Therefore, unstructured data are analyzed
to convert them from qualitative to quantitative data. However,
thus far, analyzing qualitative data in Japanese has been
considered a difficult task. One reason for thisisthat Japanese
grammar is more complex than English and other languages
[18]. However, with the recent devel opment of natural language
processing, it is possible to separate sentences naturally and
convert them into quantitative data on a practical level by
preparing Japanese dictionary functions for Japanese text data.
Morphological analysis determinesthe smallest grammatically
meaningful unit that constitutes a sentence by demarcating the
boundaries of words and phrases in the text data. Following
decomposition, the part of speech and the type of conjugation
are determined by referring to a registered dictionary. In this
study, we used amorphologica analyzer, MeCab (version 0.996;
Kyoto University).

The International Phonetic Alphabet (1PA) dictionary, integrated
within the Japanese morphological analysis system Chasen, is
widely used for performing morphological analysisin MeCab
[19]. However, conventional IPA dictionaries are limited in
their ability to support conventional Japanese words and phrases
and do not support neol ogisms and phrases unique to Japanese.
To solve this problem, a new system dictionary called
mecab-ipadic-NEologd was introduced [20]. Thisdictionary is
updated every Monday and Sunday and can be automatically
updated and registered from websites, such as news sites and
social media. Therefore, the dictionary can handle text dataon
the web where unique expressions and new words are frequently
used. In this study, we registered mecab-ipadic-NEologd and
performed morphological analysis on text data from the SNS
Twitter because many unique expressions and new words are
used there.

Japanese Sentiment Dictionary

We utilized the Japanese Linguistic Inquiry and Word Count
(JWC) dictionary (Nara Institute of Science and Technology)
for the sentiment analysis, employing cloud sourcing to access
the latest corpus. This Japanese emotional dictionary was used
for determining emotions in sentiment analysis, encompassing
7 categories. “anger,” “concern,” “disgust,” “sadness,’
“surprise” “trust,” and “joy” [21]. Examples of words in the
Japanese emotion expression dictionary are shown in Table 2.
Among theemotions, “trust” and “joy” were selected as positive
emotions, and “anger,” “anxiety,” “disgust,” and “ sadness’ were
selected as negative emotions based on previous studies [22].
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Table 2. Examples of words included in the JWC? dictionary.
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Sentiment Examples of words

Anger

o 1= (angry), 32 9 (rage), &\ (bad), BiHY 5 € (harassment), 4 5 4 S (irritation), 5 % & by (noisy), 3 3 (garbage), &= (rant),

15 9 (aggravation), AR % (unreasonable), B2 (noise), £ 3X (annoyance), #{E (damage), FEfF(abuse), B 0 (betrayal)

Anxiety
% % % (thinking)

Disgust

A% (anxious), A&7 (worrying), T2 7 (anxiety), 5% (illness), FEIR (symptom), C @ & ¥ (at thisrate), < @ % (from now on),

& 75 (dislike), kDN B € (harass), {4 (disgust), 5 % & Ly (loud), 7 O (terror), JE5E (crime), JEA (criminal), T &£ 4 (terrible),

Z (evil), B - 1= (bad), #EF) (criticize), L (no), & L (none), ZE4R (ignore), BE (lie), 35 L (dirty)

Sad

HE L O (sad), FE5£R (pessimistic), 3E%X (melancholy), R (sorrowful), 15 (piteous), i & (weeping), ji & AY 3% (wailing), IE &

(lamenting), 3% (tears), JR7E (tearful), iB 18 (mourning), J&ME (painful), £ > F X ~ & Jb (sentimental)

Surprise
(dissolved), 5EH#R (fraud), F& R, (discovered)

Trust

WE 4 O (suddenly), ¥ 7°5 4 X (surprise), > < 9 (surprised), {854 (accidentally), %1 - 7= (learned), Hl-> T (knew), f#&L

& (companion), {E & (entrust), /k#& (request), 15 (trust), ¥ 9 (rely), 38 A T (ask), B 17 (help), 5F > T (protect), #i & (friend),

BB (friendly), B81Z (relationship), % K — b (support), 7 + O — (follow)

Joy

WU (play), 182 A T (playing), 22 U (0 (fun), B by 1 7= (went out), & 4 U b (delicious), B2 (meal), T & 7z (could), & > T (meet),

457 (conversation), 55 U (laugh), 5828 (smile), 37 & % (like)

J\WC: Japanese Linguistic Inquiry and Word Count.

Data Clustering

The sentiment analysis conducted in this study involved
determining emotions in Twitter data by comparing the words
in the text with those found in the JWC dictionary. However,
since the words after the morphological analysis were
unstructured data, it was not possible to perform numerical
calculations to assess their similarity to the words in the
dictionary. To addressthisissue, we used Word2Vec processing
to vectorize the text datafor both Twitter data and the Japanese
emotional dictionary.

Word2Vec is a model proposed by Mikolov et a [23,24] that
represents word meanings using low-dimensional vectors,
enabling semantic calculations in natural |anguage processing.
When vectorizing a large amount of text data, as in this study,
individually vectorizing each word can result in an enormous
number of dimensions, making it impractical in terms of
computation time. Therefore, Word2Vec enables the
vectorization of large text data through an inference-based
approach using neural networks. Inference-based methods
involve making predictions about what goes into aword when
given its context (the surrounding words in a sentence). For
example, when given the sentence “ You ??? goodbye, and | say
hello,” we can easily infer that the missing word is “say.” In
this case, the context for “???" consists of 2 words: “you” and
“goodbye.” The challenge is to infer what fits into that word
based on the surrounding context, and thus learn word
occurrence patterns. Thisapproach isbased on the distributional
hypothesis, which suggests that word meanings are formed by
the context of the surrounding words rather than inherent in the
words themselves. Word2Vec includes 2 models, namely, the
continuous bag-of-words (CBOW) model and the skip-gram
model, to solve this inference issue. Generally, the skip-gram
model is considered to have higher model accuracy after
training, but it incurs higher computational costs since it needs
to calculate losses for each context. This study’s text data
comprises millions of individual pieces, and due to the added
morphological analysis, a higher number of words per sentence
was anticipated. Therefore, we anticipated that the computational
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cost for predictions would become immense. As a result, we
employed the CBOW model for word embedding processing.
After the data collected from Twitter and the terms registered
from each Japanese sentiment dictionary were vectorized,
Fuzzy-C-Means (FCM) was used to cluster each of the 7
sentiments.

The FCM method isanonhierarchical soft clustering technique
based on fuzzy logic theory. Fuzzy logic theory, originating
from the concept of fuzzy sets proposed by LA Zadeh in 1965,
provides a framework for quantitatively handling uncertainty
and ambiguity in human subjective thinking and
decision-making. FCM is a soft clustering method that applies
fuzzy logic theory to cluster data [25]. In traditional hard
clustering, data are assigned to clusters by being represented as
either belonging (1) or not belonging (0) to a specific cluster.
In contrast, because FCM is a soft clustering method, it allows
data to partialy belong to multiple clusters, such as 0.8
belonging to one cluster and 0.2 belonging to another. FCM
clustering is carried out using the following agorithm. The
membership values, representing the degree to which data points
belong to different clusters, are considered:

@

In this case, the following conditions are satisfied:

@

The matrix U, denoted as [u_it], represents an nxc matrix with
themembership value u_it asan element. Meanwhile, the matrix
V, represented as[v_t], isan nxc matrix with cluster center v_t
as an element.

Bezdek proposed the following formula for the FCM model
that minimizes the objective function by the weighted sum of
the Euclidean sgquared distances between each data and the
center of each cluster under the condition of (1) [26]:

@
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Here, misafuzzy coefficient parameter (m>1) that adjusts the
strength of ambiguity. When m=1, the FCM model corresponds
to the hard clustering k-meansmodel. In this case, the objective
function J(U, V) is linearized with respect to u_it, eliminating
soft clustering. FCM clustering is carried out through the
following steps. First, given a data set {x_1, , x_n}, we
determine the number of clusterst (2 <t < ¢) and the parameter
m [ (1, o). Next, weinitialize the membership valuesu_it with
Un0) = {u_it"0} randomly. We provide a sufficiently small
positive number € to determine the termination of the loop.
Second, we use the current membership valuesu_it to calculate
the cluster centersv_t"p using the following formula:

@

Third, we update the membership values from u_it"p to
u_it"(p+1) using the following formula:

@

Finaly, if || u_it*(p+1) - u_it*p || <& holdsfor al i andt, we
terminate the loop. Otherwise, we increment p by 1 and return

Figure 1. Sentiment analysis flowchart.

Uedaet al

to the second step. Once the loop terminates, we obtain the
center points for each cluster and the membership values for
each sample data, completing the clustering process. In this
study, FCM was used on text datato reduce the number of words
included in an emotion dictionary and construct the emotion
dictionary, allowing for more accurate sentiment analysis of
the text data due to the influence of a single word on multiple
emotions. Both tweets and retweets of Twitter data were used,
and quoted retweets, which are retweets of others posts with
additional comments, were also included.

After vectorization using Word2Vec and clustering using the
FCM method, the distance between the vector coordinates of
each tweet and the center-of-gravity vector of each written
sentiment was calculated. Next, the value with the shortest
vector distance was determined as the sentiment of that tweet.
Theentire sentiment analysisin this study was performed using
the Python programming language (version 3.9.4). A path
diagram of the overall sentiment analysisis shown in Figure 1,
and asummary diagram of the sentiment determination method
isshown in Figure 2.

Twitter data

l

Preprocessing

|

Morphological analysis

Japanese emotion
dictionary

l

l

Word2Vec + Fuzzy-C-Means

l

Sentiment analysis
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Figure 2. Diagram of the sentiment determination method. FCM: Fuzzy-C-Means; JWC: Japanese Linguistic Inquiry and Word Count.
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sentiment clusters Joy(FL W) 235

JIWC-dictionary

Examining Sentiment Changes Before and After the
State of Emergency Declar ation

The Twitter datawere categorized into 2 groups: the tweet group
and the retweet group. The study period wasdivided into “before
the declaration of a state of emergency,” which ranged from
midnight on March 23, 2020, until PM 11:59:59 on April 6,
2020, and “ after the declaration of a state of emergency,” which
ranged from midnight on April 7, 2020, to PM 11:59:59 until
April 21, 2020. We cal culated the proportion of emotions before
and after the declaration of a state of emergency in both the
tweet and retweet groups. The sentiment analysis results were
validated using 2 methods. Thefirst method involved comparing
emotions using a between-group comparison of 7 emotions over
approximately 2 weeks before and after the declaration of a
state of emergency. Thiscomparison was based on daily average
values for each emotion. The second method involved dividing
the datainto two groups: (1) the tweet group, consisting of posts
made by the users themselves, and (2) the retweet group,
consisting of posts shared for the purpose of dissemination.
Sentiment analysis results were aggregated daily, classifying
the data as either positive (“trust” and “joy”) or negative
(“anger,” “concern,” “disgust,’ and “sadness’) and then
comparing the tweet and retweet groups. Both methods
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conducted a median difference examination using the
Mann-Whitney U test, with statistical significance set at P<.05,
utilizing the statistical software IMP (version 16.0; SAS).

Ethical Considerations

This study was conducted while adhering to strict ethical
considerations and did not require ethics approval. To avoid
identification of personal information, the Twitter data used
were limited to the type of post (tweet or retweet), text, and the
date and time of the post for data analysis. The data used did
not contain any personally identifiableinformation. In addition,
effortswere made to ensure transparency throughout the design
and conduct of this study.

Results

Research Data

Wewere ableto judge sentiment through the sentiment analysis
in 4,884,297 (97.74%) cases out of atotal of 4,997,353 cases.
In addition, the number of tweetswas 1,374,025 (28.13%), and
the number of retweets was 3,510,272 (71.87%). The number
of tweets and retweets per day isshownin Table 3, and thedaily
trends for the data from March 23, 2020, to April 21, 2020, are
shown in Multimedia Appendix 1.
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Table 3. Daily tweet and retweet counts.
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Date Tweets (n=1,374,025), n (%) Retweets (n=3,510,272), n (%)
2020/3/23 4666 (0.34) 13,643 (0.39)
2020/3/24 25,067 (1.82) 71,040 (2.02)
2020/3/25 33,759 (2.46) 87,476 (2.49)
2020/3/26 41,944 (3.05) 115,842 (3.30)
2020/3/27 39,433 (2.87) 103,798 (2.96)
2020/3/28 37,160 (2.70) 106,915 (3.05)
2020/3/29 37,804 (2.75) 108,868 (3.10)
2020/3/30 74,353 (5.41) 209,297 (5.96)
2020/3/31 51,765 (3.77) 144,594 (4.12)
2020/4/1 48,902 (3.56) 121,864 (3.47)
2020/4/2 48,127 (3.50) 119,259 (3.40)
2020/4/3 52,918 (3.85) 123,835 (3.53)
2020/4/4 48,470 (3.53) 113,346 (3.23)
2020/4/5 54,358 (3.96) 115,172 (3.28)
2020/4/6 75,831 (5.52) 175,918 (5.01)
2020/4/7 76,184 (5.54) 195,158 (5.56)
2020/4/8 60,645 (4.41) 179,707 (5.12)
2020/4/9 55,231 (4.02) 156,760 (4.47)
2020/4/10 51,078 (3.72) 134,393 (3.83)
2020/4/11 44,901 (3.27) 111,213 (3.17)
2020/4/12 42,403 (3.09) 96,575 (2.75)
2020/4/13 42,117 (3.07) 107,539 (3.06)
2020/4/14 42,800 (3.11) 105,344 (3)
2020/4/15 44,185 (3.22) 118,456 (3.37)
2020/4/16 48,618 (3.54) 122,458 (3.49)
2020/4/17 44,494 (3.24) 132,009 (3.76)
2020/4/18 38,270 (2.79) 111,351 (3.17)
2020/4/19 38,872 (2.83) 110,308 (3.14)
2020/4/20 39,611 (2.88) 116,187 (3.31)
2020/4/21 30,059 (2.19) 78,522 (2.24)

Per centage of Emotionsin the Sentiment Analysis

The results of the sentiment analysis on the tweet and retweet
groups for the period between midnight on March 23, 2020, to
23:59:59 on April 6, 2020 (before the declaration of the state
of emergency) are shown in Figure 3. The resultsfor the period
between midnight on April 7, 2020, and 23:59:59 on April 21,
2020 (after the declaration of the state of emergency) are shown
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in Figure 4. In the tweet group, the positive emotion “joy” was
highest both before and after the state of emergency declaration
at 40.5% (n=272,879) and 31% (n=217,074), respectively, while
in the retweet group, the negative sentiment of “worry” was
34% (n=587,540), and “ disgust” was 18.6% (n=322,462) during
the period before the state of emergency declaration. These
percentages were higher than those for the other emotions.
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Figure 3. Sentiment analysis value ratio in the tweet group.
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Figure 4. Sentiment analysis valueratio in the retweet group.
Surprise
Sadness
Before the declaration of a 322,462 106,351 174,382
f
state one(n;zt;rgency (18.6) 6.1) (10.1)
Disgust Joy
After the declaration of a 419,620 150,847 257,841 330,374

state of emergency
n (%)

Changesin Sentiment Beforeand After the Declaration
of a State of Emergency

Table 4 shows the results of the sentiment analysisyielding the
proportions of the 7 emotion types before and after the
declaration of the state of emergency. The Mann-Whitney U
test comparison of differences in median values revealed that
the sentiment of joy significantly increased in the retweet group
(P<0.05). However, no significant differences were observed
for the other emotions.
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Table 5 and Figure 5 show the results of testing the change of
positive and negative content between the tweet group and
retweet groups. In the 2 weeks before and after the emergency
declaration, the retweet group tended to post more negative
content than the tweet group (before r=0.29, P=.02; after
r=.0.40, P=.002). However, there was no difference between
the tweet and retweet groups in the percentage of positive
responses.
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Table 4. Sentiment changes before and after the state of emergency declaration®.
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Sentiments Before (n=15) After (n=15) P value
Median SD Median SD
Anger tweet 0.042 0.061 0.024 0.082 .80
Anger retweet 0.042 0.051 0.063 0.035 .84
Anxiety tweet 0.063 0.078 0.050 0.135 .90
Anxiety retweet 0.210 0.307 0.054 0.052 .25
Disgust tweet 0.023 0.293 0.021 0.020 .59
Disgust retweet 0.073 0.136 0.127 0.100 43
Sadness tweet 0.041 0.025 0.035 0.025 51
Sadness retweet 0.041 0.045 0.055 0.025 .28
Surprise tweet 0.038 0.090 0.016 0.022 .16
Surprise retweet 0.051 0.023 0.035 0.104 .93
Trust tweet 0.035 0.033 0.038 0.056 .32
Trust retweet 0.059 0.032 0.061 0.050 .80
Joy tweet 0.390 0.258 0.281 0.191 .62
Joy retweet 0.041 0.057 0.191 0.097 .04

@Before refers to the period from midnight on March 23, 2020, until 11:59:59 PM on April 6, 2020, while after refers to the period from midnight on
April 7, 2020, until 11:59:59 PM on April 21, 2020.

Table 5. Comparison results of positive and negative changes between the tweet and retweet groups.

Sentiment Tweet Retweet P value
Median SD Median sb
Positive (n=30)
Before 0.089 0.286 0.054 0.174 22
After 0.099 0.290 0.108 0.123 .34
Negative (n=60)
Before 0.040 0.161 0.066 0.236 .02
After 0.038 0.202 0.063 0.173 .002
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Figure5. Graphsdisplaying the results from acomparative study illustrating changesin positive and negative sentiments between the tweet and retweet

groups. RT: retweet.
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Discussion

Principal Findings

The Japanese language sentiment analysis conducted during
this study’s target period, both before and after the declaration
of the state of emergency, revealed that “joy,” associated with
a “positive” sentiment, accounted for high proportions within
the tweet group at 40.5% (n=272,879) before and 31%
(n=217,074) after. On the other hand, “anxiety” and “disgust,’
which express “negative’ feelings, accounted for high
percentages in both the tweet and retweet groups, especialy in
the retweet group, where “anxiety” accounted for 34%
(n=587,540) and “disgust” accounted for 18.6% (n=322,464)
of thetotal retweets before the state of emergency was declared.
The self-restraint approach regulating behavior during the
declaration of astate of emergency in Japan allowed movement
across prefectures. This may have been a contributing factor to
the widespread negative posts related to movements from the
target area. This surge in negative sentiment was countered by
a simultaneous rise in positive emotions, attributed to the
anticipation of infection prevention following the state of
emergency declaration. During the early stages of the COVID-19
spread in other countries, aprevious study on English-speaking
users indicated elevated levels of positive emotions linked to
anticipations for potential policies [22]. A generally similar
emotional response was apparent among the public in other

https://infodemiol ogy.jmir.org/2024/1/e37881

RenderX

P=.34

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Positive_percentage

jrotomie &

*—-qﬁnn beoem

After_Tweet After RT

P=.002

[

0.9
0.8
0.7 *

0.5
0.4
0.3
0.2
0.1

+
!

|

After_RT

Negative_percentage

o
L Lt ] "|a' -

After_Tweet

countries. In the early stages of the spread of infection, when
no vaccine or other countermeasures had been implemented,
feelings of anxiety may have been expressed on social media,
as well as expectations for strong countermeasures, such as
behavioral restrictions. In contrast, the results of the sentiment
analysis of English-language tweets corresponding to the same
period showed that negative and positive emotions accounted
for approximately the same proportions by late March, the end
of the period covered in this study. Notably, the negative
emoation “fear” occupied ahigher percentage than other emaotions
around January and February [27]. In China and European
countries, the first cases of infection were confirmed earlier
than in Japan (where the initia expansion of the outbreak
occurred in late March). Thus, the earlier spread of infectionin
those nations may have a significant impact on the sentiment
analysis.

Compar ative Study Between the Tweet and Retweet
Groups

When comparing the tweet and retweet groups, the retweet
group tended to post more negative sentiments. In this regard,
a previous study revealed that in the early stage of the
COVID-19 outbreak among English-speaking users, many
tweets had a positive sentiment, while many retweets had a
negative sentiment [28]. It is clear that much of theinformation
users wished to disseminate was negative in nature. As for the
difference between groupsin this study, thereisaresearch report
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that focuses on virality, one of the characteristics of sentiment
analysisusing social media[29] Virality is an explosive spread
of attention and information through socia media and
word-of-mouth on the internet. Virality is derived from
“vira"—asin avirus. Previous research indicates that negative
posts increase virality, while positive posts decrease virality.
Therefore, for topics that attract substantial public attention,
such as COVID-19, the topic of this study, there is a tendency
to spread negative content in retweets, consequently increasing
virality. This suggests a noteworthy contrast between the tweet
and retweet groups.

Limitations

There are a few key limitations of this study. First, the social
media platform Twitter, which was used for the sentiment
analysis in this study, had an age bias. According to a survey
conducted by the Ministry of Interna Affairs and
Communications in 2020, the Twitter usage rate is highest
among teenagers (67.6%) and twentysomethings (79.8%) [30].

Additionally, data from the Ministry of Internal Affairs and
Communications indicate that the usage rate declines with
increasing age, especially among individual s aged 40 years and
older. This suggests that the younger generation is the
predominant user of Twitter as awhole. This suggests that the
younger generation predominantly constitutes the main users
of Twitter overall. Therefore, the results of the sentiment
analysis in this study are not necessarily representative of the
entire nation. In addition, the Twitter data used in this study
were limited to Japanese-language content. We did not use
location-based information or conduct analyses based on
geographical data. As such, this data may originate from
disproportionate samples depending on the prefecture. During
Japan’sinitial state of emergency declarationin 2020, the target
areas comprised 7 prefectures. Tokyo, Kanagawa, Chiba,
Saitama, Osaka, Kobe, and Fukuoka. Subsequently, on April
16, 2020, the target areawas expanded to the entire country [9].
Throughout the study period covered, only some of the target
areas were declared as emergency areas; therefore, emotional
variationsin Twitter usage may exist depending on thelocation
of the users.

Second, the sentiment analysis categorized each tweet into one
of 7 predefined sentiment types, limiting its ability to capture
multiple sentiments, such as “anger” and “surprise,” within a
single tweet or account for cases where the selected sentiments
might not apply.

The Twitter data utilized in this study underwent random
sampling for both tweets and retweets. Twitter incorporates a
function known as“bot,” which automatically generates tweets
in response to specified times and keywords. Numerous
accounts, commonly referred to as “bot accounts” are
responsible for automatic posting. Shi et a [31] conducted a
sentiment analysis on Twitter focusing on the #coronavirus
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hashtag from January 2020 to March 2020, including human
and bot-generated tweets. Their findings reveal ed that bot-posted
tweets had more negative sentiments compared to those posted
by humans concerning the topic of COVID-19. This suggests
that the bot feature intentionally promotes negative public
opinion and sentiment. Consequently, it is plausible that the
inclusion of asubstantial amount of data posted by bot accounts
in this study may have influenced the results of the sentiment
analysis. Unfortunately, we were unable to preprocess the data
to account for thisaspect. For our future research, we anticipate
that carrying out a network analysis using the results of this
study will provide a deeper understanding of the specific
subjectsthat capture public interest. In terms of social network
analysis, Seungil [32] investigated how Twitter users in the
United States accessed COVID-19—elated information based
on their posted data. The investigation revealed that during the
initial outbreak period, users expressed significant concerns
about the number of infections Additionally, the study
highlighted that users were more likely to obtain COVID-19
information from news channel accounts and the officia
accounts of the president. Sakun et al [22] conducted a network
analysis to uncover topics associated with different emotions
based on the results of a sentiment analysis using Twitter text
data They found that words like “pneumonia,” “influenza,”
“infectious disease,” and “quarantine’ were frequently linked
to the emotion of “fear.” In addition, words like “pandemic,”
“disease,” and “hospital” were associated with the emotion
“sadness.” These results suggest that Twitter data can be used
to understand the public's awareness of and emotions toward
pandemics, providing vauable insights for governmental
responses. Hence, the results of the sentiment analysis should
be used for further exploration in infodemiology, specifically
by conducting a network analysis focusing on the topics
associated with each sentiment identified in this study.

Conclusions

In this study, we conducted a sentiment analysis using Japanese
tweet and retweet text data spanning approximately 2 weeks
before and after thefirst state of emergency declaration in Japan
to assess public sentiments toward the initial spread of
COVID-19. We observed a combination of positive sentiments
(“joy™) and negative sentiments (“ anxiety” and “disgust”) during
the target period. The results of the Mann-Whitney U test
indicated that feelings of joy significantly increased in the
retweet group before and after the state of emergency
declaration. However, there was a significant tendency for the
retweet group to post more negative content compared to the
tweet group. After the first state of emergency declaration, the
antici pation regarding infection prevention measures dueto this
declaration contributed to an increase in positive sentiments.
Moreover, it appears that information, including negative
content, was more likely to be disseminated on the topic of
COVID-19. Based on the results of this study, we believe that
further development through network analysisis possible.
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Abstract

Background: Lupus erythematosus (LE) is an autoimmune condition that is associated with significant detriments to quality
of lifeand daily functioning. TikTok, apopular social networking platform for sharing short videos, provides a unique opportunity
to understand experiences with LE within anonclinical sample, a population that is understudied in LE research. Thisisthefirst
qualitative study that explores L E experiences using the TikTok platform.

Objective: This study aims to evaluate the disease-related experiences of TikTok users with LE using qualitative and content
analysis.

Methods: TikTok videos were included if the hashtags included # upus, were downloadable, werein English, and involved the
personal experience of an individual with LE. A codebook was developed using a standardized inductive approach of iterative
coding until saturation was reached. NVivo (Lumivero), a qualitative analysis software platform, was used to code videos and
perform content analysis. Inductive thematic analysis was used to derive themes from the data

Results: A total of 153 TikTok videos met the inclusion criteria. The most common codes were experiences with symptoms
(106/153, 69.3%), mucocutaneous symptoms (61/153, 39.9%), and experienceswith treatment (59/153, 38.6%). Experienceswith
symptoms and mucocutaneous symptoms had the greatest cumulative views (25,381,074 and 14,879,109 views, respectively).
Five thematic conclusions were derived from the data: (1) mucocutaneous symptoms had profound effects on the mental health
and body image of TikTok users with LE; (2) TikTok users’ negative experiences with health care workers were often derived
from diagnostic delays and perceptions of “medical gaslighting”; (3) TikTok users tended to portray pharmacologic and
nonpharmacologic interventions, such as diet and naturopathic remedies, positively, whereas pharmacologic treatments were
portrayed negatively or referred to as “ chemotherapy”; (4) LE symptoms, particularly musculoskeletal symptoms and fatigue,
interfered with users’ daily functioning; and (5) although TikTok usersfrequently had strong support systems, feelings of isolation
were often attributed to battling an “invisible iliness”

Conclusions; This study demonstrates that social media can provide important, clinically relevant information for health
practitioners caring for patients with chronic conditions such as LE. As mucocutaneous symptoms were the predominant drivers
of distressin our sample, the treatment of hair loss and rash is vita in this population. However, pharmacologic therapies were
often depicted negatively, reinforcing the significance of discussions on the safety and effectiveness of these treatments. In
addition, while TikTok users demonstrated robust support systems, feelings of having an “invisible illness’ and “medical
gadighting” dominated negative interactions with others. This underscores the importance of providing validation in clinical
interactions.

(JMIR Infodemiology 2024;4:€51211) doi:10.2196/51211
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lupus; TikTok; autoimmune disease; qualitative research; quality of life
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Introduction

Background

The term lupus erythematosus (LE) encompasses a group of
autoimmune disorders that may have multiorgan involvement,
asinsystemic LE (SLE), which affects>3.4 millionindividuals
worldwide, or have primarily cutaneous manifestations, as in
discoid LE [1,2]. Patients with LE frequently experience
detrimentsto quality of lifeand daily functioning [3,4]. Because
of this, anumber of qualitative studieswere conducted over the
last decade that attempted to better understand patient
experiences with LE [5]. However, the large mgjority of these
studies recruited participants from clinical settings; thus, clear
gaps persist in understanding how experiences with LE can be
improved in individual s outside the health care system [3,5].

Social media is underused in the qualitative research of
individualswith L E. To our knowledge, only 2 thematic analyses
have been conducted using L E-related content on social media
forums, including an analysis of comments on an L E Facebook
group and an analysis of LE-related Twitter (since rebranded
as X) posts [6,7]. Qualitative research using social media is
important becauseit capturesindividua swho are understudied
in typical qudlitative research because social media users
represent a nonclinical sample and thus may have varied
experiences with, and accessibility to, health care [8]. In
addition, with estimates suggesting that 40% to 45% of
individuals use social media to make medical decisions, it is
clinically prudent to determine how diseases such as LE are
being portrayed to patients seeking information about their
condition [9-11].

TikTok (ByteDance) is an extremely popular socia media
platform, with >1 billion monthly users[11]. TikTok users post
short—often <1 minute—videos and can add filters, music, and
captionsto their content within the app. TikTok videos provide
an untapped, novel, and abundant source of patient experiences
to examine; nevertheless, they have yet to be used in thematic
analysis within the fields of dermatology or rheumatology. In
fact, #lupus has 1.3 billion cumulative views on TikTok aone,
indicating the popularity and prevalence of the topic on the app
[12]. Furthermore, because TikTok isthe fastest growing social
media platform worldwide, it isimperative to study it because
itisarapidly expanding source of health information for patients
seeking knowledge on the web [9,11].

Objectives
In this study, we used content analysis and thematic analysisto
examine TikTok videos involving personal experiences with

LE. By doing so, we hope to gain a better understanding of the
disease-related experiences of TikTok users who have LE.

Methods

Data Collection

A new TikTok account was created for data collection to avoid
TikTok algorithms that prioritize videos based on prior user
activity [13,14]. The account was used to search for #lupus on
the TikTok app on August 21, 2022; the app then displayed the
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most popular videos tagged with #lupus [13]. The links,
captions, usernames, likes, comments, views, and shares were
extracted from each video identified through this search. Videos
werethen evaluated for inclusion and exclusion criteria. Videos
wereincluded if they were downloadable, were in English, and
involved the personal opinions or experiences of an individual
with LE. They were excluded if they did not relate to LE or
were primarily about a condition other than LE.

Codebook Development

A codebook was developed using a standardized inductive
approach of iterative coding [13,15]. Study team members coded
sets of 20 TikTok videos determined through random selection.
After independently coding each set, the study team members
met to reach consensus on the codes used for each video. Next,
they collaboratively assigned labels, definitions, exclusions,
and examples to new codes for the purpose of developing a
preliminary codebook [15]. This process was repeated until
saturation was reached, that is, no new major codeswere created
or adjusted, and the codebook could be finalized (refer to
Multimedia Appendix 1 for the finalized codebook) [15].

Data Analysis

NVivo 2020 (Lumivero), a qualitative analysis software
platform, was used for coding and analysis. Videos were
imported into the NVivo software and transcribed. Line-by-line
coding of each video'stranscript and caption was accomplished
within NVivo using the finalized codebook. For the quantitative
content analysis aspect of this study, the prevalence and
frequency of overlap of individual codes was obtained through
NVivo. For the top codes, median views and median views per
day were calculated. For the qualitative analysis aspect of this
study, the study team members met to discuss the most
predominant and rich codes, and they used inductive thematic
analysis to derive major themes from the data [16].

Ethical Consider ations

This research was determined by the University of Minnesota
Ingtitutional Review Board in July 2022 as not constituting
human subjects research. Included videos had to be
downloadable because this was seen as an indication that the
user intended their content to be used and shared by others[13].
All identifying data, including usernames, were removed from
the data before dissemination. The study team consulted with
the University of MinnesotaMedical School Office of Diversity,
Equity, & Inclusion and elected not to document user
demographics from individual videos because doing so would
involve the assumption of identity through appearance on video,
and objective demographic information of individual TikTok
usersis not publicly available.

Results

Overview

A total of 398 TikTok videoswereidentified through the #lupus
search and underwent inclusion and exclusion criteria, after
which 153 (38.4%) videos posted between December 19, 2019,
and August 21, 2022, wereincluded for analysis. Cumulatively,
thevideoshad 29,446,765 views, with amedian of 37,200 (IQR
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146,936; range 163-2,300,000) views per video. A total of 76
distinct TikTok users were represented in the sample. Users
were primarily female presenting. Of the 76 users, 3 (4%)
contributed 35.9% (55/153) of the videos, the top user
contributed 15.7% (24/153) of the videos, followed by a user
with 11.8% (18/153) and a user with 8.5% (13/153). The most
common codes were experiences with symptoms (107/153,
69.9%), mucocutaneous symptoms (62/153, 40.5%), and

Table 1. Top codes and their popularity metrics.

Wanberg & Pearson

experiences with treatment (58/153, 37.9%). Experiences with
symptoms and mucocutaneous symptoms had the greatest number
of cumulative views (24,426,874 and 14,082,409 views,
respectively; Table 1).

Five magjor thematic conclusions were derived from the data
and are explored in the subsections that follow. Sample quotes
for each theme can be found in Textbox 1.

Codes Videos coded (n=153), n Cumulative Views, median (IQR; range) Views/d, median (IQR; range)
(%) views
Experiences with symptoms 107 (69.9) 25,381,074 37,300 (201,100; 234-2,300,000) 582 (3732.5; 2-250,000)
Mucocutaneous symptoms 62 (40.5) 14,879,109 54,700 (280,700; 474-2,300,000) 699 (4507.3; 14-188,889)
Treatment experience 58 (37.9) 11,744,223 34,950 (170,334; 163-2,300,000) 1042 (6152.9; 1-188,889)
Health care experience 45 (29.4) 8,546,113 32,000 (123,322.5; 163-2,300,000) 582 (2315.8; 1-127,778)
Constitutional symptoms 43 (28.1) 9,993,593 31,100 (147,063; 234-2,300,000) 509 (4037.8; 3-250,000)
Mental health 42 (27.5) 7,703,071 32,150 (133,700; 234-2,300,000) 1748 (3391.5; 2-127,778)
Fatigue 41 (26.8) 9,835,548 31,100 (158,033; 234-2,300,000) 691 (4269.1; 3-250,000)
Hair loss 40 (26.1) 10,240,943 75,550 (311,900; 474-1,700,000) 733 (4526.5; 16-188,889)
Rash 39 (25.5) 8,767,466 43,800 (283,300; 474-1,700,000) 691 (4564.0; 14-188,889)
Humor 35(22.9) 4,548,187 33,800 (57,683; 474-1,500,000) 545 (1263.6; 16-250,000)
Musculoskeletal symptoms 35 (22.9) 5,654,750 23,100 (83,400; 338-2,100,000) 165 (3627.2; 2-51,438)
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Textbox 1. Summary of major themes with sample quotes, which have all been taken directly from users’ spoken words, written captions, or written
subtitles.

Themesand TikTok user quotes
«  Mucocutaneous symptoms had profound effects on the mental health and body image of TikTok users with lupus erythematosus.

e “In 2019, | had afull head of hair. Life can change in ablink of an eye. | was diagnosed with lupus in 2020. My hair was dropping like

crazy. There was nothing | could do...[it was] painful and depressing. My scalp was filled with so many scabs. | couldn’t even touch my
head. [1] kept saying to myself ‘thiscan’t beit.” [User 67]
“I had to cut my hair because of lupus (E). I’'ve been growing it for 7 and 1/2 years (E). My hair started thinning out at the top because
of the lupus (E). So | knew soon | would have to cut it...I just found out | had lupus 4 months ago (IE). But at the end of the day (‘E),
my health is more important than my hair and the only way | could get it to grow back right isif | cut it (IE). Thisreally broke my heart
(@) but I'm still handsome [17] (E)”. [User 18]

«  TikTok users negative experiences with health care workers were often derived from diagnostic delays and perceptions of “medical gaslighting.”

«  “Things doctors told me before | got diagnosed with lupus. Take some vitamins. Go outside more. You're just stressed, take these
antidepressants. It's growing pains (I was 18). Have you tried yoga?’ [User 33]

«  “How doctors would gaslight me until | was finally diagnosed:

[User portraying self] My body is aching so bad. | have really swollen lymph nodes and am losing weight fast.
[User portraying physician] Swollen lymph nodes are common. Maybe you're losing weight because you' re depressed.

[User portraying self] | am so dizzy and have no energy. | am bruising everywhere and am always sick. Please, listen to me. I'm not making this up.
Something is not right.

[User portraying physician] Are you exercising enough? You're too young to have something serious going on.

[User providing commentary] This was my experience for amost 3 years. Begging doctors to take me seriously. It traumatized me. You are your
biggest advocate.” [User 34]

«  TikTok users tended to portray nonpharmacologic interventions, such as diet and naturopathic remedies, positively, whereas pharmacologic
treatments were more commonly portrayed negatively or referred to as “ chemotherapy.”

« “l did my part by reporting new symptoms to my rheumatologist and neurologist, which of course was downplayed. Five months later, |
lost my mobility and couldn’t do much for myself. | thought that |I'd never bounce back. | researched natural practices/herbs and started a
personal healing journey. I've regained my mobility and much more within afew months.” [User 28]

«  “Nightshade vegetables will cause you extreme pain in the long run if you're someone who is dealing with autoimmune disease. | have
lupus, but I put lupusin remission as quick asit came out of remission. So, my suggestion to you, unbeknownst to most people, stop eating
nightshade vegetables. If you've got agarden, stop growing them. You'd be surprised, you could cure lupusimmediately, just stop it.” [User
21]

«  “Today isonefull week on chemo. | don’t want to keep doing this. [User 34]
«  “Sometimes you need things like chemotherapy...which sounds crazy, but [lupus] isthat serious.” [User 8]

»  [User portraying physician] Doctor: I'm sorry, but in order to control your flare we need to start steroids.

[User portraying self] My face: [user uses a special effect that causes their face to blow up to 3 timesiits size and resemble the front of atrain. Audio
of atrain horn playsin the background.]

[Caption] All aboard the moon face express (E) [27]". [User 7]

«  Lupus erythematosus symptoms, particularly musculoskeletal symptoms and fatigue, interfered with users' daily functioning.

« “l wasdiagnosed with lupus almost four years ago. And lupustook alot from me...Ilupus stole my social life. It took my freedom, it destroys
my energy, it took my job. Do you know what it’s like to be told you can’t work? I've had to adjust to anew normal. This sucks but | can’t
let it win. That’swhy | can assure you | will not give up. I've come so far, | can’t let it win.” [User 16]

« “Alot of days, my body hurts so badly that | don’t possibly know how to get out of bed or survive for the next few hours.” [User 70]
« Although TikTok users frequently had strong support systems, feelings of isolation or misunderstanding were often attributed to battling an
“invisibleillness.”

«  “Atrue story about finding an *amazing* friend that actually getsit. She...is 100% understanding when | have to flake last minute because
| don't feel well. No guilt. A rare gem indeed.” [User 43]
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“[Footage plays of user getting their nails painted by their husband] | have lupus. My husband helps me through the ups and downs of
this...He doesn’t care about doing things for me. Swollen ankles, messed up toes, and constant pain. Thisiswherewe're at in life. 19 years

together” [User 71]

. “*Gettingthrough lifewith lupus* Professors: Not understanding what | need. Most friends: Thinking I’ m fine and insulting me unintentionally.

Family: Making mefeel like I’m doing it alone.” [User 12]

Theme 1: Mucocutaneous Symptoms Had Profound
Effects on the Mental Health and Body I mage of
TikTok UsersWith LE

Mucocutaneous symptoms, defined as hair loss, rash,
photosensitivity, ulcers, itch, or siccasymptoms, were the most
frequently mentioned symptoms of LE in our sample; 40.5%
(62/153) of the videos referred to a mucocutaneous
manifestation of LE. Hair loss and rash were the most common
and were each coded in approximately one-quarter of the videos
(40/153, 26.1% and 39/153, 22.5%, respectively).

Mucocutaneous symptoms were highly distressing to users,
affecting both body image and mental well-being. Of the 153
videos, 24 (15.7%) involved a user exhibiting negative body
image, of which 79% (n=19) were related to hair loss, 46%
(n=11) were related to rash, and 92% (n=22) were related to
either hair loss or rash. Furthermore, hair 10ss was the second
most common code to overlap with mental health; nearly
one-fifth (29/153, 19%) of the mental health codes directly
overlapped with hair loss codes.

Distress and body image concerns were apparent within Tik Tok
videos that mentioned mucocutaneous symptoms. Users felt
that their hair and skin changes led to aloss of identity:

Going through losing all my hair was really hard for
me. Like, | didn’t realize how much of my self-worth
| attached to my hair...| felt like | was losing a piece
of mysalf...| felt so sad all thetime. And it was so hard
for meto just go outside because | felt so, you know,
insecure. [User 27]

Although hair loss and rash had significant impacts on users’
well-being and body image, these effects appeared to be
mitigated by cosmetic measures and pharmacologic and
nonpharmacologic treatments. Of the 24 videos, 13 (54%)
involved users cosmetically modifying their hair with sew-ins,
wigs, hair dye, hairstyles, haircuts, or scarves to hide hair loss
or improve confidence. A user stated asfollows:

In 2016 | lost my hair...this was before the shaved
head hype. Back then my hair was my identity...I knew
| needed to cover it up because | had to go into work,
so | did a few scarf tutorials and ended up like this.
I mean, | think it looks pretty dope. [User 16]

Skin-directed treatments also helped users. A user showed old
footage of large clumps of their hair that had fallen out in the
sink. The user recalled how they felt at that time:

Super stressed. I'm going to be bald. My hair won't
go back to normal. [User 68]

They then showed footage of dozens of boxes of prednisone
and their scalp with hair growth, stating as follows:

https://infodemiology.jmir.org/2024/1/€51211

OMG! It might be working...Now | can do the hair
styles | want. [User 68]

Theme 2: TikTok Users Negative Experiences With
Health Care Workers Were Often Derived From
Diagnostic Delays and Per ceptions of “ M edical
Gadlighting”

Of the 153 videos, 45 (29.4%) involved ahealth care experience,
of which 58% (n=26) depicted negative experiences, whereas
18% (n=8) depicted positive experiences. Of the 25 negative
health care experiences, 22 (88%) could be attributed to an
experience with a health care worker. Primarily, TikTok users
expressed frustration due to diagnostic delays and “medical
gadighting,” which made up 64% (14/22) and 36% (8/22) of
the negative interactions with health care workers, respectively
(Textbox 2). Diagnostic delays described by users spanned from
“months’ to “years,” with 2 (14%) of the 14 users describing
delays of 210 years.

In our sample, diagnostic delays and medical gaslighting
frequently overlapped; 7 (4.6%) of al videos (n=153) described
scenarios where users felt that their symptoms were belittled
by medical professionals, leading to delayed diagnoses of LE.
A TikTok user stated as follows:

[D]octors would gaslight me until | was finally
diagnosed...thiswas my experiencefor almost 3 years.
Begging doctors to take me seriously. It traumatized
me. [User 34]

In another video, a user made the following announcement:

| was diagnosed with lupus today after 10 years and
14 different sexist doctors, they finally found out |
wasn't just “ overtired and dehydrated.” [User 20]

Health care workers attributing users' lupus symptomsto mental
health causes seemed to be acommon experience among those
who experienced medical gaslighting (5/8, 63%). A TikTok
video started with the following words:

Been sick since 2010. No doctor would listen. [User

2]
The user then showed stock photos of 3 physicians, each
depicted as saying, “It's just anxiety, it's just anxiety, it's just
anxiety.” Theuser finished the video by rolling their eyes at the
camera and displaying the following words:

Finally diagnosed with lupus, rheumatoid arthritis,
among other things, after over a decade...it became
medical negligencea LONG timeago. They seriously
need to stop telling people that. [User 2]

Notably, in 4 (18%) of the 22 videos, the users negative
experiences with health care workers directly caused them to
pursue naturopathic practitioners to treat their lupus.
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Textbox 2. Common hashtags explained.

Hashtag and description

#medicalgaslighting
«  Describes medical providers minimizing symptoms or incorrectly attributing symptoms to a behavioral or psychological cause

«  Primarily developed to describe the experiences of women and Black, Indigenous, and patients from racial and ethnic minority groups
[18,19]

«  Popularized in recent years by publications such as The New York Times and The Atlantic [18,19]

#spoonie
« Anidentity for anindividual who experiences limited energy, often due to a chronic illness

«  Derived from “The Spoon Theory,” written by Miserandino [20], a blogger with lupus; the theory describes spoons as units of energy that
everyone starts their day with; however, people with a chronic iliness only get a few spoons at the start of the day, whereas others get an
excess of spoons[21]

#chemotherapy

«  Used to describe immunosuppressive treatments for lupus, such as methotrexate

« Possibly popularized by Selena Gomez, a singer and actor who has systemic lupus erythematosus; in a 2015 interview with Billboard, she
shared that she received chemotherapy to treat her lupus [22,23]; this was met with backlash from people who thought that the term
“chemotherapy” should be reserved for patients with cancer [23]

o  #invisibleillness

difficulties [24,25]

« Anillness with symptoms that are predominantly “invisible” to others; this may lead to misunderstandings from others and diagnostic

Theme 3: TikTok Users Tended to Portray

Nonphar macological I nterventions, Such as Diet and
Naturopathic Remedies, Positively, Whereas
Pharmacological Treatments Were M ore Commonly
Portrayed Negatively or Referred to as
“Chemother apy”

Of the 153 videos, 58 (37.9%) involved experiences with LE
treatment, of which 41% (n=24) were on pharmacological
treatments, and 28% (n=16) were on nonpharmacological
treatments. Overall, 22% (13/58) involved positive experiences
with treatment, and 36% (21/58) invol ved negative experiences
with treatment.

Nonpharmacological treatments tended to be portrayed
positively; 9 (56%) of the 16 videos that mentioned
nonpharmacological treatments depicted a good experience.
The majority of positive experiences with treatment involved
nonpharmacological treatments (8/13, 62%), primarily diet (4/8,
50%) and naturopathic remedies (4/8, 50%). Furthermore,
nonpharmacological treatments were often credited for disease
remission; of the 9 videos that attributed LE remission to
treatment, 6 (67%) cited nonpharmacological treatments,
whereas only 3 (33%) cited pharmacol ogical treatments. A user
stated as follows:

Natural medicine saved my life...[| wag] told that |
would be on pharmaceuticalsfor lifeand that | would
never be ableto exercise again, | could barely walk,
| wouldn't be able to have kids, | wouldn’'t be able to
have a job...But luckily, | didn’t listen. Because if |
did, | don’'t know where | would be today. Instead, |

https://infodemiology.jmir.org/2024/1/€51211

run three different businesses, | found movement that
works for me, I've completely reversed all fertility
issues, I'min remission from lupus, and most of my
markers are completely normal. The secret to my
healing, you may be asking? Well, it's the food that
you eat, the herbs that you put into your body, and
the habits that you practice on a daily basis that set
the course for your entire life. [User 26]

By contrast, pharmacological treatmentstended to be portrayed
negatively; of the 24 videosin which they were mentioned, they
were depicted negatively in 10 (42%) and positively in only 3
(13%). Approximately three-fourths (16/21, 76%) of the videos
about negative experiences with treatment involved
pharmacol ogic treatments. Negative experiences included side
effects (6/16, 38%); injection pain (2/16, 13%); and distress or
difficulty with medication management (5/16, 31%) such as
remembering to take pills, feeling as though they had too many
prescriptions, having an emotional reaction to teking a
medication, and relying on perishable and expensive
prescriptions.

Furthermore, immunosuppression was repeatedly referred to
negatively with the term * chemotherapy.” Intotal, the term was
used by 5 (7%) of the 76 usersin 16 (10.5%) of the 153 videos
and seemed to be used to portray the severity of disease or the
gravity of treatment measures. A user relayed their experience
with aflare:

| found out 3 years ago | had lupus. | had to have
chemo. It's been manageable, but last week | had a
bad flare up and ended up in the hospital to find out
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it's damaged my kidneys, and the doctors are talking
about chemo again. [User 23]

Another user stated as follows:

| am so physically exhausted from this disease and
chemo but thisisyour reminder—don’t give up. [User
34

Theme4: LE Symptoms, Particularly M usculoskeletal
Symptoms and Fatigue, | nterfered With Users Daily
Functioning

Of the 153 videos, 29 (19%) referenced LE symptoms or
treatments interfering with basic, instrumental, socia,
educational, or occupationa functioning. Muscul oskeletal
symptoms and fatigue were the most common symptoms to
directly overlap with codes related to interference with
functioning.

Musculoskeletal symptoms tended to interfere with basic
activities of daily living the most; 15 (83%) of the 18 instances
of interference with basi ¢ functioning were directly attributable.
Musculoskeletal symptoms, such as joint pain and stiffness,
primarily affected ambulation (8/15, 53%). A user stated as
follows:

A lot of days, my body hurts so badly that | don’t
possi bly know how to get out of bed or survive for the
next few hours. [User 70]

Another user showed footage of themselves struggling to
perform a variety of activities such as sit on a toilet, grip a
marker, open abottle of juice, and stand from a seated position.
During this footage, the user displayed the following subtitles:

What it's like living with lupus. My joints get stiff.
Doing normal things are a struggle now. Lupus affects
my hands, wrists, and knees. | wasjust diagnosed and
| hope to see improvement soon. [User 48]

By contrast, fatigue resulting from L E seemed to be morelikely
to interfere with social, occupational, and educationa
functioning, contributing to 5 (56%) of the 9 references within
these categories. A user talked about how fatigue affected their
schooling:

You're worried about going back to school because
you literally can’'t do anything without 15 hours of
sleep, and you can't get your schoolwork done, and
you can’t study enough, and it’s horrible. [User 10]

Another user talked about feeling fatigued after driving to see
afriend:

| had lunch with a friend today. | drove there and
drove home, so naturally | am fatigued now. Good,
bad, ugly, that a single activity can put me on the
couch. | am not worried, but thisis a reality. [User
11]
Interestingly, 4 (5%) of the 76 usersincluded the word “ spoonie”
in their TikTok videos, aterm that has become an identity for
individuals who experience fatigue from chronic illnesses.

Theme5: Although TikTok Users Frequently Had
Strong Support Systems, Feelings of | solation or

https://infodemiology.jmir.org/2024/1/€51211

Wanberg & Pearson

Misunder standing Wer e Often Attributed to Battling
an “InvisiblellIness’

Of the 153 videos, 16 (10.5%) depicted users’ support systems,
which were composed of partners (n=8, 50%), family members
(n=5, 31%), other TikTok users (n=3, 19%), and friends (n-3,
19%). TikTok users frequently expressed gratitude for the
assi stance they received from support peoplein navigating their
LE symptoms and treatment. A user showed footage of their
hospitalization for LE and displayed the following words:

It's been a rough few weeks. | couldn’t express how
grateful 1 am for my support system. My family. |
couldn’t have done it without you guys. [User 73]

Another user, who similarly filmed their TikTok video when
they were hospitalized for LE, wrote as follows:

I’mnot recovering at therate | hoped | would by now.

| keep watching time go by as the pain gets worse as

I lay here..You're left with the emptiness and

questionswhat you did to deservethisand why you're

here, and the only escape you have is those short few

minutesyou get a call fromafriend or family member

and can pretend it isn’t happening. [User 72]
However, TikTok users also reported discouraging interactions
with others (14/153, 9.2%), including with people from school
or work (n=3, 21%), friends (n=3, 21%), family (n=2, 14%),
serviceindustry workers (n=2, 14%), partners (n=1, 7%), other
TikTok users (n=1, 7%), and neighbors (n=1, 7%). Most of
these interactions arose from misunderstandings of LE. Users
felt that because LE is primarily an “invisible illness,” with
many of its signs and symptoms not visibly apparent to others,
others did not always recognize their needs; for example, a
user's video provided a list of “things people with lupus are
tired of hearing,” which included comments such as“You can’t
be tired, you haven't done anything all day,” “You don’t look
sick,” “You're using it as an excuse to be lazy,” and “It's not
that bad” (User 41).

These misunderstandings led to feelings of isolation. A user,
who filmed themselves lying in bed, commented as follows:

[Lupus is] so isolating because no one understands
what you' re going through. | just feel lame having to
leave a group setting to have a flare up until your
body goes back to normal after a few hours. [User
44]
Inall, of the 14 videos, 10 (71%) referredto LE asan “invisible
illness’ through hashtags, captions, or direct quotes, and 6 (43%)
that were coded with “negative experiences with others’ were
also coded with “invisible iliness”

Discussion

Principal Findings

This study represents the first qualitative and content analysis
of TikTok videos involving persona experiences of users with
LE. Patients are increasingly using social media to learn and
shareinformation about their health conditions[9-11,26]. Thus,
social mediaprovidesacrucial fund of patient experiencesthat
can be used to extract clinically relevant patient-centered
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information for clinicians that may ultimately improve patient
care.

In this study, we found that TikTok videos on LE experiences
have extensive audiences, garnering millions of views and high
user engagement. Videos that mentioned mucocutaneous
symptoms of LE, such as hair loss and rash, were pervasive
among this sample, with mucocutaneous symptoms being the
second most frequent code used. Consistent with findings of

Textbox 3. Clinical applications of themes.

Wanberg & Pearson

previous qualitative and survey studies, mucocutaneous
symptoms seemed to be major drivers of poor mental health
and negative body image among TikTok userswith LE [27-33].
Our study suggeststhe need to regularly assessfor mental health
and body image concernsin patientswith LE, especially among
those with active dermatologic symptoms. It also underscores
the importance of treating hair loss and rash to mitigate mental
health burdensin this population (Textbox 3).

Themes and clinical applications

«  Mucocutaneous symptoms had profound effects on the mental health and body image of TikTok users with lupus erythematosus (LE).
«  Treatment of hair loss and rash isimportant for quality of life and mental health of patients with LE.
«  Menta health should be regularly assessed at appointments, particularly for patients with rash or hair loss.

«  TikTok users negative experiences with health care workers were often derived from diagnostic delays and perceptions of “medical gaslighting.”

« Clinicd strategies such as reflective listening and validation may enhance the clinician-patient relationship and prevent perceptions of

medical gaslighting.

«  TikTok users tended to portray nonpharmacologic interventions, such as diet and naturopathic remedies, positively, whereas pharmacologic
treatments were more commonly portrayed negatively or referred to as “ chemotherapy.”

«  Clinicians should be aware of popular nonpharmacological treatments for LE.

« Cliniciansshould engageininformed discussions of the safety and effectiveness of both pharmacol ogical and nonpharmacol ogical treatments

with their patients.

«  LE symptoms, particularly musculoskeletal symptoms and fatigue, interfered with users’ daily functioning.
«  Treatment should focus on reducing muscul oskeletal symptoms and fatigue for patients reporting interference in functioning.

«  Clinicians should assist patients in obtaining mobility devices, disability resources, and occupational and physical therapy that improve

daily functioning.

o Although TikTok users frequently had strong support systems, feelings of isolation or misunderstanding were often attributed to battling an

“invisibleillness”

« Involving support people in appointments could be a beneficial way to enhance existing support relationships and educate support people

on LE morbidity and disability.

However, we found that pharmacol ogic therapies might be met
with hesitancy by individuals with LE. Pharmacologic
treatments were depicted negatively in our sample, with
individuals citing side effects such as immunosuppression,
weight gain, and fatigue. Notably, the term “chemotherapy”
was used in several videos, which portraysthe gravity that users
associate with receiving immunosuppressive medications. By
contrast, nonpharmacologic treatments such as diet and
naturopathic remedieswere depicted overwhel mingly positively
in our sample, a finding that to our knowledge has only been
reported once before, in a 2011 qualitative study on attitudes
toward medicationsin South Asian patientswith SLE [34]. The
uniqueness of this finding could be because users can benefit
monetarily from promoting diet or naturopathic remedies
through promotion dealson TikTok. However, itisa so possible
that TikTok users, because they are a nonclinical sample, may
have fewer or poorer experiences with clinical medicine and
thus prefer nonpharmacol ogic treatments. Clinicians should be
aware of common nonpharmacological optionsfor patientswith
L E and should be prepared to counsel patients on the safety and
effectiveness of these therapies (Textbox 3).

https://infodemiology.jmir.org/2024/1/€51211

Concordantly, we did find that TikTok users with LE shared
primarily negative interactions with the health care system and
health care workers. Many of these experiences centered on
instances of “medical gaslighting,” which usersfelt resulted in
diagnostic delays. Diagnostic delays are well documented in
SLE qualitative and quantitative research and can have
significant mental health ramifications for patients [3,35-39].
However, only afew qualitative studies have explored patients
perceptions of diagnostic delays resulting from physicians
downplaying LE symptoms, with only 1 prior study capturing
theterm “gaslighting” initsanalysis[3,38,39]. To maintain the
therapeutic relationship, clinicians should combat perceptions
of medical gaslighting through strategies such asvalidation and
reflective listening (Textbox 3) [40].

Our sample had high symptom burden and frequently described
how musculoskeletal symptoms and fatigue were interfering
with daily functioning. TikTok users did not always feel that
others understood these symptoms, leading to feelings of
isolation and the thought that they have an “invisible illness”
These ideas have been described in numerous qualitative
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analyseson LE [3,7,24,31,36,41-43]. Even so, overall, TikTok
users demonstrated robust social support systems made up of
friends, family, and partners. This is important because social
support has been associated with improved mental health in
patients with SLE, whereas alack of substantial social support
has been associated with increased disease activity [24,44-47].
These combined findings suggest the importance of educating
patients support people on LE morbidity and disability to
facilitate successful support relationships (Textbox 3).

Strengths

This study has several notable strengths. First, because our
qualitative data were derived from a nonclinical sample, we
may have captured voices from individuals with diverse
experiences with the health care system [8]. Second, because
patient experiences were collected without interaction with the
study team, patient experiences were unbiased by researcher
presence or preset interview questions [48,49]. Third and last,
in contrast to existing qualitative studies that often have low
sample sizes, analyzing TikTok videos allowed usto gather the
experiences of 76 distinct users.

Limitations

Although qualitative studies are inherently not designed to be
generalizable because they providerich, narrative datafrom the
group being studied, it isimportant to note that this study only
examined TikTok content and did not examine content from
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other web-based platforms [50]. Thus, these findings may not
be representative of the entire LE web-based community.
Furthermore, asthe TikTok videos were sampled from a search
revealing the most popular videos with #upus, our findings
may overepresent ideas in  popular videos, while
underrepresenting ideas from users with fewer views.
Furthermore, in comparison to qualitative studies in which
interviewees are promised confidentiality when disclosing their
experiences, TikTok videosin our samplewere not confidential,
and, in fact, were meant to be publicly shared. This means that
patient experiences were subject to social desirability bias, and
sensitive topics may have been avoided. Finally, demographic
dataof TikTok usersare not publicly available, and thus detailed
user demographics could not be characterized in this study.

Conclusions

TikTok provides a nonclinical, underused platform for
qualitative and content analysis of patient experiences. This
study summarizeskey terminology and content inthe LE TikTok
community, which may be clinically relevant because a
substantial number of patientsuse social mediato obtain medical
information [9,10]. Ultimately, this study presents 5 thematic
conclusions paired with clinical applications, which offer an
enhanced understanding of how the well-being of patientswith
LE isinfluenced by symptoms, treatments, support people, and
health care experiences.
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Abstract

Background: Abortion (also known as termination of pregnancy) is an essential element of women’s reproductive health care.
Feedback from women who underwent medical termination of pregnancy about their experience is crucial to help practitioners
identify women'’s needs and devel op necessary tool sto improve the abortion care process. However, the collection of thisfeedback
is quite challenging. Social media offer anonymity for women who share their abortion experience.

Objective: This exploratory infodemiology study aimed to analyze, through French social media posts, personal medical
symptoms and the different experiences and information dynamics associated with the medical abortion process.

Methods: A retrospective study was performed by analyzing posts geolocated in France and published from January 1, 2017,
to November 30, 2021. Posts were extracted from all French-language general and specialized publicly available web forums
using specific keywords. Extracted messages were cleaned and pseudonymized. Automatic natural language processing methods
were used to identify posts from women having experienced medical abortion. Biterm topic modeling was used to identify the
main discussion themes and the Medical Dictionary for Regulatory Activities was used to identify medical terms. Encountered
difficulties were explored using qualitative research methods until the saturation of concepts was reached.

Results: Analysis of 5398 identified posts (3409 users) led to the identification of 9 major topics: personal experience (n=2413
posts, 44.7%), community support (n=1058, 19.6%), pain and bleeding (n=797, 14.8%), psychological experience (n=760, 14.1%),
guestioned efficacy (n=410, 7.6%), social pressure (=373, 6.9%), positive experiences (n=257, 4.8%), menstrual cycle disorders
(n=107, 2%), and reported inefficacy (n=104, 1.9%). Pain, which was mentioned in 1627 (30.1%) of the 5398 posts by 1024
(30.0%) of the 3409 users, was the most frequently reported medical term. Pain was considered severe to unbearable in 24.5%
of the cases (399 of the 1627 posts). Lack of information was the most frequently reported difficulty during and after the process.

Conclusions: Our findings suggest that French women used social mediato share their experiences, offer and find support, and
provide and receive information regarding medical abortion. Infodemiology appearsto be auseful tool to obtain women’sfeedback,
therefore offering the opportunity to enhance care in women undergoing medical abortion.

(JMIR Infodemiology 2024;4:e49335) doi:10.2196/49335
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Introduction

Background

Abortion is a common procedure. Worldwide from 2015 to
2019, therewere 121.0 million unintended pregnancies annually
leading to 73.0 million abortions (60%) [1]. In France, in 2022,
there were 234,300 abortions, 78% of which were medical
termination of pregnancy (MToP) that is usually performed
early (<8 weeks of amenorrhea) [2].

Early MToP with an antiprogestin (ie, mifepristone) followed
by a prostaglandin analog has revolutionized abortion. Since
mifepristone was first approved in 1988, MToP has been
authorized in numerous countriesworldwide[ 3], and its practice
has followed changes in heath requirements and local
regulations. For instance, the COVID-19 pandemic and
associated mandatory lockdowns increased the overall rate of
MToPs and the rate of M ToPs performed at home [4]. Abortion
was legalized in France on January 17, 1975 [5], and
mifepristone was first approved for MToP in 1988. The current
dose regimen for mifepristone and a prostaglandin analog was
approved in 2007 [6]. The sequence of consultations includes
afirst visit to inform the woman, a second visit during which
she signs a consent form and initiates the procedure, and a
follow-up visit 14 to 21 days after mifepristoneintaketo ensure
the success of the procedure [7].

Abortion is not perceived in the same way as other standard
medical acts. In France, until 2001, a motivational interview
was mandatory during the first visit. This alowed a survey
showing that abortion was still considered to be too much of a
taboo to be performed. Women indicated having elaborate
defense strategies to protect themselves against this stigma,
including keeping their abortion secret, leading to potential
unsafe abortion practices [8]. Currently, women can generally
express their abortion experience more fregly. In particular,
sociadl media provide online anonymity and offer a safe
opportunity for women to share and seek information.

With over 2.3 hillion active users globally [9], socia media
have become a new data source for public health, as users can
find, exchange, and discuss health information on the platforms.
According to Médiamétrie, acompany speciaizing in audience
measurement and the study of the use of audiovisual and digital
media, more than 85% of the French population are internet
users [10]. Moreover, according to arecent report [11], 21.1%
of French individuals frequently or very frequently use
health-related social media such as Doctissimo, with 14.1%
using Facebook and 9.8% using women’s magazines and their
associated websites to find health information.

Analyzing onlineinformation represents adevel oping aternative
means to understand patients health compared with
self-administered questionnaires. These patient-generated health
data are produced spontaneously (and are thus not limited to

https://infodemiol ogy.jmir.org/2024/1/e49335

medical consultations, for instance), mostly anonymously.
Therefore, these datamay better correspond to patients’ feelings
compared with closed-ended questions. Moreover, text-mining
techniques applied to analyze social media data can be used
with relative ease [12], providing new opportunities to bridge
the gap between qualitative and quantitative data analyses[13].
A new research discipline and methodology has thus emerged.
This scientific discipline called infodemiology focuses on
health-related content analysis published online [14].

Studies based on analysis of Instagram, Facebook, or Reddit
posts have started to be published in peer-reviewed journals.
These analyses have hel ped to characterize patients’ experiences
and related perceptions of an illness and its burden in many
health fields (eg, in vitro fertilization [15], miscarriage [16],
cesarean section [17], and breast cancer [18]), along with
documenting the processes involved in abortion method
decision-making [19]. However, to the best of our knowledge,
few studies using socia media data have been published to
characterize the experiences and perceptions of women who
underwent an abortion, in particular MToP [19]. Furthermore,
none of these studies has been carried out in France, although
women’'sexperiences arelikely influenced by clinical practices
and cultural differencesthat preclude the generalization of data
collected in other countries.

Objective

We conducted VEILLE, a 4-year retrospective infodemiology
study, to analyze reported medical symptoms and the different
experiences and information dynamics associ ated with the M ToP
processin France.

Abortion careis an essential element of women'’s reproductive
health care [20]. Women's feedback about their experience is
crucia to meeting women's needs during MToP. Collecting
women's feedback about their MToP experiences and
understanding these experiences could provide the necessary
information for health care providers to respond to French
women'’s heeds during M ToP.

Methods

Study Design
VEILLE is a noninterventional, retrospective study using a

text-mining approach to retrieve and analyze medical abortion
posts from social media posts.

All messages geolocated in France posted by women who had
experienced MToP between January 1, 2017, and November
30, 2021, in French-speaking general and specialized web
forumswere considered. Only messagesfrom publicly available
sources were extracted.

The study name VEILLE isan alusion to the French trandation
of social mediamonitoring (veille) and atribute to Simone Veil
(same pronunciation, /v j/) who legalized abortion in France.
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Data Extraction

Data (verbatim socia media posts) were identified and
pseudonymized by tokenization before being extracted.
Irrelevant material was eliminated.

All public posts available on the web containing at least one of
the relevant keywords related to MToP were identified using
the Brandwatch social media data extractor [21]. This tool is
based on queries that include selected keywords evocative of
the subject of interest. Using the query, the Brandwatch extractor
searches through available public data sources and identifies
keywords within posts matching those in the query.

Posts were downloaded along with their associated metadata:
URL/domain, publication date, forum, language used, hashtags,
authors, and engagement type such as retweet. Posts and
associated metadata constituted the corpus.

Keywords in French (eg, IVG for interruption volontaire de
grossesse, voluntary pregnancy termination) and their synonyms
were defined by the authors (see Multimedia Appendix 1).

Data Preprocessing and Modeling

Extracted posts were cleaned before being stored in the
study-specific database. Posts from irrelevant sources such as
potential advertising sites or forumsrelated to pets and animals
were removed using regular expression rules. Duplicates were
managed by merging posts with either the same username on
different platforms or the same post with another username. A
machine-learning algorithm (extreme gradient boosting classifier
[XGBoost]) was used to identify posts reporting personal
experiences [22]. These posts constituted the study data set.

The agorithm was implemented based on message-level
calculation of the user’s probability of being a woman having
experienced M ToP according to specific features (lexical fields
and regular forms, such as “| have [EXTRACTION TERM]")
and coupled with pronoun variables. Filters (in French) were
used to narrow down the search to only MToP experience,
excluding surgical abortion (Multimedia Appendix 2).

Data Analysis

Descriptive analysis was performed for posts (humber and
source) and social media users (number, age, gender). A social
media user’s age was determined through the identification of
regular expressionssuch as“j’ai 45ans’ (“I am 45 yearsold”),
“ayant 45 ans’ (“being 45”) (Regex method) over all posts.
Each pseudonym was associ ated with one gender (man, woman,
or unidentified) and one age category (20 years or younger,
21-30 years, 31-40 years, and so on, or unidentified). Gender
was confirmed using the Regex method and with the support
vector machine agorithm (XGBoost method) through the
identification of regular expressionsin the content of each post:
gendered participles, adjectives, and names (eg, Miss, pregnant)
or grammatical features[23].

A topic model was applied to identify the topics addressed in
the posts constituting the study data set [24]. Topic models
consist of text-mining approaches that aim to automatically
identify the abstract topics addressed in a collection of
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documents. Such models are based on the hypothesis that each
document corresponds to a distribution of several topics.

A biterm topic model (BTM) was used to identify the topics
without prior knowledge. A topic is defined as a subject of
discussion, which amounts to tokens that frequently appear
together in the posts from the data set. The BTM considersthe
whole data set as a mixture of topics, where each co-occurring
pair in tokens (the biterm) is drawn from a specific topic
independently and modeled topics are probability distributions
over the biterms [24]. As topics are probability distributions
over tokens of the study data set, they can be characterized by
the highest per-topic probability tokens. Weighting these
probabilities through term-frequency inverse document
frequency (TF-IDF) weighting allows topic-specific tokens to
be allocated with higher importance. In this case, the per-topic
probability of a token is weighted by the inverse of the
probabilities of this token in other topics. Therefore, for each
topic, tokens were ranked from the highest to the lowest
weighted probabilities TF-IDF value in this topic. The first 9
tokens were designated as the set of characteristic tokens and
used to name the topic manually.

A specific list of symptoms related to MToP was established
based on the Medical Dictionary for Regulatory Activities
(version 23) terms [23]. The lexical field was enriched to
consider verbal forms found on social networks. A single post
could contain several medical terms.

For difficulties encountered by social media users, posts were
randomly allocated to create a sample representing 30% of the
extracted posts. A qualitative manual search was performed on
this sample using a generic annotation grid, which helped to
categorize each difficulty. A single post could contain several
encountered difficulties. Given the diversity of encountered
difficulties, data saturation was used to obtain a representative
sample of expressed difficulties [25].

Saturation was checked by taking 5% samples of the total
number of social media users (N=1964) and analyzing the
number of new types of difficulties or unmet needs per 5%
sample (n=98). Saturation was considered to be achieved when
two consecutive samples no longer yielded more than one newly
identified difficulty category. Two additional batches of 5%
each were analyzed after saturation wasfirst reached for further
validation of the findings [25].

Ethical Consider ations

Data collection and treatment followed the European Union
General Data Protection Regulation. The study was conducted
within the frame of legitimateinterest. The study involved data
issued from publicly available sources. Consent was not required
as the study involved publicly available posts and as users
automatically grant their consent for the reuse of their datawhen
they post on public platforms. Following this and as this fals
under the R1121-1 Article of the French Public Health Code
[26] (in effect since July 1, 2021), we did not seek ethics board
review or approval for this study. Private groups or web pages
were excluded from our data extraction process. The results of
the study do not contain any identifiable information and are
presented taken together. A privacy-by-design approach was
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adopted as all usernames, web forum names, geographic
locations, URLS, or any other sensitive information was
substituted by identifiers before being stored in the analysis
corpus.

Results

Population and Posts

After cleaning/filtering of the corpus, 8326 posts published by
6223 users were extracted from social media platforms to be
preprocessed/modeled. Therefore, 5398 posts published by 3409
social media users were identified and constituted the study
data set (Figure 1). The top 6 keywords are presented in Table
1.

Figure 1. Study framework and flowchart of data extraction and analysis.
Activities; Xgboost: extreme gradient boosting.

Gouy et a

Asonly postsreported by individual s having experienced MToP
could be included in the data set, all posts were deemed to be
written by women. Gender was confirmed for 2898 of the 3409
(85%) social media users. Age was found in the posts of 8.1%
of the social mediausers (n=275): 1.5% (n=52) were<20 years,
4.2% (n=142) were between 20 and 30 years, 1.5% (n=51) were
between 30 and 40 years, and 0.9% (n=30) were >40 years. The
median age was 26 years.

The 5398 posts were retrieved from a total of 22 web forums
(Table 1); 78% of the posts were issued from two specialized
forums (Doctissimo and aufeminin.com) and one general forum
(Facebook). Doctissimo, which was the top-ranked sourceis a
French specialized medical site, whereas aufeminin.com, ranking
second, isan onlinewomen’s magazine. The remaining sources
(22%) were specialized (ie, women, patient, or disease-driven)
web forums, except for Twitter, Reddit, and YouTube.

BTM: biterm topic model; MedDRA; Medical Dictionary for Regulatory
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Table 1. List of forums reporting women's medical termination of pregnancy experiences and the top 6 extraction keywords.

Feature

Posts (N=5398), n (%)

Social media users (N=3409), n (%)

Keyword extraction (top 6)

IVG¥IVG medicament? 3642 (67.5) N/AS
Avort? 761 (14.1) N/A
GYMISO 350 (6.5) N/A
MIFEGY NE/MIFEGINE 211 (3.9) N/A
MISOPROSTOL 188 (3.5) N/A
MISOONE 111 (2.1) N/A
Forums
Specialized forums
Doctissimo 2218 (41.1) 1018 (29.9)
AuFeminin 1001 (18.5) 768 (22.5)
Journal desfemmes 353 (6.5) 241 (7.1)
Babycenter.fr 336 (6.2) 254 (7.5)
Journal desfemmes.com 86 (1.6) 58 (1.7)
Mamanandco 57 (1.1) 38(1.1)
Mademoizelle.com 16 (0.3) 15 (0.4)
Magicmaman 15(0.3) 15 (0.4)
Enceinte.com 14 (0.3) 14 (0.4)
Psychologies 13(0.2) 13(0.4)
Fiv.fr 10 (0.2) 10(0.3)
Beautté test 9(0.2) 9(0.26)
Parents.fr 5(<0.1) 5(0.15)
Thyroide 2(<0.1) 2(<0.1)
Lymphome espoir 2(<0.1) 2(<0.1)
Notrefamille 2(<0.1) 2(<0.1)
Alexiafr 2(<0.1) 2(<0.1)
Entrepatients.net 1(<0.1) 1(<0.1)
General forums
Facebook 993 (18.4) 743 (21.8)
Twitter 174 (3.2) 136 (4.0)
Reddit 55 (1.0) 34 (1.0
YouTube 34(0.6) 29 (0.9)

4 VG: French abbreviation for voluntary termination of pregnancy.
Brmedicament: French word for medicine.

°N/A: not applicable.

dAvort; first letters of the French word avortement, which means abortion.

Discussion Topics
From the 5398 posts, 9 topics of interest wereidentified (Table
2). Personal experience and community support were the most

https://infodemiol ogy.jmir.org/2024/1/e49335
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prominent topics. The 7 other topics were as follows (in
decreasing order): pain and bleeding, psychological experience,
questioned efficacy, social pressure, positive experiences,
menstrual cycle disorders, and reported inefficacy.
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Table 2. Topics and topic description ranked by frequency.?
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Rank Topic Posts (N=5398), n (%) Description

1 Personal experience 2413 (44.7) Users shared personal experiences. They described what they experienced
during their medical abortion, the details of the procedure, and what they
felt at that moment.

2 Community support 1058 (19.6) L ooking for community support. Some userslooked for experiences shared
by other users about the procedure to increase their knowledge and to be
prepared for it, aswell asto feel reassured.

3 Pain and bleeding 797 (14.8) Seeking for testimonies about pain and bleeding. Highlighted alack of
information on these drug-related adverse events. Users were concerned
about what they were about to experience, and they found nonreassuring
testimonies on social media

4 Psychological experience 760 (14.1) Users expressed regrets and mental outcomes such as depression and
emotional distress with short- and long-term consequences. They also re-
ported that medical abortion was “traumatic” and that if they had known
they would have chosen surgical abortion.

5 Questioned efficacy 410 (7.6) Efficacy was questioned.

6 Social pressure 373(6.9) The pressure was from the family and mostly from the partner.

7 Positive experience 257 (4.8) Shared positive experiences with medical abortion.

8 Menstrual cycle disorders 107 (2.0) Some users reported menstrua cycle disorders following abortion.

9 Reported inefficacy 104 (1.9) Some users reported inefficacy of the procedure (medical abortion).

8A single post may contain several topics.

Medical Terms

Pain was the most frequently reported medical term related to
difficulties (Table 3). Bleeding was the second most frequent
medical term. Pain and bleeding were reported both during and
after medical abortion. Other medical termsreported during and
after medical abortion were nausea or vomiting (475/5398,
8.8%) and fatigue. Stress and anxiety were directly associated
with the medical abortion procedure, including the fear of
abortion inefficacy. Emotional distress, echography, and delayed
menstruation were reported both before (when pregnancy was
confirmed) and after medical abortion. After the procedure,

emotional distress was associated with the feeling of regret and
grief.

Pain is a multimodal concept with subjectivity, which was
reported by 1024 of the 3409 (30.3%) usersin 1627 of the 5398
posts (30.1%). Pain usually occurred after the second drug intake
(prostaglandin analogs). Using topic modeling, different types
of pain were identified, providing details to characterize each
type. As a result, two main types of pain were identified:
physical and emotional pain. Of the 1627 posts regarding
physical pain, the pain intensity was described in 561 posts
(34.5%) and was considered severe to unbearable in 399 posts
(24.5%) (Figure 2). These rates are not associated with new
safety signalsin MToP.

Table 3. Most frequently reported medical terms related to difficulties after medical termination of pregancy.?

Rank Medical term Posts mentioning term (N=5398), n (%)
1 Pain 1627 (30.1)
2 Bleeding 1112 (20.6)
3 Emotional distress 997 (18.5)
4 Echography 492 (9.1)

5 Stress/anxiety 460 (8.5)

6 Fatigue 360 (6.7)

7 Nausea 252 (4.7)

8 Vomiting 223 (4.1)

9 Delayed menstruation 134 (2.5)
10 Grief 114 (2.1)

8A single post may contain several medical terms.
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Figure 2. Focuson pain medical terms.
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Encountered Difficulties E:Eizgﬂrrteeg)dlfﬂ cultieswere encountered along the M ToP process
A total of 553 difficultieswere identified from 500 posts derived

from a randomized sample containing 1604 posts (30%).
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Figure 3. Encountered difficulties. The red line represents the pathway from premedical M ToP to post-M ToP viaM ToP. The dashed red line represents
the pathway at the end of the procedure in case of failure. Encountered difficulties are summarized in boxes distributed along the whole pathway. HCP:
health care professional; MToP: medical termination of pregnancy; x% (y%): number of difficulties among the 553 identified difficulties (number of

difficulties among the 1604 posts of the randomized sample).
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L ack of information was reported within each stage of the M ToP
process (before, during, and after medical abortion). Beforethe
procedure, users enguired about reimbursement and the MToP
process in detail (ie, drug dosage, route of administration).
Details about the MToP processwere still misunderstood during
the process as users were asking questions about the potential
side effects, delay of action, and monitoring. After taking the
medications, users were concerned about pain and bleeding,
especialy for the duration of symptoms, time of occurrence,
level of intensity, and types of symptoms. For some women,
the pain and bleeding lasted longer than expected (several weeks
or even months), and they were looking for community advice.
MToP efficacy was afundamental question during and after the
MToP process. Users were wondering how to be sure that the
procedure worked, and they expressed fear of failure. They also
enquired about embryo expulsion: the appearance, at what
moment it was supposed to be expelled, and how to know
whether or not it had occurred. They also expressed concerns
about surgical management of incomplete abortion. Postabortion
sexual lifewas also of cardinal importance. Future fertility was
also a concern: users were wondering when they could get
pregnant again and when their menstrual periods would return
to normal.

The need for psychological support was quite common after
medical abortion. During the procedure, usersreported feelings
of loneliness. After the procedure, some users mentioned
difficultiesin overcoming the event, sometimesfor along time.

Overdl, 5.4% of the 553 encountered difficulties (n=30)
highlighted a lack of health care support during and after the
procedure. Usersreported that they were looking for health care

https://infodemiol ogy.jmir.org/2024/1/e49335
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providerswho did not judge them and who could provide them
with an environment of mutual trust.

Discussion

Principal Findings

The results of this exploratory study found that infodemiology
could help to collect French women's feedback about their
MToP experiences. The results showed that women used social
media to share their experiences, offer and find support, and
provide and receive information regarding medical abortion.
The extent of the need for information during and after the
MToP procedure suggested that there is still room for
improvement.

In the context of shared decision-making in medicine, where
both the patient and physician contribute to the process and
agree on treatment decisions, the relationship between women
and health professionals is crucial and needs to be built up,
including beyond the MToP act. To extend this connection,
health care professionals can aready rely on tools such as
leaflets, institutional websites, or mobile apps (eg, chatbots) to
answer additional questions from women. This ensures
high-quality, standardized, and reachable information. In this
study, the need for information did not necessarily mean alack
of information. The discovery of an unintended pregnancy, the
idea of terminating it, the fear of stigmatization, and facing
medical terms for an unprecedented situation can generate
anxiety and ultimately difficulties for the woman in integrating
the information provided by the health care professional.
Independent of the counseling method, unbiased nondirective
information should remain accessible (19% of posts sought
advice) [27].
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“Pain and bleeding” and “ psychological experience” were also
among the main topics. The psychological experience linked
to the procedure was evoked at all stages of the process, from
the pregnancy discovery to the M ToP follow-up, showing that
some women became apprehensive about this experience. Pain
and anxiety were tightly associated; pain (physical and
psychological) was mentioned in more than 1 out of 4 posts.
This confirmed the previous evidence that some women needed
timely counseling and education through this experience. Studies
emphasize that listening to and accompanying women is
essential [28]. The possibility of verbalizing physical pain could
allow women to better bear the pain [29]. To satisfy the need
for psychological support, the integration of the contact
information of volunteer psychologists in the directories of
health care professional sinvolved in the abortion process could
facilitate access to psychological follow-up for women who
wish to do so, instead of having to navigating the experience
alone through the testimonies of online community members.
This nonpharmacol ogical individualized anxiety management
could advantageously complete a pharmacological pain relief

strategy.

Other encountered difficulties were reported (Figure 2). Fear
of failure and its fallouts were mainly mentioned during and
after abortion. Once the decision was made, there was an
apparent need for reassurance about the success of their action.
A timely counsel and education through a health care
professional (eg, viatelemedicine) or acommunity could meet
this need. In the absence of a patient organization, the online
community can offer adequate support. Indeed, pressure from
the entourage and loneliness were mentioned in a small
percentage of the posts. Abortion is not a neutral topic, and it
can be either strongly encouraged or discouraged by the
environment. This underlines the importance of meeting the
woman alone to ensure the freedom of her choice [28]. When
thereisalanguage barrier, it isimportant to be ableto call upon
aprofessiona interpreter [28]. In France, the law of March 20,
2017, protects women against disruption of access to abortion
asamedical act and misinformation on the abortion procedure,
particularly on the internet and social media [30]. Despite this
law, no proceedings have led to a conviction so far. The
persistent stigmatization of women who have recourse to
abortion and the fear of the possible consequences of public
exposure to a private and intimate situation may explain this,
especially since misinformation is difficult to assess clearly and
the law is still often misunderstood [31]. Nevertheless, a study
conducted in 2019 in the planning center of a French hospital
center (108 women) showed that 36% of women made their
decision alone and 68% of women made their decision without
difficulty (decision-making was assessed using the Decisional
Conflict Scale) [32].

Concerning the psychological effects of MToP, the messages
reporting regrets (including in the long term) underlined the
importance of providing a caring listening ear (without bias or
judgment) to women'’s requests, and the importance of being
ableto offer women, when they feel the need, the possibility of
psychological support.

https://infodemiol ogy.jmir.org/2024/1/e49335
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Study Strengths

The present resultswere obtained using datafrom social media.
The use of socia media to collect information has severa
advantages.

First, with, 2.3 billion users voluntarily sharing their data,
experience, and outcomes, social media represent the new El
Dorado to gather patient feedback [9,18]. Furthermore, the broad
variety of social mediaand the long-term storage of public posts
offer accessto alarge-scale data set allowing focus on specific
topics, time periods, and locations. Indeed, the reactivity of
social mediafacilitates carrying out analyses at agiven moment
and then over time. As such, these data make it possible to
quickly measure the impact and acceptance of the
implementation of a new health care procedure.

Second, the analysis of social media posts makes an important
contribution by generating patient-centered perspectives from
an underutilized data source. Our goal wasto identify thedirect
experiences of MToP. Anonymity likely alowed women to
express themsel ves without fear of recognition or judgment in
this context. This alternative to in-hospital interviews helps to
circumvent any form of white-coat bias[8,9].

Moreover, obtaining datafrom social mediaisfacilitated by the
low acquisition cost. This makes infodemiology an affordable
methodology complementing standard clinical methods (ie,
clinical studies or surveys), asit enables accessing alarge data
set while avoiding some of the intrinsic biases of standard
methods.

Third, the median age of social mediausersreportedin the study
was consistent with the age for abortion in France [2].

Finally, the combined methodol ogy of quantitative analysis and
qualitative examination enabled robust characterization of topics,
as previously described in peer-reviewed papers. This proven
study type helps to give a voice to women experiencing M ToP
with limited background noise on this topic.

Study Limitations

First, our study is subject to the inherent limitations of all
infodemiology studies. One of these limitations results from
the fact that, despite an abundant amount of data available,
worldwide regulation prevented us from extracting posts from
private forums/groups or those that are exchanged directly
between users. Moreover, not all social media users are active.
van Mierlo et a [33] estimated that approximately 90% of socia
media users are observers and do not actively participate in
content creation; only 9% contribute sparingly and 1% create
most of the content.

Another limitation isthe variability of the level of contribution
according to age (young people express themselves more than
other age groups), gender (women express themselves more
than men), country, socioprofessional class, and other factors
[9,34]. In our study, as the data collected via social mediawere
not representative of the population, there is a limitation in
generalizing the findings to the whole French population of
women who have experienced MToP [35].
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Since the data were issued from the internet, our study could
also present recall bias. Social media users tend to more
frequently verbalize negative rather than positive experiences
(ie, recall bias). This could lead to an overrepresentation of
negative observations related to MToP in our study. It should
also be noted that data published on social media could be
deleted or modified, limiting the reproducibility of the results.
The quality of the data collected was very heterogeneous and
varied among social media users. Verifying the accuracy of
published data is challenging due to the anonymity offered by
social media. Content bots or users pretending to be others could
have created some of the analyzed content.

Moreover, our analysis was based on the spontaneous
testimonies of social media users on a single topic of interest
and according to their feelings (subjectivity). The media or

Gouy et a

peak of comments at a given moment (eg, the change of
legislation around abortion in the United States).

Finally, due to variations among clinical practices and cultural
differences, the conclusions of our study are not reproducible
in different countries and regions.

Conclusion

This exploratory study showed the added vaue of
infodemiology. Applied to medical abortion, the resultsindicate
that French women who underwent an M ToP used social media
to document their experiences, offer and find support, and
provide and receive information regarding the procedure. This
suggests that there is still room for improvement during and
after the process, particularly in providing women with the
opportunity to be properly informed, belistened to, and express

influential people could direct the discussions and encouragea  themselves.
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Abstract

Background: Attitudes toward the human papillomavirus (HPV) vaccine and accuracy of information shared about this topic
in web-based settings vary widely. As real-time, global exposure to web-based discourse about HPV immunization shapes the
attitudes of people toward vaccination, the spread of misinformation and misrepresentation of scientific knowledge contribute to
vaccine hesitancy.

Objective: In this study, we aimed to better understand the type and quality of scientific research shared on Twitter (recently
rebranded as X) by vaccine-hesitant and vaccine-confident communities.

Methods: To analyze the use of scientific research on social media, we collected tweets and retweets using alist of keywords
associated with HPV and HPV vaccines using the Academic Research Product Track application programming interface from
January 2019 to May 2021. From this data set, we identified tweets referring to or sharing scientific literature through a Boolean
search for any tweets with embedded links, hashtags, or keywords associated with scientific papers. First, we used socia network
analysis to build a retweet or reply network to identify the clusters of users belonging to either the vaccine-confident or
vaccine-hesitant communities. Second, we thematically assessed all shared papers based on typology of evidence. Finaly, we
compared the quality of research evidence and bibliometrics between the shared papersin the vaccine-confident and vaccine-hesitant
communities.

Results:  We extracted 250 unique scientific papers (including peer-reviewed papers, preprints, and gray literature) from
approximately 1 million English-language tweets. Socia network maps were generated for the vaccine-confident and
vaccine-hesitant communities sharing scientific research on Twitter. Vaccine-hesitant communities share fewer scientific papers;
yet, these are more broadly disseminated despite being published in less prestigious journals compared to those shared by the
vaccine-confident community.

Conclusions:  Vaccine-hesitant communities have adopted communication tools traditionally wielded by health promotion
communities. Vaccine-confident communities would benefit from amore cohesive communication strategy to communicate their
messages more widely and effectively.

(IMIR Infodemiology 2024;4:€50551) doi:10.2196/50551
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Introduction

Background

Cervical cancer is one of the most preventable types of cancer
in the world. Almost al cases are attributable to human
papillomavirus (HPV), for which an effective vaccine exists
[1]. Part of the global strategy to eliminate cervical cancer
includes fully vaccinating 90% of girls with the HPV vaccine
by the age of 15 years [2]. However, the globa HPV
immuni zation coverage currently remains suboptimal [3]. While
many countries are experiencing vaccine supply issues, even
high-income countries with reliable vaccine supply and
comprehensive school-based programs are still failing to meet
vaccine targets, largely due to vaccine hesitancy [4].

Studies show that people now search the web for heath
information more often than they talk to health professionals
about these matters[5]. The popularity of socia mediaplatforms
has al so created a phenomenon wherein people not only usethe
web to access health information but also play an activerolein
cocreating the information and ideas (in the form of opinions,
anecdotes, and links to other sources of information) that they
encounter in these web-based spaces [6]. Social media spaces
create an important setting for people to interact and for
communities to emerge, as they are not geographically bound
but rather reflect patterns of shared interests, purpose, or
identities [7]. As such, vaccine-confident and vaccine-hesitant
groups represent distinctive ideologies and create distinctive
web-based communities. The distinction between these 2 groups
lies in their attitudes, beliefs, and behaviors associated with
vaccine decision-making, in that vaccine-confident groups
reflect public trust in vaccines and the evidence supporting their
efficacy, effectiveness, and safety, which leads to their uptake
of recommended vaccines. Vaccine-hesitant groups, for their
part, tend to doubt this information, demonstrated by their
reluctance or refusal to receive recommended vaccines [8,9].

Despite alarge body of evidence demonstrating the safety and
efficacy of the HPV vaccine [10,11], attitudes toward the
vaccine and the accuracy of information shared about thistopic
in web-based settings vary markedly from extremely negative
and erroneous to supportive and factualy accurate [12]. In
addition, in recent years, there has been arapid increase in the
accessibility of scientific journalsand subsequent dissemination
of scientific findingsthrough social media[13]. Simultaneously,
there has been a decline in the role of unbiased science
journalists and other communication experts as mediators
between scientists and the public [14]. While these changes
have had a democratizing effect on scientific knowledge and
allowed for better communication between scientific
communities and the public, this unfiltered access to scientific
research also creates an environment where individuals may
have difficulty in differentiating valid and credible information
from biased and unreliable information or may misinterpret
legitimate findings[15]. In contrast, researchers have also noted
that the growth of open science can create opportunities for
people to discuss novel research across polarized boundaries
[16], but the type and quality of scientific research about HPV
vaccination that is being shared in web-based discussions is
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unknown. Finaly, with a wealth of open-access scientific
research available, there are concerns about how ideologically
motivated communities, such as vaccine-hesitant groups,
integrate scientific knowledge into their social media
communication strategiesto amplify uncertainty around vaccines
[17]. It is prudent to investigate how scientific research is
integrated into web-based HPV vaccine discussions, given that
web-based information is typically considered to be more
credible, reliable, and authoritative if supported by scientific
citation, notwithstanding the source of journal, authorship, or
other features [18].

Twitter (recently rebranded as X; as data collection occurred
before the rebrand, wewill be using itsformer name throughout
this paper) is one of the largest, most popular, and most
influential social mediaplatformsintheworld. Twitter hasalso
traditionally been a preferred source of public opinion data for
applied public health research [19-22]. This is because social
media feeds such as Twitter offer an avenue for continuous,
near-real—time collection of unsolicited information generated
by many individuals regarding a variety of topics of interest
[23,24]. Several studies have recently demonstrated the benefits
of leveraging social media over traditional methods such as
surveys as a source of primary data for health promotion
interventions, including those aimed at increased participation
in HPV immunization programs [25].

Objectives

Exposure to web-based discussions about HPV immunization
on Twitter, regardless of geographic location, may influence
peoples’ attitudes toward the vaccine [22,26,27]. Thus, thereis
significant interest among public health professionals to better
understand how scientific knowledge about HPV immunization
iswielded on Twitter, both to understand the impact of scientific
knowledge on vaccine hesitancy and to identify opportunities
for novel interventions aimed at countering or debunking
misinformation and supporting increased uptake of the HPV
vaccine [6,28]. Therefore, in this study, we aimed to do the
following:

1. Describe and visudize the vaccine-hesitant and
vaccine-confident communities’ patterns of sharing HPV
vaccination—related scientific literature on Twitter

2. Thematically analyzethe scientific literature shared by both
vaccine-hesitant and vaccine-confident communities using
atypology of research evidence

3. Determine whether there are differences in shares, quality
of evidence, and other bibliometric indicators of the
scientific literature shared by each community

Methods

Overview

Our methodsfollowed amultistep process. First, we conducted
a rapid review to inform HPV and HPV vaccine keywords.
Second, we used these keywords to filter tweets and create a
data set. Third, we detected vaccine-confident and
vaccine-hesitant communities and generated social network
maps of each community based on tweets and retweet. Fourth,
we detected the mentions of scientific literature in each
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community and extracted those papers for future statistical and ~ presented in Figure 1 (adapted from the paper by Elyashar et al
social network analysis. A summary of these methods is [29]), and further details are presented in the following sections.

Figure 1. Summary of the study methods. API: application programming interface; HPV: human papillomavirus.
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r NE® . - ‘
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and 2020 about the topic of HPV immunization discussions on
social media, with 11 (85%) focusing on HPV immunization
To determine the most applicable keywordsto guidethisstudy,  discussions on Twitter specifically. We extracted the keywords
a rapid review was first conducted to determine the most used in each paper to filter content on social media (Textbox
frequently used keywords in literature focused on HPV and 1) Then, we synthesized these keywords to compile a list of
HPV immunization discourse on Twitter. The rapid review  the most used keywords to represent HPV and HPV vaccine

methodology was selected due to its efficiency in synthesizing  discussions on social media, and the top 3 keywords were used
alargevolumeof informationin atimely yet systematic manner  to generate the data set.

[30]. This review yielded 13 papers published between 2015

Literature Review to Inform Data Collection
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Textbox 1. Papers yielded from the rapid review and the associated human papillomavirus (HPV)—related and HPV vaccine—related keywords.

Papersand keywords
o Shapiroeta [31]

. Masseyetd [32]

. Keim-Malpasset a [33]
o« “#HPV” and “#Gardasil”

. Dueta [2]]

o “HPV,” “human papillomavirus,” “ Gardasil,” and “Cervarix”

« Nelonetal [34]

o “#vaccines” “#vaccine” “#vaccinations,” and “#vaccination”

e Surianeta [35]

« Zhouetal [36]

. Beckereta [37]

«  “Pentavalent OR pentavac OR quinvaxem”

. Dydaeta [38]

o Chakraborty et al [20]

n o

shot,” “cervical shots,” “cervical vaccine,

« Dunneta [39]

o Budenzet a [40]

« Zhangetal [41]

o “Gardasil,” “Cervarix,” “HPV AND vaccin*,” and “cervical AND vaccin*”

o« “HPV, “HPV vaccine,” “HPV shot,” “Gardasil,” and “Cervarix” (and hashtag equivalents)

« “HPV AND vaccine” “HPV AND vaccination,” “Gardasil,” “cervical AND vaccination,” “cervical AND vaccine,” and “Cervarix”

«  “HPV,” “vaccine,” “Gardasil,” “Cervarix,” “vaccination,” “cervical,” and “cancer”

o “Cervica,” “Cervarix,” “HPV,” “human papillomavirus,” “vaccine,” “vaccination,” and “ Gardasil”

o« “HPV, “papilloma,” “pappiloma,” “papiolma,” “papillomavirus” “Gardasil,” “Gardisil,” “Guardisil,” “Guardasil,” “Cervarix,” “cervica
cervica vaccines,
“cervical vaxxine,” “cervical vaxxines,” “cervical vaccination,” and “cervical vaccinations’

o “Gardasil,” “Cervarix,” “HPV AND vaccine,” and “cervical AND vaccin”

o« “HPV, “HPV vaccine,” “HPV shot,” “Gardasi,” and “Cervarix” (and hashtag equivalents)

o “Cervarix,” “Gardasil,” “HPV,” “human papillomavirus,” “Gardasil,” “HPV AND vaccin*,” and “cervical AND vaccin*”

" ou n o

cervical vax,” “cervical vaxine” “cervical vaxines,” “cervical vaxx,’

Data Collection

Using 3 of the most common keywords that emerged from the
initial rapid review (“HPV” OR “Gardasil” OR “Cervarix”), a
data set of tweets and retweetswas created (N=596,987). Then,
tweets were collected using the Academic Research Product
Track application programming interface (API) from January
2019 to May 2021 [42]. Data were collected using the Twitter
APl Python wrapper (Python Software Foundation, version
3.8.5) [43]. The construction of the API, data collection, and
data processing (ie, importing, exporting, and filtering of data)
were performed in Python [44].

https://infodemiol ogy.jmir.org/2024/1/e50551

Ethical Consider ations

This study received an exemption from ethics approval as
determined by The Conjoint Faculties Research Ethics Board
at the University of Calgary. This was due to its use of only
publicly available information from an existing data set.
Furthermore, the published results have omitted all identifiable
information and are only presented in aggregate form.

Social Network Analysis

First, we created a social network of accounts by creating an
edgelist using retweets. Theretweet edgelist consisted of nodes
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representing individual Twitter accounts and edges representing
accounts that are being retweeted. The individual Twitter
accountswereidentified using the“username” information from
the API, and the source of the retweet account information was
extracted using the account mentions beside the “RT” in the
tweets text in our data set. Our data set consisted of 57,109
retweetsand 25,898 original or quoted tweets. Retweet networks
were analyzed as they are found on aggregate to better reflect
agreement among users and thus represent an ideological
community on issues such as vaccination [45]. Second, we used
a Louvain modularity method to classify subclusters of
web-based communities in the resulting social network [46].
This method was chosen because the algorithm was designed
to accurately detect subcommunities within large networks and
operate fast computationally. Third, the social network analysis
map aso illustrated a strong polarization of the subclusters.
Through this polarization and the identification of primary
influencers within a subcommunity, the vaccine-confident
(n=234,015) and vaccine-hesitant (n=95,908) web-based
communities were identified. The primary influencers were
detected by measuring the degree centrality, which is the
measure of the number of connections each user has within the
network. Thus, the accountswith the highest measure of degree
centrality were categorized as primary influencers, as a high
degree centrality demonstrates a high number of connections
an account has within the network. These primary influencers,
along with the content of the account’s bio descriptions and
tweets, were qualitatively studied to examine their expressed
positionsregarding HPV vaccination. Edgelist was constructed
using Python, and the retweet social network analysis was
conducted using Gephi- (Gelphi, version 0.9.2) [47].

Scientific Literature Sharing Network Analysis

From the vaccine-confident and vaccine-hesitant data sets, we
identified tweets that either mentioned or shared scientific
literature through a Bool ean search for tweetswith an embedded
http secure link or any of the select list of words (“paper,’
“article,” “research,” “scientific,” “peer review,” “literature,”
“scientists,” “study,” and “report”) [48]. This filter identified
220 papers from the vaccine-confident community and 30 papers
from the vaccine-hesitant community. The titles of or links to
these papers were extracted from the data set along with
associated metrics such as number of sharesfor further analysis
(as described in the Data Analysis section). We identified the
top 20 most shared scientific publications in these respective
communities. We chose to identify the top 20 most shared
scientific publications due to the proportion of sharesthat these
papers had—accounting for >97% of shares in the
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vaccine-hesitant community and approximately 61% in the
vaccine-confident community. Then, we repeated the social
network analysis steps by creating aretweet network of accounts
sharing the top 20 prominent scientific publications within the
vaccine-confident and vaccine-hesitant communities. The edge
list for the vaccine-confident community comprised 989 nodes
and 1013 edges, wheresas the vaccine-hesitant group had 355
nodes and 422 edges. The primary influencers in this network
were again identified using degree centrality measures, and we
qualitatively analyzed these accounts on Twitter through their
Twitter bio descriptions. The social network analysis of the
scientific papers was conducted using Gephi (version 0.9.2)

[47].

Typology of Evidence for Thematic and Critical
Appraisal

Overdll, 2 members of the research team (GJP and NF) with
subject area expertise in HPV immunization independently
reviewed all scientific papers from each network using a
typology of evidence, proposed by Gray [49], based on the
suitability of the study design for the research question posed.
This typology was determined to be the most appropriate and
feasible approach to critically appraise the scientific papers
because it allowed for the ability to schematically differentiate
between diverse study designs (from in vivo to clinical trials
and reviews). First, we classified the objective, research
guestion, or aim of the study based on 9 categories that were
used to classify research papers based on the typology by Gray
[49] (presented in the first column of Table 1). Next, we
classified each paper according to the study design. Onthebasis
of these 2 metrics, a score ranging from 0 to 2 was assigned to
each paper, where 0 indicates the least appropriate study design
for the research question posed and 2 indicates the most
appropriate design for the research question posed (refer to
Table 1 for details about the scoring of the typology of
evidence). The same 2 members of the research team compared
their classifications and scoring, and if consensus could not be
reached, athird member of theresearch team (LKAS) madethe
final decision. In addition, we extracted information about the
characteristics of the paper (study design, research question, or
objective), journal (journal name and year published), and author
(names, affiliations, and conflicts of interest; refer to Multimedia
Appendices 1[50-70] and 2 [52,71-89] for results of thetop 20
most shared papers obtained from the vaccine-confident and
vaccine-hesitant communities). These datawere used to conduct
bibliometric analyses of the journal and descriptive analysis of
the research content shared by each community, which are
further described in the following sections.
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Table 1. A typology of evidence (example questionsin columns refer to human papillomavirus [HPV] vaccination for the prevention of cancer) based
on appropriateness of study design for the research question posed (adapted from the papers by Gray [49] and Petticrew and Roberts [90]).

Invivo Quadlitative  Cross-section- Case-control Cohort RcTs2 Quasi-experi-  Nonexperimental  Scopingre-
andin  research al survey studies studies mental studies  evaluations views and
vitro narrative
studies reviews

Effectiveness (does 0 0 0 0 1 2 1 0 2

this work? does do-

ing thiswork better

than doing that?)

Process of service 0 2 1 0 0 0 0 1 2

delivery (how does

it work?)

Salience (does it 0 2 2 0 0 0 0 0 2

matter?)

Safety (will it do 0 1 0 1 1 2 1 1 2

more harm than

good?)

Acceptability (will 0 2 1 0 0 1 1 1 2

thefocus population

bewilling to or want

to take up the HPV

vaccine?)

Cost-effectiveness 0 0 0 0 0 2 0 0 2

(isit worth deliver-

ing this service?)

Appropriateness (is 0 2 2 0 0 0 0 0 1

thistheright service

for this population?)

Satisfactionwiththe 0 2 2 1 1 0 0 0 0

service (isthis popu-

lation satisfied with

the service?)

Basic science (what 1 0 0 0 0 0 0 0 0

isthecdlular mecha
nism of action?)

8RCT: randomized controlled trial.

Bibliometric Indicators

Traditionally, the prestige and quality of ajournal was evaluated
using citation metrics such as impact factor [91]. In the past
few years, as assessment of scientific information has grown
exponentially, new tools have been developed to capture the
visibility and reach of web-based scientific information.
Examplesof these alternative metrics or altmetricsincludelikes,
shared tweets, and retweets [92]. To compare traditional
scholarly measures of quality to altmetrics, we collected data
about the number of timesthe paper was shared by each vaccine
community and the impact factor of the journal the paper was
published in. We also collected data about the number of
citations each shared paper had received through Google
Scholar. Given that citations are impacted by the length of time
since publication, we used the SCImago Journal Ranking (SJR)
indicator, which provides aweighted average score that remains
consistent each year and accounts for the prestige of the citing
journa and the differences across subject fields, allowing for
more equal comparisons across subject fields [93]. Each paper
was assigned an SJR indicator, where a lower score indicates
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lower-ranking journals and higher scoresindicate higher-ranking
journals [94]. Journals that were not indexed in the Scopus
database were not assigned an SJR score and were marked as
missing in our database. These metrics were used to assess the
influence of the shared papers in scientific research and the
prestige of the journal the shared papers were published in.

Data Analysis

Once these bibliometrics and typol ogy-of-evidence scoreswere
collected in adata set, basic descriptive results of these 4 metrics
(number of shareson Twitter, number of citations, impact factor,
and typology of evidence score) were calculated using median
and IQR, given their skewed distributions. We also performed
the Mann-Whitney U test, given the nonnormal distribution of
these data [95], to determine whether there were statistically
significant differences in the 4 indicators between the papers
shared in the vaccine-hesitant and vaccine-confident
communities. Thefour indicators examined were (1) the number
of shares that the original tweet sharing the publication on
Twitter received, (2) the SIR score of the journal the paper was
published in, (3) the number of citationsthe paper received, and
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(4) the typology of evidence score that the paper received.
Statistical significance was determined using P value <.05.
Effect sizewas calculated using Cohen d, where a standardized
difference of 0.2 indicates a small difference, difference of 0.5
indicates a medium difference, and difference of 0.8 indicates
alarge difference [96]. All data analyses were conducted using
SAS Studio (SAS Ingtitute, version 3.6).

Results

Overview

Intotal, 250 scientific papers (=30, 12% in the vaccine-hesitant
community and n=220, 88% in the vaccine-confident
community) shared between January 2019 and May 2021 were
identified. These papers received a combined total of 2247
shares on Twitter, with 562 (25.01%) sharesfor vaccine-hesitant
papers and 1685 (74.99%) shares for vaccine-confident papers.
On average, vaccine-hesitant papers received approximately
19.2 (SD 35.6) shares, whereas vaccine-confident papers
received approximately 7.7 (SD 30.5) shares. Of these 250
scientific papers, the top 20 most shared papers from each
vaccine community were used to produce asocial network map
of al tweets interacting with or sharing scientific papers about
the HPV vaccine on Twitter (Multimedia Appendix 3).

Jessiman-Perreault et d

Vaccine-Hesitant Social Networ k

Figure 2 presents the socia network of all tweets sharing or
interacting with tweets discussing scientific papers among the
vaccine-hesitant community. As can be seen in Figure 2, the
retweet network of scientific literature in the vaccine-hesitant
community can be categorized into 5 distinct subclusters.
Accounts associated with thered cluster shared papersfocusing
on the safety and ethical considerations around vaccination,
with a journalist from a conservative news network emerging
as the most influential account holder in this cluster. The most
commonly shared paper in this cluster was a case study about
the safety of the HPV vaccine in the context of alleged adverse
reactions to the HPV vaccine in Japan [50]. In the light green
cluster, 1 particular influencer, whose account was later
suspended by Twitter, was similarly influential by sharing a
paper focused on the effectiveness of HPV vaccination in the
prevention of cervical cancer, namely, a widely circulated
review paper about this topic [51]. Leading accounts linked to
the orange cluster and the dark green cluster were personal user
accounts, and both shared the same paper as the light green
cluster, calling into question the efficacy of the HPV vaccine
in the prevention of cervical cancer.

Figure 2. Network analysis of the vaccine-hesitant community sharing scientific research on Twitter. HPV: human papillomavirus.

Titles of scientific papers

Theme: Ethical and Legal Challenges of
Vaccines and Vaccination Lessons
Learnt in Japan From Adverse
Reactions to the HPV Vaccine: A
Medical Ethics Perspective

Will HPV Vaccination Prevent Cervical
Cancer?

Will HPV Vaccination Prevent Cervical
Cancer?

A Lowered Probability of Pregnancy in
Females in the USA Aged 25-29 Who
Recieved a Human Papillomavirus Vaccine
Injection

Clusters

Will HPV Vaccination Prevent Cervical
Cancer?

Autoantibodies Aagainst Autonomic Nerve
Receptors in Adolescent Japanese Girls
After Immunization With Human
Papillomavirus Vaccine

The orange cluster of the vaccine-hesitant community circul ated
aretracted paper, which alleged that HPV vaccines affected the
vaccine recipients fertility and focused on safety [52].
Furthermore, the orange cluster’s location in the network (ie,
adjacent to thelight green cluster) suggests social influence and
connection between the 2 clusters. In contrast, there was little
interaction between the accountsin the light green cluster and
the dark green cluster, suggesting that the influential accounts
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RenderX

in these clusters independently found the same scientific
literature and circulated it among arelatively isolated cohort of
users. Finally, in the blue cluster, a European support group for
those who had experienced vaccine injuries was the leading
influential account, whereas a medical society’s account that
published a widely shared paper in this cluster [51] was an
account of secondary influence. Again, theinfluential accounts
in this cluster shared scientific papers, which were retweeted

JMIR Infodemiology 2024 | vol. 4 | 50551 | p.63
(page number not for citation purposes)


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

JMIR INFODEMIOLOGY

by accounts that are more periphera to the central clusters of
influential accounts. The primary scientific paper circulated
among users in this cluster focused on the theme of safety of
the HPV vaccine by measuring the serum levels of
autoantibodies in a cohort of girls who had possible adverse
reactions following the receipt of the HPV vaccine [53].

Vaccine-Confident Social Networ k

The retweet network of scientific research shared among the
web-based vaccine-confident community can similarly be
divided into 5 distinct subclusters, as shown in Figure 3. The
red cluster primarily included users retweeting literature from

Jessiman-Perreault et d

the British Medical Journal. There were 2 main papers
circulated in this cluster, both of which focused on the
effectiveness of the HPV vaccine. The first was a retrospective
population study about the efficacy of the HPV vaccine in the
prevention of cervical cancer in Scotland, focusing on thetheme
of satisfaction with service [71], whereas the second was an
observational study about the outcomes of HPV screening in
high-risk populationsin England [72]. In the orange cluster, we
observed a similar influence exerted by a government-funded
public health agency, which shared a popular paper about
effectiveness, focusing on the potential of the HPV vaccine to
lower the risk of cervical cancer in a cohort population [73].

Figure 3. Network analysis of the vaccine-confident community sharing scientific research on Twitter. HPV: human papillomavirus.

e

Titles of scientific articles

Prevalence of Cervical Disease at Age 20
After Immunization With Bivalent HPV
Vaccine at Age 12-13 in Scotland:
Retrospective Population Study

Primary Cervical Screening With High Risk
Human Papillomavirus Testing:
Observational Study

HPV Vaccination and the Risk of Invasive
Cervical Cancer

Clusters

HPV Vaccine: High Coverage Could
Eradicate Cervical Cancer Within Decades,
Say Researchers

The Remarkable Impact of Bivalent HPV
Vaccine in Scotland

Anxiety and Distress Following Receipt of
Results From Routine HPV Primary Testing
in Cervical Screening: The Psychological
Impact of Primary Screening (Pips) Study

Sociodemaographic Correlates of Cervical
Cancer Risk Factor Knowledge Among
Screening Nonparticipants in Great Britain

Inthered, orange, and dark green clusters, therewere physicians
and health care workers among the users who retweeted
influential tweets. For example, in the orange cluster, 1
particularly influential physician circulated an editorial paper
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about the effectiveness of the HPV vaccine, which indicated
that high HPV vaccine coverage could eradicate cervical cancer
within a few decades [74]. A science correspondent for a
pre-eminent American newspaper was the leading influencer
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in the light green cluster wherein the primary paper circulated
was an editorial, also focused on effectiveness, related to the
positive impacts of HPV vaccination in Scotland [75]. Finally,
in the blue cluster, aleading cancer prevention researcher from
aBritish research ingtitute was the leading influencer and author
of the scientific papers circulated. In this cluster, papers about
the psychological impacts of HPV screening [76] and the
sociodemographic correlates of cervical cancer risk among those
who did not participant in cervical screening programs in the
United Kingdom [77] were recirculated by the accounts
influenced by the leading researcher. Unlike the other clusters,
health care workers were not overrepresented in the light green
and blue clusters.

Overall, results from the vaccine-confident community suggest
that health care, scientific, and news media communities are
operating in closed systems. As we can see in Figure 3, there
are relatively few bridging connections among the different
communities discussing influential HPV vaccination literature
in the vaccine-confident space. In contrast, the vaccine-hesitant
space (Figure 2) is a more cohesive and tightly connected
community, suggesting that there are stronger knowledge flows
between subclusters in this group. Twitter accounts in the
vaccine-hesitant community appear to be more efficient in
sharing information than the more fragmented vaccine-confident
community (Multimedia Appendix 3). Furthermore, the
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vaccine-hesitant Twitter accounts are more effective in
communicating the results and research of interest to one
another, whereas those in the vaccine-confident space appear
to struggle to disseminate the research of interest beyond their
personal and professional communities. These findings are
supported by the descriptive statistics presented later in the
paper, which indicated that while the vaccine-confident
community shares far more scientific papers than the
vaccine-hesitant community, the scientific literature shared by
the vaccine-confident community received far fewer shares per
paper despite being published in higher-ranked journals.

Typology of Evidence and Bibliometric Analysis

Table 2 presents the distribution of typology of evidence
categorized by vaccine community type. Most of the scientific
papers shared by the vaccine-hesitant community focused on
safety (16/30, 55%) or effectiveness (8/30, 28%), exemplifying
the key concerns legitimizing vaccine hesitancy. The
vaccine-confident community shared papers related to a wider
range of research themes, the most common being papers that
focused on basic science (56/220, 25.7%), effectiveness (55/220,
25.2%), acceptability (49/220, 22.5%), and salience (38/220,
17.4%). While the level of focus on effectiveness was similar
between the 2 communities, there was very little overlap in the
specific papers selected for sharing.

Table 2. Description of the typology of evidence of all papers shared on Twitter categorized based on vaccine-confident and vaccine-hesitant communities.

Vaccine-confident community (N=220), n (%)

Vaccine-hesitant community (N=30), n (%)

Effectiveness 55 (25)
Safety 12 (5.5)
Process of service delivery 4(1.8)
Satisfaction with the service 1(0.5)
Salience 38(17.3)
Acceptability 49 (22.3)
Cost-effectiveness 5(2.3)
Basic science 56 (25.5)

8(26.7)
16 (53.3)
1(33)
0(0)
1(33)
1(33)
0(0)
3(10)

Table 3 presents the descriptive statistics about the 4 metrics
for al the scientific papers shared by vaccine-confident
(220/250, 88% papers) and vaccine-hesitant (30/250, 12%
papers) communities. The 4 metrics described in Table 3 are
the median shares per paper, the median number of citations
each shared paper received, the median SJR score of thejournal
that published each shared paper, and the median typology of
evidence score. Table 3 also presents the results from the
Mann-Whitney U test. Tweets containing scientific papers
shared by the vaccine-confident community received amedian
of 3 shares, compared to a median of 4 shares by the
vaccine-hesitant community. Results from the Mann-Whitney
U test indicate that there are statistically significant differences
(P=.01) in shares of tweets containing papers about HPV
vacci nation between the vaccine-hesitant and vaccine-confident
communities and that this difference is small (Cohen d=0.37).
Scientific papers shared by the vaccine-confident community
received a median of 13 citations compared to a median of 17
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citationsfor the scientific papers shared by the vaccine-hesitant
community. We did not find evidence of statistically significant
differencesin the number of citations received by papers shared
between the vaccine-confident and vaccine-hesitant
communities. Scientific papers shared by the vaccine-confident
community received a median SJR score of 1.83 compared to
a median score of 0.84 for the papers shared by the
vaccine-hesitant community. Results from the effect size
calculation found this to be a medium standardized difference
(Cohen d=61). The Mann-Whitney U test also found evidence
of statistically significant (P<.001) differences in SJR scores
of the HPV-rel ated papers shared between the vaccine-confident
and vaccine-hesitant communities. Finally, scientific papers
shared by both the vaccine-confident and the vaccine-hesitant
communities received a median typology of evidence score of
1, and results from the Mann-Whitney U test did not find
evidence of astatistically significant difference.
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Table 3. Results from the Mann-Whitney U test for shares, number of citations, SClmago Journal Ranking (SJR), and typology of evidence score
categorized based on human papillomavirus vaccine-confident and vaccine-hesitant communities.

Vaccine-confident community  Vaccine-hesitant community P value Effect size (Cohen d)
(n=220), median (IQR) (n=30), median (median)

Shares 3(1.0-6.5) 4(2.0-15.0) .007 0.37

Number of citations 13 (5.0-75.0) 17 (9.0-44) .28 0.19

SR 1.83(1.25-3.44) 0.84 (0.68-1.30) <.001 0.61

Typology of evidence 1(0.0-10) 1(1.0-1.0) 22 0.14

Discussion

Principal Findings

Theincrease in the volume of scientific publications shared on
theweb [13] and the growth of open-access scientific publishing
[16] have created an environment of greater accessto scientific
literature among lay audiences. However, little is known about
how scientific literature is being incorporated into web-based
communication  strategies of  vaccine-confident and
vaccine-hesitant communities. Our study examined how
scientific literature focusing on the HPV vaccineisbeing shared
by vaccine-hesitant and vaccine-confident networks on Twitter.
We found that despite the increased quantity of scientific
literature being shared, such literature is often used by the
vaccine-hesitant community to proliferate misinformation about
vaccination, which is amplified in a web-based environment
such as Twitter. Therefore, Kata [97] has described four key
tacticsthat are used by the antivaccination movement to spread
their messages on the web: (1) skewing the science, (2) shifting
the hypotheses, (3) censorship, and (4) attacking the critics. A
study conducted by van Schalkwyk et al [17] demonstrated that
vaccine-hesitant groups are strategic in their use of scientific
literature on social mediato amplify uncertainty about vaccine
safety and that vaccine-hesitant accounts who use large arsenals
of scientific literature play important roles in dissemination of
information across multiple communication networks. Findings
from our thematic analysis of the papers shared by the
vaccine-hesitant networks confirm this. Our study also found
that the vaccine-hesitant community was much more likely to
share scientific publications that questioned the safety and
effectiveness of the HPV vaccine, whereas the vaccine-confident
community shared scientific publications on a wider range of
topics. This aligns with the tactic of skewing the science
(identified by Kata[97]), which focuses on criticizing scientific
studies while simultaneously calling for more studies,
particularly focusing on the need for randomized controlled
trials that compare vaccinated children and unvaccinated
children. Moreover, most of the papers shared by the
vaccine-confident community focused on basic science (ie, in
vitro or in vivo studies), and thisfocus lowered the typology of
evidence score of the vaccine-confident community, while
falling to contribute to a wunified message in the
vaccine-confident community.

Furthermore, the quality of journals that published the papers
shared in these communities varied markedly. The scientific
publications shared by the vaccine-confident community were
significantly more likely to be published in higher-ranked
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journals and therefore obtained higher SIR scores, compared
with those shared by the vaccine-hesitant community. Other
researchers have found that critical appraisal is often absent
when vaccine-hesitant individuals share “ scientific evidence’
on the web, which often includes citations that blur the line
between | egitimate scientific publications and fraudulent studies
[98]. However, thereislittle evidence of communication across
networks, despite repeated cals from public health
communication experts to prebunk and debunk vaccine
misinformation on theweb [99,100]. Notably, both communities
share a retracted paper, but their framing of the paper varies.
The vaccine-confident community mocks the paper for its
outlandish claims, whereas the vaccine-hesitant community
highlightsthe findings asif they were accurate. This highlights
2 issues. First, despite not supporting the findings of the
retracted paper, the vaccine-confident community still shared
the paper, thusamplifying itsreach. Second, the vaccine-hesitant
communities’ definition of “scientific evidence” does not align
with accepted norms, as retracted papers can no longer be
considered part of the scientific evidence base.

Vaccine-hesitant groups have been shown to co-opt the
perceived authority of professional sources (eg, WebMD and
the American Medical Association) to bolster their claims, even
when the associated evidence does not support their arguments
[101]. Interestingly, past studies have shown that while both
groups point out knowledge deficits in their counterparts and
attempt to correct misinformation by offering alternate sources
of evidence, vaccine-confident groups have been shown to
infrequently cite scientific evidence to correct misinformation
or present counterarguments in web-based forums [102].
However, our anaysis shows that the vaccine-confident
community often shares scientific literature on the web as a
form of self-promotion or knowledge trandlation, rather than as
atool to counter misinformation or correct misinterpretations.

Consequently, consistent with others in this field, we suggest
that vaccine researchers should take a more active role in the
HPV-related conversations that are occurring on the web,
beyond simply promoting their own studies and instead
countering misinformation and disinformation on theweb [103].
Researchers and practitioners hoping to meaningfully contribute
to the conversation about HPV vaccination on the web should
explore training in science communication and social media
engagement strategies, including the monitoring and correcting
of public misinterpretation of their studies on various social
mediaplatforms[103,104]. Studies show that theway in which
health information is communicated affects recipients
perception of it, with transparent communi cation fostering trust
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in health authorities and reducing the proliferation of
conspiratorial beliefs[105].

Limitations

While Twitter provides us with a large body of unfiltered
discussions to examine, the use of Twitter is not universal, and
younger individuals (aged 18-29 years) and minority groups
tend to be overrepresented on Twitter [20,24]. Therefore, while
thisanalysisisnot universal for al demographics, such asthose
who do not use Twitter as a social media platform, it provides
opportunities to collect information about the health opinions
held by members of several priority populations. While this
study provides away of studying web-based social interaction,
further studies are needed to understand vaccine hesitancy
among the general population who may not use Twitter.

The creation of the data set of HPV-related and HPV
vaccine—related tweets was based on 3 commonly used hashtags
derived from arapid review of published papers, therefore, there
isthe potential that we missed some tweets that also discussed
HPV and HPV vaccine but were not captured by these hashtags.
In addition, we extracted a variety of metrics about the papers
and journals included in our data set, but given the wide
variation in study design among the extracted papers, conducting
a formal critical appraisal of quality was unfeasible for this
project and is an area for future study. Furthermore, this study
did not measure the engagement rate of tweets, which isanew
analytic metric offered by Twitter and is calculated by dividing
the number of engagements (ie, total number of times a user
interacted with a post including retweets, replies, likes, and
follows) by the number of impressions (ie, number of times a
user isshown aparticular post in their timeline or search results).
It should be reinforced that the number of shares of atweet is
not equivalent to the impact of the content shared.

Another limitation is that one of the metrics collected in our
study was the number of citations each paper had received, for
which we choseto usethe“cited by” count provided by Google
Scholar. While there has been criticism about the cited by
metrics provided by Google Scholar due to double counting of
citationsfrom published journals and other sources[51], Google
Scholar coversalarger breadth of sources (eg, conference papers
and book chapters) than alternative platforms such as Web of
Science [106]. Finaly, the time frame we selected to collect
tweetsfor thisstudy, that is, January 2019 to May 2021, presents
alimitation. We chose to expand our data collection to 2021 to
allow us to acquire a sufficiently large data set, because the
COVID-19 pandemic began shortly after the start of our data
collection period. With the emergence of the COVID-19
pandemic, health discussions on Twitter became heavily focused
on COVID-19 instead of other topics, including HPV
vaccination. We ultimately extended our data collection time
frame beyond our origina timeline to provide us with a
sufficiently large corpus of tweetsto analyze. Given the unique
period of data collection (ie, before and during the COVID-19
pandemic), which influenced the quantity of discussion about
non—COVD-19 topics, the generalizability of thesefindingsis
reduced. Our experiencein collecting these dataover the course
of the COVD-19 pandemic has been explored further in another
publication, where we examined the attitudes and sentiment on
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Twitter toward HPV vaccination amidst the context of the
pandemic [107].

Strengths

This study contributesto the growing body of knowledge about
the discussions about HPV immuni zation in web-based settings
by using novel mixed methods to identify what papers about
HPV and HPV vaccine are being shared on the web and how
vaccine-confident and vaccine-hesitant communities are using
this knowledge in their web-based communication strategies.
Our study demonstrates that vaccine-hesitant communities are
using strategies of scientific authority by presenting them as
“scientific evidence” on Twitter, regardless of the quality of the
papers themselves. Vaccine-confident communities do not
appear to be sharing papersto build consensus, rather they share
their scientific studies. These findings are relevant to health
communication experts who am to combat vaccine
misinformation and disinformation on the web by providing
them with concrete examples of papers used to create distrust
in HPV vaccines. Moreover, HPV researchers and health
promotion organizationsthat use Twitter might find these results
helpful in crafting a more deliberative knowledge trandation
strategy.

Our study has several strengths. First, we used alarge body of
data from Twitter to track near—rea-time conversations about
HPV vaccination on the web. Twitter, in its previous iteration,
was one of the largest and most popular social mediaplatforms
and was seen as a preferred source of public opinion data for
applied public health research dueto the following features: (1)
quick processes for collecting data sets, (2) low costs for data
collection, (3) ability to monitor trendsover time, and (4) ability
to avoid researcher biases that are inherent to the design and
delivery of traditional research tools such as surveys [21,24].
Therefore, this data set provided us accessto alarge number of
unfiltered discussions from populations that are traditionally
difficult to access through conventional data collection methods.

Next, our use of social network analysis allowed usto examine
how scientific literature is shared and its connection within
wider networks representing communities of interest. Thus, we
were aso ableto identify key influencers within networks who
potentially act as leverage points to amplify future health
communication campaigns, while aso shedding light on the
density of vaccine-hesitant influencers compared to
vaccine-confident influencers within the respective socia
networks. Finally, while the vaccine-hesitant community has
attempted to use or distort scientific literature to support their
viewpoints for along time, to the best of our knowledge, this
is the first study to examine how scientific evidence has been
used and shared on the web by comparing both vaccine-hesitant
and vaccine-confident web-based communities in discussions
specifically related to the HPV vaccine.

Conclusions

Many of the communication strategies initially used by health
promotion communities, including the use of thelogical fallacy
such as appeding to scientific authority and scientific
knowledge, appear to have been co-opted by the vaccine-hesitant
community and are being used to create controversy by focusing
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on questions about the effectiveness and safety of the HPV
vaccine. While the scientific literature shared within these
vaccine-hesitant communitiesis often published in lower-ranked
journals, they deliver a substantialy more successful,
coordinated strategy when it comes to communicating about
HPV vaccine on Twitter, compared to the vaccine-confident
communities. By widely sharing acurated selection of scientific
publications among like-minded individual s, the vaccine-hesitant
community members' communication around the HPV vaccine
yields much more interaction (ie, shares and retweets) than is
observed in the vaccine-confident community’s efforts to
disseminate research findings. While the scientific literature
shared by members of the vaccine-confident community is
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published in higher-ranked journals, these papers receive far
fewer interactions and have lesser reach on Twitter.

While the vaccine-hesitant community has successfully
incorporated communication tools that were traditionally
wielded by health promotion communities to advance their
agenda, the web-based vaccine-confident community could
benefit from paying attention to their dissemination techniques
for using web-based platforms such as Twitter to amplify their
messaging. However, it is crucial that the vaccine-confident
community’s messages ultimately be transmitted in a manner
that fosters long-term trust and credibility, which stems from
accurate and transparent communication.
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Abstract

Background: Prenatal alcohol exposure represents a substantial public health concern asit may lead to detrimental outcomes,
including pregnancy complications and fetal alcohol spectrum disorder. Although UK national guidance recommends abstaining
from alcohol if pregnant or planning a pregnancy, evidence suggests that confusion remains on this topic among members of the
public, and little is known about what questions people have about consumption of alcohol in pregnancy outside of health care
Settings.

Objective: This study aims to assess what questions and topics are raised on alcohol in pregnancy on a web-based UK -based
parenting forum and how these correspond to official public health guidelineswith respect to 2 critical events: theimplementation
of therevised UK Chief Medical Officers' (CMO) low-risk drinking guidelines (2016) and thefirst COVID-19 pandemic lockdown
(2020).

Methods: All thread starts mentioning alcohol in the “ Pregnancy” forum were collected from Mumsnet for the period 2002 to
2022 and analyzed using qualitative content analysis. Descriptive statistics were used to characterize the number and proportion
of thread starts for each topic over the whole study period and for the periods corresponding to the change in CMO guidance and
the COVID-19 pandemic.

Results. A total of 395 thread starts were analyzed, and key topicsincluded “Asking for advice on whether it is safe to consume
alcohol” or on “safe limits” and concerns about having consumed alcohol before being aware of a pregnancy. In addition, the
Mumsnet thread starts included discussions and information seeking on “Research, guidelines, and officia information about
alcohal in pregnancy.” Topics discussed on Mumsnet regarding alcohol in pregnancy remained broadly similar between 2002
and 2022, although thread starts disclosing prenatal alcohol use were more common before the introduction of the revised CMO
guidance than in later periods.

Conclusions: Web-based discussions within a UK parenting forum indicated that users were often unclear on guidance and
risks associated with prenatal alcohol use and that they used this platform to seek information and reassurance from peers.

(JMIR Infodemiology 2024;4:e58056) doi:10.2196/58056
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social media; web-based forum; al cohol; pregnancy; prenatal health; prenatal alcohol exposure
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Introduction

Background

Prenatal alcohol exposure (PAE) can lead to severa detrimental
outcomes, such as fetal alcohol spectrum disorder (FASD) [1]
and developmenta effects on both physical [2] and mental
health [3]. In addition, those with FASD have a higher risk of
experiencing problems in school, getting into trouble with the
law, and having problems with alcohol and illicit drug use [4].
FASD has been mentioned in research since the early 1970s
[5], and it isacomplex diagnosiswith ahigh rate of comorbidity
[6], usualy requiring a multidisciplinary team to diagnose it
[7]. Estimates have shown that, on average, 9.8% of women
worldwide consume alcohol in pregnancy, and in the United
Kingdom, 40.1% of women report consuming acohol in
pregnancy, ranking the United Kingdom as having the fourth
highest prevalence of PAE in the world [8]. It has been shown
that approximately 8 in 1000 individuals have FASD in the
general population globally, with the European region having
aprevalence of approximately 20 in 1000, with approximately
1in 13 children being born with FASD after PAE [9]. Estimates
show that 1 in 67 pregnant women consuming alcohol gives
birth to a child with fetal alcohol syndrome (the dysmorphic
subtype of FASD) [8]. Whilethereis strong evidence that high
levels of PAE can be harmful, evidence on the effects of low
to moderate PAE has been less conclusive. Uncertainties
surrounding therisk of harm at low levels of PAE, coupled with
conflicting messages from health professionalson low-moderate
PAE, have been cited as reasons why some people choose not
to abstain and for ongoing confusion about the risks of PAE
[10]. Nevertheless, studies that have used robust methods to
support causal inference have found that low-moderate levels
of PAE can lead to adverse perinatal, physical [11], and
developmental outcomes [12,13] and that apparent null and
protective effects of PAE arelikely dueto residua confounding.
Consequently, a recent review concluded that “any amount of
prenatal alcohol exposure appeared to risk healthy child
development” [14].

Previoudly, therewas aconsensusthat UK guidelineson acohol
in pregnancy could be confusing because there was no clear
recommendation [15]. In earlier guiddlines, the National Ingtitute
for Health and Care Excellence stated that preghant women
should avoid alcohol in the first 3 months of pregnancy, and if
they choose to drink, they should not drink more than 1 to 2
units twice per week [16]. In 2016, the UK Chief Medica
Officers (CMOs) changed the guidelines to advise “if you are
pregnant or planning a pregnancy, the safest approach is not to
drink alcohol at al” [17]. This change of guidelines caused
much debate. While some welcomed the introduction of the
revised guidelines [18], others claimed that the new guidelines
would lead to women having feelings such as guilt and anxiety
if they were consuming alcohol during pregnancy [19]. Pregnant
women feel there are too many guidelines to follow, arguably
leading to increased stress[20]. It has al so been expressed that
pregnancy can lead to a perceived lack of agency and control
[21] in this context, and the abstinence guideline can be
perceived as “policing women” [22]. A study conducted in
Denmark, acountry with similar estimates of PAE asthe United
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Kingdom, evaluated both knowledge and attitudes toward
alcohal in pregnancy before and after their guidelines changed
to advising women not to drink during pregnancy and showed
no changes in either knowledge or attitudes [23].

Furthermore, the concept of abstaining from alcohol during
pregnancy is not always clear, with some women experiencing
confusion about, for example, whether food containing al cohol
is safe or whether it is acceptable to consume so-called no- or
low-alcohol (NoLo) products [20].

Thereislittle research on the experiences and attitudes toward
alcohol in pregnancy among the UK general population. This
is particularly true for research on conversations in more
informal and “naturalistic” settings, such as those on social
media platforms. Within the context of the changed guidelines
on alcohol in pregnancy and ongoing debates, a gap emerged
in understanding informal dial ogues, notably during eventssuch
asthe COVID-19 pandemic. As concerns heightened regarding
increased alcohol intake during pregnancy amid the lockdown,
the need for research on the correlation between COVID-19
pandemic—related anxieties and evolving attitudes toward
alcohol during and after the lockdown became apparent. In
March 2020, the United Kingdom experienced itsfirst lockdown
[24]. Thisled to millions of people having to change how they
lived, with everything from how to visit the midwife to having
to give birth without their partners and loved ones present [25].
There was also the worry that people with alcohol dependence
would not get the help they needed while the society was shut
down [26]. In addition, there was a concern surrounding a
potential increase in the level of acohol consumption during
pregnancy due to the stress and anxiety that the lockdown
brought to many people [27]. Research has suggested that the
shiftsin drinking habits during the COV1D-19 pandemic could
have lasting effects on alcohol-related harm in the future for
the general population in England [28]. However, to this date,
there has been limited evidence supporting any relationship
between COVID-19 concerns and increased acohol
consumption during pregnancy [29]. Therefore, more research
is needed to examine the potential change in attitudes toward
alcohol in pregnancy after the COVID-19 pandemic lockdown.

Many pregnant women usetheinternet to search for information
related to their pregnancy [30]. A recent study showed that as
many as 44% of new mothers used social media to keep in
contact and communicate with othersin the same situation [31].
Mumsnet [32] wasfounded in early 2000 and is one of the most
prominent web-based forumsfor parentsin the United Kingdom,
with approximately 7 million monthly visitors [33]. Mumsnet
was initially created as a web-based space where people could
ask for and give advice and share knowledge to make parents
lives easier [33]. While Mumsnet is open to anyone, it has
previously been described as having amajority of middle-class
and university-educated users [34]. Because many people use
social media and the internet to seek health information [35]
and to find support during pregnancy [30], Mumsnet presents
an excellent opportunity for researchers to capture the
unmediated opinions and thoughts about alcohol during
pregnancy. Theforum has previoudy been used to addresstopics
such as breastfeeding [36], regretting motherhood [37], and
maternal feelings [38]. Therefore, with the use of Mumsnet

JMIR Infodemiology 2024 | vol. 4 | 58056 | p.75
(page number not for citation purposes)


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

JMIR INFODEMIOLOGY

thread starts, this study will explore what topics related to
alcohol during pregnancy are discussed and if their nature has
changed since the start of Mumsnet in 2002, with the change
of CMO guidelines in 2016 and the COVID-19 pandemic as
key time points for comparison.

Aims and Objectives

Given that social media and the internet can be used by those
seeking to gain real-time insight into people's behaviors and
attitudesaswell astoidentify how people perceive public health
messages [39], this study aimed to explore what issues and
topics are raised with regard to alcohol use in pregnancy in
web-based parenting forums. In addition, it aimed to explore if
there has been a change in the different issues and topics with
respect to 3time points. before theimplementation of the current
CMO low-risk drinking guidelines, after theimplementation of
the CMO guidelines, and after the first COVID-19 pandemic
lockdown.

The specific research questions in this study were as follows:

«  What topics relating to alcohol in pregnancy are raised on
web-based parenting forums?

«  Havethesetopicschanged in content or volume with respect
to 3 time points. before the implementation of the current
CMO guidelines, after the implementation of the CMO
guidelines, and after the first COVID-19 pandemic
lockdown?

Methods

Data Source

Mumsnet allows members to post anonymously on the forum
called “Mumsnet Talk.” Talk consists of different subforums
(eg, the" Pregnancy” subforum). Mumsnet users can post thread
starts, usually by asking a question, and other users can reply
to these thread starts by adding acomment. Usersareidentified
by unique usernames. The forum is open for everyoneto view;
however, users must be registered to post content.

Ethical Consider ations

This study followed ethical guidelines for internet-mediated
research. Ethical considerationsfor research using social media
data differ from traditional research [40], and it is essential to
distinguish between public and private data [41]. Because
Mumsnet does not require usersto log in to read the forum, and
is available to the public, it was considered public data and
informed consent was not required [42]. To support anonymity
in our study, we have not included usernames and endeavored
to remove personally identifiable information from the data
during the cleaning process. We excluded thread startsin which
the user stated that they were aged <18 years. In line with the
British Psychological Society guidance [43], direct quoteswere
not reproduced in this study, and al quotes have been
paraphrased.

A favorable ethical opinion was obtained from the School of
Psychological Science Research Ethics Committee at the
University of Bristol in August 2023 (ethics approval code
14455).
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Search Strategy

Datawere collected through web scraping code by authors NFF
and YM. The data were collected from the “Pregnancy” topic
in the “Talk” part of Mumsnet and included origina thread
startsthat mentioned alcohal in thetitle or text. Duplicate thread
starts and threads unrelated to alcohol use during pregnancy
were removed manually. After web scraping, thread startswere
stored in an Excel (Microsoft Corp) file with information on
the username, date and time of the thread start, and the thread
start itself.

Data Analysis

Thread starts were analyzed in 3 groups according to the time
and date in which they were posted: “ Pre-CM O recommendation
update,” before the introduction of revised low-risk drinking
guidelines in 2016 (August 24, 2002, to January 7, 2016);
“Post-CMO recommendation update,” after the change of
guidelines (January 8, 2016, to March 22, 2020); and
“Post—-COVID-19 Pandemic Lockdown,” from the first
lockdown in the United Kingdom up until the last date of the
data collection (March 23, 2020, to November 12, 2022). A
content analysis was conducted following the steps described
in the study by Elo and Kyngas [44]. This approach was
appropriate as the aim of the study was to map the landscape
of discussions on alcohol in pregnancy on Mumsnet, including
patterns and time trends in people’s views and experiences.

NFF read the thread starts, became familiarized with the data,
and applied preliminary code labels to organize the data. An
inductive approach was used because little is known about how
mothers use web-based forumsto discuss alcohol and pregnancy.
Categories were generated after finding patterns among the
codesto better understand the data[44]. Throughout the process,
the categories were reviewed and refined. During each step of
the analysis, both codes and categories were discussed among
the researchers NFF, JB, AA, LZ, and CM and refined
accordingly. We used descriptive statistics to describe the
proportion of thread starts for each category for each of the
prespecified periods. The analysis workflow is based on the
process outlined in the study by Elo and Kyngés [44].

Results

Overview

The web scraping resulted in 803 thread starts, which, after
eliminating duplicates and irrelevant thread starts, resulted in
395 thread startsincluded in the analysis. Multimedia Appendix
1 providesan overview of the 9 categoriesand each codewithin
them, together with the number of times the categories appear
in each period. Although the categories are presented separately,
some overlap does exist.

The results show that while the categories of Mumsnet thread
starts relevant to alcohol use in pregnancy remained broadly
similar over time, there were some changes in the relative
prevalence of different topics over time. Category headings,
frequencies over time, and illustrative quotes are presented in
Multimedia Appendix 1. The categories are presented in detail
in subsequent sections.
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Asking for Advice on Whether It Is Safeto Consume
Alcohol or on Safe Limits

Looking at the questions raised within this category, it became
apparent that the peopl e posting on Mumsnet felt insecure about
whether it is safe to consume alcohol during pregnancy or if it
is safe to have a glass or 2 on a specia occasion such as
weddings or birthday celebrations:

I am 30 weeks pregnant and haven't had a single
drink but it is my friend’s wedding and | really want
to have a glass of champagne, is this ok?

Thread starts in this category also addressed the issue of not
knowing whether it is safe to eat certain foods or desserts as
they contain alcohol, for example, atiramisu or red wine sauce:

Isit ok to eat dessert that has alcohol init? | amin
my third trimester.

There was uncertainty around NoLo options, with questions
raised about whether a0.5% level of alcohal is safeto consume

during pregnancy:

Isit okay to drink none alcohalic ciders? This might
be a stupid question but it does say 0.5% so is there
still alcohal in there that can hurt my baby?

Overdl, 17.5% (69/395) of al the included thread starts
appeared in this category. The category saw a slight decrease
in the percentage of thread starts asking about safe limits to
drink over time. Many of the thread starts in the first period,
before the CM O recommendati on update, mentioned thetiming
of the pregnancy, which could be a result of the change in
guidelines.

Consumed Alcohol Before K nowing About Pregnancy

Most of the thread starts within this category showed some
expression of worry or anxiety that the thread starters had
consumed alcohol before they found out about their pregnancy.
They also sought reassurance from others who have been in a
similar situation:
I've just found out I'm pregnant after weeks of
unknowingly consuming alcohol and indulging in
partying. I'mfeeling guilty and concerned about any
potential harm to my baby. Can anyone share their
experiences if they have been in a similar situation?

Moreover, many thread starters mentioned that they were usually
not heavy drinkers. Still, due to situations such as birthday
parties or Christmas celebrations, their alcohol intake had been
higher than usual:

| am freaking out please help. Just found out that |
am 6 weeks pregnant and have been drinking so much,
especially because of Christmas celebrations, |
promise | am usually not a heavy drinker. What
should | do? Could not live with myself if something
happens to the baby!

Somethread starterswere asking if they should consider having
an abortion following an unintended PAE, even if the baby is
wanted:
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Need advice since | am worrying myself sick! | am
preghant and have been drinking because | was on
holiday (usually only have a glass of wine once a
month). Has anyone else experienced this and their
baby turned out fine? Should | just have an abortion
even if | really want this baby? How could | be this
stupid!
Overadl, 28.1% (111/395) of al the included thread starts
appeared in this category. Throughout the different periods,
there is a notable increase in the percentage of thread starts
regarding the worry that they may have harmed their baby; this
worry is expressed more frequently after the revised CMO
low-risk guidelines were introduced in 2016.

Research, Guidélines, and Official I nfor mation About
Alcohal in Pregnancy

Thethreads started in this category were al related to research,
guidelines, and information from official sources (eg, National
Health Service) about alcohol in pregnancy. Thread starters
throughout all periods expressed that they found thisinformation
confusing, conflicting, or untrustworthy:

It'sa bit puzzling to me. The NHS advises against it,
and I’ ve come across articles saying the same, yet in
my real-life circle, many pregnant women | know
enjoy the occasional drink, evenif it'sjust a glass. It
got me thinking if there’s a significant gap between
official recommendations and what’'s happening in
practice?

Inthefirst period, thread starters were asking what others think
about the guidelines and also sharing information on how it is
acceptable to consume small amounts during pregnancy:

To be completely honest, thereis no research showing
that it isreally bad for the baby!

Some skepticism toward the guidelines can be seen in how
thread starters expressed that there is no evidence that small
amounts of acohol in pregnancy have an adverse effect. Those
who posted in the | ater periods al so expressed that the guidelines
were not feasible for “real people”’ and that they were too strict
while contending that most people do not follow them:

Theinternet just gives you information about that you
shouldn’t drink and that no amount is safe but surely
thisisnot how real people seeit. | think they arejust
trying to scare us with all of these rules!

Of the 395 included thread starts, 46 (11.6%) of these appeared
in this category. Closer to 17.5% (37/213) of the thread starts
inthefirst period (pre-CM O updated guidance) were related to
research, guidelines, and information about alcohol use in
pregnancy, but this was less frequent in the later periods with
49% (5/103) of the thread starts in the post-CMO
recommendation update and 5.1% (4/79) in the post—COVID-19
pandemic lockdown.

NoL o Products

This category covered conversations about the consumption of
NoLo products during pregnancy. Reasons for seeking NoLo
alternatives included not feeling left out in a group that is
consuming alcohol and also because some missed the taste of
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alcohol. The need for this type of product appeared greater
during celebrations such as Christmas and weddings:

| don’t want to feel left out at the wedding so do you
have any recommendations of what | can drinkinstead
of champagne?

Therewere a so thread starterswho had been consuming NoLo
options during pregnancy, assuming that these were compl etely
alcohal free (ie, 0.0% acohol by volume [ABV]) and later
realized that they contained some alcohol. Thiswas associated
with a concern that this alcohol level might have harmed their
babies, and they were seeking reassurance from others on
Mumsnet:

| am crying so much, had a couple of none-alcohol
beers and now | realised that they are 0.05%! What
if I have hurt my baby?

Of the 395 included thread starts, 52 (13.2%) of these appeared
in this category. All of the 3 periods included conversations
about alternative productsto alcohol to drink during pregnancy,
and the proportions of these remained relatively stable over
time.

How to Hide Not Consuming Alcohol to Conceal
Pregnancy?

This category reflected the worry thread starters felt regarding
how to conceal them not consuming acohol. This was of

particular concern when they were invited to social situations
where alcohol would be available:

How can | hidethat | am not drinking when we go to
the pub? With table service it's going to be so much
harder!

Overdl, 10.4% (41/395) of al the included thread starts
appeared in this category. This category saw adecreasein thread
starts discussing how to hide not consuming alcohol in
pregnancy during the post—-COVID-19 pandemic lockdown
period.

Have Been Consuming Alcohol During Pregnancy But
Now Worried

The thread starts within this category mainly address the issue
of wanting reassurance that the baby will be fine although they
have been consuming alcohol during pregnancy:

I am in my third trimester and had two drinks
yesterday and now | am thinking that | might have
hurt my baby, can someone tell me that thisisfine?

Somethread starters mentioned that they have been consuming
alcohol but later on read information about how alcohol can
affect the baby, and therefore regret the decision to drink:

| have just had a few glasses of wine here and there
and haven't really thought of it but now | started
reading about FASand | amterrified. | cannot have
an abortion sinceit istoo late, but what should | do?

Overall, 4.3% (17/395) of all theincluded thread starts appeared
inthis category. For this category, the proportion of thread starts
for the first period was 6.6% (14/213), the second period had a
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percentage of 1.9% (2/103), and the last period had aproportion
of 1.3% (1/79), faling in this category.

Are Consuming Alcohol During Pregnancy, Not
Worried About PAE

Some of the thread starters in this category were seeking
reassurance from others on Mumsnet in which they were seeking
affirmation that consuming alcohol does not make them a bad
person or mother:

| am going for a nice meal to celebrate, but | am
worried that people will judge meif | have a drink.

Of the 395 included thread starts, 18 (4.6%) of these appeared
in this category. All the thread starts in this category appeared
in the first and second periods.

Consumed Alcohol by Mistake

This category covers those who have consumed alcohol by
mistake while eating a dessert, consuming nonalcoholic beers,
or being served alcohol without realizing and being worried
about that:

I went to the pub with my friends and ordered a
non-alcohol option but after drinking most of it |
realised that it was alcohol! Wil | be ok? Freaking
out!

There was also a concern that using other products containing
alcohoal, for example, amouthwash or hand sanitizer, could have
also harmed their baby:

| have been using mouthwash throughout my whole
pregnancy but it has alcohol init, what have | done?
So scared right now!

Overall, 6.3% (25/395) of all theincluded thread starts appeared
in this category. The highest percentage of thread startsin this
category occurred in the post—COVD-19 pandemic lockdown
period with 15% (12/79) of thread starts belonging to this
category. The first period had 1.9% (4/213) of thread starts
belonging to this category, and the second period had 8.7%
(9/103) of the thread starts belonging to this category.

It IsHard Not to Consume Alcohol During Pregnancy

Although a smaller category, this category expressed a sadness
or emptiness about having to give up alcohol during the
pregnancy. Some users suggest that this could be a reflection
of thelife changesthat come with having achild and also feeling
left out from social situations:

| feel sad about not drinking, or maybe it’s about my
life changing so much with this new baby on its way,
am | the only one with these thoughts?

Overall, 4.1% (16/395) of all theincluded thread starts appeared
in this category and the proportion of this category remained
stable during the different periods.

Discussion

Principal Findings
This study sought to explore the topics relating to alcohol in
pregnancy, which are raised on a web-based parenting forum.
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Moreover, it sought to explore if these topics had changed in
content or volume, both after the change of CMO guidelinesin
2016 (changing from advising women to abstain for the first
trimester and not drinking more than 1 to 2 units per week to
advising complete abstinence if pregnant or planning a
pregnancy) and after the first COVID-19 pandemic lockdown
in 2020. Through our content analysis of thread starts on
Mumsnet, the United Kingdom’s leading parenting web-based
forum, it was possible to evaluate what topics were commonly
raised with regard to alcohol consumption in pregnancy and if
and how these topics had changed over time. It isimportant to
note that the 3 periods span 16, 4, and 2 years.

Much of the discussion on Mumsnet was around seeking
reassurance and wanting to know if others had been in the same
situation. For example, thread starters seeking reassurance that
they have not harmed their babies by consuming a cohol before
knowing about the pregnancy and asking if others had
experienced something similar. It was evident that thread starters
were not only seeking reassurance but also wanting to obtain
information about alcohol in pregnancy both by asking for
guidelines or wanting to know if such a thing as a safe limit
exists. This brings up the risk of inaccurate information being
shared among the users on Mumsnet. According to the World
Health Organization [45], too much information and false
information could lead to worsening outcomes in terms of
health. Further research is required to investigate if thisis true
for the information shared on Mumsnet. In many categories,
theresults showed how thread starters were confused or worried
about safe limits, including whether it is safe or not to consume
products that may contain traces of alcohol. Thisisin line with
previous research, showing that the concept of abstinenceisnot
always clear, with confusion about, for example, if food
containing alcohol is safe or if it is acceptable to consume
nonal cohol options during pregnancy [20].

It was evident that there was a concern among the thread starters
about having consumed alcohol before they found out that they
were pregnant and that this caused stress and anxiety for some
thread starters. There is no known safe limit for alcohol
consumption during pregnancy. Some studies have shown that
there was no relationship between consuming alcohol during
the early days of pregnancy and outcomes such as low birth
weight and spontaneous preterm birth [46], while others have
suggested that alcohol consumption during the first trimester
of pregnancy can increase the risk of spontaneous abortion
[47,48]. Many of the thread starters had discussed the
consumption of alcohol with their midwives or other
professionals, but the concern remained. Previous research has
shown that there is a lack of a standardized approach to how
midwives approach the topic of acohol consumption during
preghancy [16]. This could indicate that there is a need for
professionalsto give accurate information and at the sametime
being able to reduce any anxiety and stress that alcohol
consumption could have caused. It has been suggested that
midwives should be offered training in communication skills
and in delivering alcohol interventions [16]. Reducing stress
during pregnancy isespecially important asit has been reported
that stress can lead to outcomes such as low birth weight [49]
and obesity in the offspring [50]. Research has shown that there
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exists a social pressure to consume alcohol, which causes a
challenge when someone wishes to conceal their pregnancy
[51]. This was also prevalent in the discussions on Mumsnet,
where thread starters wanted advice on hiding that they were
not consuming alcohol due to their pregnancy.

Our study demonstrated that the proportion of thread startsbeing
brought up regarding alcohol consumption has changed over
time. Thesetemporal changeswere most evident in the category
“Research, guidelines, and official information about alcohol
in pregnancy” aswell asthe 2 categories addressing consuming
alcohol during pregnancy. The former contains topics such as
not believing in the research carried out about acohol in
pregnancy or sharing information on how small amounts of
alcohol are not harmful, with these all disappearing in the later
periods. One topic that appeared in al periods was how
confusing or conflicting the research or guidelines on alcohol
consumption in pregnancy were. Thisis in line with previous
research, showing how conflicting advice can cause stress in
preghancy and the need for reliable information [52]. Those
who posted thread starts on Mumsnet were al so expressing how
the guidelines and research were not clear, and quotesillustrated
that some felt that no “real people” could follow all the rules.
Thisisin line with previous research about how women feel
like there are too many guidelines [20] and how the abstinence
message can be perceived as policing women [22]. Interestingly,
thread starts asking for the guidelines or asking for more
information were only observed before the introduction of the
updated CMOs' low-risk drinking guidance on acohol in
pregnancy [17]. This may indicate that the updated CMO
guidance has made the recommendation to avoid a cohol during
pregnancy clearer and easier to understand. Thelatter categories,
addressing consuming alcohol during pregnancy, show that
expressing that one is consuming acohol during pregnancy on
the internet was more common before the introduction of the
revised CMOs' guidance than in the later periods. This could
indicate that the actual prevalence of alcohol consumption
during pregnancy has gone down. However, research suggests
that the prevalence still remains high [8]. It could also indicate
that it has become less socially acceptable to disclose alcohol
use during pregnancy. Furthermore, no threads started during
the COVID-19 pandemic period expressed any alcohol
consumption due to the lockdown. Thisisin line with previous
research showing that the reported rates of alcohol consumption
during pregnancy were lower after the pandemic than before
the pandemic [29].

Moreover, many of the thread starts in the category “Asking
for advice on whether it is safe to consume alcohol or on safe
limits’ during the first period mentioned the timing of the
pregnancy, which could have been a result of the change in
guidelines. The change in guidelines was that the previous
National Institute for Health and Care Excellence guidelines
suggested that pregnant women should avoid a cohol in thefirst
3 months of pregnancy, and if they chose to drink, they should
not consume more than 1 to 2 units twice per week [16].
However, a2020 survey by the National Organisationfor FASD
showed that awareness of the current CM Os guidance that the
safest approach is not to consume alcohol at all if you are
pregnant or if you could become pregnant remains low among
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some population subgroups, particularly young people (aged
18-25 years) [53]. This shows how important it is to
communicate research in a way that is acceptable,
understandable, and accessible for all. Our study showed that
some Mumsnet users missed drinking alcohol while they were
pregnant and wanted to know if others agreed that a glass of
alcohol was acceptable, particularly on special occasions such
as weddings or birthday celebrations. It was also evident that
some of the forum users were trying to minimize the potential
risks of consuming acohol by referring to how previous
generations had been consuming alcohol without clear adverse
outcomes or how other countries have less strict guidelines.
Thiswas most apparent in content posted before theintroduction
of updated CMO low-risk drinking guidance in 2016.

The categoriesidentified in this study highlight the importance
of providing reliable and trustworthy information about alcohol
consumption in pregnancy. This is relevant for scholars,
professionals, and organizations, such as midwives and the
Public Health of England. The study highlights the interactive
nature of web-based forums, demonstrating an endeavor to
establish social connections and seek peer reassurance. For
future research, it is essential to investigate how these thread
starts are replied to and how people manage their worries
through interactions with others. It will also be important to
investigate how conversations on social media can be used to
identify knowledge gaps and preferences for the nature and
format of prenatal health messaging and to explore the
measurable impact of key public health and policy events on
outcomes related to PAE.

Strengths and Limitations

This study retrieved all available data related to alcohol in
pregnancy fromthelargest dedicated web-based parenting forum
in the United Kingdom. Moreover, to our knowledge, it is the
first study to provide insight into the nature of web-based
conversations on acohol use in the United Kingdom and how
the trends in these have changed over time in relation to key
policy and public health events. Moreover, these findings are
relevant to policy makers. This includes the current 2023
consultation [54] on NoL o products. The consultation intended
to set out if the ABV that can be deemed “NoLo products’
should be increased. The findings in this study suggest that
increasing the threshold for ABV from 0.05% to 0.5% could
exacerbate concerns among pregnant people who report having
mistakenly consumed al cohol and a so increase the uncertainties
about the safe limits of these products. In addition, time trends
in conversations are significant as they reveal uncertainties
among pregnant people regarding topics such as the current
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CMO guidance and can offer valuable priorities to inform
improved communication, reach, and preference for prenatal
health information.

The choice to specifically search for mentions of “alcohol”
within the “Pregnancy” topic on Mumsnet was made to ensure
that only thread starts relevant to alcohol consumption during
pregnancy were included, thereby excluding discussions
unrelated to this specific context (such as threads discussing
alcohol consumption while breastfeeding). This may have
resulted in some critical thread starts being excluded. In 2021,
it was reported that approximately 20,000 posts were created
daily on Mumsnet [55]. Given the number of daily posts,
collecting al of them and manually going through them was
not feasible. For future research, natural language processing
or topic modeling could be used to analyze a larger data set.
Furthermore, because not everyone has the same access to the
digital space, the voices heard on Mumsnet might not be
representative of the United Kingdom, which could haveled to
some potential bias in the data. This is especially true as the
demographics of Mumsnet have previously been described as
middle class and university educated [34], thus omitting other
socioeconomic groupsfromthisanalysis. It isimportant to note
that previous research has shown that one predictor of alcohol
consumption during pregnancy is higher education [56], which
could limit the relevance of the findings to some subgroups of
the general population. Previous research has also shown that
social media use is more common among those in a higher
socioeconomic group [57].

Conclusions

This study provides insight into how mothers and expecting
mothers use Mumsnet to raise topics that areimportant to them
regarding alcohol consumption in pregnancy and illustrates how
these topics have changed since the start of Mumsnet. The
findings suggest that mothers and expecting mothers use
Mumsnet primarily to seek reassurance and information from
others in similar situations. Our findings also suggest that the
topics and the proportion of thread starts relating to each topic
have changed over time, with results indicating less confusion
about the current guidelines and research about alcohol in
pregnancy in more recent times. The study also providesinsight
into the worries and anxiety that pregnant women report
experiencing if they had consumed alcohol before finding out
about the pregnancy and the importance of seeking advice and
reassurance from peers on how to manage that worry. These
findings suggest that innovative interventions, such as peer
support initiatives, may offer a promising approach to prenatal
alcohal prevention, warranting further investigation.
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Abstract

Background: Self-harm and suicide are major public health concerns worldwide, with attention focused on the web environment
as a helpful or harmful influence. Longitudinal research on self-harm and suicide—related internet use is limited, highlighting a
paucity of evidence on long-term patterns and effects of engaging with such content.

Objective: This study explores the experiences of people engaging with self-harm or suicide content over a 6-month period.

Methods: This study used qualitative and digital ethnographic methods longitudinally, including one-to-one interviews at 3
time points to explore individual narratives. A trajectory analysis approach involving 4 steps was used to interpret the data.

Results: The findings from 14 participants established the web-based journey of people who engage with self-harm or suicide
content. In total, 5 themes were identified: initial interactions with self-harm or suicide content, changes in what self-harm or
suicide content people engage with and where, changesin experiences of self-harm or suicide behaviors associated with web-based
self-harm or suicide content engagement, the di sengagement-reengagement cycle, and future perspectives on web-based self-harm
or suicide content engagement. Initial engagements were driven by participants seeking help, often when offline support had been
unavailable. Some participants exposure to self-harm and suicide content led to their own self-harm and suicide behaviors, with
varying patterns of change over time. Notably, disengagement from web-based self-harm and sui cide spaces served as a protective
measure for al participants, but the pull of familiar content resulted in only brief periods of disconnection. Participants also
expressed future intentions to continue returning to these self-harm and suicide web-based spaces, acknowledging the nonlinear
nature of their own recovery journey and aiming to support others in the community. Within the themes identified in this study,
narratives revealed that participants’ behavior was shaped by cognitive flexibility and rigidity, metacognitive abilities, and digital
expertise. Opportunities for behavior change arose during periods of cognitive flexibility prompted by life events, stressors, and
shifts in mental health. Participants sought diverse and potentially harmful content during challenging times but moved toward
recovery-oriented engagements in positive circumstances. Metacognitive and digital efficacy skills al'so played a pivota rolein
participants’ control of web-based interactions, enabling more effective management of content or platforms or sites that posed
potential harms.

Conclusions: Thisstudy demonstrated the complexity of web-based interactions, with beneficial and harmful content intertwined.

Participants who demonstrated metacognition and digital efficacy had better control over web-based engagements. Some attributed
these skills to study processes, including taking part in reflective diaries, showing the potential of upskilling users. This study
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also highlighted how participants remained vulnerable by engaging with familiar web-based spaces, emphasizing the responsibility
of web-based industry leaders to develop tools that empower users to enhance their web-based safety.

(JMIR Infodemiology 2024;4:e47699) doi:10.2196/47699

KEYWORDS
suicide; self-harm; online; longitudinal; qualitative

Introduction

Background

Self-harm and suicide are major global public health concerns,
with >700,000 people worldwide dying by suicide each year
[1]. Attention has increasingly focused on the role of the web
environment in triggering, exacerbating, or normalizing
self-harm and suicide [2-4]. The amount of suicide-related
information accessible on the web has grown [5], and graphic
content depicting self-harm is increasingly available on social
networking platforms [6]. Research shows that self-harm and
suicide-related internet use is common among young people
[7], particularly those who are under psychiatric care [8] and
who go on to die by suicide [9].

There is a range of self-focused and social motivations for
engaging with web-based self-harm and suicide content. These
include accessing ongoing peer support or immediate help
during acrisis[2,10,11], documenting recovery from self-harm
[1,8], and researching suicide methods[12]. Moreover, research
has shown that the ways in which people interact with
web-based self-harm and suicide content vary depending on
their level of distress[11,13].

The diversity in self-harm and suicide material complicatesthe
experiences of content engagement. Research has identified
these content interactions as being both a public health concern
and a possible preventative measure [3,14], and studies have
recognized the potential for engagement to have both benefits
and costs [15]. Content with the potential to harm includes
information on high-lethality suicide methods [16], prosuicide
websitesthat may encourage suicide[13], and content describing
novel methods of self-harm [17]. Benefits associated with
accessing content include the role of the online community in
peer support, validation and acceptance of one’s own self-harm
or suicide feelings, and the opportunity for altruism when
helping others[2,10,18-20]. These benefits may be particularly
valuable given existing gaps in mental health care services and
the widespread stigmathat people who self-harm or experience
suicidal thoughts encounter offline[2]. However, arecent review
suggested that the impact of engaging with particular types of
web-based self-harm or suicide—related content varies both
between and within individual s, with content that benefits some
having negative conseguences for others and vice versa [15].
The review aso identified only 4 longitudinal studies on the
impact of self-harm and suicide—related internet use. Of these
studies, 2 identified preventative effects of suicide prevention
websites and web-based health forums on suicidal ideation
[21,22]. One study showed minimal effects of search engine
hel pline notices on future suicide queries[ 23], and ancther study
found that exposureto self-harm on Instagram predicted suicidal
ideation and self-harm—related outcomes [17]. However, none

https://infodemiol ogy.jmir.org/2024/1/e47699

of these studies used qualitative methods with their participants,
emphasizing the current paucity of evidence on how self-harm
and suicide—related web-based behavior evolves and the
long-term effects and experiences of engaging with such content
from the user’s perspective, including whether these are brief
or permanent.

Objectives

The aim of this study was to explore the motivations for and
conseguences of viewing, searching for, and posting web-based
self-harm or suicide content over a longitudina period.
Specifically, this study builds on existing knowledge by using
qualitative and digital ethnographic methods to explore
individual narratives of web-based engagement. Exploration of
“significant moments’ and points of transition within the web
journey could also have substantial implications for the
prevention of suicide and reduction of self-harm [24].

Methods

Design

This was a 6-month qualitative ethnographic study that
investigated the stability and change in engagement with
web-based self-harm and suicide content. This involved 3
one-to-oneinterviewsand daily diary completion by participants
over the study duration. We selected a 6-month time frame to
ensure that we could observe changes over time in web-based
engagement and associated behaviors [25,26] while also
remaining mindful of the considerable commitment required
for this ethnographic approach to maintain retention of
participants.

Ethical Consider ations

Ethics approval was obtained from the University of Bristol
Faculty of Health Sciences ethics committee (reference:
117491). All participants provided written informed consent
before participation, and were informed that they could withdraw
from the study (including data withdrawal up to the time of
analysis), without giving areason. During consent, participants
were assigned a participant 1D used to identify their data and
ensure anonymity. They were also informed that their data
would be held confidentially and securely by the University of
Bristol according to its duties and obligations under GDPR and
the Data Protection Act. All participants were a so compensated
for their time, receiving atotal of up to £75 (US $94.79) for full
study completion.

Sampling and Recruitment

UK residents aged =16 years who were able to communicate
in English and had experience engaging with web-based
self-harm or suicide content were eligible. Thisincluded posting
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images, videos, memes, forum posts, blog posts, recovery posts,
or comments related to self-harm or suicide or engaging with
others' self-harm or suicide—related content through reposting
and reblogging, quoting, liking, sharing, saving, subscribing to,
or commenting. They did not need to have previous experience
with self-harm or suicidal thoughts or behaviors.

Potential participants responded to advertisements posted
between November 2021 and April 2022 on social media
platforms (Facebook, Twitter [subsequently rebranded as X],
and Reddit subreddits [“r/AdultSelfHarm,” “r/StopSelfHarm,”
“rIBPD,” “r/MentalHealthUK,” and “r/malementalhealth”]),
via Tellmi—a UK-based young person mental health app), and
through charity websites and newd etters (Samaritans, SMaRteN,
The McPin Foundation, and MQ Mental Health Research).
Advertisements were posted once to platforms or sites until the
end of recruitment in April 2022; however, due to web-based
posting and reposting, it is possible that they were also shared
elsewhere by others. Permission was sought from moderators
or administrators before posting. Advertisements included a
link to an expression of interest form in which participants
consented viacompl etion to the collection of brief demographic
information, if and when the person last self-harmed, the way
they were engaging with web-based self-harm or suicide content,
and what platforms they used. All respondents had engaged
with web-based self-harm or suicide content in some way.

This information was used to sample a diverse range of
participants from those who expressed interest and target
recruitment advertisements. Potential participants were sent the
study information sheet via email, and those who were till
interested in participating completed aconsent form. Interviews
were then arranged via email. The demographic data of those
who did not participate were deleted. Once 14 baseline
interviews had been conducted, the study team considered that
there was good participant diversity in ethnicity and sufficient
gender diversity. In addition, we had abroad range of platforms
and apps represented in participant use. The authors aso
identified high-quality dialogue data sufficient for analysisand
consistent themes to addressthe research aims. Thisresulted in
the data achieving good information power [27], and therefore,
recruitment was terminated. Information power was used as an
alternative to data saturation in this study as the diverse nature
of participant narratives meant that we were unlikely to reach
apoint of saturation.

Data Collection

Written consent to participate was provided by participants
before entering the study. Participants were also required to
complete amandatory safety plan, including contact details for
someone who could support them, their general practitioner’'s
details (in case serious safety concerns arose), and a self-care
plan that was individually designed by each participant to suit
their needs (Multimedia Appendix 1). Study information was
sent to the parents or guardians of those aged 16 to 18 years as
atransparency measure. However, formal parental or guardian
consent was not deemed arequirement by the ethics committee
given the ages of the participantsinvolved. As part of the study,
a distress protocol was developed with a clinician to manage
the risk of worsening mental health or increased self-harm or
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suicidal thoughts as a result of participation in the study.
According to the protocol, participants would first be referred
to their own safety planif their mental health declined asaresult
of the study. A hierarchy of responses was specified in cases of
more serious distress, including the options of offering follow-up
support from UK suicide charity “ Samaritans’ or calling upon
the advice of anamed senior clinician. However, study-induced
distress was not reported by participants during the study, and
therefore, such responses were not actioned by researchers.

One-to-one interviews were conducted at baseline and the 3-
and 6-month time points via Zoom (Zoom Video
Communications) with just the researcher and participant
present. The interviews were open-ended and flexible, using
probing techniques where appropriate, and structured loosely
using atopic guide. The main topics explored were “history of
self-harm and suicidefeelings’; “ current and historic web-based
activity related to self-harm and suicide content”; “patterns,
motivations, and impact of web-based content engagement”;
“criticl moments in the web-based content engagement
journey”; “keeping safe on the web”; and “experiences of
web-based moderation and blocking.” The topic guides were
originaly refined using feedback from 2 lived-experience
experts. Throughout the study, the topic guides continued to be
iteratively adapted between interviews, grounding question
modificationsin the study data. Theinterviewswere conducted
by ZH, LK, or LB and lasted between 35 and 80 minutes (with
baseline interviews averaging 65 [SD 8.55] min and follow-up
interviews averaging 45 [SD 2.87] min). They were audio
recorded using an encrypted device and then transcribed.
Diaries

Participants completed daily diaries independently between
interviews. These diaries served as an ethnographic tool and
were introduced at the end of the baseline interview. Blank
digital templates were then provided periodically via email.
Each covered a 4-week period and had 3 main components
(daily recording of content engagement, mood ratings, and a
weekly reflection of content impact). Each participant was asked
to complete 5 diaries in total. Entries were used to formulate
personalized follow-up interview schedules in which further
information or clarifications could be sought from participants.

M easures

Self-reported mental well-being data were collected from
participants at baseline and monthly intervals to coincide with
diary data collection. This was done via surveys on
SurveyMonkey and included validated measures for assessing
anxiety, depression, and psychological well-being (Multimedia
Appendix 2 [28-31]). These data were used to characterize the
sample and identify whether changesin mental health and mood
reported by participants during the study interviews and in the
diary data were reflected in outcome measure scores.

Data Analysis

Descriptive Analysis

Participant baseline demographic characteristics were reported
as proportions or frequencies, as appropriate. Individual
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trajectories for well-being measures were represented visually
using line graphs.

Qualitative Analysis

A trgjectory analysis approach [32] was undertaken to interpret
interview datatemporally using the following steps:

1. Baseline interviews were transcribed, and then, through
coding, themes were derived deductively from topic guide
guestions and inductively from the data themselves. ZH,
LK, and LB separately listed preliminary themes and then
refined and revised them collaboratively (Table Sl in
Multimedia Appendix 2).

2. |Initial matrices were produced for each participant, which
included data from the baseline and the 3- and 6-month
interviews. These were ordered so that each row was
dedicated to atheme established in the previous step. Time
points were then assigned to each column. Web-based
engagement time points included “initiation,” “historic,”
“current,” “never,” and periods of “disengagement and
reengagement.” These time points were adapted from the
original trgectory approach [31] to preserve the
“chronological flow” of the datacollected during this study.
This alowed us to acknowledge historical content
engagement and the nonlinear flow of participant journeys
asthelevelsof engagement fluctuated, ceased, and restarted.
This also enabled the inclusion of participants who were
only interviewed at baseline (due to dropout) as their data
included information about past experiences. Data were
formatted according to a “key” using text color to denote
the site or platform used and highlighting whether it was
related to a significant web event. An event was deemed to
be “significant” if the participant recalled it as such or if
the researchers found evidence within the narrative that it
had a significant impact on the participant’s thinking or
behavior. Matrices were developed by extracting relevant
guotes or context summariesfor 2 participantsby ZH, LK,
and LB, and once consistency in interpretation was
achieved, ZH and LK separately constructed the remaining
initial matrices, with ongoing discussion between the
researchers to ensure that all the data were captured.
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3. Second matriceswere then constructed for each participant.
These were ordered with the initial themes as column
headings. Each row represented an web-based platform or
siteused by theindividual and included condensed versions
of the“journey” that participants had experienced for each
theme. The comparison allowed us to explore possible
patternsin theme content by platformsor sites used. Second
matrices were created by ZH for each participant and
reviewed by LK and LB.

4. Withall matricescomplete, ZH, LK, and LB met to discuss
similarities and differences across participant trajectories,
noting trends, patterns, and outliers. Member checking of
transcripts did not occur in this study due to funding and
time constraints. During qualitative meeting discussions,
overarching longitudinal themes were finalized.

Results

Participant Flow

The participant flow through the study is shown in Figure 1.
There were 92 expressions of interest. Of the 77 individuals
who were sampled and sent study information, 63 (82%) did
not respond and 14 (18%) took part. Data from the expression
of interest forms showed that participants were less likely to
respond to the research inviteif they were younger (aged 16-24
years), had never hurt themselves on purpose, or had self-harmed
in the last week.

Of the 14 participants who completed a baseline interview, 8
(57%) completed a midpoint interview, and 7 (50%) also
completed the end-point interview. On the basis of preliminary
observations of demographic characteristic data from the final
sample, it appearsthat participants of non-British ethnicity may
have had alower likelihood of completing the study compared
with those of British ethnicity. However, it should be noted that
this observation was not tested statistically (Table S2 in
Multimedia Appendix 2). Throughout the study, participants
regularly completed their diaries, with study completers
returning 77% (27/35) of the distributed diaries.
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Figure 1. Participant flow through the study. Note: diaries were considered completed if one or more responses were provided.
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Participant Characteristics

The characteristics of those who completed the baseline
interviews (N=14) are displayed in Table 1. Of the 14
participants, 4 (29%) self-identified as male and 10 (71%)
self-identified asfemale. Their agesranged from 16 to 52 years,
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with 18 to 24 years being the most prevalent age group
represented. There was arange of ethnicities, with amost half
(6/14, 43%) of the participants being from globa majority
groups. Participants had engaged with self-harm or
suicide—related content on awide variety of sitesand platforms.
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Table 1. Participant characteristics at baseline (N=14).
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Demographic variables

Participants, n (%)

Gender
Man
Woman
Nonbinary
Ethnicity
Asian British
Asian other
Black British
Black other
White British
White other
Mixed
Age(y)
16-17
18-24
25-35
36-45
46-54
=255
Have you ever hurt yourself on purpose?
Yes

No

Website or platform used to access content?
Instagram
Facebook
TikTok
Twitter
Tumblr
Weibo
Discord
WhatsApp
YouTube

Suicide forums

4 (29)
10 (71)
0(0)

2(14)
2 (14)
1(7)
0(0)
7 (50)
1(7)
1(7)

1(7)
7 (50)
0(0)
4(29)
2 (14)
0(9)

14 (100)
0(0)

3(21)
5(36)
1(7)
6 (43)
3(21)
1(7)
1(7)
1(7)
3(21)
3(21)

3parti cipants were able to select more than one option.

Participant | Ds

Participant IDs were assigned during the consent process to
ensure anonymity. As participants were aware of their assigned
IDs, these were changed in the manuscript (see further details
in Multimedia Appendix 2).

Descriptive Analysis Results

Individual line graphsfor each well-being measure demonstrated
fluctuations in mental health throughout the 6-month study
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period that reflected participant journeys recalled through
interviews (Multimedia Appendix 2). One participant, IDB,
scored poorer at 6 months on the Entrapment Scal e-Short Form
(which measures feelings of entrapment in a concise manner)
than at baseline; however, the decline was minimal. All other
study participants (13/14, 93%) improved from baseline or had
no changeintotal score at the study end point in all quantitative
measures, although no datistical analysis of change was
undertaken.
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Longitudinal Qualitative Analysis

Overview

The themes developed following trgjectory anaysis included
(2) initial engagements with web-based self-harm or suicide
content, (2) changesin what self-harm or suicide content people
engage with and where, (3) changes in self-harm or suicide
behaviors associated with web-based self-harm or suicide

Textbox 1. Themes and subthemes.

Haimeet al

content engagement, (4) the disengagement-reengagement cycle,
and (5) future perspectives on self-harm and suicide content
engagement. The themes and their constituent subthemes are
summarized in Textbox 1.

Within these themes, fluctuations in mental health and control
were identified as significant factors impacting behavioral and
emotional responses to web-based content and, therefore, will
be further explored in the following sections.

Initial engagement with web-based self-harm or suicide content

. Motivationsfor initial web-based self-harm or suicide content engagement

«  Experience of engaging with self-harm or suicide content for the first time

Changesin what self-harm or suicide content people engage with and where

«  Changesin types of web-based self-harm or suicide content engagement over time

« Balancing curiosity and control

«  Changesin posting web-based self-harm or suicide content over time

Changesin self-harm or suicide behavior s associated with web-based self-harm or suicide content engagement
o Personal risk associated with web-based self-harm or suicide content engagement

.  Theprecipitative and protective effects of engagement with self-harm or suicide content on self-harm or suicide behavior

The disengagement-reengagement cycle

. Disengagement from web-based self-harm and suicide content
«  Reengagement with web-based self-harm and suicide content
« Longer periods of disengagement

. Limiting content engagement: strategies

Future per spectives on self-harm and suicide content engagement

Initial Engagement With Web-Based Self-Harm or
Suicide Content

Motivationsfor Initial Web-Based Self-Harm or Suicide
Content Engagement

Our first theme captured historical accounts of engaging with
web-based self-harm and suicide content. Participants in this
study, most of whom (12/14, 86%) had already self-harmed,
initially engaged with web-based self-harm or suicide content
following attempts to seek help offline during mental health
declines. Those who attended mental health services and
received new or changesin diagnoses generally reported leaving
unsatisfied, citing reasons that included lack of support,
inadequate availahility, or feelings of being “dismissed” (IDH;
baseline interview) due to a perception of low risk. Some were
unable to access services at al or felt that attending was not
worthwhile. These mental health declines alongside gaps in
service provision were the common cataysts for initial
web-based searches for self-harm and suicide content. While
some of these searches were motivated by adesire to seek help,

https://infodemiol ogy.jmir.org/2024/1/e47699

they varied among participants, with some aso seeking
information on self-harm and suicide methods:

o, I'd been to the doctors...I'd already tried looking
for help, | was waiting for a referral to the CMHT
[ Community Mental Health Team] ...And then within
a couple of days I'd started lightly [cutting] on my
hand then | moved up to my arm, and then | was
looking for support groups online, just general
support groups. [IDB; baseline interview]

Experienceof Engaging With Self-Har m or Suicide Content
for theFirst Time

The experience of initially encountering self-harm or suicide
content on theweb is captured through the participant responses
in Table 2. Only 14% (2/14) of the participants recalled first
coming across content unintentionally, with most (12/14, 86%)
describing purposeful searches to access material. While most
of these searches were for help and support, 14% (2/14) of the
participants reported seeking information about methods for
self-harm or suicide, and 7% (1/14) of the participants were
uncertain about what they were hoping to find but acknowledged
that support-focused sites were unhelpful to them at that point.
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Table 2. Quotations related to the experience of first encountering web-based self-harm or suicide content.

Reaction Description Quotations

Negative First engagement with « “That'snot what | waslooking for [support sites], | didn’t want help, at that point | was beyond help.”
web-based self-harm or [IDH; baselineinterview]
suicidecontent produced -  “...| was researching [a suicide method]...what's required and the best way to manage [that]...It was
anegative response. scary. It'd have been really easy just to have thought, well, actually, | know more about it now and |

can do that.” [IDC; baseline interview]

o “I received apicture on WhatsApp of someone, of afriend at the time who was self-harming and she
basically just sent me apicture of her scars. | think that that image has stayed with me until today, and
I think it's one of the reasons why I’'m so careful becauseit’s not something that | want to see again.”
[IDI; baseline interview]

Mixed Participants experienced «  “...because people were experiencing very similar things to what you were experiencing you wanted
both positive and nega- to have more of that. It was a good environment in one respect, but it was a very toxic environment
tive responses to thefirst in the next because you were listening and you were going, ‘ Oh, I’ ve been through that.” But it wasn’t
engagement with web- helping. It was actually pushing you down a bit because you were getting ideas [about how to self-
based self-harm or sui- harm].” [IDG; basdline interview]
cide content. o “Ithink | wasjust surprised that there was so much content out there. And yeah, that they haven’t been

removed, and | think...I guess a sort of comfort knowing that there were others out there who were
a so going through tough times...And | think, | guess also shocked at how severe some [images of self-
harm] are yeah.” [IDL; baseline interview]

Positive First engagement with « “l applied to go onto that [Facebook] group just so that | could reach out to people and find out more

web-based self-harm or
suicide content produced
apositive response. .

from survivor-led experiences. And people offered support to each other, and | felt that was quite a
good thing to do.” [IDA; midpoint interview]

“1t made mefeel alot lessaonejust knowing, even if they were anonymous people out on the internet
that could be wherever in the world, that there were other people, and | wasn't the only person feeling

like this. It was so beneficial, especially as ayoung teen.” [IDF; basdline interview]

Some participants sought support-related content, and others
not intending to access self-harm or suicide content at all
unintentionally came across graphic content (eg, images of fresh
self-harm) or suicide method descriptions during their first
engagements. Those whose initial interactions were with this
type of self-harm or suicide content described feelings of distress
even when this was the content they were seeking out. Some
of these participants (2/14, 14%) recognized that this content
could inadvertently validate and trigger their own self-harm and
suicide feelings and behaviors, making them feel more at risk.
In cases in which participants first engaged with web-based
self-harm or suicide content in a discussion forum or peer
support group, they were more likely to respond positively,
describing how they felt less alone and were able to share
experiences with others. However, some participants (2/14,
14%) had mixed emotions—it was comforting to know similar
others existed, but processing extreme content was challenging
and subjected them to information about novel self-harm and
suicide methods, revealing their lack of control over what they
were exposed to.

https://infodemiol ogy.jmir.org/2024/1/e47699

Changesin What Self-Harm or Suicide Content People
Engage With and Where

Changesin Types of Web-Based Self-Harm or Suicide
Content Engagement Over Time

All participants continued interacting with online self-harm or
suicide content after their initial encounter even if it had been
anegative experience. In casesin which they had positiveinitial
engagements, participants continued to use the same platforms
to access self-harm or suicide content in the long term. When
those platforms or sites became obsolete, they sought out
equivalent content in other web locations. Participantswho had
negativeinitial interactions accessed different platformsor sites
searching for self-harm or suicide material that resonated with
them.

Although participants had self-harm and suicide content that
they accessed in a stable and routine manner, many also
described occasions when they would change what they were
accessing. Most participants (12/14, 86%) explained that
different content satisfied different needs depending on their
current mental state or mood. Examples of this can be foundin
Textbox 2.
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Textbox 2. Web-based self-harm and suicide content accessed during mental health changes.

Changein content accessed due to mental health declines

« “Onagoodday | can bein there and | can be supporting others and hel ping them and building them up. And then on abad day I'll be the one
looking for support and asking for somebody to you know pick me up alittle bit. So, it very much depends on what mood I’ m in that day to be
honest.” [IDB; baseline interview]

« “If you are depressed and you start like looking at videos that are to do with that sort of thing it's so easy for you to be in the spird of just like
looking at more and more content about suicide and stuff like that...” [IDK; baseline interview]

Changein content accessed dueto suicidal feelingsor intentions

o “When| amthinking about self-harm, | will just look it up online. | go to thetext servicewhen | have suicidal feelings.” [IDF; baselineinterview]

o “That'swhen ['if I'minarealy bad crisis] I’'m more seeking it out, so Tik Tok I’m not actively seeking out that content [ok] but that’s when
I’'m actually seeking it out, thinking | want to die, that's when | start accessing suicide forums and stuff.” [IDK; baseline interview]

Changein content accessed dueto mental health improvements

. “I'vereached a place where | feel like | want to kind of, hear more about recovery and things like that. | think that’s why | found this sort of
[* recovery-based images'] content useful to look at. And | think that, | don’t think I’ m triggered by it, but | also don’t want to interact with that
kind of content where people are talking about their own [recovery] journeys because I’ m not in that kind of place or not in a place where | want
to hear about that kind of stuff at the moment. So, yeah, kind of like more interactions with the positive stuff, | think.” [IDI; fina interview]

Dips in mental health often resulted in changes in the way
participants engaged on the web, such as posting their own
self-harm or suicide material rather than just interacting with
others' content. In cases in which participants experienced
sustained episodes of poorer mental health, self-harm and suicide
content was also seemingly accessed more frequently and
sometimes uncontrollably through “ habit” (IDG) or “ addiction”
(IDC and IDH), with 21% (3/14) of the participants describing
it asfalling down a“rabbit hole” (IDJ, IDL, and IDF). In total,
7% (1/14) of the participants reported how this compulsive
engagement with self-harm or suicide content interrupted
elements of their usual social and occupational functioning:

Even through work time | would take ten minutesand
just read some of it. [IDH; baseline interview]

Directly questioning participants about web-based engagement
when fedling “ actively suicidal” dlicited similar reported changes
in behavior. A couple of participants described engaging with
different content—notably turning to web-based suicide
organizations and charities or friends and family members
offline when they needed support for suicidal thoughts rather
than their usual web-based resources for self-harm or suicide
content. However, another 21% (3/14) of the participants
described how prominent suicidal thoughtswere morelikely to
result in them returning to prosuicide forums, where they would
seek or check resources for their own suicide plans.

Improvementsin mental health saw participants more likely to
transition to web content of arecovery-based nature while often
sticking to the same web-based locations. Some participants
(3/14, 21%) d so attempted to limit web engagement with greater
use of offline resources such as community help centers or
taking part in meaningful activities.

Balancing Curiosity and Control

Other participants came across content unexpectedly in their
web journey or seemed to spontaneously seek out different
self-harm or suicide content dueto “curiosity.” Some described
the ability to negotiate novel self-harm and suicide content with
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a developed sense of control over time, skipping over or
avoiding engaging with content that was undesirable to them:

Being ableto scroll past content with trigger warnings

of self-harm pics has been quite a new thing. Likein

the last year-ish, before then | wouldn’'t have been

ableto have donethat. I'd havelooked. [I DJ; baseline

interview]
However, others described tensions between curiosity and
control and how that curiosity led them to seek out different
self-harm or suicide content. For example, 14% (2/14) of the
participants, who read a news article on a person’s death by
suicide that referenced web-based prosuicide forums, went on
to search for them:

... saw it [article on death-by-suicide of person who
used pro-suicide forums] in the news. When you see
something in the news, especially on the BBC website
you know...it's quite serious stuff. So, then you end
up looking further. Now sometimes you have to be
careful because you get drawn into it and | think you
have to sort of say to yourself, “1'm only going to
spend a few minutes doing this..” [IDE; midpoint
interview]
Thefunctions of social mediasites (eg, hashtags or algorithms)
could also enable unintentional content encounters, making
control over engagements less feasible:

| guess sometimes that like tags on social media
and...it's usually by chance, | don't actively go and
seek them, but sometimes it appears and then | kind
of just go down a rabbit hole of looking at more of
such content. Even though | didn’t do it intentionally.
[IDL; baseline interview]
Another participant explained that, in transitioning from
self-harm and suicide content that no longer resonated, they had
less control over what they engaged with:

| think recently, it'slike | don’t knowwhat I’ mlooking
for, but it's like | know that | haven't been able to
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find it...So, | think it's normally looking through my
explore page instead of searching for anything in
particular... [IDI; midpoint interview]

Changesin Posting Web-Based Self-Harm or Suicide
Content Over Time

For some participants (5/14, 36%), posting content seeking help
and support regarding self-harm or suicide feelings or looking
for waysto stay safe while self-harming was an early action in
their web journey (IDA, IDB, IDC, IDD, and IDG). Othersalso
posted detailed descriptions of suicide methods they were
considering on discussion forums (IDH, IDK, and IDD), blog
posts detailing their own self-harm and suicide feglings (IDN),
and images of quotes on Instagram with captions about their
mental health (IDI). One participant sent images of their own
self-harm viadirect messaging after other users requested them
(IDK).

A total of 21% (3/14) of the participantsin the study refrained
from publishing their own content publicly (IDF, IDL, and IDJ).
Of these 3 participants, 2 (67%) posted content privately
(meaning that it was posted on the web but was only visible to
them). Both participants described this as their way to “vent”
(IDF) or “rant” (IDL) when upset and an opportunity to
document their journey.

Notably, al 3*“observation-only” participants mentioned valuing
their anonymity in the web space and refraining from online
community interactions. They also emphasized that the potential
for poststo negatively affect others deterred them from posting
self-harm or suicide content publicly:

| always felt quite conflicted about reposting other
people's content related to it [photos or videos of
fresh self-harm]. | feel like it's one thing for me to
look at it because they've posted it...versus me
reblogging it to my own blog. | don’t know. It's odd
to explain it but it just felt weird. [IDF; baseline
interview]
Another participant reported posting content in one context
(asking for support on a Facebook group) but not posting
“graphic images’ (IDC) due to fear that it may cause harm to
children. This particular concern for young people viewing
content was echoed by IDF, IDH, and IDK.

IDN, who initialy described making public blog posts about
their own self-harm, later made these private dueto arealization
that the material may negatively affect others as well as an
attempt to maintain anonymity. IDI also reported a change in
posting behavior during and as a result of taking part in the
study. After initially posting about their experiences in an
attempt to raise mental health awareness, they reflected on their
tendency to put a “positive spin” (IDI) on content, and by the
6-month follow-up interview, they had reduced the frequency
of their posts as they began to question their own authenticity.
They considered that, if they posted about their negative
experiences, it would likely have a harmful effect on others,
and so they refrained from posting.

Finally, one participant also noted that access to psychological
therapy reduced their need to post on the web for support:
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Haimeet al

[1 haven't posted] for quite sometimeactually. | can’t
remember the last time | did that. It would be over a
month ago easily. Yeah, | haven't needed to really.
[IDA; final interview]

Why do you think that is? [Interviewer; final
interview]

Because | could handle whatever | was thinking
probably on my own or bring it to the next...because
I’m having weekly sessions with my psychologist...
[IDA; final interview]

Changesin Self-Harm or Suicide Behaviors Associated
With Web-Based Self-Harm or Suicide Content
Engagement

Personal Risk Associated With Web-Based Self-Harm or
Suicide Content Engagement

Asdescribed previously, some participantsidentified risks after
their initial exposure to web-based self-harm or suicide content
(Table 2). Othersrecognized potentially harmful consequences
after longer periods of engagement. Some thought that the
content they engaged with gave them implicit “permission” to
carry out similar self-harm or suicide behaviors (IDG, IDH,
IDJ, IDK, and IDN):

It makes it [completing suicide] fedl less scary and
like being able to hear people talk about what
happened to them, them saying it's not that bad, like
itwasn't...it just felt like nothing, it makesit feel alot
easier to do it if you know what | mean? [IDK;
baseline interview]

Somefound that their own self-harm or suicidal behaviorswere
influenced by self-harm and suicide information they had
gathered on theweb (IDJ, IDK, IDL, and IDB):

...there were some posts which would link to other
websites where you could get resources[information
on overdose statistics]. I'd say definitely at the start
of my mental health journey that was quite a turning
point for me. Because it was just an idea and then it
became a possible thing to do. [IDJ; baseline
interview]
Another participant experienced feelings of jealousy over the
salf-harm people had engaged in, which resulted in them fegling
the need to escalate their self-harm behaviors:

| think that was that self-comparison to mysdlf...maybe
I’mbeing too scared or I'mnot trying hard enough...
[IDL; baseline interview]

The Precipitative and Protective Effects of Engagement
With Self-Harm or Suicide Content on Self-Harm and
Suicide Behavior

The feelings and behaviors that participants experienced
following engagement with web-based self-harm or suicide
content are shown in Table 3. Content could be precipitative or
protective for participants depending on when they encountered
it in their journey. Severa participants (5/14, 36%) recalled
engaging in self-harm and suicide behavior as a result of
engaging with web-based content. A few of these participants
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(4/14, 29%) went on to describe changesin their self-harm and
suicide behaviors related to content engagement over time,
implying that the effect could change from precipitative to
protective. This included living vicariously through others
self-harm images (IDF and IDL), finding content engagement
relaxing (IDC), and using content searches asaway to delay or
stop their own suicidal behavior (IDD). One participant
suggested that such changes in behavior were due to building
their own mental resilience over time:

| wouldn't say the internet content changed, it would

be more like I’ve changed to deal with what the

internet’s providing me. [IDJ; baseline interview]
Another participant recognized the need to consistently
“check-in" with their own mental health before engaging onthe
web:

Haimeet al

It's just about how I'm feeling, like do | feel like |

have the capacity to deal with the internet really, do

| actually want to look at what people are saying and

what people are posting. [IDF; midpoint interview]
For some, there was less consistency regarding whether
engagements with self-harm and suicide content would result
in helpful or harmful circumstances. This was exemplified by
one participant who stated that their searches were usually
protective and kept them occupied when their suicidal thoughts
were most intense:

| think there is a part of me that does it [conducts
searches for self-harm and suicide content] to buy
time. [IDB; final interview]
However, this participant also reported attempting a new form
of self-harm at the midpoint interview after learning about it
through a peer support group on Facebook.

Table 3. Precipitative and protective effects of web-based self-harm or suicide content engagement identified by participants.

Factor and description Quotations

Precipitative factors

Self-harm or suicide behavior as
a consequence of engaging with
web-based self-harm and suicide  «
content

“It could aso be really detrimental because many times, | would just come away feeling much more
triggered than previously and then would engage in the behaviour [self-harm].” [IDF; baselineinterview]
“One of the [posts] got taken out of agroup [by me] because it was talking about bloodletting and since
then, I've bought syringes and needles to try and do it myself.” [IDB; midpoint interview]

«  “How did you then cope with the fallout of what you’d seen [distressing self-harm and suicide content] ?’
[Interviewer; baseline interview]

o “I coped by self-harming. Yeah, and | write lots aswell. So yeah, writing about how | feel and what |

saw.” [IDC; baseline interview]

Protective factors

Vicarious experiencesthrough

self-harm or suicide content

Delaying or stopping own self-
harm or suicide behavior

“1t would mainly be trying to vicariously live out things through other people. So, | had a particular urge
but wasn't in aposition where | felt like | could self-harm or necessarily wanted to and almost living
those experiences through somebody else's experience which was one of the ways that it [viewing self-
harm material] could bereally beneficial for me becauseit could almost meet that urge without me having
to engage in the behaviour.” [IDF; baseline interview]

“1 don’t really need to research it [suicide method] anymore. Sometimes, | do it anyway and | just re-re-
search, re-read it and re-check my facts but it can be away of preventing me from doing anything.” [IDB;
final interview]

“How do you mean?’ [Interviewer; fina interview]

“It'slikethere arelevelstoit, aren’t there? That’swhat | find anyway. It starts with thoughts, then it turns
to urges and once you get to that urge stage, you need to feel like you're doing something, whereas, re-
searching it [suicide method] is better than actually putting the tablets in your mouth. It gives you that

extra step before you get to that point, if you see what | mean.” [IDB; final interview]

Caming effect .

“How did you feel [coming across images of self-harm]?’[Interviewer; midpoint interview]

«  “Quiterelaxed because that’swhat | do [self-harm], so | could identify with them, those people who'd
done things like that.” [IDC; midpoint interview]

Disengagement-Reengagement Cycle

Disengagement From Web-Based Self-Harm and Suicide
Content

Most participants (8/14, 57%) reported entering a cycle of
disengagement and reengagement during their web-based
self-harm and suicide content journey. Disengagement was
usually temporary, with participants choosing to have “no phone
days,” deleting their accounts, finding offline activitiesto take
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part in, or being forced to disengage due to lack of internet
access.

Most often, disengagement was purposeful but impulsive. It
would usually occur during periods of compulsive engagement
when participants recognized a lapse in their control or as a
reaction to asignificant life event that resulted in mental health
decline. Life events that occurred during this study included
suicide bereavement, hospitalization, bullying or victimization,
and experiences of exam- or work-related stress. The act of
intentionally disengaging from self-harm or suicide content was
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usually a conscious decision to reclaim control over their
web-based actions.

A total of 14% (2/14) of the participants reflected on changes
in their disengagement behavior while in the study (IDC and
IDI). Previoudly, similar to other participants, they reported a
tendency to compulsively access content during periods of
poorer mental health followed by impulsive disengagement.
However, at the 6-month interview, both participants described
an improved ability to recognize their patterns of web-based
behavior (Table 4). This understanding and insight empowered
the participants to purposefully disengage during declining
mental health episodes as a strategic means of regaining control
over their behavior.

Haimeet al

However, when other participants were forced to disengage
from content because of intermittent internet access or physical
health problems, they were often left with feelings of loss.
Although one participant described this unintentional
disengagement as an opportunity for brief respite from self-harm
and suicide content engagement, its existence remained a
reassuring presence:

| knew | could access them if | needed to, but |
thought, “ No, I'm having a week off and I’m going
totry and distance myself fromthisasmuch as| can’”
[IDA; final interview]

Table 4. Reasons for disengagement from web-based self-harm or suicide content—from final interviews.

Participant ID andreason Quote
for disengagement

IDC

IDF

Mental well-being

Regaining control

Regaining control

Mental well-being

“It felt like | needed to look after myself and that | needed that break to try and keep myself safe. One of the things that
this research has taught me and helped me understand, it's hel ped me understand more about how social mediaimpacts
upon me. So, | think social media can be a source for good. | think you also need to recognise that sometimes you need a
break.”

“1 realy crashed down, and it scared me because I'd had alovely weekend. Things are generally alot better, and it scared
mein that | can still crash down and fluster myself. | didn’t trust myself to be researching suicide, self-harm...And there
was apart of me that knew that | wanted to live, there was a part of me that knew | could spiral out of control, and | didn’t
want to spiral out of control. And I've alluded to the fact that |'ve learnt personally alot about myself during the six
month's research and how | use social media. And for me that Monday when | made that decision [to disengage from self-
harm content] it was really positive.”

“1 think just to prevent myself from falling down arabbit hole and looking at content that | know wasn’t good for me. And
just feeling like so I"ve always been one of those people that | sort of like to sort of physically remove myself from things
and remove things from me. So that’s one of the reasons why | do that.”

“So, | think it was about amonth ago now and someone who was quite active in Twitter (X) and the mental health recovery
community passed away from what | feel was suicide. That’s not been confirmed but when al of that happened, | did take

acouple of days off the internet just to, | guess, process things there.”

Reengagement With Web-Based Self-Harm and Suicide
Content

Participants described various reasons for reengagement with
web-based self-harm and suicide content, including a “fear of
missing out” with the community (IDA, IDC, IDM, and 1DK),
wanting to use the site or platform to access other types of
content (IDE, IDF, and IDI), procrastination or boredom (IDI
and IDK), and the need to perform web-based responsibilities
(eg, work or moderating roles within self-harm and suicide
communities; IDI, IDA, and IDB). Some participants (5/14,
36%) claimed that they weighed the advantages and
disadvantages of web-based content engagement before
reengaging. Several participants (3/14, 21%) felt that the benefits
of reengaging with self-harm and sui cide content, such asfeeling
part of acommunity, were enough to justify the potential risks.
As this participant noted, while the experience could be
upsetting at times, it was still considered useful in light of the
rewards of engagement:

With Twitter [X], | deleted that aswell, but | felt like
actually | missed the community and felt out of touch
with people, so | actually found that useful

https://infodemiol ogy.jmir.org/2024/1/e47699

[reengaging], as much as sometimes it's upsetting,

it was useful. [IDK; baseline interview]
There were aso differing accounts of reengagement due to
mental health improvements and declines. One participant
described feeling more in control once their mental health was
stable:

I think | was in a better place emotionally and with

my mental health...And | just felt stronger, | genuinely

felt stronger and more positive. It's a better time of

year for me...I" ve started some new medication...So,

| think that’s a factor aswell and me feeling stronger

to go back online. | just felt ready. [IDC; find

interview]
Similarly, another participant felt that they were more able to
view and contribute to self-harm and suicide content in a
positive way when their mental health improved:

When my mental stateisbetter, and | can go back on.
| feel likel can share, and | can help someone. [IDM]

Alternatively, some participants (2/14, 14%) described past
reengagement with self-harm and suicide content to “punish”
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(IDF; baseline interview) themselves for thinking about or
carrying out self-harm behaviors:

| think at that time | was kind of trying to make myself

feel worse, becauseit waslike, “ You need to feel more

guilty for what you're doing”” [IDI; fina interview]
However, these participants described differences in their
reengagementsover time. DI reported how their reengagement
behavior changed during the study. When feeling low, they now
went on the web and sought out non-self-harm or suicide
content.

Other participants also described attempts to engage with
self-harm or suicide content differently during the reengagement
period with the aim of regaining control. This included
observing interactions rather than actively participating or
limiting engagements with specific content on platforms or
sites:

Recently I’ ve just been viewing [ prosuicide threads]

and I've got to fight the urges [to interact]. [IDH;

basgline interview]

However, most participantswho disengaged briefly would return
to their usual use of web-based content. This reengagement
process highlighted weaknesses in participants ability to
exercise control over web-based actions, leaving users
vulnerable to reencountering triggering content on the web and
beginning the disengagement-reengagement cycle again:

| basically quit Tik Tok for three weeks because | was
likel just can’t deal with it anymore becauseit’s just
so hard to block everything and | was also thinking
isit actually good for my mental health and it’snot...
[IDK; basdline interview]

...but you are back on TikTok now, is that right?
[Interviewer; baseline interview]

I think | was just bored really, and | thought do you
know what I'll just download it for the afternoon,
and... [IDK; baseline interview]

Longer Periods of Disengagement

Intotal, 14% (2/14) of the participantsin this study disengaged
for up to a month before reengaging with specific platforms.
One of these participants disengaged after a second death by
suicide in their Twitter community. Notably, an earlier death
by suicide of another member of the same community had
increased their frequency of accessing the platform.

During their Twitter disengagement, the participant continued
their engagement with a self-harm support group on Facebook,
where they felt less connected:

| think because | haven't known them [Facebook
users] solong and there's certain people [ on Twitter,
subsequently rebranded as X] ...who post frequently,
several times possibly in a day...| think the more you
get to know people and recognise the handles, | know
it sounds bizarre, but you feel yourself becoming
closer to them. [IDC; final interview]
Degspite this, they aso reported beginning to reengage with
Twitter toward the end of the study:
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| think just because | feel a bit better, | wanted to

check-in on other things on there on my newsfeed,

wall thing. [IDC; final interview]
One other participant disengaged twice from aprosuicideforum.
First, they described disengaging following an article on the
parents of forum members who had died by suicide. The
participant reached out to the parents, and the resulting
relationship led to their disengagement:

...they've told me | need to get off the site. [IDH;
baseline interview]

However, they reengaged shortly after this event after wanting
to check whether “they [the site] put the resources [suicide
methods literature] back” (IDH; baseline interview) following
their removal after the media article publication.

At the midpoint interview, IDH had again disengaged from and
reengaged with the forum following the death by suicide of a
relative. On describing their reengagement, they reported that
“it was to check [that] the sources of getting stuff [suicide
materials]...are still available” (IDH; midpoint interview) as
they were aware of scams related to sourcing materials and
wanted to verify that their plans would still be viable.
Limiting Content Engagement: Strategies

After spending time engaging with web-based self-harm and
suicide content, half (7/14, 50%) of the participants began to
develop strategies to limit their content engagement. These
included less “arbitrary ‘liking'” to curate their feeds (IDI),
clearing search histories to “remove temptation” (IDJ),
“blocking” or “muting” certain terms or phrases—such as
“suicide” and “self-harm” (IDC, IDF, and IDK)—closing their
direct messages so that other users were unable to message them
(IDI and IDH), “self-banning” so that they were unable to post
(IDH), distracting themselves with positive web-based content
(IDE, IDI, IDC, and IDF), “starting new accounts’ to avoid
tailored agorithms (IDK), and distancing themselves from a
self-assigned “role” such as being amental health advocate (IDJ
and IDI). In this study, we observed that younger participants
predominantly used these strategies, possibly because of the
enhanced accessibility to safety features on the platforms or
sites they frequented or their proficiency in digital skills.
However, it is noteworthy that most participants regardless of
age reported learning digital safety methods of limiting
engagement over time through their experiences on the web:

As|’vegot older I'verealised that actually you know
what you see online can really impact on you, and
that you know no-one's going to policeit for meso |
have to be sensible about the types of people that |
follow and the types of thingsthat | do online. | think
that’s something that came with sort of getting a bit
older. [IDF; midpoint interview]
Future Perspectives on Web-Based Self-Harm and
Suicide Content Engagement
When asked, none of the participants reported a desire to
disengage from web-based self-harm or suicide content entirely

in the future. Many alluded to the nonlinear nature of their
engagement, recognizing difficulties during previous attempts
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to disengage. Some also described a sense of comfort and
reassurance knowing that content continued to exist on the web:

It's a cushion for people who need that. [IDA;
midpoint interview]
In addition, othersreported adesireto “give back” and described
having a peer support role themselves asafuture goal following
their recovery (IDI, IDM, and IDB):

I’m looking forward to where | improve myself, and
maybe be able to talk to more people and if possible,
reach out to them, and offer that help. [IDM; fina
interview]

I’'m also very passionate about sharing stuff I've
learnt. When people arein that placethat | remember
being in and you can see it from their posts, | think,
“1"vejust learnt about something that will help them.
I'll pass that on to them” It's helping to build that
confidence back up to do those posts and say those
things on there. [IDB; final interview]

Some participants in this study (3/14, 21%) aso highlighted
that they were unable to find alternative web-based or offline
spaces that satisfied their current needs. One participant
mentioned that disengaging from their current preferred site or
platform could be detrimental and so expressed no wish to
“move on’:

What I'm trying to say is that there is nowhere for
people when they come off that website. There's no
safe space. There's nowhere. If you've been on that
particular site [prosuicide forum] for the reason of
wanting to dieand you didn’t, there’ snowhere. You'll
go on something and just get these silly comments or
things where there's lack of understanding that just
escalates a situation. [IDH; midpoint interview]

A few participants in this study (3/14, 21%) did recognize the
potential costs associated with continuing to engage in
web-based spaces with self-harm and suicide content but
compromised, stating that “I do feel that the benefits outweigh
therisks’ (IDC; baseline interview). For these individuals, the
draw of the positive aspects of such content was strong enough
tojustify the potential negative consequences. Other participants
(2/14, 14%) struggled to weigh the risks and benefits of
engaging with self-harm and suicide content as they felt that
the positive and negative aspects of engaging with content were
more intertwined, making it difficult to control what they were
exposed to:

I’d say that onlineisvery complicated, depending on
what you feed your mind, becauseit hasboth positive
and negative information, so sometimes it’s good to
your mind, and sometimes not. Also, if you are coming
across lots of negative things in a group, that can be
harmful, like self-harm pictures. But it's also good to
look in those groups for peoplewho are offering help
for those things, so that you are learning how to help
yourself. [IDM; final interview]

Ultimately, this resulted in both sets of participants remaining
vulnerable to the negative effects of harmful content as they
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continued to engage with web-based self-harm and suicide
material.

Discussion

This study showed that those engaging with web-based
self-harm and suicide content experienced nonlinear journeys
that were characterized by 5 key themes: “initial engagements
with web-based self-harm or suicide content,” “changesin what
self-harm or suicide content people engage with and where,”
“changes in self-harm or suicide behaviors associated with
web-based self-harm or suicide content engagement,” “the
disengagement-reengagement cycle,” and “future perspectives
on web-based self-harm and suicide content engagement.”

Cognitive Flexibility Versus Cognitive Rigidity
Constructs that may explain behavior change and maintenance
within these themes are cognitive flexibility and its counterpart,
cognitiverigidity [33]. Cognitiveflexibility refersto an openness
inthinking and behavior, which allowsan individua to consider
alternative perspectives and approaches. In contrast, cognitive
rigidity is the tendency to adhere to specific thought and
behavior patterns, making it challenging to change one'smindset
or actions [33]. Previous research has identified a relationship
between cognitive rigidity and suicidal ideation [34] and
between cognitive rigidity and self-harm [35]. Another study
showed that cognitive flexibility can result in engagement in
multiple methods of self-harm [36]. This indicates that the
construct of cognitiveflexibility may provideimportant insights
into the behavior changes over time associated with web-based
self-harm and suicide content engagement. This discussion will
explore the ways in which cognitive flexibility was impacted
by participants’ mental health and control over decision-making
and how this influenced their web journeys.

Previous research has identified gaps in clinical support as a
key motivator for web-based self-harm and suicide content
engagement [2]. The causesfor initial engagement in this study
were consistent with this, with participants reporting alack of
support but also a reluctance to engage with clinical services
due to previous experiences. This suggests a high level of
cognitive flexibility among participants during their first
engagement with web-based content, with mental distress and
alack of alternative resources potentially triggering participants
to be more open to web-based options. This emphasizes the
critical need for accessible offline options during the early stages
of mental health decline, preventing vulnerable people from
resorting to web-based avenues where they may lack the control
or knowledge to engage safely.

When participants were unable to find content that was
immediately desirableto them, they explored different self-harm
or suiciderelated material on the web. Often, this led to
spontaneous browsing of self-harm and suicide-related links
or hashtags, abehavior characterized as*“ pessimistic browsing”
[13]. While this reflects a high level of cognitive flexibility
among participants, it also indicates what might be a lack of
behavioral control, making participants vulnerableto potentialy
harmful encounters. Later on in web journeys, when browsing
routines had been established, some reported similar bouts of
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“pessimistic browsing” and harmful behaviors that they
considered spontaneous. These episodes of cognitiveflexibility
were usually triggered by unexpected exposure to web-based
self-harm or suicide content, where impulsive tendencies
resulted in exploring this novel content further or, in one case,
intrying anew self-harm method. Thisindicatesthat unexpected
engagements with self-harm or suicide content may act as a
stimulusfor activating cognitive flexibility, resulting in changes
in behavior [37]. When experiencing poor control, this cognitive
flexibility may lead to a willingness to engage in potentially
unhelpful or harmful behaviors when engaging with self-harm
or suicide content [38].

Outside of episodes of cognitive flexibility, participantslargely
accessed web-based self-harm or suicide content in a routine
pattern while also reporting a greater feeling of behavioral
control. This cognitive rigidity often worked as a coping
mechanism allowing for regular engagement with resources of
help and support. However, in instances in which content
included images or videos of “fresh self-harm,” suicide, or
self-harm  and suicide method information, repeated
engagements were more likely to have negative effects on
participant well-being and sometimes led to increased severity
of harm to themselves. This shows that, while some perceived
their cognitive rigidity as a form of control, it may ultimately
have diminished their ability to make decisions to protect
themselves and seek alternative positive coping mechanisms
[39].

Similarly, participants reported increased engagement with
self-harm or suicide content during dipsin their mental health,
which were prevalent in this study, asindicated by fluctuations
in their well-being measure outcomes over time. These
engagements, recalled as* habitual” or “addictive,” highlighted
a loss of control during these mental health dips. Previous
research has shown arel ationship between cognitive inflexibility
and addictionlike behaviors [40,41], and a more recent study
[42] has indicated that distress-driven impulsivity, in which a
personislikely to make rash decisions dueto a negative mental
state, alongside cognitive rigidity, can lead to addictionlike
eating behavior. This emphasizes the potential risk of
overreliance on web-based self-harm and suicide content as a
coping strategy, particularly during periods of mental health
decline, when participants may become more vulnerable to the
content they are engaging with. The addictive nature of this
behavior also has the potential to negatively impact other
important aspects of people's lives, such as socia or
occupational functioning [43].

Disengaging and Reengaging

Key to sef-preservation during the web journey was
participants’ ability to disengage from web-based spaces. Most
participants recorded disengagements in their web journeysin
response to life experiences or stressors, such as work stress,
bereavement, or a rapid deterioration in mental health. This
indicates a resurgence of cognitive flexibility, which reflects
previous research showing that individuals become more open
to alternative solutions when their perspectiveis challenged by
asignificant life event [44]. Although participants demonstrated
disengagement attempts from the content during these times,
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they were usualy temporary. This represents a brief state of
cognitive flexibility, with reengagement often occurring within
days. When disengagement was longer, it tended to coincide
with more significant life events such as bereavements, which
may indicate more prolonged changes to behavior following
extreme circumstances and mental health declines.

Participants also reported that their mental state dictated whether
they returned to more helpful or harmful content during the
reengagement period. Participants experiencing poorer mental
health were morelikely to reengage with content they described
as “negative” as atype of self-punishment or as a preventative
measure against potentially worsening self-harm or suicide
behavior. They were also more likely to post their own content,
which included help-seeking comments, suicide method
inquiries, and “depressive’” blog posts. This showed that,
although some participants attempted to use their online
communities for help during mental health dips, others could
find themselves returning to potentially unhelpful or harmful
situations. Thisreflects previous research showing that “ active’
suicidal ideation is associated with greater cognitive rigidity
compared to “passive” suicidal ideation [45]. Often, when
reengaging during mental health declines, usewould al so regress
to “addictive” or “habitual” engagements. However, when
experiencing mental health improvements during reengagement
periods, those who had previously engaged with more “ positive”
or “recovery-based” content would be more likely to return to
thismaterial. Thisindicatesthat cognitiverigidity isinfluenced
by mental health state and that, when experiencing mental health
changes, participants well-being isreliant on earlier web-based
encounters with self-harm and suicide content.

Upskilling Users

Despitethis, some participants did experiencelasting adaptations
to the ways in which they interacted with the content. These
more enduring changes were attributable to the skills that
participants reported developing in digital efficacy and
metacognition. Digital efficacy skills include the ability to use
web-based safety mechanisms such as muting, blocking, and
salf-banning. Participantswith digital efficacy skillsin the study
felt safer and more protected, which acted as a preventative
measure against cognitive rigidity. In this study, these
participants were likely to be younger, which reflects research
showing that digital literacy skills are significantly better in
younger cohorts [46]. Despite this, evidence also shows that
digital literacy skills can be built over time [47]. This is
consistent with the experiences of some participantsin thisstudy
who reported that their web experiences prompted them to
organically develop digital skillsand strategiesto stay safe over
time. This finding has important implications for industry
leaders, who should be encouraged to consider ways in which
they can empower users by improving accessibility to safety
mechanisms on their platforms and sites.

Metacognition skills, or the ability to reflect on one's own
thoughts and behaviorsto change one’sresponses, were evident
in some of the participants[48]. Specific metacognitive abilities
such as self-awareness and self-regulation resulted in greater
control over their cognitive flexibility. Some described gaining
metacognition skills such as self-awareness before their
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participation in the study, which allowed them to recall changing
their responses to content from self-harm behavior to vicarious
viewing of material. Others identified metacognitive skills
gained through therapeutic input as well as through monitoring
web-based behavior and reflecting on it during the study. This
may reflect a Hawthorne effect [49] in which participant
behavior shifts due to their awareness of being observed in a
study. Several diary and ecological momentary assessment
interventions have resulted in improved metacognitive skills
[50] (Haime, Z, unpublished data, January 2024), and it is
possiblethat metacognition was acquired in this study asaresult
of completing the research diary. In casesin which participants
metacognition developed during the study, they noted
improvements in their mental health, also indicated by
improvements in their well-being outcomes over time. This
resulted in the type of self-harm and suicide material they
engaged or reengaged with changing from “negative’ or
“depressive’ to “recovery-based” or “positive” in nature. This
showsthat self-awarenessand control while experiencing mental
health improvements|ead to positive content engagement during
periods of cognitive flexibility in this population and has
important implications for the development of future target
metacognitive interventions.

Remaining Vulnerable on the Web

However, shifts toward recovery-based content did not
necessarily mean that participants were able to fully disengage
fromtheir previous self-harm and suicide material. Sometimes,
as recovery-based content coexisted alongside more harmful
content in web spaces, there was no aternative place in which
to access it. On the other hand, some participants expressed a
strong connection with the communities they had previously
engaged with and reported intentions to remain active in these
spaces with a desire to provide support to others. While this
atruistic act had benefits, including the ability to continue
drawing on support when needed, it left them vulnerable to
potentially triggering content. These findings emphasize the
strength of web-based self-harm and suicide spaces as a source
of comfort and security, which is consistent with previous
research on engagement motivators [2,7,10]. Thus, athough
participants became more aware of the negative outcomes of
engaging with web-based self-harm and suicide content and
were better able to manage them, the perceived benefits of being
involved inacommunity of like-minded individualswith similar
experiences often outweighed the potential costs.

Limitations

Participants in this study used a diverse range of web-based
platformsto access self-harm and suicide content, meaning that
attemptsto identify patternsin behavior related to the sitesused
were challenging. However, as common behaviors were
observed across participants, it was possibleto draw conclusions
more broadly about how people engage with web-based
self-harm and suicide content over time. Diaries in this study
were completed daily by participants, but many had missing
entries or were filled out retrospectively. This diluted the
advantages of “in-the-moment” diary data capture and resulted
in some interview topic guides being less informed by
participant data. Despite this, participants reported finding the
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diarieslargely acceptable, and some reported additional benefits
to their metacognitive ability related to their completion [51].

Whilevisualy observing quantitative dataallowed usto identify
patterns consistent with participant-reported mental health
fluctuations and slight improvements toward the end of the
study, our inability to conduct statistical analyses prevented us
from identifying any significant differences in participant
well-being changes. However, the rich qualitative data and
trajectory analysis provided valuableinsightsinto theindividual
pathways and factors influencing web-based engagement.

In terms of participant characteristics, this study had an
underrepresentation of male individuals. Although steps were
taken to target male-orientated web spaces for recruitment,
uptake remained poor. Furthermore, responses to recruitment
were limited, which resulted in possible selection bias and may
have affected the representativeness of the sample. In addition,
we did not collect data on the educational level or
socioeconomic status of the participants involved, limiting our
understanding of how demographic characteristics may affect
web-based experiences. Half of thoserecruited at baseline were
also lost to follow-up. Strategies were undertaken to limit
attrition, including at least 3 attempts to communicate with
participants before they were considered lost to follow-up. High
attrition rates are consistent with longitudina studies of
self-harm and may represent a selection bias among study
completers[52]. Finally, although cognitive flexibility provides
a useful framework with which to interpret our findings, it is
important to acknowledge that there may be alternative
explanations.

Future Implications

The findings of this study have shown that there are ongoing
challengesin navigating the web environment for those engaging
with self-harm and suicide content. A key priority for future
research should be to establish how engaging with web-based
content can be better managed in this population. Consequently,
the following should be considered:

1. Inaccessibility to offline support was a significant motivator
for participants’ willingnessto explore web-based self-harm
and suicide—related resources. Therefore, the availability
of offline help and support is necessary to limit or moderate
initial web-based engagements.

2. This study offers evidence that greater metacognition and
digita efficacy can positively influence web-based
behavioral control. Asindividualsareunlikely to completely
disengage from web-based content, it is important to
prioritize upskilling users. Therefore, interventions should
be developed focusing on improving digital literacy and
metacognitive skills, such as the diary-based reflections
used in this study.

3. A deeper examination of the perceived benefits of
web-based engagement is necessary to ensure that these
needs can be met in a safer manner both on the web and
offline. In addition, it is crucia to criticaly evaluate the
helpfulness of these perceived benefits, such as the impact
of “vicariousliving” through observing others self-harm.

4. Web-based industry leaders need to produce more tools
that empower individuals to regain control of their
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web-based engagement and improvethe safety of web-based  desensitization, potential impairments in functioning, and an
spaces where self-harm and suicide content is available.  increased severity of harm to oneself. Cognitive rigidity can
Thismay include changesto the functions of social media, also prevent people from engaging in harmful behaviors and
such as providing further control and management options  allow them to consistently engage with content that is helpful
to users over algorithms and hashtags. and positive. Although life events and changesin mental health
. state could trigger cognitive flexibility resulting in behavior
Conclusions changes, these were unlikely to become permanent unless
A balance between cognitive flexibility and rigidity seems participants developed skills such as digital efficacy and
necessary to protect individuals when engaging with self-harm  metacognition that gave them greater control over their behavior.
and suicide content on the web. While cognitiveflexibility may  Despite this, even with improved skills for recognizing and
be helpful in certain situations such as exploring new coping  managing web-based risks, individuals still perceived that the

strategies, it can also leave individuals vulnerable to harmful  penefits of web spaces outweighed the costs, making it difficult
content. On the other hand, cognitive rigidity, or the tendency  to fully disengage.

to repeatedly engage with the same type of content, can lead to
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Abstract

Background: Despite being apandemic, theimpact of the spread of COVID-19 extends beyond public health, influencing areas
such asthe economy, education, work style, and social relationships. Research studiesthat document public opinions and estimate
the long-term potential impact after the pandemic can be of value to the field.

Objective: Thisstudy aims to uncover and track concernsin Japan throughout the COV1D-19 pandemic by analyzing Japanese
individuals self-disclosure of disruptions to their life plans on social media. This approach offers alternative evidence for
identifying concerns that may require further attention for individuals living in Japan.

Methods: We extracted 300,778 tweets using the query phrase Corona-no-sei (“due to COVID-19,” “because of COVID-19,”
or “considering COVID-19"), enabling us to identify the activities and life plans disrupted by the pandemic. The correlation
between the number of tweets and COVID-19 cases was analyzed, along with an examination of frequently co-occurring words.

Results: Thetop 20 nouns, verbs, and noun plus verb pairs co-occurring with Corona no-sei were extracted. The top 5 keywords
were graduation ceremony, cancel, school, work, and event. The top 5 verbs were disappear, go, rest, can go, and end. Our
findingsindicate that education emerged as the top concern when the Japanese government announced thefirst state of emergency.
We also observed a sudden surge in anxiety about material shortages such as toilet paper. As the pandemic persisted and more
states of emergency were declared, we noticed a shift toward long-term concerns, including careers, social relationships, and
education.

Conclusions: Our study incorporated machine learning techniquesfor disease monitoring through the use of tweet data, allowing
the identification of underlying concerns (eg, disrupted education and work conditions) throughout the 3 stages of Japanese
government emergency announcements. The comparison with COVID-19 case humbers provides valuableinsightsinto the short-
and long-term societal impacts, emphasizing theimportance of considering citizens' perspectivesin policy-making and supporting
those affected by the pandemic, particularly in the context of Japanese government decision-making.

(JMIR Infodemiology 2024;4:e49699) doi:10.2196/49699
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recommended socia distancing to control the spread of the

Introduction virus, reduce cases, and avoid overwhelming health care
Background facilities [2-4]. Each country had its own strategy for dealing

) with COVID-19. A survey conducted across 6 countries
The spread of COVID-19 has become a global pandemic, ;| srated the public’s perception of measurestaken in response
significantly affecting social and economic sectors worldv.w.de to COVID-19 [5]. Other surveys have been conducted in the
[1]. In the early stages of the pandemic, health authorities jniteq Kingdom and European countriesto aid interdisciplinary
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research on public health, particularly regarding COVID-19
[6]. Different results were observed owing to social distancing
policies, which affected several aspects of life, including
economic activities [7] and consumer behavior, such as drops
in mobility [8]. Concerns about cybersecurity risks were also
raised, as companies might not have been prepared for adequate
work-from-home options for employees [9]. The association
between implementing some mitigation policiesin response to
COVID-19 and the outcomes regarding public mobility were
noted [10], one of which was also observed in Japan.

After the government confirmed the first COVID-19 case in
Japan on January 16, 2020, the number of cases quickly
escalated within 3 months, leading to the declaration of a state
of emergency to prevent the further spread of theinfection. This
measure significantly impacted the daily routines and social
lives of Japanese residents, forcing them to refrain from going
out, close schools, work from home, and be restricted from
visiting crowded locations such as department stores and movie
theaters. The first state of emergency effectively reduced the
number of COVID-19 cases[11], albeit at ahigh cost to public
mental well-being, education quality, and the economy.
Furthermore, the number of cases quickly bounced back,
peaking at 1762 new daily cases after the state of emergency
was lifted, an increase from the peak of 701 new daily cases
during the first wave [11]. These numbers suggest that the
government was confronted with the dilemma of mitigating the
social and economic impact of the lockdown and stopping the
spread of COVID-19[12]. Dueto thefluctuationsin COVID-19
cases, the government declared other states of emergency,
recognizing the profound and deeply rooted impact the
COVID-19 lockdown could have on societal and economic
levels.

There have been various investigations into the states of
emergency. For instance, studies have predicted SARS-CoV-2
infections using state-space models [13] and examined their
impact on mental health [14]. In the aspect of mobility, studies
have shown the suppression of socia activities of the masses
[15]. The tourism industry was among the hardest hit sectors,
and the arrival of visitors decreased by 93% by March 2020
[16]. Statistics also show that Japan’s gross domestic product
in 2020 decreased by 4.28%, indicating a substantial impact on
the economy [17]. Interestingly, the unemployment rate only
dightly increased to 2.8% in 2020, but started declining by 2022
(2.64%), following the gradual recovery of the gross domestic
product (2.14% growth by 2021 and 1.03% by 2022) [17,18].
This trend of recovery indicates the strong resilience of the
Japanese economy.

Furthermore, it also changed people’s behavior, such as
following the advisory to stay at home, as confirmed by cell
phone location data [19-21]. Such large-scale societal and
behavioral changeswarrant further investigation through various
means to offer a chance to monitor and reflect the short- and
long-term impacts of COVID-19 in the future.

Literature Review

The disruption caused by pandemic-related restrictions may be
seen as a failure to perform planned activities, but detecting
such disruptions was challenging. For example, it isdifficult to
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obtain behavioral data on trips that individuals could not take
or events they could not attend owing to the restriction. Social
media, which people use to share their activities, proved to be
agreat source of information in such cases. Twitter (currently
X) isawidely used socia media platform in many countries
and has a sufficiently large population for social data analysis
in health care contexts [22,23]. Japan has a particularly high
population density of Twitter users, even when compared to the
major countries that use Twitter, such as the United States.
Furthermore, owing to language exclusivity, it is easier to filter
commentsrelated to Japanese society using Japanese keywords
[24]. Twitter has aso been frequently used to help summarize
peoples responses about the pandemic and its measures,
showing the challenges experienced throughout [25]. Prior
studies in Korea and Japan used Twitter to determine public
opinion, showing popular words during the pandemic [26].
Because people actively share their daily lives on Twitter, the
site has the potential to be a data source for investigating the
impact of restrictions on the public. Using Twitter asaresource,
thisstudy aimsto explore and visualize plans disrupted in Japan
due to COVID-19 pandemic measures.

There are many studies on COVID-19 that investigate social
media platforms, such as Twitter. Chen et al [27] investigated
the levels of anxiety during the COVID-19 pandemic. The
adverse effects on the mental health of the public was also one
of the impacts of the pandemic, as explained in the research by
Li et a [28], who analyzed COVID-19—elated tweets into
different emotions and investigated the mental health aspects
and how they recovered from the COVID-19 crisis. Lyu et a
[29] investigated the topi cs and sentimentsin public COVID-19
vaccine—related discussions, whereas Krittanawong et a [30]
investigated misinformation dissemination related to COVID-19
on Twitter. Aside from studies focused on the pandemic itself,
COVID-19 vaccines have aso been highly researched topics
on Twitter. Ansari and Khan assessed public responses through
sentiment analysis of COVID-19 vaccines using Twitter,
revealing an overall negative tone in the tweets [31]. Ferawati
et al [32] explored how Twitter reported vaccine-related side
effects by comparing the side effects of 2 types of messenger
RNA vaccines developed by Pfizer and Moderna in Japan and
Indonesia, respectively. Gao et al [33] examined COVID-19
concerns in each Japanese prefecture, and Uehara et a [34]
investigated the attitudes toward vaccines or vaccination during
the COVID-19 pandemic in different Japanese prefecturesusing
search queriesfrom Yahoo! JAPAN. Our study adopts a unique
approach to examine how the COVID-19 pandemic has
disrupted everyday activities. Our main focus is on
understanding the direct impact of the pandemic on society
through the observation of expressions, life disruptions, and
plans.

For research on citizen feedback, Ishida et a [35] proposed a
method that uses social media data. They implemented a
multitask learning framework to estimate the associated
viewpoints using bidirectional encoder representationsfrom the
transformer model. However, this method requires considerable
effort to label the data. This study uses search queries and
validates word co-occurrence to infer the themes of topics
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discussed during the COV1D-19 pandemic in Japan, proposing
an efficient and low-resource method for social mediaanalysis.

Objectives and Approach

We aimed to report on the impact of COVID-19 on Japanese
society by analyzing public opinions extracted from social media
data. Specifically, wefocused on the popular term Corona no-sel
(in Japanese 1 O0F O+ LY, meaning “due to COVID-19,
“because of COVID-19,” or “considering COVID-19"), which
clearly conveyed complaints or concerns about life event
disruptions caused by the COVID-19 pandemic. Our study used
2 types of data: the daily COVID-19 case count and Japanese
tweets containing the Japanese phrase Corona no-sei posted on
Twitter between February 1, 2020, and November 30, 2021.
We analyzed the trends in the number of tweetsand COVID-19
cases to quantitatively explore their relationship and the words
frequently used in the tweets to qualitatively explore social
needsin thefirst 2 years of the COVID-19 pandemic.

In conclusion, we critically compared our findings with those
identified in other similar studies to provide an aternative
evidence base for theimpact of COVID-19 on Japanese society.

Methods

COVID-19 Cases

To track the daily rise in COVID-19 cases, we gathered the
number of new positive casesin Japan by manually downloading
datafrom a dedicated COVID-19 site maintained by the NHK,
Japan’s national broadcaster [36]. Our aim was to investigate
the correlation between the number of positive cases and the
volume of tweets. A total of 1,726,943 COVID-19—positive
cases were recorded between February 1, 2020, and November
30, 2021.

Tweets and Keywords Extraction

Another data set for this study includes 300,778 tweets
containing the Japanese phrase Corona no-sei during the same
period as the recorded COVID-19 cases (between February 1,
2020, and November 30, 2021). We chose this period because
by the end of January 2020, the Japanese government had
officially established the Japan Anti-Coronavirus National Task
Force to actively address the pandemic. In addition, we aimed
to include the maximum possible data until theinitiation of this
study in mid-November 2021. Furthermore, this period also
included 3 emergency announcements by the Japanese
government, making it arepresentative period for studying the
impact of COVID-19 on Japanese society.

We counted the number of tweets per month and found that the
maximum number of tweets was 517,688 in April 2020; the
minimum number of tweetswas 24,625 in November 2021; and
the average number of tweetswas 136,717.6. The Corona no-sei
phrase is frequently used by the public in social media and
everyday conversation to express the (often negative) feelings
when Japanese individuals activities or life plans were
interrupted by the COVID-19 outbreak. Although there are
several expressions synonymous with Corona no-sei (eg,
“because of the new coronavirus’ and “ because of COVID-19"),
we chose Corona no-sei as a casua expression used by the
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public in social media and colloquial speech. The tweet data
were provided by the NTT DATA Corporation, which has a
real-time backup of Japanese firehose datafrom X Corporation
(formerly known as Twitter). Data access was granted to afew
collaborative research institutes, including the University of
Tokyo, and one of the authors was granted permission to use
the self-adaptive classification system to extract the data and

keywords[37].

Although applying a clustering approach for topic modeling
can be useful in grasping the topics discussed in the tweets, it
does not apply to our context wherein we were targeting
COVID-19 as the main subject and aiming to identify the
co-occurrence of events. Instead, we extracted co-occurrence
nouns and verbs from the obtained Corona no-sei tweets by
applying dependency analysis implemented in the system
developed by Yoshinaga et al [37-39]. We used the base-phrase
chunker to extract all tweets containing the Corona no-sei
keyword (“keyword” is bunsetsu in Japanese). The built-in
classifier then extracted the relevant verbs, nouns, and
verb-noun-pairs for users based on the nonstack dependency
parser, which achieved 99.01% accuracy in base-phrase
chunking and 92.23% accuracy in dependency parsing [37].
Researcherswho did not use the system and database maintained
by the University of Tokyo could use the same tool published
by the laboratory Pecco and DepP [37-40]. To avoid
overinterpretation, we omitted tweetsthat described adisruption
of plans but did not include COVID-19-related keywords.

Analysis of the Keywordsand its Correlation to the
COVID-19 Pandemic Trends

The contexts following Corona no-sei, which indicate a high
level of negative concern about COVID-19, frequently contain
verbsin the negative form and nouns associated with them. By
aggregating these nouns and verbs, we extracted information
on the restrictions imposed and the events or plans canceled
owing to the COVID-19 pandemic. This information enabled
us to capture the potential social and psychological impact of
disrupted life plans. Note that, by events or plans, we refer to
the specific type of occurrences (eg, university entrance exam)
rather than a certain event (eg, a pop singer’s concert in 2019).
The frequency of nouns and verbsin tweets containing Corona
no-sel was counted to identify the restrictions placed on people’'s
lives.

To investigate the correlation between tweet volumes and
COVID-19 cases, we constructed transition diagrams for each.
In addition, Pearson correl ation coefficientswere al so cal cul ated.
Next, we examined the nouns and verbs co-occurring with
Corona no-sei over the entire study period and specifically on
the day with the highest tweet activity.

The cross-validation of the keywords and tweet contents was
performed by randomly extracting 20 tweetsfrom thetop 5 verb
and noun pairs and other keyword pairs that were deemed
worthy of discussion by the researchers. The tweet contents
were further annotated to ensure that they were aligned with
theresearchers' interpretations of keywords. We then discussed
the themes extracted by analyzing and cross-validating the
themes and noteworthy keywords.

JMIR Infodemiology 2024 | vol. 4 | e49699 | p.107
(page number not for citation purposes)


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

JMIR INFODEMIOLOGY

Ethical Consider ations

This study used publicly available data and did not handle
identifiable private information, meaning that it was exempt
from Institutional Review Board approval according to the
Ethical Guidelines for Research of the Japanese National
Government [41]. The NTT DATA Corporation obtained tweets
according to Twitter terms of service and approved the use of
the data for this study.

Results

Figure 1 shows the time trend of Corona no-sei tweets (blue
line) compared to the trend of positive cases (red line). There
were 3 states of emergency announcements within our targeted
period between February 1, 2020, and November 30, 2021,
which are highlighted in gray in Figure 1. The number of areas
under the state of emergency is indicated by the bar graph in
the upper part of the figure because the target areas were
changed during each state of emergency. The periods during
which the states of emergency were imposed roughly
corresponded to an increase in case numbers. Interestingly, the
announcement of a state of emergency was highly effective in
suppressing the number of cases. Regarding the spike caused
by the Tokyo Olympics (which took place between July 23,
2021, and August 8, 2021), the case number quickly dropped
to below 5000 per day within 3 months.

Asthe blue line indicates, the Corona no-sei tweets peaked in
March 2020, roughly before the first state of emergency was

Kambaet d

announced and reached the second highest number when the
first state of emergency was imposed. After the first
announcement of the state of emergency, the number of tweets
using Corona no-sei showed adownward trend until the end of
our data collection period. There were afew instances of small
increases in Corona no-sei tweets before the second and third
states of emergency announcements, but overall, the number of
reported plan disruptions never reached the level observed
before the first state of emergency announcement. The scatter
plot for case numbers and the numbers of Corona no-sei tweets
is shown in Figure 2, with Pearson correlation coefficients of
0.86, 0.93, and 0.61, respectively, for thefirst, second, and third
states of emergency.

When compared with the number of the Corona no-sel tweets
during the entire period, the correlation between COVID-19
daily cases and the Corona no-sei was not very evident. We
were able to observe a dlight increase of Corona no-sel tweets
before the case number started rising, but the extent of increase
in case numbers was disproportional to the extent of increase
in Corona no-sei tweets. Even though the number of cases
peaked in September 2021 during the third state of emergency,
there was only a dight increase in Corona no-sei tweets
compared to the high number of complaints at the very
beginning of the COVID-19 pandemic. This indicates that
Japanese residents might have adapted to the restrictions or
disruptions caused by the COVID-19 pandemic lockdown.

Figure 1. Trends in the number of Corona no-sel tweets and the number of patients with a COVID-19-positive result. The blue line indicates the
number of Corona no-sei tweets, and the red line indicates the number of positive COVID-19 cases.
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Figure 2. Scatter plot for COVID-19 case numbers and the number of Corona no-sei tweets for the first, second, and third state of emergency

announcements.
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We further investigated the nouns and verbs in the tweets that
we sampled. Tables 1 and 2 show the number of tweets for the
top 20 nouns and verbs tweeted on February 28, 2020, when
the tweet number reached the highest level. Tables 3 and 4 show
the top 20 words (nouns and verbs) that co-occurred with
Corona no-sai tweetsin descending order to highlight the most
disrupted activities or plans during our data aggregation period.
For nouns, here, Corona was excluded because it was a word
included in the query and was clearly the most frequently
detected. For nouns, the top 5 most frequently mentioned words
were work, abort, home, live, and friends after excluding the
words that indicate the grammatical tense. These keywords
indicated that, over alonger period, Japanese individual s started
developing concerns over their disrupted work and social life.
For verbs, go was the most frequent, but in the actual tweets, it
was sometimes used in the negative, and in the context, the verb
was unlikely to be usedin the affirmative, so theverb waslikely
used to indicate they cannot go even if it isin the affirmative
in this paper (Textbox 1). Hence, the top 5 mean go, can go
<negation>, look, meet <negation>, and get out. The results
show that there are restrictions on the actions of going, seeing,
and meeting as verbs. Compared with the single-day result on
February 28, 2020, the concern about work appeared as the top
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5inTables 1 and 2, suggesting that Japanese individuals placed
clear emphasis on their work routines. In addition, the desire
for live concertsincreased over the long run, making live concert
the fourth most frequently mentioned keyword in Table 1.
Coincidentally, concerns related to friends and missing
opportunities to meet up were also observed in both tables,
showing the disruption of social relationships and recreational
occasions. Both studies indicated that people regarded the
COVID-19 pandemic asthe main cause of their disrupted plans
to hang out with friends or attend large public events. In addition
to activities, the keyword finding also reflected the concern of
resource shortage, such astoilet paper, masks, and even money,
which were critical in supporting daily lives or normal health
care practices.

Because the keywords indicated both long-term and short-term
concerns, we cross-validated the tweet contents by selecting
keyword pairs based on thetop 5 keywordsrelated to long-term
concerns and those related to short-term anxiety on material
shortage. A total of 160 tweets were randomly sampled based
on the following keyword pairs (20 tweetseach): 5 4 7 +1T
< /1713 % b (live concert+go/go<negation>); I +17< /
1713 %2 Ly (home+go/go<negation>); ZiE+17< /T3 & L

JMIR Infodemiology 2024 | vol. 4 | e49699 | p.109
(page number not for citation purposes)


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

JMIR INFODEMIOLOGY Kambaet al

(friends+go/go<negation>); ik +17< /1713 &0y (toilet paper+vanish); and ¥ R ¥ + % < % 3 (mask+vanish).
(cancel+go/go<negation>); kiEZ+4£5/4£%2% Oneof theauthorsannotated the tweets according to the themes
(friends+meet/can mest); TE+HIT< /173 & reflected by the keywords. Key findings are discussed in the

(work+go/go<negation>); AL v bRX—N—+7% <% 3 following section.

Table 1. The number of tweets with co-occurring nouns on February 28, 2020.

Noun Tweets, n (%)
graduation ceremony 2154 (14.55)
cancel 1813 (12.25)
school 1498 (10.12)
work 1210 (8.17)
event 775 (5.24)
live concert 694 (4.69)
toilet paper 667 (4.51)
part-timejob 639 (4.32)
school holiday 636 (4.3)
friends 616 (4.16)
disney 605 (4.09)
postponement 562 (3.8)
home 553 (3.74)
mask 531 (3.59)
new corona 330(2.23)
test 328(2.22)
tissue 321(2.17)
hoax 318 (2.15)
company 304 (2.05)
next month 250 (1.69)
https://infodemiol ogy.jmir.org/2024/1/e49699 JMIR Infodemiology 2024 | vol. 4 | €49699 | p.110

(page number not for citation purposes)

RenderX


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

JMIR INFODEMIOLOGY Kambaet al

Table 2. The number of tweets with co-occurring verbs on February 28, 2020.

Verb Tweets, n (%)
disappear 3265 (20.15)
go 1835 (11.33)
rest 1169 (7.22)
can go <negation> 1044 (6.44)
end 862 (5.32)
go out 754 (4.65)
look 734 (4.53)
make effort 711 (4.39)
buy 602 (3.72)
cry 576 (3.56)
vanish 556 (3.43)
can meet <negation> 524 (3.23)
play 505 (3.12)
spring rest 501 (3.09)
dies 499 (3.08)
betold 491 (3.03)
come 441 (2.72)
think 436 (2.69)
return 378 (2.33)
crush 319 (1.97)
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Table 3. Noun words co-occurring with Corona no-sei in descending order.

Kambaet d

Order Noun

1 work

2 cancel

3 home

4 live concert
5 friends

6 event

7 postponement
8 stress

9 school

10 part-time job
11 company

12 new corona
13 mask

14 graduation ceremony
15 hospital

16 one person
17 opportunity
18 university

19 family

20 money
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Table 4. Verb words co-occurring with Corona no-sei in descending order.
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Order Verb

1 go

2 can go <negation>
3 look

4 meet <negation>
5 get out

6 lose

7 make effort
8 increase

9 buy

10 lose

11 end

12 come

13 think

14 meet

15 rest

16 can go

17 decrease
18 be told

19 meet

20 play

Textbox 1. Examples of tweets posted on Twitter (Japanese tweets were translated into English).

Verb and example

« Go: “Dueto COVID-19, the day I've been looking forward to going out with the guy | love has been postponed... | can't help it now and I'll accept

it, but | was looking forward to it.”

e Meet: “It doesn't feel like April at all dueto COVID-19, but | can't wait for it to end so that we can all meet, eat, and shop together comfortably.

Six years already... | want to quit my job lol.”

Discussion

Principal Findings

Our findingsrevealed that the COV I D-19 pandemic significantly
disrupted daily routinesin Japan, particularly in terms of work,
education, social activities, and material shortages (with regard
to the temporary spike of anxiety). Thefindingsfrom our study
correspond with numerous studies conducted in diverse
countries, highlighting the extensive impact of the COVID-19
pandemic on socia life, economy, public mental health, and
education [5]. In this section, we discuss key findings across a
temporal spectrum, focusing on 4 crucial aspects: disruption of
work routines, public anxiety stemming from perceived resource
shortages, concerns regarding socia relationships, and
interference with the curriculum.

Top Concerns

The impact of the COVID-19 pandemic on the labor market in
Japan is unequivocal, mirroring the challenges faced by

https://infodemiol ogy.jmir.org/2024/1/e49699
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numerous countries. The pandemic necessitated a shift in work
dynamics with the unintended pilot of remote collaboration.
Notably, certain categories of Japanese workers, contingent on
their employment contracts, exhibited heightened susceptibility
to these aterations in work patterns. In our findings, the
keyword work demonstrated associations with part-time, abort,
and money, indicating that individuals expressing concerns
about their work conditions may grapple with job uncertainty,
stemming either from the part-time nature of their employment
or an abrupt reduction in income. This discovery aligns
seamlessly with prior research examining the repercussions of
the COVID-19 pandemic on Japan's labor sector. As described
by Kikuchi et al [42] in their study, individuals in contingent
employment, along with women and those with lower income,
were notably susceptible. The shift toward teleworking and the
accompanying uncertainty about long-term income during the
COVID-19 pandemic had a disproportionately adverse impact
on these specific demographic groups [42]. Fukai et a [43]
endorsed these findings through extensive government statistical
analysis. According to their research, Japanese individuals
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employed part-time in service industries or compelled to take
leave or face job loss following the declaration of a state of
emergency were identified as particularly vulnerable groups
significantly affected by the COVID-19 pandemic [43].
Although the use of part-time or contingent workers has
traditionally been a standard practice for Japanese companies
seeking to optimize budget and resource allocation, the advent
of the COVID-19 pandemic has pushed issues related to work
to theforefront of public concern. Researchers caution that this
could potentially exacerbate inequality for susceptible
individuals unless actively addressed by government support
[44].

In summary, our findings provide substantial evidence for
concernsamong Japaneseinternet usersregarding job disruption,
employment disparities, and inadequate financia resilience.
Failing to address these issues during multiple states of
emergency, the Japanese government risks compromising the
equality within Japan’slabor market significantly. Interestingly,
astudy conducted by Chen et al [27], who sampled 6535 Reddit
posts, identified strikingly identical subjects that propelled
nationwide anxiety inthe United States. Notably, concerns about
career, finance, and the future were prevalent. However, our
research suggests that health and death concerns were not as
prominent in Japan, as observed in the study by Chen et al [27].
We hypothesized that the emphasis on collectivism and harmony
in Japanese society could shape individuals' concerns during
crises (particularly in the case of anational crisis). For example,
apprehensions about not being perceived as* useful” or causing
“inconvenience” to others, possibly even relying on government
subsidies, were more pronounced than concernsrelated to health
and mortality.

Sudden and Perhaps Excessive Anxiety About M aterial
Shortage

The scarcity of certainitems, including toilet paper, masks, and
tissues, as outlined in Table 1, emerged as a significant issue
in Japan. Our findings closely parallel earlier Twitter studies
investigating hoarding behaviors, particularly concerning toilet
paper [45]. Although initially observed in the United States,
panic buying for household goods rapidly became a global
phenomenon. Notably, toilet paper has emerged as afrequently
hoarded item, often signaling a surge in demand during natural
disasters [46,47]. Although the act of stockpiling toilet paper
may seem irrational and has been widely ridiculed on social
media, the adverse effects of bulk purchasing have not been as
severe. Social scientists may view this behavior as a coping
mechanism during a natural disaster [48]. Contrary to the
commonly perceived overhoarding of toilet paper, the mask
shortage was deemed a more severe public health crisisand a
direct threat to well-being. A 2020 agent-based simulation
conducted by Tatapudi et al [48] illustrated that universal mask
use could potentially reduce infections by 20% [49]. At thetime
of the study, the total number of people infected by COVID-19
was 541 million, indicating that implementing universal mask
use could potentially spare 108 million cases. Numerous studies
have indicated a negative correl ation between mask use and the
COVID-19 infection rate [44,50].
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However, the situation in Japan presents a slightly different
scenario. The Japanese government faced criticism for a
perceived slow response to the awareness of mask shortages,
as the pandemic was considered relatively “under control” in
its early stages. As the mask crisis unfolded, many Japanese
citizens became concerned about their reliance on masks
manufactured abroad, prompting the government to take actions
to boost domestic mask production. Unfortunately, heightened
anxiety also led to the “Abenomasks’ incident, wherein the
government faced backlash for stockpiling over 82 million
unused masks [51]. A crucial lesson learned from thisincident
isthat although social mediaservesasacritical channel for the
dissemination of news and raising public awareness, the
emotional contagion and overpromotion of aparticular disaster
can backfire, impeding the rational coping mechanisms of
citizens and the decision-making processes of the government.
Our findings, along with those of numerous other studies,
indicate that further efforts are needed to develop effective
protocolsfor addressing the widely contagious anxiety stemming
from the dissemination of information about natural disasters
on social media

Concerns About Social Relationships

Keywords pertaining to relationships, social life, and collective
events were prevalent in our analysis. For instance, the top 20
frequently occurring nouns associated with Corona no-sei
included friends, family, live, events, and one person. The most
frequent verbsin the context of Corona no-sel were go, can go
<negation>, meet <negation>, buy, meet, can go, and play. The
examplein Table 4 illustrates how Japanese individuals linked
go and meet to their social events. While it may appear that
many tweets express concerns about social relationships, these
keywords actually reflect people venting their frustration about
being unable to meet and engage in activities together, rather
than indicating an actual loss of relationships. Interestingly, a
study by Goodwin and Takahashi [52] aso yielded similar
findings. Most Japanese respondents in their survey gauging
perceptions of relationship quality during the COVID-19
pandemic indicated that there were no discernible changes in
their perceived relationship quality. Only a few reported that
their trust and relationship with communities had declined
compared to the prepandemic era[52]. There was also areport
indicating that students, due to reduced communication with
friends, face an increased risk of mental health problems[53].

These findings suggest that events, such as the COVID-19
pandemic, may lead individuals to experience heightened
anxiety and stress. While this emotional response could
temporarily disrupt their socia activitiesand coping mechanisms
against trauma, it may not have a lasting impact on their
perceived relationship quality. In fact, the example tweets we
analyzed illustrated how individuals, despite feeling frustrated,
expressed eagerness to resume their socia activities after the
pandemic. Hence, we argue that concerns about relationship
disruption may be transient and serve as a positive signal
prompting individuals in Japan to actively nurture their
relationships. Assuggested by the study conducted by Goodwin
and Takahashi [52], dedicating additional time to
communication, particularly in the context of romantic
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relationships, could further enhance the quality of these
connections [42].

Concern for Education Discontinuation

The peak volume of tweets was recorded on February 28, 2020,
coinciding with the government’'s announcement of the
simultaneous closure of all elementary, junior high, and senior
high schools in Japan. In fact, in the most frequent nouns and
verbs shown in Tables 1 and 2, the top words related to the
simultaneous closure of schools were graduation ceremony,
cancdl, lose, rest, and go <negation>, all of which reflected
Japanese citizens' concerns about the discontinuation of
education, the cancelation of the graduation ceremony, and
missing school classes. It is essential to note that in Japan, the
graduation ceremony typically takes place in March and the
new school and work year commences in April. Despite the
Japanese government’s earnest efforts to mitigate the spread of
COVID-19, as scrutinized by scientists, the decision to close
schoolsin Japan did not yield asubstantial impact on preventing
the spread of COVID-19. Instead, it deprived children of
valuable learning and developmental opportunities [54].
Moreover, with the closure of schools, there was a surgein the
demand for digital education or internet-based learning
platforms. However, many schools and student householdswere
ill-equipped to handl e thisimpromptu shift to an internet-based
education system. Asdiscussed in detail by Iwabuchi et al [55],
the unequal distribution of resources among schools in Japan
further intensified the digital learning disparities brought about
by the COV1D-19 pandemic—induced school closures. Themore
well-funded private and prefecture-sponsored school s had often
already implemented or could quickly set up the necessary
e-learning system to cope with thelack of face-to-facelecturing.
However, most public schools were forced to send learning
materials to students by mail, risking a huge learning gap
between students in private and public schools. The long-term
impact on students' physical and mental development remains
uncertain, given that most schoolswere able to resume normalcy
after the lifting of the state of emergency. A study conducted
by Nishimura et al [56] on medical students clearly indicated a
deterioration in subjective mental well-being.

Concernswere al so observed regarding web-based alternatives,
with growing apprehensions that they fail to adequately
substitute the essentia in-person learning and hands-on field
practice integral to medical education. The diverse concerns
reflected in education-related keywords in Table 1 suggest that
many Japanese individuals transitioned their focus from
one-time events, such as graduation ceremony and school
holiday, to longer-term mental and societal impacts, such as
opportunity, stress, and university. This shift implies that the
long-term effects would take time to manifest compared to
short-term disruptions of specific incidents, such asagraduation
ceremony. Further studies are crucial to monitor and unveil a
complete picture of this disruption.

Long- and Short-Term Concerns and the Impact on
the Society

Following the World Health Organization's official declaration
that COVID-19 was no longer considered a global health
emergency on May 4, 2023, individualswho survived now faced
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a familiar daily life with some changes that were difficult to
imaginein the prepandemic era. However, thereisstill animpact
on society that can be challenging to trace and monitor. The
economic repercussion, such asinflation and tumbling currency
values in Japan, are gradually occurring. Schoolchildren who
havelost education for amost 1 year are bracing for their future
growth. An increasing number of companies are eager to get
talent to opt in for remote working styles to attract employees
who were reluctant to return to city offices. Individuals are
probably no longer worried about toilet paper but will gradually
sense the subtle shifting of their workstyles, social styles, and
even learning styles. However, due to the limitations of our
data, we were not able to speculate about the postpandemic
future. Our discussion offers possible clues to further trace the
causes of societal changes. The profound effects of the
COVID-19 pandemic on society and public hedth require
further investigation and monitoring.

Limitations and Future Work

It should be noted that our study had some limitations in
extracting data from social platforms such as Twitter. One
limitation is the lack of geolocation metadata. Although we
capitalized on the language exclusivity of Japanese tweets and
the domestic majority to extract representative samples of
Japanese citizens, it isimportant to note that there may be some
minor contributions from Japanese speakers residing outside
Japan. This limitation should be considered when interpreting
the findings of this study. Another limitation arises from the
bias present on Twitter, asits use is lower among older adults
compared to the younger population. To mitigate this bias,
stratified analysisis necessary to account for the effects of age.
However, the current system lacks age data. Consequently, the
results should be interpreted with the awareness that the
perspectives of the older adults are underrepresented.

Because the purpose of this study was to derive an interruption
schedule, we specifically targeted verbs and nouns to better
represent social connections (families and friends), locations,
events, subjects, and actions, rather than using adjectives or
phrases that might focus on emotional descriptions or concrete
situations. This approach limited our options for
sentiment-related analysis methods or topic modeling, which
could reveal emotional reactions instead of generic events and
the involvement of close connections. Although people's
sentiments were deemed beyond the scope of this study, in
future studies, wewould like to analyze how peopl€'s sentiments
have changed through sentiment analysis [57]. With the
introduction of transformer-based large language models, such
as bidirectional encoder representations from transformers and
text-to-text transfer transformers, more contextual and in-depth
understanding and analysis might be made available for
researchersin social media data. This should be considered in
future studies.

We aso did not address concerns regarding the safety of
cybersecurity during the work-from-home period during the
pandemic. We noticed that in the United States, data breaches
and the security of the work environment were one of the top
concerns[58]; however, based on our current results, there was
no direct implication on this aspect in Japan during the
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COVID-19 pandemic. This will be considered in our future
work.

Conclusions

Kambaet d

reflected in Corona no-sei tweets provided more nuanced
descriptions of real-life problems Japanese individuals faced
during the COVID-19 pandemic and revealed the devel opment

of different concerns in response to the change of policies.
Overdl, by adding the analysis on Corona no-sei to the

conventional symptom-based monitoring, we were able to
identify the underlying concerns at the peak of the disruption
and acrossthe whol e-time span of the 3 announcements of state
of emergency. Our findings and a comparison of the tweets
against COVID-19 case numbers yielded rich insights into
peopl€'s short- and long-term concerns and potential aspects of
societal impact caused by the announcements of the state of
emergency. Although more studies from different fields would
help to reveal the whole landscape of social and psychological
impact caused by COVID-19, we believed that the keywords

Timely communication of analysisresultsis crucial, especialy
when dealing with issues of significant social impact, such as
a global pandemic. A delay in delivering results can hinder
decision-making processes and require substantial resourcesto
recover from the initial losses caused by poor decisions. For
policy makers, especially the Japanese government, this study
reflectsthe opinions of citizens and should be considered when
reviewing the effectiveness and suitability of a policy as well
as ng further measures to support those impacted during
the pandemic.
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Abstract

Background: Health misinformation on social media can negatively affect knowledge, attitudes, and behaviors, undermining
clinical careand public health efforts. Therefore, it isvital to better understand the public’s experience with health misinformation
on social media.

Objective: The goal of this analysis was to examine perceptions of the social media information environment and identify
associations between health misinformation perceptions and health communication behaviors among US adullts.

Methods: Analyses used data from the 2022 Health Information National Trends Survey (N=6252). Weighted unadjusted
proportions described respondents’ perceptions of the amount of false or misleading health information on social media (“ perceived
misinformation amount”) and how difficult it is to discern true from false information on social media (“perceived discernment
difficulty”). Weighted multivariable logistic regressions examined (1) associations of sociodemographic characteristics and
subjective literacy measures with misinformation perceptions and (2) relationships between misinformation perceptions and
health communication behaviors (ie, sharing personal or genera health information on socia media and using social media
information in health decisions or in discussions with health care providers).

Results. Over one-third of social media users (35.61%) perceived high levels of health misinformation, and approximately
two-thirds (66.56%) reported high perceived discernment difficulty. Odds of perceiving high amounts of misinformation were
lower among non-Hispanic Black/African American (adjusted odds ratio [aOR] 0.407, 95% Cl 0.282-0.587) and Hispanic (aOR
0.610, 95% CI 0.449-0.831) individuals compared to White individuals. Those with lower subjective health literacy were less
likely to report high perceived misinformation amount (aOR 0.602, 95% CI 0.374-0.970), whereas those with lower subjective
digital literacy were more likely to report high perceived misinformation amount (aOR 1.775, 95% Cl 1.400-2.251). Compared
to White individuals, Hispanic individuals had lower odds of reporting high discernment difficulty (aOR 0.620, 95% CI
0.462-0.831). Those with lower subjective digital literacy (aOR 1.873, 95% CI 1.478-2.374) or numeracy (aOR 1.465, 95% ClI
1.047-2.049) were more likely to report high discernment difficulty. High perceived misinformation amount was associated with
lower odds of sharing general health information on social media (aOR 0.742, 95% CI 0.568-0.968), using social mediainformation
to make health decisions (aOR 0.273, 95% CI 0.156-0.479), and using social media information in discussions with health care
providers (aOR 0.460, 95% CI 0.323-0.655). High perceived discernment difficulty was associated with higher odds of using
social mediainformation in health decisions (aOR 1.724, 95% CI 1.208-2.460) and health care provider discussions (aOR 1.389,
95% Cl 1.035-1.864).

Conclusions: Perceptions of high health misinformation prevalence and discernment difficulty are widespread among social
mediausers, and each has unique associations with sociodemographic characteristics, literacy, and health communication behaviors.
These insights can help inform future health communication interventions.
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Introduction

Background

The Paew Research Center estimates that approximately 72% of
Americans use socia media [1], and research suggests that
social media is widely used for health-related purposes
specifically [2]. Socia media has become an important venue
for the exchange of health-related information and advice [3].
In 2019, 41% of internet users in the United States reported
watching health-related YouTube videos, and 17% reported
sharing health information on social networking sites[4]. Social
media can help people find and access more useful and
personally relevant information, facilitate the exchange of social
support, and aid with disease management efforts[3]. However,
while social mediacan make health information more accessible,
the use of social mediafor health information seeking can also
create the risk of harm through exposure to misinformation.

Defined as“ health-related information that isfalse, inaccurate,
or misleading according to the best available evidence at the
time” health misinformation is increasingly recognized as a
threat to public hedlth [5,6] (note that this definition includes
disinformation, or false information that is created and spread
with the intent to deceive, as a subset of misinformation [7]).
Although health misinformation is not a new phenomenon,
social media facilitates the rapid spread of fasehoods [6],
thereby exacerbating the potential negative impact of
misinformation on both individua and population health. Certain
features of social mediaplatforms, such asincentivesthat reward
the sharing of content that receives more engagement, can result
inafocus on sharing emotionally charged or provocative content
rather than accurate content [6,8]. Additionally, algorithmsthat
suggest content to users are often based on past engagement
behavior, which can reinforce echo chambers, whereby users
who engage with misinformation increasingly encounter further
misinformation [6,8].

Many studies have documented substantial hedlth-related
misinformation on social media across a range of topics
(including tobacco products, drugs, and vaccines) [9], and
research increasingly suggeststhat social mediamisinformation
can have anegativeimpact on health-rel ated attitudes, behaviors,
and outcomes. For example, Pierri et a [10] found that the
prevalence of COVID-19 vaccine misinformation on Twitter
(now rebranded as X) was related to higher levels of vaccine
hesitancy and lower vaccination uptakeratesin the United States
even after accounting for political and sociodemographic factors.
Furthermore, their causality analysis suggested a directional
relationship between social media misinformation and vaccine
hesitancy, with a lag of approximately 2 to 6 days from
misinformation being posted in a county to a corresponding
increase in vaccine hesitancy in that county [10]. Further
evidence of a causa relationship between exposure to
misinformation and health-related attitudes and intentions is
provided by a randomized controlled trial conducted in the

https://infodemiology.jmir.org/2024/1/€51127

United States and the United Kingdom, which showed that
exposure to misinformation in the form of social media posts
decreased the number of respondents who said that they would
“definitely” take the COVID-19 vaccine by approximately 6
percentage points relative to the control group [11].

While there is a growing body of research examining the
prevalence of misinformation on social media, as well as the
association between social media misinformation and
health-related outcomes, little work to date has focused on
understanding how individuals perceive misinformation on
socia mediaor how these perceptionsimpact behavior. Surveys
conducted over the past few years show that many US adults
believe that much of the news they see on social mediaisfalse
or inaccurate [12,13]. This is significant because studies have
shown that misinformation perceptionsimpact communication
behaviors. For example, a study conducted in Germany found
higher self-perceived exposure to “fake news’ to be associated
with more frequent engagement in information verification
behaviors on Facebook [14]. Meanwhile, astudy conducted on
Amazon Mechanical Turk found that perceiving fake news to
have a greater influence on others than on oneself (ie, the
third-person effect) was associated with lower intent to share
news obtained from social media (either online or offline) [15].

Studies also suggest that perceptions of misinformation
prevalence are associated with attitudes toward health
issues—for example, one cross-sectiona study found
perceptions of high misinformation prevalenceto be correlated
with worry about COVID-19 [16]. Notably, the study found
neither a significant associ ation between actual misinformation
prevalence (as measured using the “Infodemic Risk Index,”
which produces frequency estimates of misinformation on
Twitter by country) and worry about COVID-19 nor an
interaction between actual misinformation prevalence and
perceived prevalence in explaining pandemic worry [16]. This
suggests critical psychologica and cognitive effects of
misinformation  perceptions  independent of  actua
misinformation prevalence (and separate from misinformation
endorsement or belief) [16].

In addition to assessing perceptions of misinformation
prevalence, assessing people's confidence in their ability to
detect misinformation is important because confidence can
affect the way people make subsequent judgments [17]. For
example, confidence can determine whether an individual acts
on their initial judgment or seeks out additional information
[18]. Confidence levels also affect a person’s willingness and
ability to defend their assessments such that individuals who
are able to discern true from false information—and are
confident about their judgments—are more resistant to
misinformation [18]. A person’s perceptions about their ability
to accurately detect misinformation can also influence their
perceptions about their capacity to manage health issues or make
health decisions. For example, Park et al [19] found that people
who had higher confidencein their ability to distinguish between
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true and fase COVID-19 information aso had higher
COVID-19 risk readiness perceptions (ie, felt that they had a
“handle on the issues and developments surrounding the
coronavirus outbreak”). Unfortunately, confidence can also be
easily undermined, particularly when an individual is unsure
about the validity of the material they are considering or lacks
the necessary skills or literacy competencies to feel secure in
their assessment [17].

Beyond obtaining a better understanding of misinformation
perceptions and how they impact cognitive and behavioral
processes and outcomes, it is also important to assess whether
these perceptions vary by sociodemographic or other
characteristics to identify groups that may be more vulnerable
to misinformation and in need of more targeted efforts. For
example, thetrial conducted by Loomba et al [11] showed that
some groups were differentially affected by exposure to
misinformation—in the United States, female individualswere
found to be less resistant to misinformation than male
individuals, whereas those with lower incomes were found to
be moreresistant. Additionally, a survey conducted by the Pew
Research Center in 2016 found that White individuals were
more likely than Black and Hispanic individual sto say that they
often saw fake political news online, and those with annual
incomes of at least US $75,000 were more likely to report seeing
fake news compared to those who made less than US $75,000
per year [20]. Findings regarding demographic differences in
perceived ability to discern true from falseinformation are more
mixed. The Pew survey found that confidence in detecting fake
political news did not differ significantly by sociodemographic
characteristics (such as age, gender, income, or race) [20],
whereas the study conducted by Park et a [19] found education
and income to be significant predictors of confidence in
distinguishing true from false information about COVID-19.
Furthermore, a large survey experiment conducted by Sirlin et
al [21] found digital literacy (as measured by familiarity with
internet-related terms and attitudes toward technology as well
asunderstanding of social mediaal gorithms) to be animportant
predictor of the ability to discern truths from falsehoods when
judging headline accuracy for both political and COVID-19
articles. Taken together, these findings demonstrate the
importance of assessing how perceptions of health
misinformation and misinformation discernment vary by
sociodemographic characteristicsand literacy. Although research
regarding vulnerability to misinformation remains mixed (eg,
with regard to age, sex, and income) [22], the potential impact
of social media misinformation on health disparities is an
important issue that requires ongoing attention.

Study Aims

Because misinformation perceptions can affect attitudes and
behaviors, abetter understanding of the public’s perceptions of
health misinformation on social mediaand their ability to detect
it, aswell as possible subgroup differencesin such perceptions,
is needed. Toward that end, this study analyzed data from the
National Cancer Institute’s 2022 Health Information National
Trends Survey (HINTS 6) to (1) assess the prevalence of 2
distinct misinformation-related perceptions—perceived amount
of health misinformation on social mediaand perceived ability
to distinguish true from false health information on social
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media—(2) identify sociodemographic factors associated with
these health misinformation perceptions;, and (3) explore
associations between these misinformation perceptions and
health communication behaviors, including information sharing,
health decision-making, and communicating with health care
providers.

Methods

Data and Sample Selection

HINTS is a nationally representative, cross-sectional,
self-administered survey of civilian, noninstitutionalized US
adults aged =18 years. Data for HINTS 6 (N=6252) were
collected between March 7, 2022, and November 8, 2022, using
guestionnaires administered via mailed paper or web-based
surveys. The overall response rate for HINTS 6 was 28.1%.
Respondents who reported that they did not use social media
(1211/6252, 19.37%) were excluded from the analyses, resulting
in a starting analytic sample of 5041. Details regarding the
design of HINTS 6, including methodology, sampling, and
weighting procedures, have been published elsewhere [23].

Ethical Considerations

HINTS 6 received approval from the Westat Institutional
Review Board on May 10, 2021 (6632.03.51), and was
designated as non—human subjects research by the National
Ingtitutes of Health Office of Human Subjects Research on
August 16, 2021 (000626). Respondents’ return of the compl eted
survey indicated consent to participate.

M easures

Social Media Health Misinformation Perceptions

A total of 2 social media misinformation—related perceptions
were measured. Perceived amount of misinformation on social
media (“ perceived misinformation amount”) was assessed with
the following item: “How much of the health information that
you see on social media do you think is false or misleading?’
Response options were none, a little, some, a lot, and | do not
use social media (as noted previously, those who selected “I do
not use social media’ in response to this item were excluded
from the analyses).

Perceived difficulty distinguishing true from false information
on social media (“perceived discernment difficulty”) was
measured by assessing agreement with the following
statement—"| find it hard to tell whether health information on
social mediaistrue or false”’—among respondents who reported
social media use. Response options were strongly agree,
somewhat agree, somewhat disagree, and strongly disagree.

Health Communication Behaviors Related to Social
Media Use

Information sharing on social media was assessed using two
items that asked how often in the previous 12 months
respondents (1) “share[d] personal health information on social
media” and (2) “share[d] general health-related information on
social media (for example, a news article).” Response options
were almost every day, at least once a week, a few times a
month, less than once a month, and never.
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Respondents’ use of information encountered on social media
was assessed through reported agreement with 2 items: “1 use
information from social media to make decisions about my
health” and “| useinformation from social mediain discussions
with my healthcare provider.” Response options were strongly
agree, somewhat agree, somewhat disagree, and strongly
disagree.

Sociodemographic Characteristics

Sociodemographic variables included (1) educational level
(categorized as high school degree or lower, some college or
vocational training, and college graduate or higher), (2) sex
(maeor femae), (3) age (18-24 years, 25-34 years, 35-44 years,
45-54 years, 55-64 years, and =65 years), (4) race or ethnicity
(non-Hispanic White; non-Hispanic Black/African American,
Hispanic; and non-Hispanic other, which included non-Hispanic
American Indian or Alaska Native, non-Hispanic Asian,
non-Hispanic Native Hawaiian or other Pacific Islander, and
non-Hispanic multiple races), (5) annua household income
(<US $20,000, US $20,000-<$35,000, US $35,000-<$50,000,
US $50,000-<$75,000, US $75,000-<$100,000, and =US
$100,000), and (6) geographic residence (urban or rural based
on the 2013 Rural-Urban Continuum Codes).

Literacy Measures

Subjective health literacy was assessed using the following
item: “How confident are you filling out medical forms by
yourself?" Response options were very [confident], somewhat
[confident], a little [confident], and not at all [confident]. This
measure is one of the brief screening questions identified by
Chew et a [24] for detecting inadequate or marginal health
literacy among adults. Subjective digital literacy was assessed
using the following item: “How confident are you that you can
find helpful health resources on the Internet?’ Response options
were completely confident, very confident, somewhat confident,
a little confident, and not at all confident. This measure was
adapted from the eHealth Literacy Scale [25]. Subjective
numeracy was assessed using the following item: “In general,
how easy or hard do you find it to understand medical
statistics?” Response options were very easy, easy, hard, and
very hard. This item, which is part of the STAT-Confidence
scale developed by Woloshin et a [26], has been shown to be
a strong predictor of scores on the Newest Vital Sign measure
(an objective measure of health literacy and numeracy) [27].

Statistical Analysis

To account for the complex sampling design of HINTS, analyses
were conducted in SAS (version 9.4; SAS Institute) using final
sample weights to obtain population-level point estimates and
a set of 50 replicate weights to compute accurate variance
estimates [23]. Frequencies and survey-weighted unadjusted
proportionswere used to describe the distributions of perceived
misinformation amount and perceived discernment difficulty.

In total, 2 weighted multivariable logistic regression models
examined associations of sociodemographic characteristicsand
literacy measures with perceived misinformation amount and
perceived discernment difficulty. For these analyses, perceived
misinformation amount was dichotomized to reflect high
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perceived misinformation amount (a lot) versus low perceived
misinformation amount (none, a little, or some) to facilitate
comparison between those who perceived misinformation to be
asignificant problem in the information environment and those
who did not. Furthermore, only arelatively small proportion of
respondentsfelt that “none”’ or only “alittle” of theinformation
they saw on social mediawasfalse or misleading, whereas over
a third of the sample reported that “a lot” of the information
they saw was false or misleading. Perceived discernment
difficulty was dichotomized as high (strongly agree or somewhat
agree) versus low (somewhat disagree or strongly disagree).
Additionally, subjective health literacy was dichotomized as
high (very [confident] or somewhat [confident]) versus low (a
little [confident] or not at all [confident]), digital literacy was
dichotomized as high (completely confident or very confident)
versus low (somewhat confident, a little confident, or not at all
confident), and numeracy was dichotomized as high (very easy
or easy) versuslow (hard or very hard).

A total of 4 additional weighted multivariablelogistic regression
models tested associations of high versus low perceived
misinformation amount and high versus low perceived
discernment difficulty with communication behaviors related
to social media use (ie, sharing personal health information on
socia media, sharing generd health information on social media,
using information from social media to make health decisions,
and using information from social media in discussions with
health care providers) adjusted for sociodemographic
characteristics and dichotomized literacy measures. The 2
information-sharing behavior measures were dichotomized as
ever shared (almost every day, at least once a week, a few times
a month, or less than once a month) versus never shared,
whereas the 2 social media information use items were
dichotomized as agreement (strongly agree or somewhat agree)
versus disagreement (somewhat disagree or strongly disagree).
Sensitivity analyses tested the interaction of perceived
misinformation amount and discernment difficulty in predicting
these communication outcomes, but this interaction was not
statistically significant in any of the models.

Adjusted analyses used complete case analysis, with valid
analytic samples reported in tables corresponding to each
analysis. Descriptive information on missing data for each
variableis publicly available on the HINTS website [28]. Tests
of significance were conducted at the P<.05 level.

Results

Prevalence of Social Media Health Misinfor mation
Per ceptions

Asshown in Figure 1, over one-third of American social media
users (35.61%) perceived “alot” of misinformation on social
media (ie, expressed high perceived misinformation amount),
whereas only a very small percentage (1.54%) perceived that
“none”’ of the health information they seeisfalse or misleading.
Figure 2 shows that approximately two-thirds of American
social media users agreed that they find it hard to tell whether
health information on social mediaistrue or false (ie, endorsed
high discernment difficulty).
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Figure 1. Weighted proportions of perceived health misinformation amount among American social media users.

How much of the health information that you see
on social media do you think is false or misleading?

(n=4959)
Weighted percentage 35.61 45.77 17.09 1.54
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
B1l(alot) WM2(some) @3 (alittle) O4 (none)

Figure 2. Weighted proportions of perceived discernment difficulty anong American social media users.

| find it hard to tell whether health information on
social media is true or false.
(n=4928)

Weighted percentage

0%

10%

20% 30%

M 1 (strongly agree) 2 (somewhat agree)

Predictors of Social Media Health Misinfor mation
Per ceptions

Perceived Misinformation Amount

As shown in Table 1, individuals who were non-Hispanic
Black/African American (compared to non-Hispanic White
individuals, adjusted odds ratio [aOR] 0.407, 95% ClI
0.282-0.587) or Hispanic (compared non-Hispanic White
individuals; aOR 0.610, 95% Cl 0.449-0.831) or who had lower
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subjective health literacy (vs those with higher health literacy;
aOR 0.602, 95% CI 0.374-0.970) werelesslikely toreport high
perceived misinformation amount. Comparatively, respondents
with lower subjective digital literacy were morelikely to report
high misinformation amount (vs those with higher digital
literacy; aOR 1.775, 95% Cl 1.400-2.251). Age, sex, educationa
level, income, geographic residence, and numeracy were not
statistically significantly related to perceived amount of
misinformation.
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Table 1. Predictors of social media health misinformation perceptions.
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Independent variable Perceived misinformation amount® (n=4218),  Perceived discernment difficulty® (n=4205),
adjusted odds ratio (95% CI) adjusted odds ratio (95% Cl)
Age (y; reference: 18-24)
25-34 0.745 (0.403-1.376) 0.485 (0.289-0.816)°
35-44 0.859 (0.495-1.491) 0.487 (0.311-0.763)
45-54 0.772 (0.410-1.454) 0.624 (0.384-1.014)
55-64 0.790 (0.425-1.468) 0.605 (0.369-0.990)
265 0.688 (0.384-1.232) 0.841 (0.525-1.346)
Sex (reference: male)
Female 1.037 (0.791-1.358) 1.077 (0.871-1.331)

Educational level (reference: high school or lower)
1.206 (0.867-1.677)
1.144 (0.809-1.618)

Some college or vocational training
College graduate or higher

Race or ethnicity (reference: non-Hispanic White)

1.210 (0.882-1.660)
0.871 (0.632-1.200)

Hispanic

Non-Hispanic Black/African American

Non-Hispanic other

0.610 (0.449-0.831)
0.407 (0.282-0.587)
0.977 (0.662-1.442)

Annual household income (reference: <US $20,000)

0.620 (0.462-0.831)
0.830 (0.596-1.156)
1.126 (0.788-1.607)

1.016 (0.640-1.614)
1.061 (0.678-1.659)
1.058 (0.740-1.512)
1.459 (0.932-2.283)

US $20,000-$34,999 1.283 (0.747-2.202)
US $35,000-$49,999 1.039 (0.613-1.760)
US $50,000-$74,999 1.619 (0.968-2.709)
US $75,000-$99,999 1.693 (0.996-2.880)
=US $100,000 1.469 (0.910-2.369)

Geographic residence (reference: urban)
Rural 1.012 (0.770-1.331)
Health literacy (reference: high health literacy)

Low hedlth literacy 0.602 (0.374-0.970)
Digital literacy (reference: high digital literacy)
Low digital literacy 1.775 (1.400-2.251)

Numeracy (reference: high numeracy)

Low numeracy 1.030 (0.771-1.376)

1.245 (0.870-1.780)

1.109 (0.769-1.600)

1.230 (0.829-1.824)

1.873 (1.478-2.374)

1.465 (1.047-2.049)

#The probability modeled was odds of high perceived misinformation amount (a lot) in reference to low perceived misinformation amount (none, a

little, or some).

bThe probability modeled was odds of reporting high perceived discernment difficulty (strongly agree or somewhat agree) in referenceto low perceived

discernment difficulty (somewhat disagree or strongly disagree).
Cltalicized values are statistically significant (P<.05).

Perceived Discernment Difficulty

As shown in Table 1, there were differences in perceived
discernment difficulty by age—adults aged 25 to 34 years, 35
to 44 years, and 55 to 64 years were less likely to report high
discernment difficulty compared to those aged 18 to 24 years,
whereas adults aged 45 to 54 years and those aged >65 years
did not differ significantly from the youngest age group.
Hispanic individuals (vs non-Hispanic White individuals, aOR
0.620, 95% CIl 0.462-0.831) were less likely to report high
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discernment difficulty. Those with lower (vs higher) subjective
digital literacy (aOR 1.873, 95% Cl 1.478-2.374) or lower (vs
higher) subjective numeracy (aOR 1.465, 95% Cl 1.047-2.049)
were more likely to report high discernment difficulty. The
associations between perceived discernment difficulty and sex,
educational level, income, geographic residence, and health
literacy were not statistically significant.
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Associations Between Social Media Health
Misinformation Perceptions and Communication
Behaviors

After adjusting for sociodemographic characteristics and literacy
measures, individuals who perceived high (vs low) levels of
social media misinformation were less likely to report sharing
general health information on social media (aOR 0.742, 95%
Cl 0.568-0.968), using socia mediainformation to make health
decisions (aOR 0.273, 95% CI 0.156-0.479), and using social
media information in discussions with health care providers

Gaysynsky et a

(aOR 0.460, 95% CI 0.323-0.655). Perceived misinformation
amount was not significantly associated with sharing personal
health information on social media (Table 2).

Individualswith high (vslow) perceived discernment difficulty
were more likely to report using information from social media
to make health decisions (aOR 1.724, 95% CI 1.208-2.460) and
in discussions with health care providers (aOR 1.389, 95% ClI
1.035-1.864). Perceived discernment difficulty was not
significantly associated with sharing personal or general health
information on social media.

Table2. Adjusted oddsratio (aOR) and 95% CI of health information sharing and social mediainformation use by social media health misinformation

perceptions®

Social media misinformation
perception

Sharing persond healthinfor-
mation® (n=4136), aOR (95%

Sharing general health

information® (n=4159),
cl) aOR (95% Cl)

Using socid mediainforma-  Using social mediainforma:

tion to make health deci- tion in discussions with
sions (n=4177), a0OR (95% health care providers®
Cl (n=4174), aOR (95% Cl)

High perceived misinforma-
tion amount’

0.803 (0.591-1.092)

High perceived discernment
difficulty”

1.163 (0.862-1.570)

0.742 (0.568-0.968)7

1.100 (0.878-1.379)

0.273 (0.156-0.479) 0.460 (0.323-0.655)

1.724 (1.208-2.460) 1.389 (1.035-1.864)

3Analyses were adjusted for age, sex, educational level, race or ethnicity, income, geographic residence, health literacy, digital literacy, and numeracy.
bThe probability modeled was odds of having ever shared personal information on social media (shared almost every day, at least once a week, a few
times a month, or less than once a month in the past 12 months) in reference to having never shared.

“The probability modeled was odds of having ever shared general information on social media (shared almost every day, at least once a week, a few
times a month, or less than once a month in the past 12 months) in reference to having never shared.

Hhe probability modeled was odds of using social mediainformation for making health decisions (strongly agree or somewhat agree) in reference to
not using social mediainformation for making health decisions (strongly disagree or somewhat disagree).

®The probability modeled was odds of using social mediainformation in discussions with health care providers (strongly agree or somewhat agree) in
reference to not using social mediainformation in discussions with health care providers (strongly disagree or somewhat disagree).

ingh perceived misinformation amount=thinking that alot of the health information on social mediaisfalse or misleading; low perceived misinformation
amount=thinking that none, a little, or some of the health information on social mediais false or misleading.

9Y1talicized values are statistically significant (P<.05).

hHigh perceived discernment difficulty=strongly or somewhat agreeing that it is hard to tell whether health information on social mediaistrue or false;
low perceived discernment difficulty=strongly or somewhat disagreeing that it is hard to tell whether health information on social mediaistrue or false.

Discussion

Principal Findings

This study examined 2 misinformation-related perceptions
among social media users (perception of the amount of health
misinformation on social media and perceived ability to
distinguish true from false health information on social media)
to better understand the prevalence of these perceptions,
subgroup differences in these perceptions, and how these
perceptions are related to health communication behaviors. The
study found that over one-third of social media users perceived
their information environment to contain “alot” of miseading
or false content, and two-thirds expressed difficulty discerning
true from false information on social media, with significant
variation in these perceptions by sociodemographic
characteristics and self-reported literacy skills. The analysis
also showed that perceiving a high amount of misinformation
on social media was related to lower information sharing on
social media and lower use of socia media information in
discussions with providers and in health decisions, whereas
difficulty distinguishing true from false information was
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associated with higher use of social media information in
discussions with providers and health decisions. These results
suggest that understanding misinformation perceptions could
help inform health communication interventions and efforts to
mitigate the impact of web-based misinformation, and that
different approaches may be needed in responseto each of these
misinformation perceptions.

A substantial proportion of American social media users
reported that “alot” of the health information they see on socia
mediaisfalse or misleading, and this perception varied by race
and ethnicity, as well as subjective measures of literacy.
Non-Hispanic Black/African American and Hispanicindividuals
werelesslikely to say that “alot” of the health information they
seeon social mediaisfalse or misleading. Becausethisanalysis
relied on self-report measures, it is not possible to ascertain
whether minority groups are actually less exposed to socia
media misinformation (eg, due to the nature of their web-based
networks) or if they areless aware that theinformation they are
seeing is, in fact, false. However, the reasons behind these
differencesin misinformation perceptions and the potential for
these differencesto exacerbate health disparities deserve further
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attention given that Black and Hispanic individuals use social
media at higher ratesthan Whiteindividuals[1] and substantial
proportions of individuals in these groups report regularly
obtaining their news from social media platforms [29].
Additional research that attemptsto triangul ate user perceptions
with the social media content they encounter [30] could help
shed light on the unique impact of objective and subjective
social media experiences.

The analysis also found that individuals with lower digital
literacy were more likely to report that “a lot” of the health
information they see on socia media is false or misleading,
whereas those with lower health literacy were less likely to do
so. This may be because individuals who self-report low
confidence in their ability to find helpful resources on the web
are more aware of content quality issues on the internet
(including on social media), whereas reporting low subjective
health literacy (eg, expressing difficulty filling out medical
forms) may not be similarly related to concerns about the online
information environment. In fact, a small study conducted in
Europe found that participants with low health literacy (as
measured using the Newest Vital Sign) had higher scores on
the eHealth Literacy Scale, suggesting that they perceived
themselvesto have higher digital literacy than thosein the high
health literacy group [31]. The authors hypothesized that this
finding might reflect differences in awareness of the issue of
web-based health information quality between those with high
versus low health literacy as well as differences in knowledge
and use of established information evaluation criteria[31].

This study also revedled that approximately two-thirds of
American social media usersfind it hard to tell whether health
information on social media is true or false. High levels of
discernment difficulty among the public are concerning. Low
confidence in one's ability to distinguish true from false
information could result in lower motivation to seek additional
information [19], apathy, and confusion, which could lead to
negative health outcomes not just because people might act on
misinformation but also because they may fail to act on accurate
information or adhere to public health recommendations.
Research suggests that self-efficacy (ie, judgments regarding
how well one can execute a course of action required to deal
with a prospective situation) plays an important role in how
people select and evaluate information in web-based
environments [32]. Individuals with higher self-efficacy may
be better able to make accurate credibility assessments because
they are more motivated to engage in deep cognitive processing
and critical thinking [32], whereasthose with lower self-efficacy
may avoid engaging in extensive evaluations of information
credibility, especially in contexts characterized by uncertainty
and ambiguity, as they may not feel that they have a high
likelihood of achieving desirable outcomes and, therefore, may
experience negative affect (eg, anxiety, frustration, and
confusion) in response to these situations [32]. However,
although some research suggeststhat confidencein one' s ability
to spot misinformation is associated with better performancein
accurately distinguishing false from accurate news [32], the
evidence is somewhat limited, and further research combining
both subjective perceptions of ability and objective measures
of ability is needed in order to investigate the impact of
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confidence on the way in which individuals navigate health
information on social media.

Beyond generally high rates of discernment difficulty, this
analysis also identified differences in perceived discernment
ability in certain demographic subgroups. Specifically, adults
aged 25 to 34 years, 35 to 44 years, and 55 to 64 years were
less likely than those in the youngest age group to report
discernment difficulty, and Hispanic individuals reported less
discernment difficulty compared to non-Hispanic White
individuals. Higher confidence in discernment ability among
these groups could be justified (eg, slightly older adults may be
just astechnologically savvy asyoung adults but also have more
experience and therefore may be better equipped to make
accurate credibility assessments); however, it is also possible
that discernment confidence in these groupsismisplaced, which
would be a cause for concern as it might mean that individuals
in these groups are less likely to verify information that might
be false (eg, through additional research or by speaking to a
health care provider), potentially putting them at greater risk of
acting on false information. Additional research is needed to
better understand why these groups express higher levels of
confidence in their discernment ability.

In contrast, those with lower digital literacy and those with
lower numeracy were more likely to report high discernment
difficulty. Thisis perhaps not surprising as research has shown
lack of digital literacy to be associated with lower objective
ability to successfully judge the accuracy of news stories [21],
suggesting that individuals with lower digital literacy may be
aware of their limitationsin thisarea. Therefore, digital literacy
skills as well as health information evaluation abilities may be
important targetsfor interventions seeking to increase resiliency
against misinformation—particularly among more susceptible
groups.

Theresultsof thisanalysisalso indicated an association between
health misinformation perceptions and distinct behavioral
patterns. For example, individuals who perceived high levels
of misinformation were less likely to share general health
information on social media (perhaps because they are more
aware of the problem and are more hesitant to shareinformation
that could befalse), whereas self-reported discernment difficulty
was not similarly associated with sharing behaviors on social
media. This finding is in line with the results of previous
research showing that confidence in one's ability to identify
factually incorrect information is not significantly associated
with likelihood of sharing misinformation [32,33]. Some studies
suggest that accuracy may not be the most important factor that
peopl e consider when making sharing decisions[34,35], which
may help explain why uncertainty about the veracity of
information does not significantly influence sharing behavior.
Research has shown that interventions that prime individuals
to consider accuracy when making sharing decisions on social
media could be a promising way to mitigate the spread of
misinformation [35], and the results of thisanalysis suggest that
this strategy deserves further attention.

Additionally, the results of this study showed that individuals
who perceived high levels of misinformation were less likely
to use social media information in making health decisions or
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in discussions with health care providers. It is possible that,
because these individuals perceive high amounts of health
misinformation on social media, they are skeptical of the
information they encounter on these platforms and, therefore,
donot rely onit to inform either their conversations with health
care providers or their health decision-making. In contrast,
individuals who reported difficulty distinguishing between true
and false information on social media were more likely to use
information from these platforms in making health decisions
and in discussions with health care providers, perhaps because
they seek assistance from their health care providersin ng
thecredibility of theinformation. These findings were somewhat
counterintuitive, and future research exploring how and why
individuals who report high discernment difficulty use the
information they encounter on social media in health-related
decisions and discussions could help provide important insights
that are beyond the scope of this analysis. For example,
exploring whether these individuals are asking for clarification
about social media information in discussions with providers
versus seeking a “second opinion” on social media after
speaking to their clinicians would provide important context to
these findings and could help inform how providers can best
communicate with patients about information obtained from
social media

Significance

This study offers a unique contribution to our understanding of
socia mediamisinformation by focusing on perceptions of the
issue rather than objective assessments of misinformation
preval ence, exposure, endorsement, or discernment. Assessing
perceptions is important because perception of widespread
misinformation on social media, as well as perceptions of
personal ability to navigate misinformation in web-based spaces,
can affect attitudes and behaviors—over and above the impact
of actual exposure or ability [16]. Infact, individualswho report
high perceived misinformation are likely less susceptibleto the
direct effects of misinformation (asindividualswho characterize
aclaim as “misinformation” are unlikely to accept it or act on
it); however, asdemonstrated in this study aswell asin previous
work, misinformation perceptions can still shapetheir responses
and behaviors[16].

Notably, there are limitations to using self-reported measures
of perception—for example, it isimpossible to know whether
peopl€e's perceptions are an accurate reflection of “the ground
truth” (ie, whether alot of the socia media information they
areexposed toreally isor isnot false and whether they arereally
capable of discerning the veracity of social mediainformation)
[20]. However, thereisstill valuein assessing these perceptions
to obtain a high-level understanding of the public’s views on
the scope of the problem and the extent to which it affectsthem
aswell astheir judgment of their own capacity to cope with the
problem. In the context of political misinformation, individuals
who perceived alot of exposure to misinformation were more
likely to believe that misinformation is a serious problem that
createsalot of confusion about the basic facts of current issues
and events and were also more confident in their ability to
identify misinformation [20]. Perceptions of the information
environment can also impact attitudes and behaviors in ways
that areimportant to health [ 19]—for exampl e, people may feel
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overwhelmed and discouraged from seeking additional
information about a health topic or develop inaccurate risk
perceptions. Additionally, the differences in misinformation
perceptions by demographics and literacy levels identified in
thisstudy are concerning asthey threaten to increase disparities
among vul nerabl e populations. However, while perceptionsare
important in and of themselves, future research could benefit
from including both subjective and objective measures of the
information environment to better understand the unique
contribution of each construct and provide a more
comprehensive understanding of how people respond to social
media information.

Nonetheless, the results of this study suggest several practical
measuresthat could help mitigate theimpact of misinformation
on social media. First, they point to specific populations that
may benefit from targeted interventions. For example, those
who perceived “alot” of misinformation on social mediawere
less likely to use this information in health decision-making,
suggesting that interventionsthat raise awareness of information
quality issues on social media could limit the extent to which
individuals rely on questionable information from social media
to make health decisions. These efforts may be especialy
impactful among groupswho arelesslikely to report perceiving
high amounts of misinformation on social media (eg,
Black/African American and Hispanic individuals and
individualswith lower health literacy). Additionally, thefinding
that those who express high discernment difficulty still use
information from social mediato make health decisions suggests
that these individuals should be targeted for training
interventions that can increase their ability to discern
misinformation to (1) ensure that they are relying on accurate
information to make these decisions and (2) increase their
confidence in their ability to navigate the social media
information environment. For example, instructional programs
that train people to recognize misinformation techniques have
been shown to increase their awareness of these tactics as well
as confidence in their ability to successfully deal with
misinformation [36]. Furthermore, increasing confidence in
discernment ability may itself be aviabletarget for encouraging
careful evaluation of information and increasing resilience to
misinformation. For example, Ferrucci and Hopp [37] found
that a short intervention providing positive verbal persuasion
regarding participants' ability to identify false information on
social media increased fake news self-efficacy and that higher
self-efficacy beliefs were in turn associated with ability to
correctly classify both credible and “fake” news headlines in
an information accuracy assessment task.

Second, the finding that those who express high discernment
difficulty are more likely to have discussions with health care
providers regarding social media health information suggests
a need for training aimed at providers to support them in
effectively helping patients navigate the information they
encounter on theweb (eg, teaching providers how to invite these
conversations, address misinformation with empathy, and
empower patients by recommending accurate sources of
information) [38,39]. Research suggests that providers rarely
initiate conversations about web-based health information
seeking with patients [40,41], but the results of this study
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indicate that asking about patients’ perceptions and use of social
media health information could be helpful to incorporate into
patient-provider conversations.

Although this study looks at individual-level perceptions and
hasimplicationsfor individual-level interventions (eg, increasing
digital literacy), the onus should not be solely on individuals
(or providers) to address the problem of sociad media
misinformation. Social media platforms could take steps to
decrease the amount of misinformation that users are exposed
toin the first place and make it easier for them to discern true
from false information (eg, through the use of fact-checking
labels and account verification). However, in the absence of
these types of more systematic changes in the social media
environment, individuals will likely be left to navigate the
increasingly confusing information landscape on their own and
will need to be supported in their efforts, for example, through
campaigns to raise awareness of the issue (particularly among
vulnerable populations), training on information evaluation
strategies and common misinformation techniques, and
encouragement to discuss social media health information with
providers and otherswith rel evant expertise. Theseinterventions
can be deployed in both web-based and offline contexts (eg,
through video advertisements on social media platforms [42]
or through educational servicesdeliveredin health care settings
[43]).

Limitations

This study has several limitations. First, the cross-sectional
nature of HINTS data precludes causal inferences from being
drawn about observed relationshi ps between variabl es. Second,
the misinformation measures included in this anaysis are
subjective perception items. As such, there is no way to
determine the objective truth about a respondent’s actual
misinformation exposure or their ability to differentiate true
from false information. However, even if they do not reflect
objective reality, perceptions are valuable to assess because
they enable a better understanding of the public's views on the
scope of the misinformation problem and their capacity to cope
with it and can help shed light on the way in which perceptions
of the information environment shape health-related attitudes
and behaviors. Third, thelack of information on certain aspects
of respondents’ social mediaexperiences and behaviors (eg, the
specific platformsthey use) isalimitation of thisanalysis—and
reflects adisadvantage of using anational health communication
survey that includes only a limited number of items regarding
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social media use due to space constraints. Finally, the response
rate for HINTS 6 (28.1%) was relatively low, which may
introduce bias into the data [44]. However, methodological
research suggests that the impact of low response rates on data
quality may be less significant than previously assumed [44].
Degspite these limitations, this analysis provides an important
contribution to the broader health misinformation literature as
there has been limited research to date focusing on perceptions
of misinformation, particularly outside the context of
COVID-19.

Conclusions

Many social media users in the United States perceive high
levels of misinformation on social media and report difficulty
discerning true from false information. This is concerning
because perceptions of high misinformation prevalence could
increase negative affect (eg, anxiety and worry) regarding health
issues, whereas low discernment confidence could result in
apathy, confusion, and lower motivation to seek additional
information. The fact that health misinformation perceptions
werefound to vary acrossrace, ethnicity, age, and literacy levels
may suggest a need to raise awareness about misinformation
and providetraining for certain populations (eg, those with low
health literacy) to ensure that they approach the information
environment with sufficient skepticism and are better able to
verify the health claims they see on socia media. Finaly, the
associations between misinformation perceptions and social
media—related communication behaviors found in this study
can helpinform future research aswell as health communication
interventions and misinformation mitigation efforts. For
example, the finding that individual s who have low confidence
in their discernment ability are more likely to use social media
information to make health decisions and in discussions with
health care providers suggests that they may benefit from
providers assisting them in navigating and verifying web-based
information.

Although agrowing body of literature focusing on social media
misinformation has emerged in recent years, to date, very little
work has been done to look at subjective assessments of the
problem of misinformation. This study providesinitial insights
into the prevalence, disparities, and potential impact of social
media misinformation perceptions. However, more research is
needed to understand how perceptions of misinformation affect
the public’s health-related cognitions, attitudes, communication
behaviors, and outcomes.
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Abstract

Background: TikTok is one of the most-used and fastest-growing social media platforms in the world, and recent reports
indicate that it has become an increasingly popular source of news and information in the United States. These trends have
important implications for public health because an abundance of health information exists on the platform. Women are among
the largest group of TikTok usersin the United States and may be especialy affected by the dissemination of health information
on TikTok. Prior research has shown that women are not only more likely to look for information on the internet but are also
more likely to have their health-related behaviors and perceptions affected by their involvement with social media.

Objective: We conducted a survey of young women in the United States to better understand their use of TikTok for health
information as well astheir perceptions of TikTok’s health information and health communication sources.

Methods: A web-based survey of US women aged 18 to 29 years (N=1172) was conducted in April-May 2023. The sample
was recruited from a Qualtrics research panel and 2 public universities in the United States.

Results: Theresultsindicate that the majority of young women in the United States who have used TikTok have obtained health
information from the platform either intentionally (672/1026, 65.5%) or unintentionally (948/1026, 92.4%). Age (959/1026,
93.47%,; r=0.30; P<.001), education (959/1026, 93.47%; p=0.10; P=.001), and TikTok intensity (ie, participants’ emotional
connectedness to TikTok and TikTok’s integration into their daily lives; 959/1026, 93.47%; r=0.32; P<.001) were positively
correlated with overall credibility perceptions of the health information. Nearly the entire sample reported that they think that
misinformation is prevalent on TikTok to at least some extent (1007/1026, 98.15%), but a third-person effect was found because
the young women reported that they believe that other people are more susceptible to health misinformation on TikTok than they
personally are (t;5,5=21.16; P<.001). Both health professionals and general users were common sources of health information
on TikTok: 93.08% (955/1026) of the participants indicated that they had obtained health information from a health professional,
and 93.86% (963/1026) indicated that they had obtained health information from a general user. The respondents showed greater
preference for health information from health professionals (vs general users; t;4,5=23.75; P<.001); the respondents al so reported
obtaining health information from health professionals more often than from general users (t;4,5=8.13; P<.001), and they were
more likely to act on health information from health professionals (vs genera users; t,0,5=12.74; P<.001).

Conclusions: The findings suggest that health professionals and health communication scholars need to proactively consider
using TikTok as a platform for disseminating health information to young women because young women are obtaining health
information from TikTok and prefer information from health professionals.

(JMIR Infodemiology 2024;4:e54663) doi:10.2196/54663

KEYWORDS
credibility perceptions; health information; health misinformation; information seeking; misinformation perceptions; public
health; social media; strategic communication; third-person effect; TikTok
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Introduction

Background

As one of the most-used and fastest-growing social media
platforms in the world, TikTok has drastically changed
American culture[1,2]. The social mediaplatform, which alows
users to create and watch short-form videos ranging in length
from 15 seconds to 10 minutes, has >150 million active users
in the United States and is expected to reach 955 million users
worldwide by 2025 [3,4]. Thisrapid popularity has caught the
attention of health communication scholars and practitioners
because the platformisavehicle for finding and disseminating
information, including health-related content [5,6]. According
to the Pew Research Center, the number of adultsin the United
States who regularly get news from TikTok has more than
tripled (from 3% in 2020 to 10% in 2022). Adults aged <30
years are the most likely group, with athird (32%) of adults
aged 18 to 29 years saying that they regularly get their news
from TikTok [7].

Americans turned to the internet to find health information
during the COV1D-19 pandemic, and medical professionalsand
health indtitutions met them on TikTok, delivering
pandemic-related information and recommendations [5]. The
presence of health-related content has extended beyond
COVID-19—~elated information and includes a wide range of
health topics such as cervical cancer screening, chronic
pulmonary obstructive disease, diabetes, mental health, and
more [8-11]. Studies examining the engagement with this
content [10,11] suggest that userslike finding health information
on the platform. A recent survey of 2000 Americans conducted
by the prescription savings company CharityRx found that 1in
5 Americans turns to TikTok for advice before going to their
physician. Of the participants belonging to Generation Z,
specifically, 1 in 3 reported obtaining health information from
TikTok [12].

TikTok’s concise video format encourages usersto convey their
message in a brief yet engaging way, while the relaxed
atmosphere and the capacity to engage with viewers facilitate
a more intimate and authentic form of communication [13].
These videos may be especially memorable (and thusinfluential)
because viewers can retrieve both visual and verbal information
that they have processed and stored while watching the videos
[14]. Socia mediaplatforms have the power to spread credible,
useful health information [8]. However, recent research has
indicated that 1 in 5 TikTok videos likely contains
misinformation [15], and fact-checking has been found to be
uncommon on social media [16]. Consequently, as young
women turn to TikTok for health information, they may
encounter both the beneficial aspects and drawbacks of this
accessible platform. For these reasons, we suggest the need for
a better empirical understanding of the extent to which young
women are obtaining health information on TikTok and their
associated perceptions and behaviors related to the information
they encounter.

Objectives
In light of the popularity of TikTok, we conducted a survey of
young women (assigned female sex at birth) in the United States
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to better understand their use of the social media platform for
health information aswell astheir perceptions of the platform’s
health information and related communication sources. We
focus on women aged 18 to 29 years for this study because
women make up the majority of TikTok users in the United
States and because survey data have revealed that users aged
18to 19 yearsand 20 to 29 years were the 2 largest age groups
using TikTok during the time period that this study was
conducted [17,18]. Furthermore, it has been suggested that
women may be especially affected by health information on
TikTok. Mainstream news programs (eg, Good Morning
America on the ABC network) have anecdotally reported that
many young women turn to TikTok for health information and
that obstetrician-gynecologists and other physicians have
developed TikTok brands specifically to reach these users [6].
According to prior research, young women’s involvement with
social media significantly influences their perceptions and
behaviors concerning their health [19]; women are more likely
tolook for health information, including viatheinternet [20,21];
and women tend to have a leading role in the mgjority of
decisionsfor their families’ health [22].

Specifically, wefirst sought to explore how often young women
are intentionally and unintentionally obtaining health
information from TikTok and their top reasons for obtaining
health information from the platform. Second, we explored their
perceptions of credibility (ie, the perceived credibility of TikTok
health information overall) and misinformation in relation to
the health information they see on TikTok, as well as their
frequency of verifying the health information they see. Within
this, we asked questions about perceived susceptibility to health
misinformation on TikTok to see if athird-person effect might
exist. The third-person effect is a communication theory that
suggeststhat peopletend to perceive that messagesin the media
have a greater effect on other people than on themselves [23],
which, in the context of misinformation on TikTok, could cause
young women to underestimate the potential impact of
misinformation on their own health-related decisions and
behaviors. Third, we explored perceptions and behaviorsrelated
to the top 2 types of sources that share health information on
TikTok (health professionals and general users). In terms of
perceptions, we examined how often young women obtain
information from these sources, how much they prefer to obtain
information from these sources, and how crediblethey perceive
the information from these sources to be (ie, the perceived
credibility of TikTok health information from health
professionals and the perceived credibility of TikTok health
information from general users). For behaviorsrelated to these
source types, we examined whether the young women have
acted on health information they obtained from these sources,
their likelihood of acting on health information from these
sources in the future, and their likelihood of fact-checking
information from these sources. In exploring each of these 3
areas, we al so examined whether thewomen’s age, highest level
of education, and level of TikTok intensity (defined as their
emotional connectedness to TikTok and TikTok’s integration
into their daily lives) had arelationship with their use of TikTok
as a source of health information.
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Altogether, this study seeksto help both health communication
researchersand practitioners by illuminating therole that TikTok
plays in young women’s acquisition of health information in
the United States.

Methods

Design and Sample

A web-based survey of USwomen (assigned femal e sex at birth)
aged 18 to 29 years (N=1172) was conducted between April
and May 2023. While the sample was focused on individuals
who were assigned female sex at birth, we also asked about
their gender identity (refer to the Results section). The sample
was recruited using a Qualtrics research panel as well as
convenience sampling at 2 public universities in the United
States.

Ethical Considerations

The ingtitutional review boards a the University of
Nebraska-Lincoln (IRB 20230122526EX) and the University
of Missouri (IRB 2095651) approved the study. Respondents
recruited viathe Qualtrics panel were compensated in agreement
with their Qualtrics contract, and the respondents recruited at
the universities were compensated with course credit.

Procedure

The study began with aweb-based informed consent form that
briefly explained the purpose of the study and gave the survey
respondents information about the study’s investigator, the
expected length of the survey, and how their datawould be used
(for the reporting of aggregate data) and stored (in a
password-protected electronic format). Respondents then
answered screening questions, and respondents who were not
assigned female sex at birth and not aged 18 to 29 years were
excluded from the survey. After passing the eligibility criteria,
respondents were asked whether they had ever used TikTok to
either watch or post videos. The respondents who had used
TikTok were then asked about their average amount of use,
whether they had ever intentionally used TikTok to look for
advice or information about their health or health care (and
whether they had done so in the past 3 months), and whether
they had ever unintentionally been exposed to health information
on TikTok. From here, the questions they saw depended upon
whether they had ever seen health information (intentionally or
unintentionally) on TikTok.

All respondentswho had ever used TikTok (n=1026) responded
to items measuring reasons for health-related TikTok use; the
perceptions of health misinformation on TikTok; the use of,
and preference for, particular sources (health professionals and
general users) of health information on TikTok; the perceived
credibility of health information from health professionals and
general users on TikTok; the likelihood of acting on health
information obtained from health professionals and general
users on TikTok; and the likelihood of fact-checking health
information from health professionals and genera users on
TikTok.

Respondents who had seen hedlth information on TikTok
(n=959) additionally responded to items measuring their
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perceived credibility of the health information they have seen
overall on TikTok and their verification of the health information
they have seen on TikTok. Respondents who had ever received
health information on TikTok from either source of interest
(health professionals or general users) were also asked about
whether they had acted on heath information from these
SOUrces.

Finally, all participants (N=1172) responded to items measuring
TikTok intensity (ie, their emotional connectedness to TikTok
and TikTok’s integration into their daily lives) and answered
demographic questions, including their highest level of
education, race, and ethnicity.

Measures
Using TikTok as a Health Information Source

Frequency of Use

Respondents were asked whether they had ever used TikTok
(either to watch or to post videos). The respondents who had
used TikTok were asked to indicate their average amount of
use, using the following options: less than once a month, once
a month, once a week, a few times a week, once a day, more
often than once a day. The respondents who had ever used
TikTok were also asked whether they had ever used TikTok to
look for advice or information about their health or health care
(selecting yes or no). Those who selected yes were asked how
often they intentionally use TikTok to obtain health information,
and all respondents who had ever used TikTok were asked how
often they unintentionally obtain health information on TikTok
(hourly, daily, weekly, monthly, less often, or not at all).

Reasons for Health-Related Tik Tok Use

Respondents indicated their reasons for health-related TikTok
use by indicating their level of agreement (ranging from
1=strongly disagree to 7=strongly agree) with 10 different
statements (eg, “I like to get health information from TikTok
becauseit can help meto maintain ahealthy lifestyle”) adapted
from prior research [24-26] (refer to the Results section).

Credibility, Misinformation, and Verification of Health
Information on TikTok

Perceived Credibility of TikTok Health Infor mation Overall

Using the 7-point scale (ranging from 1=not at all to
7=extremely) for media credibility developed by Flanagin and
Metzger [27], respondents rated how believable, accurate,
trustworthy, biased (reverse coded), and compl ete they perceive
health information on TikTok, overall, to be. Specificaly, the
respondentswere asked, “ To what degree do you rate the health
information provided on TikTok?" The 5 items were averaged
to create a perceived credibility score for each respondent (mean
4.48, SD 1.28; Cronbach a=0.90).

Misinformation Perceptions

For the perceptions of misinformation, respondents were asked
to indicate on a 7-point scale how prevalent they think health
misinformation is on TikTok (ranging from 1=not prevalent at
all to 7=very prevalent; mean 5.14, SD 1.42), how serious they
think theimpact of health misinformation on TikTok is(ranging
from 1=not serious at all to 7=very serious, mean 5.57, SD
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1.46), and how susceptible they think they are to the influence
of health misinformation on TikTok (ranging from 21=not
susceptible at all to 7=very susceptible; mean 4.07, SD 1.75;
adapted from the study by Chang [28]). In addition, to explore
the possibility of a third-person effect, the respondents were
asked to indicate how susceptible (ranging from 21=not
susceptible at all to 7=very susceptible) they think others (eg,
the public; mean 5.26, SD 1.46) are to the influence of health
misinformation on TikTok (adapted from the study by van der
Meer et al [23]). Participants were also asked about their
self-perceived direct experience with health information on
TikTok with the following item (adapted from the study by
Chang [28]): “Have you encountered health misinformation on
TikTok in the past? (yes, no, or unsure).”

Verification of Health Information on TikTok

Using a scale adapted from the study by Flanagin and Metzger
[27], respondents indicated on a 7-point scale (ranging from
1=never to 7=always) how often they performed 6 different
verification behaviors (eg, “Check to see if the information is
current”) when seeing health information on TikTok. The scores
for the 6 items were averaged to create a verification of TikTok
health information score for each respondent (mean 4.83, SD
1.53; Cronbach 0=0.92).

Health Professionals and General Users as Sources of
Health Information on TikTok

Sour ce Preferences

Using a7-point scale (ranging from 1=not at all to 7=very often),
respondentsindicated how often they obtain health information
from health professionals on TikTok (mean 5.04, SD 1.83) and
how often they obtain health information from general userson
TikTok (mean 4.55, SD 1.89). In addition, using a 7-point scale
(ranging from 1=don’t prefer them at all to 7=prefer them a
lot), respondents were asked to indicate how much they prefer
to obtain health information from health professionalson TikTok
(mean 5.65, SD 1.75) and how much they prefer to obtain health
information from general userson TikTok (mean 4.08, SD 1.96).

Per ceived Credibility of TikTok Health Information From
Health Professionals and General Users

In addition to measuring the respondents’ perceived credibility
of TikTok health information overall, we aso measured the
respondents’ perceived credibility of the 2 sources of interest
(health professionals and general users) using the 7-point scale
for media credibility developed by Flanagin and Metzger [27].
Specifically, we asked, “To what degree do you rate the health
information provided by health professionals (eg, a doctor or
nurse) on TikTok?' and “To what degree do you rate the health
information provided by general users (someone like you) on
TikTok?" Respondents rated how believable, accurate,
trustworthy, biased (reverse coded), and complete they believe
the health information on TikTok to be from each of these
sources. The scores for each of the 5 items were averaged for
each of the source types such that each respondent had a score
for the perceived credibility of TikTok health information from
health professionals (mean 5.16, SD 1.18; Cronbach a=0.90)
and the perceived credibility of TikTok health information from
general users (mean 3.95, SD 1.54; Cronbach a=0.94).
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Acting on Health Information

Respondents’ likelihood of acting on health information was
measured with items adapted from the study by Hu and Shyam
Sundar [29]. Using a 7-point scale (ranging from 1=not at all
likely to 7=extremely likely), respondents indicated how likely
they areto act on health information from a health professional
on TikTok (mean 4.50, SD 1.79) and from a general user on
TikTok (mean 3.96, SD 1.89). Respondents were also asked
whether they ever have acted on health information provided
on TikTok by a health professional or general user.

Fact-Checking Information

Respondents were asked, on a scale ranging from 1=not at all
likely to 7=very likely, to rate how likely they are to fact-check
health information on TikTok from ahealth professional (mean
4.88, SD 1.80) and a general user (mean 5.37, SD 1.83).

Audience Characteristics

TikTok Intensity

Scoresfor TikTok intensity were created using an adapted form
of the scale for Facebook intensity developed by Ellison et al
[30]. The scale was created to measure how emotionally
connected participants are to the social media platform as well
as the extent to which the platform is part of their everyday
lives. This TikTok-modified version of the scale (ranging from
1=strongly disagree to 7=strongly agree) asked respondents to
rate their agreement with the following six items: (1) “ TikTok
is part of my everyday life,” (2) “I am proud to tell people I'm
on TikTok,” (3) “TikTok has become part of my daily routine,”
(4) “1 feel out of touch when | haven't logged into TikTok for
awhile” (5) “I feel | am part of the TikTok community,” and
(6) “1 would be sorry if TikTok shut down.” The scores of the
6 itemswere averaged to create TikTok intensity scoresfor each
respondent who had reported ever having used TikTok (mean
4.91, SD 1.49; Cronbach a=0.90).

Survey Questionnaire and Descriptive Statistics

Thefull survey questionnaire and descriptive statistics for each
variable across the student and Qualtrics samples can be found
in Multimedia Appendix 1 and Multimedia Appendix 2,
respectively.

Data Analysis

Statistical analyses were performed using SPSS software
(version 29.0; IBM Corp). Descriptive analyses were conducted
to describe the respondents’ frequency of TikTok use, frequency
of intentional and unintentional exposure to health information
on TikTok, reasons for health-related TikTok use, beliefs about
encountering health misinformation, perceptions  of
misinformation on TikTok, frequency of performing verification
behaviors on TikTok, frequency and preferences related to
obtaining health information from health professionals and
general users on TikTok, and frequency of acting on TikTok
health information.

Bivariate correlational analyseswere conducted to examinethe
relationships that credibility perceptions (the perceived
credibility of TikTok health information overall, the perceived
credibility of TikTok health information from health
professionals, and the perceived credibility of TikTok health
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information from general users), misinformation perceptions,
verification behaviors, thelikelihood of acting on TikTok health
information, and the likelihood of fact-checking TikTok health
information had with the respondents’ age, highest level of
education, and level of TikTok intensity. In addition, bivariate
correlational analyses were conducted to examine the
relationship between respondents' perceived credibility of
TikTok health information overall and their likelihood of acting
on the health information. For these correlational analyses, a
correlation was considered wesk if the correlation coefficient
was between -0.4 and 0.4. A correlation was considered
moderate if the correlation coefficient was between -0.8 and
—0.4 or between 0.4 and 0.8. A correlation was considered strong
if the correlation coefficient was between -1 and -0.8 or
between 0.8 and 1.

Finally, paired samples t tests (2-tailed) were conducted to
observe the statistical differences between respondents
perceived susceptibility of health misinformation on TikTok
for themselves versus for others, frequency of obtaining health
information on TikTok from health professional s versus general
users, preference for obtaining health information on TikTok
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from health professionals versus general users, perceived
credibility of TikTok health information from health
professionals versus general users, likelihood of acting on
TikTok health information from health professionals versus
general users, and likelihood of fact-checking TikTok health
information from a health professional versus a general user.

Results

Overview

A total of 1172 qualified responses were collected, with the
average age of the sample being 22.82 (SD 3.15) years. A little
more than half of the participants came from the Qualtrics panel
(636/1172, 54.27%), and the rest were recruited through the
universities (536/1172, 45.73%). The mgjority of the sample
identified as White (910/1172, 77.65%), and most of the sample
reported having used TikTok (1026/1172, 87.54%).
Approximately half of the participants reported using TikTok
more often than once a day (615/1172, 52.47%). Further
demographic information is included in Table 1, and the full
list of demographic questions can be found in Multimedia
Appendix 1.
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Table 1. Respondent demographics (N=1172).

Characteristics Participants, n (%)
Race
American Indian or Alaska Native 3(0.26)
Asian 16 (1.37)
Black or African American 117 (9.98)
Native Hawaiian or Pacific |slander 57 (4.86)
White 910 (77.65)
Other 53 (4.52)
Prefer not to answer 16 (1.37)
Ethnicity
Cuban 13(1.11)
Mexican, Mexican American, or Chicana 109 (9.3)
Puerto Rican 11(9.39)
Other Spanish, Hispanic, or Latina 98 (8.36)
Not Spanish, Hispanic, or Latina 919 (78.41)
Prefer not to answer 22(1.88)
Education
L ess than high school 17 (1.45)
High school graduate or equivalent (eg, GED?) 207 (17.66)
Some college 509 (43.43)
2-year degree 90 (7.68)
4-year degree 224 (19.11)
Professional or master’s degree 68 (5.8)
Doctorate 57 (4.86)
Self-identified gender
Woman 1154 (98.46)
Transgender 4(0.34)
Nonbinary 11 (0.94)
Gender fluid 2(0.17)
Other 1(0.09)
Frequency of TikTok use
Never 146 (12.46)
L ess than once a month 58 (4.95)
Once amonth 50 (4.27)
Once aweek 60 (5.12)
A few times aweek 108 (9.22)
Once aday 135 (11.52)
More often than once a day 615 (52.47)

8GED: General Educational Development test.
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Using TikTok asa Health I nformation Source

Freguency of Use

Of the 1026 respondents who had used TikTok before, 672
(65.5%) reported that they had intentionally used TikTok to
look for advice or information about their health or health care,
while 948 (92.4%) reported that they had unintentionally

Kirkpatrick & Lawrie

received health information or advice on TikTok. Of the 1026
respondents who had ever used TikTok, 582 (56.73%) reported
having intentionally used TikTok to look for advice or
information about their health or health carein thelast 3 months.
A breakdown of the frequency of intentional and unintentional
exposure to health information on TikTok is provided in Table
2.

Table 2. Frequency of using TikTok intentionally and unintentionally as a source of health information among respondents who had ever used TikTok

(n=1026).

Questions and responses

Participants, n (%)

Freguency of intentional use of TikTok to obtain health information
Hourly
Daily
Weekly
Monthly
Less often
Not at all
Freguency of unintentional exposureto health information on TikTok
Hourly
Daily
Weekly
Monthly
Less often

Not at all

29 (2.83)
108 (10.53)
143 (13.94)
168 (16.37)
190 (18.52)
388 (37.82)

38(3.7)
232 (22.61)
363 (35.38)
172 (16.76)
143 (13.94)
78(7.6)

Reasons for Health-Related TikTok Use

Of the 10 reasons presented for health-related TikTok use,
obtaining advice from others with the same disease or health
condition (mean 5.29, SD 1.54), receiving social support from
others (mean 5.29, SD 1.57), and gaining knowledge about a

disease they had been diagnosed with (mean 5.01, SD 1.59)
were the most agreed upon reasons. The least agreed upon
reason for health-related TikTok use was communicating with
physicians (mean 4.06, SD 1.86). Table 3 shows the mean and
SD of the level of agreement for each of the 10 reasons.

Table 3. Reasons for health-related TikTok use among respondents who had ever used TikTok (n=1026).

| like to get health information from TikTok because...

Level of agreement? mean (SD)

It can help me to maintain a healthy lifestyle.
It can help me determine whether | need to see a doctor.

It can provide me with more information after I've seen my doctor.

It can help me find different options for treatment or maintenance of my health condition(s).

| can gain knowledge about a disease |’ ve been diagnosed with.

| can obtain advice from other patients with the same disease or health condition as me.

| can receive socia support from others.
| can communicate with physicians.
| can interact in real time with TikTok users.

| can obtain immediate health information and make use of it.

4,92 (1.60)
4.81 (1.67)
4,65 (1.72)
4.79 (1.65)
5.01 (1.59)
5.29 (1.54)
5.29 (1.57)
4,06 (1.86)
459 (1.81)
453 (1.71)

8Respondents indicated their level of agreement using a 7-point scale (ranging from 1=strongly disagree to 7=strongly agree).
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Credibility, Misinformation, and Verification of Health
Information on TikTok

Perceived Credibility of TikTok Health Information
Overall

With amean of 4.48 (SD 1.28) on a7-point scale, the credibility
perceptions were moderate. A positive correlation was found
(959/1026, 93.47%; r=0.30; P<.001) between the perceived
credibility of health information on TikTok overall and the
respondents’ age. Older participants tended to perceive the
content asmore credible. A positive correlation was also found
(959/1026, 93.47%; p=0.10; P=.001) between the perceived
credibility of health information on TikTok overall and the
respondents’ highest level of education, with respondents with
greater education tending to rate the health information on
TikTok as more credible. There was a positive correlation
(959/1026, 93.47%; r=0.32; P<.001) between TikTok intensity
and the perceived credibility of TikTok heath information
overall. Respondentswith higher TikTok intensity scorestended
to have greater perceived credibility of health information on
TikTok overall.

Misinformation Perceptions

Approximately half (563/1026, 54.87%) of the respondentswho
had used TikTok indicated that they believe that they have
personally encountered health misinformation on the platform
at some point, and only 1.85% (19/1026) of the sample stated
that they think that health misinformation is not prevalent at all
on TikTok. Table 4 shows the levels of perceived prevalence,

Kirkpatrick & Lawrie

severity, and susceptibility of health misinformation on TikTok
reported by the respondents who had used TikTok.

There was aweak but significant negative correlation between
age and the perceived seriousness of health misinformation on
social media(1026/1172, 87.54%; r=-0.07; P=.04). Therewas
not a significant relationship between age and perceived
prevalence (1026/1172, 87.54%; r=—0.06; P=.05) or perceived
susceptibility (1026/1172, 87.54%; r=—0.02; P=.50). Therewas
not a significant relationship between the respondents’ highest
level of education and the perceived prevalence (1026/1172,
87.54%; p=-0.008; P=.81), the perceived seriousness
(1026/1172, 87.54%; p=0.01; P=.66), or the perceived
susceptibility of health misinformation on TikTok (1026/1172,
87.54%; p=0.04; P=.17).

There was aweak but significant positive relationship between
respondents’ TikTok intensity scoresand perceived seriousness
(1026/1172, 87.54%; p=0.07; P=.02) and perceived
susceptibility (1026/1172, 87.54%; p=0.07, P=.02) such that
respondentswith high TikTok intensity scorestended to perceive
greater seriousness and susceptibility of health misinformation
on TikTok. There was not a significant relationship between
TikTok intensity scores and the perceived prevalence of health
misinformation on TikTok (1026/1172, 87.54%; p=0.03; P=.29).

The results also showed that respondents perceive other people
(mean 5.26, SD 1.46) as more susceptible to health
misinformation on TikTok than they personally are (mean 4.07,
SD 1.75; t14p5=21.16; P<.001).

Table 4. Perceived prevalence, seriousness, and susceptibility of health misinformation on TikTok among respondents who had ever used TikTok

(n=1026).

Questions

Level of agreement® mean (SD)

How prevalent is health misinformation on TikTok?

How serious do you think the impact of health misinformation on TikTok is?
How susceptible are you to the influence of health misinformation on TikTok?

How susceptible are other people to the influence of health misinformation on TikTok?

5.14 (1.42)
5.57 (1.46)
4,07 (1.75)
5.26 (1.46)

8Respondents indicated their level of agreement using a 7-point scale (ranging from 1=not at all prevalent, serious, or susceptible to 7=very prevalent,

serious, or susceptible).

Verification of Health Information on TikTok

The most frequently used form of verification was considering
whether the information represented was opinion or fact and
the least frequently used form of verification was verifying the
TikTok users qualifications or credentials. Table 5 shows the
respondents’ frequency of each verification behavior.

There was a weak but significant positive correlation found
between the respondents’ age and their likelihood of verifying

https://infodemiol ogy.jmir.org/2024/1/e54663

TikTok healthinformation (959/1026, 93.47%; r=0.20; P<.001)
as well as between the respondents’ highest level of education
and their likelihood of verifying TikTok health information
(959/1026, 93.47%; p=0.09; P<.001). A weak but significant
positive relationship existed between respondents’ TikTok
intensity scores and their likelihood of verifying TikTok health
information (959/1026, 93.47%; r=0.21; P<.001). Participants
with high TikTok intensity scores were more likely to verify
the health information.
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Table5. Verification of TikTok health information among participants who had seen health information on TikTok (n=959).

Verification behavior Participant response®

Never, n (%) Almost never, Rarely,n  About half of Most of the Almosta-  Always, n (%)
n (%) (%) thetime, n (%) time n(%) ways, n (%)

Verify the TikTok users’ qualifications 121 (12.6)  68(7.1) 89 (9.3) 131 (13.7) 193(20.1) 178(186) 179 (18.7)
or credentials
Consider the TikTok users goalsand 74 (7.7) 87(9.1) 70(7.3) 165 (17.2) 208 (21.7) 199 (20.8) 156 (16.3)
objectives for posting information on
the web
Check to see whether the information 72 (7.5) 61 (6.4) 66 (6.9) 143 (14.9) 223(23.3) 198 (20.7) 196 (20.4)
iscurrent
Seek out other sourcesto validatethe 63 (6.6) 52 (5.4) 76 (7.9) 121 (12.6) 200(20.9) 221(23) 226 (23.6)
information
Consider whether theinformation rep- 53 (5.5) 50 (5.2) 49 (5.1) 125 (13) 199(20.8) 251(26.2) 232(24.2)
resented is opinion or fact
Check to see that the information is 73(7.6) 55 (5.7) 65 (6.8) 148 (15.4) 193(20.1) 225(23.5) 200(20.9)

complete and comprehensive

8Participants were asked to indicate how often they perform each of the 6 different behaviors when seeing health information on TikTok.

Health Professionals and General Users as Sour ces of
Health Infor mation on TikTok

Source Preferences

Of the respondents who had ever used TikTok, 93.08%
(955/1026) indicated that they had obtained health information
from a hedlth professional on the platform, while 93.86%
(963/1026) indicated that they had obtained health information
from a general user on the platform. That said, respondents
reported obtaining health information from health professionals
on TikTok (mean 5.04, SD 1.83) significantly more often than
they obtain health information from general users on TikTok
(mean 4.55, SD 1.89; t;0,5=8.13; P<.001). Thiswasin linewith
their preferences for health information sources because the
respondents’ preference for obtaining health information from
health professionals (mean 5.65, SD 1.75) was significantly
greater than their preference for obtaining health information
from general users (mean 4.08, SD 1.96; t,0,5=23.75; P<.001).

Perceived Credibility of TikTok Health Information
From Health Professionals and General Users

Respondents perceived hedth information from heath
professionalson TikTok (mean 5.16, SD 1.18) to be significantly
more credible than health information provided by general users
on TikTok (mean 3.95, SD 1.54; t454=26.737; P<.001).

Acting on Health I nformation

Of the respondents who had received health information from
a hedlth professional on TikTok, 43.35% (414/955) reported
that they had acted on health information they obtained from a
health professional on TikTok. In comparison, 37.8% (364/963)
of the respondents who had received health information from
ageneral user on TikTok reported that they had acted on health
information they obtained on TikTok from ageneral user. When
asked about their likelihood of acting on health information on
TikTok in the future, the respondents’ likelihood of acting on
health information from ahealth professional on TikTok (mean
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4.50, SD 1.79) was significantly higher than their likelihood of
acting on health information from a general user on TikTok
(mean 3.96, SD 1.89; t;5,5=12.74; P<.001).

Likewise, the respondents perceived credibility of TikTok
health information overall was positively correlated with their
likelihood of acting on the health information. Respondents
who perceived health information on TikTok overall ascredible
were more likely to act on health information they obtained
from a hedth professional on TikTok (959/1026, 93.47%;
r=0.47; P<.001) than from ageneral user on TikTok (959/1026,
93.47%,; r=0.53; P<.001).

Age was weakly positively correlated with the respondents’
likelihood of acting on health advice found on TikTok both
from ahealth professional (1026/1172, 87.54%; r=0.11; P<.001)
and from ageneral user (1026/1172, 87.54%; r=0.23; P<.001).
Likewise, education wasweakly positively correlated with their
likelihood of acting on health information found on TikTok
both from a health professional (1026/1172, 87.54%; p=0.09;
P=.003) and from ageneral user (1026/1172, 87.54%; p=0.08;
P=.01).

There was a significant positive relationship between TikTok
intensity and the respondents’ likelihood of acting on health
information from health professionals on TikTok (1026/1172,
87.54%; r=0.41; P<.001). Likewise, there was a significant
positive relationship between TikTok intensity and their
likelihood of acting on health information from general users
on TikTok (1026/1172, 87.54%; r=0.39; P<.001). Respondents
with higher TikTok intensity scorestended to be more likely to
act on health information from both health professionals and
general userson TikTok.

Fact-Checking I nformation

There was a statistically significant difference in the
respondents’ likelihood of fact-checking health information on
TikTok from a health professional versus a general user. The
likelihood of fact-checking health information from a general
user (mean 5.37, SD 1.83) was higher than the likelihood of
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fact-checking health information from a health professional
(mean 4.88, SD 1.80; t;05=9.71; P<.001).

Age was weakly positively correlated with the respondents’
likelihood of fact-checking TikTok health information both
from ahealth professional (1026/1172, 87.54%; r=0.18; P<.001)
and from a general user (1026/1172, 87.54%; r=0.07; P=.02).
Education was also weakly positively correlated with their
likelihood of fact-checking TikTok health information from a
health professional (1026/1172, 87.54%; p=0.11; P<.001), but
education was not correlated with their likelihood of
fact-checking TikTok hedlth information for a general user
(1026/1172, 87.54%; p=0.04; P=.26).

There was asignificant but weak positive relationship between
TikTok intensity and the respondents’ likelihood of
fact-checking TikTok health information from both health
professionals (1026/1172, 87.54%; r=0.07; P=.03) and general
users on TikTok (1026/1172, 87.54%; r=0.10; P=.002).
Respondents with higher TikTok intensity scores tended to be
more likely to fact-check health information from both health
professionals and general users on TikTok.

Discussion

Principal Findings

TikTok has generated substantial attention dueto recent reports
suggesting its emergence as asignificant source of information
for many Americans [7]. For some users, TikTok has replaced
traditional news networksaswell aswidely used search engines
such as Google [31]. Given this emergence of TikTok as an
information source and the presence of health information
available on the platform [5,6], we surveyed 1172 women aged
18 to 29 years to understand their use of TikTok as a source of
health information. Of the 1172 respondents, 1026 (87.54%)
had used TikTok in some capacity.

Thefindings provide evidencethat TikTok hasbecome asource
of health information for young women in the United States.
More than half of the respondents who had ever used TikTok
(672/1026, 65.5%) reported that they had intentionally used
TikTok to look for advice or information about their health or
health care, and nearly the entire sample of TikTok users
(948/1026, 92.4%) reported having unintentionally obtained
health information on TikTok. The popularity of health-related
hashtags on TikTok (eg, as of November 2023, #medicaltiktok
and #healthtok had 7.6 billion and 2.4 billion views,
respectively) hasilluminated some of TikTok’s popularity as a
commonly searched platform for information related to health,
but the findings of this study provide a greater empirical
understanding of the extent to which young women actually
obtain health information from the platform.

TikTok’s popularity as a source of health information may, in
part, be the result of how technology has influenced human
beings desire for immediate information. Rather than having
to wait for a physician’s appointment to ask about one's
symptoms or health condition, one can take to the internet (eg,
TikTok) and find related information in a matter of minutes
[12]. This phenomenon of individuals seeking immediate
information hasimportant implicationsfor health professionals.
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By knowing that individuals turn to platforms such as TikTok
to find health information, health professionals can proactively
create content so that credible health information is available
when users go to find it. Social media platforms were heavily
relied upon for health information during the COVID-19
pandemic [16], and since then, social media, and TikTok
specifically, have been recommended as a tool for health
promotion [5,32,33]. Given that TikTok iseasily accessible and
allows anyone to consume information without judgment, it
may especially be helpful for populations with barriers to care
and for communicating about taboo or stigmatized topics that
users may be less comfortable asking about in a traditional
setting [6,34].

To better understand why young women are using TikTok as a
source of health information, we asked our respondents about
their agreement with various reasons for health-related TikTok
use. Our findings showed that the most agreed upon reasons
were obtaining advice from others with the same disease or
health condition, receiving social support from others, and
gaining knowledge about a disease they had been diagnosed
with. In an examination of how the current digital landscape
has affected Americans' consumer behavior, CharityRx found
“relatability to ashared personal experience” to be atop reason
why people go to health influencers for information [12]. In
addition to TikTok having the ability to provide immediate
information related to users’ health inquiries, it hasthe capacity
to help users locate other people who are similar to them. This
may be especialy relevant for women. As women have
experienced gender bias and poorer treatment in health care
settings [35,36], it is possible that they may be especialy
motivated to seek social support and health information from
others like them. Prior research has also indicated that social
support is especialy beneficial for women [37]. When
individuals perceive similarity to a source of information, this
can cause the message recipient to feel a stronger sense of
connection with the message, which can have important
implicationsin termsof the effects of amessage[38]. Perceiving
similarity to a source of information can also enhance a user’s
perceptions of the message and overall acceptance[39]. Interms
of obtaining a further understanding of young women's
motivations for using TikTok as asource of health information,
future research could examine what topics (eg, health conditions)
young women are most interested in and likely to search for.

Given the potential for misinformation to rapidly pervade the
social media landscape, it has been recommended that experts
inmedical science, public health, and socia sciences collaborate
to better understand health misinformation on social media,
including its reach and influence [40]. Our findings help show
the degree to which young women on TikTok perceive an issue
of misinformation and to what extent they try to verify or
fact-check the information they consume. In first examining
the perceived credibility of TikTok health information overall,
wefound that credibility perceptionswere moderate among the
respondents who had reported ever having obtained
health-related advice or information (intentionally or
unintentionally) from TikTok. Notably, health information on
TikTok was perceived to be more credible by participants who
were older, more educated, or had higher TikTok intensity scores
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(ie, were more emotional ly connected to TikTok and had greater
integration of TikTok into their daily lives). While our findings
are able to show these positive correlations, we do not know
whether the information they are seeing on TikTok (and thus
reflecting on when indicating their credibility perceptions) truly
is credible. It may be the case that older age, higher levels of
education, and more experience with TikTok lead to following
more credible users and being delivered more credible content
viathe TikTok algorithm. In this case, the content may truly be
more crediblefor these users (leading to their greater perceptions
of credibility). Future research could explore whether thisisthe
case.

Nearly al participants (1007/1026, 98.15%) indicated that they
believe that misinformation is prevalent on TikTok to at least
some extent. This may be the result of mainstream news
commonly communicating that misinformationisaproblem on
socia media platforms, including TikTok [15]. A great deal of
health misinformation reached social media users during the
COVID-19 pandemic [8]. It is possible that respondentsin this
study were among these users or that they heard about this
problematic phenomenon. However, despite nearly all
participants (1007/1026, 98.15%) stating that they think that
misinformation is prevalent on TikTok to at least some extent,
only approximately half of the participants (563/1026, 54.87%)
indicated that they believe that they have personally encountered
health misinformation on TikTok at some point. This
discrepancy could stem from afew factors. It could be that the
users know that there is a misinformation epidemic but have
not been exposed to misinformation because of their
commitment to only following credible users (thus leading the
TikTok algorithm to feed them more credible content). However,
given the large amounts of misinformation that have been
identified on the platform [15,41,42] and Americans inability
to identify most forms of misinformation [43-45], it is more
likely that this discrepancy is the result of some respondents
not having recognized that they have been exposed to health
misinformation. This possibility is further supported by our
results that showed that respondents perceive other people as
more susceptible to health misinformation on TikTok than they
personally are. This finding demonstrates what seems to be a
third-person effect, in which the young women perceive that
media messages have a greater influence on others than on
themselves [23]. As evidence of a third-person effect was
provided by the results (with respondents perceiving that other
peopl e are more susceptible to health misinformation on TikTok
than they personally are), it might be that some of the
respondents are naive about their susceptibility to
misinformation.

The most common form of verification (to verify the accuracy
of the health information found on TikTok) was considering
whether the information presented was opinion or fact. Theleast
frequently reported form of verification was verifying the
TikTok users qualificationsor credentials. Age, education, and
TikTok intensity were each found to have a weak positive
correlation with the likelihood of verifying TikTok health
information. Participants who were older, more educated, or
had higher TikTok intensity scores were more likely to verify
health information on TikTok. As discussed in the Results

https://infodemiol ogy.jmir.org/2024/1/e54663

Kirkpatrick & Lawrie

section, these demographics (age, education, and TikTok
intensity) were also found to each be positively correlated with
the perceived credibility of TikTok health information overall.
Thus, as both credibility perceptions and the verification of the
information increase with age, education, and TikTok intensity,
perhaps these users truly are seeing more credible content and
appropriately perceiving it to be credible. Future research should
further explore these relationships because this is beyond the
scope of thisstudy. In prior research, fact-checking hastypically
been found to not be very common on social media. In asurvey
by Neely et al [16] of Americans reliance on social media
during the COVID-19 pandemic, it was found that three-fourths
of those surveyed had relied on social mediato some extent to
stay informed about the pandemic, but the majority of them
were unlikely to fact-check the information they found.

Finally, this study investigated young women'’s perceptions and
behaviorsrelated to the top 2 types of sources that share health
information on TikTok: health professionals and general users.
Prior research hasidentified that health professionalsand general
users are 2 of the most prevalent sources on TikTok
communicating health information [10,11], and our findings
indicate that young women are obtaining health information on
TikTok from each of these 2 source types. Of the respondents
who had used TikTok, a majority indicated that they had
obtained health information both from a health professional on
the platform (955/1026, 93.08%) and from a general user on
the platform (963/1026, 93.86%). Given that the respondents’
top reasonsfor health-related Tik Tok use were obtaining advice
from otherswith the same disease or health condition, receiving
social support from others, and gaining knowledge about a
disease they had been diagnosed with, it is reasonable that the
respondents would perceive both health professionals and
general usersasvaluable sources of information. Prior research
exploring the effects of communication sources on social media
[9] has explained that both expert-type and peer-type sources
provide value. While health professional s have formal training
and credentialed experience, general users (eg, peers) can have
a form of “experiential credibility” from their own personal
experiences (such as that of living with a particular health
condition) [9,27]. While most of the respondents had obtained
health information from each of the 2 source types, their
preference for obtaining health information from a health
professional was significantly greater than their preference for
obtaining health information from general users (t;0,5=23.75;
P<.001), and, in line with their preferences, the young women
reported obtaining health information from health professionals
on TikTok significantly more often than they reported obtaining
health information from general users on TikTok (t;4,5=8.13;
P<.001). As medica professionals and health institutions
delivered COVID-19—elated information during the pandemic
[5], it was found that Americans who used social media as a
source of COVID-19—elated information expanded their social
media networks to include credible sources (eg, medical
institutions and scientific sources) [16]. In addition, CharityRx’s
survey found “medical accreditation and certification” to bethe
top reported reason why people go to influencers for health
information [12]. Together, the prior and current findings seem
to indicate a preference for obtaining health information from
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health professionals on platforms such as TikTok. However, it
is important to recognize that both of the common source
types—health professionals and general users—are providing
health information to these users.

Our findings showed that the perceived credibility of TikTok
health information from health professional s was significantly
higher than the perceived credibility of TikTok health
information from general users (ty55=26.737; P<.001). Thisis
promising for health professionals who choose to invest in
creating a TikTok presence because studies have shown that
web-based information is more likely to be attended to when it
is perceived as credible [46]. There was also a significant
differencein the young women’s likelihood of acting on health
information from a health professional versusageneral user on
TikTok, with their likelihood of acting on theinformation being
greater when the information was from a health professional
(t1005=12.74; P<.001). Asthe respondents had greater perceived
credibility of TikTok health information from heath
professionals (vs general users), it is logical that they would
also be more likely to act on health information from health
professionals, given that credibility perceptions enhance the
likelihood of persuasion [47,48], including in the context of
social mediamessaging [49]. Wefound that, of the respondents
who had received health information from ahealth professional
on TikTok, 43.35% (414/955) reported that they had acted on
health information they obtained from a health professional on
TikTok. In comparison, 37.8% (364/963) of the respondents
who had received health information from a general user on
TikTok reported that they had acted on health information they
obtained on TikTok from a genera user. The respondents
perceived credibility of health information on TikTok overall
was found to be positively correlated with their likelihood of
acting on health information from both of the source types,
which isin alignment with the relationship between credibility
perceptions and persuasive effects [47,48]. On the one hand,
these findings are promising in the sense that young women
perceive health professionals on TikTok to be more credible
and are more influenced by them, further suggesting that it is
worthwhilefor health professionalsto use TikTok asastrategic
communication tool. On the other hand, this could mean that
young women are more susceptible to being influenced by
individuals who give the impression of being qualified health
professionals. Medical professionals sometimes provide
information that is outside of their scope of expertise [50], and
uncredentialed users are often confused for credentialed health
professionals [51]. Furthermore, it is important to note that
medical credentials and titles vary. A search of the hashtag
#womenshealth on TikTok results in videos from a number of
different types of health professionals, including nurses, nurse
practitioners, obstetrician-gynecologists, medical doctors (with
MD or DO credentials), and midwives, and because prior
research has shown that many individuals do not understand
medical roles and titles or how to differentiate between them
[52], this could have profound implications. It isal so important
to notethat anyone on TikTok can present themsel ves asthough
they have the necessary credentialsfor the information they are
sharing (eg, adding credentials to their username, presenting
themselves with a formal title, wearing a laboratory coat or
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surgical scrubs, and communicating information in apersuasive
manner). An authoritative title, on its own, can be enough to
capture an individual’s attention and generate respect [53].
Therefore, with anyone being able to add credentials to their
TikTok username, this could be problematic, especially given
that credibility is hard to distinguish on social media. Usersare
more likely to rely on heuristic cues (such asthetitlesincluded
in a username) to determine a user’s credibility [9,54]. The
aforementioned findings also showed that the least frequently
reported form of information verification was verifying the
TikTok users qualifications or credentials, further illustrating
that this could be vastly problematic.

The study’s findings showed that the young women in our study
are more likely to fact-check information from a general user
than fact-check information from a health professional. Again,
thisis promising in terms of the fact that content from general
users may be more likely to include misinformation, but this
could be problematic if the credibility cues of a health
professional lead users to automatically assume that they can
believe and trust any of the information. It would be worthwhile
for future research to investigate this further, uncovering whether
userstrust misinformation from health professionals on TikTok
simply because of the creators credentials.

We aso found that both age and education are positively
correlated with young women’s likelihood of acting on health
information found on TikTok—both from a health professional
and from ageneral user. However, these correl ationswere quite
weak. A stronger positive correlation was found between the
users emotional connection to TikTok (ie, TikTok intensity)
and their likelihood of acting on health information from both
health professionals and general users. It may be logical to
assume that users who heavily engage more with TikTok will
have agreater propensity to act on theinformation they receive.
Social influence theory suggeststhat individualsare influenced
by those around them [55]. This may extend to the web-based
environment, such that as TikTok becomes moreintegrated into
one'slife, it ismore likely to affect one's behaviors.

Limitations

The findings of this survey research should be interpreted in
light of some limitations. First, the sample of survey respondents
was recruited through convenience sampling methods. While
the sample is only a segment of the total population, we tried
to ensure that we had alarge sample that was representative of
the population of interest (women aged 18-29 years throughout
the United States) by using both Qualtrics and 2 large public
universitiesto recruit individual swho fit the sampl e parameters.
This study does not discuss differences between individuals
recruited from the universities and those recruited from the
Qualtrics sample, but we have provided descriptive statistics
for each variable across each sample asameans of alowing for
some comparison between the 2 samples (M ultimedia A ppendix
2). In addition, we made sureto include the respondents’ highest
level of education as a variable in this study to see how
education is associated with the variables of interest in this
study, which can help to provide some understanding of how
on€e's educational experience might be related to one's use and
perceptions of TikTok health information. Second, becausethis
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study relies on self-reporting from the survey respondents, there
isachancethat theresultsdo not truly capture thereal behaviors
of the respondents. As we asked questions about fact-checking
web-based information (behaviors that individuals likely know
they should engage in), the respondents may have answered
some questions in a more socially desirable or acceptable
manner (ie, what they expect would be an “appropriate”
response) rather than being truthful in their responses.
Hopefully, though, because participants knew that their
responses would be anonymous, this helped to lessen social
desirability bias. Finally, this study focused on young women
(assigned female sex at birth) as the population of interest for
this study. This narrow focus allows us to better understand the
implications of TikTok use for this demographic, but it is aso
important to explore other populations behaviors and
perceptions.

Conclusions and Practical Implications

This study provides a greater understanding of the extent to
which TikTok is serving as a source of health information for
young women in the United States. With nearly all young
women in this study (who had used TikTok) having been
exposed to health information on TikTok (948/1026, 92.4%),
and morethan half of them (582/1026, 56.73%) having actively
sought health-related information on the platform in the last 3
months, it is imperative for health professionals and health
communication scholarsto prioritize the consideration of TikTok
as aplatform that isinfluencing health information acquisition
and dissemination in the United States. While the popularity
and accessibility of TikTok may change, short-form video social
media sites are likely to remain a common form of
communication [56].

The findings of this study illustrate the potential value that
TikTok can have for disseminating health information to an
audience of young women. As the respondents of this survey
reported a preferencefor information from health professionals
and were more likely to act on the information from these

Kirkpatrick & Lawrie

sources, it isworthwhile for health professionalsto use TikTok
to disseminate health information to this audience, especially
given the large number of women on the platform and prior
research illustrating that social media significantly influence
women's health-related behaviors and perceptions [17,19]. In
doing so, health professionals may want to consider how they
can align their content with young women’'s most common
motivations for using TikTok as asource of health information,
which we found to be obtaining advice from others with the
same disease or health condition, receiving social support from
others, and gaining knowledge about a disease they had been
diagnosed with. Given that young women want advice and
support from others who are experiencing similar health
conditions, it may be useful for health professionalsto consider
working with individual swho arewilling to share their personal
experience with a health condition. Incorporating the stories of
patients and other experienced individuals who have similar
characteristics to those searching for information on TikTok
could be especialy influential for increasing attention to, and
engagement with, health information on TikTok.

Furthermore, given that our findingsindicate that young women
have a preference for obtaining health information on TikTok
from health professionals and that they are less likely to
fact-check information from these sources, it isimperative that
futureinitiatives addressthe proliferation of individual s sharing
information beyond their scope of expertise and the problem of
social media users confusing uncredentialed users as
credentialed health professionals [50,51]. Future researchers
and practitioners should also work on media literacy and
education initiatives, given the third-person effect found in this
research. It seemsthat young women know that misinformation
is an issue on TikTok, but it seems that they may not be
recognizing that they have been exposed to misinformation and
that they perceive themselves as less susceptible. It may be
beneficial for futureinterventionsto addressthis perception and
help young women to have better recognition of when they are
being exposed to health misinformation.
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Abstract

Background: Social media has the potential to provide socia support for rare disease communities; however, little is known
about the use of social mediafor the expression of medical uncertainty, acommon feature of rare diseases.

Objective: This study aims to evaluate the expression of medical uncertainty on social media in the context of dyskeratosis
congenita, a rare cancer-prone inherited bone marrow failure and telomere biology disorder (TBD).

Methods: We performed a content analysis of uncertainty-related posts on Facebook and Twitter managed by Team Telomere,
apatient advocacy group for thisrare disease. We assessed the frequency of uncertainty-related posts, uncertainty sources, issues,
and management and associations between uncertainty and social support.

Results: Across al TBD social media platforms, 45.98% (1269/2760) of posts were uncertainty related. Uncertainty-related
posts authored by Team Telomere on Twitter focused on scientific (306/434, 70.5%) or personal (230/434, 53%) issues and
reflected uncertainty arising from probability, ambiguity, or complexity. Uncertainty-related postsin conversations among patients
and caregiversin the Facebook community group focused on scientific (429/511, 84%), personal (157/511, 30.7%), and practical
(114/511, 22.3%) issues, many of which wererelated to prognostic unknowns. Both platforms suggested uncertainty management
strategiesthat focused on information sharing and community building. Posts reflecting response-focused uncertainty management

strategies (eg, emotional regulation) were more frequent on Twitter compared with the Facebook community group (x21:3.9;
P=.05), whereas posts reflecting uncertainty-focused management strategies (eg, ordering information) were more frequent in
the Facebook community group compared with Twitter (x21=55.1; P<.001). Inthe Facebook community group, only 36% (184/511)
of members created posts during the study period, and those who created posts did so with alow frequency (median 3, IQR 1-7

posts). Analysis of post creator characteristics suggested that most users of TBD social media are White, female, and parents of
patients with dyskeratosis congenita.

Conclusions:  Although uncertainty is a pervasive and multifactorial issue in TBDs, our findings suggest that the discussion of
medical uncertainty on TBD socia mediaislargely limited to brief exchanges about scientific, personal, or practical issues rather
than ongoing supportive conversation. The nature of uncertainty-related conversations also varied by user group: patients and
caregivers used social media primarily to discuss scientific uncertainties (eg, regarding prognosis), form social connections, or
exchange advice on accessing and organizing medical care, whereas Team Telomere used social media to express scientific and
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personal issues of uncertainty and to address the emotional impact of uncertainty. The higher involvement of female parents on
TBD social media suggests apotentially greater burden of uncertainty management among mothers compared with other groups.
Further research is needed to understand the dynamics of social media engagement to manage medical uncertainty in the TBD

community.

(JMIR Infodemiology 2024;4:e46693) doi:10.2196/46693
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social media; medical uncertainty; telomere biology disorder; dyskeratosis congenita; social support

Introduction

Background

Medical uncertainty is a common experience in rare diseases
and may combine with limited scientific knowledge and access
to peer groups to impede a patient’s ability to seek and adhere
to medical treatments [1] and intensify health-related anxiety,
decreasing quality of lifefor patients and their caregivers[2,3].
Dyskeratosis congenita (DC) isararetel omere biology disorder
(TBD) associated with very high risks of bone marrow failure,
pulmonary and liver disease, cancer, and other medica
conditions. Diagnosis is chalenging because of its wide
phenotypic spectrum, including the classic DC triad (nail
dysplasia, abnormal skin pigmentation, and oral leukoplakia)
with pediatric bone marrow failure, middle-age presentation
with pulmonary failure or aplastic anemia, abnormally short
telomere length, or detection of pathogenic germline variants
in >18 different genes [4]. Although age of onset is variable,
DC often presents in childhood and adolescence, with most
patients experiencing their first symptoms before the age of 20
years[5]. Diagnosisfrequently resultsin alifetime commitment
to screening to detect progressive clinical manifestations of DC,
including cancers across multiple organ systems[5]. Owing to
the complexity and rarity of DC and related TBDs, patientsand
their families often have long diagnostic journeys, face
complicated health decision-making, and frequently do not have
access to medical professionals and supportive peers who are
familiar with their condition. This situation likely creates a
substantial burden of medical uncertainty for patientswith TBDs
and their families. Although medical uncertainty has been
associated with increased anxiety and difficulty with
decision-making in rare diseases and cancer occurrence and
recurrence [6-11], to date, no research has addressed the
experience or management of medical uncertainty in the TBD
context.

Asoutlined in a previously published taxonomy developed by
Han [12], uncertainty in medicine arises from multiple sources
(eg, probability, ambiguity, and complexity) and focuses on
scientific, personal, and practical issues. These situations
activate a variety of management strategies to address
uncertainty, which are primarily cognitive, emotional, and
relational in nature. Uncertainty management strategies may
target =1 sources or issues of uncertainty and are defined as
belonging to =1 of the following approaches. seeking
information to fill knowledge gaps (“ignorance-focused”),
reducing or increasing attention to  unknowns
(“uncertainty-focused”), ameliorating adverse psychological
effects of uncertainty (“response-focused”), and fostering

https://infodemiol ogy.jmir.org/2024/1/e46693

interpersona relationshipsto engage with uncertainty asashared
experience (“ person-focused”). In situations where uncertainty
cannot be reduced, these strategies may mitigate its negative
mental health impact and help individuals achieve an adaptive,
optimal balance of responses to uncertainty (uncertainty
tolerance).

The rarity of TBDs suggests a potential role for internet-based
platforms to deliver social support by bridging geographic,
knowledge, and community network limitations. Social support,
a complex concept encompassing a variety of helping social
interactions [13], includes four main types: (1) expression of
empathy and care (emotional), (2) provision of tangible
assistance (instrumental), (3) provision of knowledge or facts
(informational), and (4) evaluative feedback about task
performance or personal qualities (appraisal) [14]. Research
suggests that social support decreases the experience of stress,
anxiety, and depression and improvesthe overall quality of life
in populations experiencing medical uncertainty [8,10,15-17].
The benefit of social support has been demonstrated in patients
with Li-Fraumeni syndrome, a rare genetic cancer
predisposition, where informational, tangible, spiritual, and
emotional support from in-person sources enhanced positive
coping capacities[18]. Social mediaplatforms such as Facebook
and Twitter have been identified as important resources for
social support in rare disease contexts [19-24], and
disease-specific social media support has been recommended
in oncology [25], rare genetic disease [26-28], and other
stigmatized or rare diseases [29-31]. In addition to increasing
access to information and social networks, continued
participation in socially supportiveinternet-based communities
may aso build capacities for uncertainty tolerance
[10,17,32-38]. Although social mediahasthe potential to bridge
geographic or social boundaries, its use is often concentrated
in select populations, limiting its reach and potentially inhibiting
its use by some groups [39,40]. In addition, dynamics observed
on social media posts may not reflect real-life experiences and
are limited in depth and detail, increasing the potential for
misinterpretation [39]. Social media can aso spread
misinformation with damaging consequences, especially in
high-uncertainty health contexts [41-43].

Objectives

Although extensive research has investigated the psychosocial
benefits of internet-based health forums for patients and their
caregivers|[23,28,29,44-51], thereis still aneed to evaluate the
use of social media to express or manage medical uncertainty
in rare diseases. Specifically, we need to examine social media
use for expressing and managing medical uncertainty in TBDs
to understand the experience of medical uncertainty in this
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context and to build evidenceto improve health communication
and uncertai nty management interventions[52]. Thisexploratory
study aimsto review social media posts created by and targeted
at patients with TBDs and their caregivers to (1) measure the
frequency of uncertainty-related posts; (2) catalog the issues,
sources, and types of uncertainty and uncertainty management
strategies; (3) measure user engagement with different post
types; and (4) explore the relationship between uncertainty and
socia support. To achieve these aims, we reviewed all publicly
available social media sites owned and maintained by Team
Telomere (previously DC Outreach, Inc), the oldest and largest
patient advocacy organization for individuals, caregivers, and
families affected by TBDs worldwide [53]. The social media
of Team Telomere constitutes the most expansive and accessible
body of internet-based TBD-related content, inclusive of a
variety of user perspectives. The variety of posts by userswith
diverse connections to TBDs (eg, medical providers, patients,
caregivers, and health advocacy nonprofits) makes Team
Telomere's social mediaan ideal data source for understanding
the range and dynamics of medical uncertainty communication
and socia support exchange in the TBD context.

Methods

Ethical Consider ations

Data collection was undertaken in partnership with Team
Telomere following best practices guidelines for social media

Table 1. Datasource characteristics at the time of the study.

Pearce et al

research [54] and was approved by the National Institutes of
Health Ingtitutional Review Board (IRB 000722).

Data Source

The source of datafor this study wasall publicly available socia
media owned and maintained by Team Telomere. These sites
included the Team Telomere Twitter page [55], the Facebook
main page [56], and a public Facebook community group [57]
(Table 1). All the sites were open to the public and had no
eigibility requirements for membership. Content across all
platforms was monitored by Team Telomere to ensure
appropriate adherence to community guidelines, and Team
Telomere's staff removed posts with offensive or scientifically
inaccurate content. The Facebook main page and Twitter
accounts were created to promote the work of Team Telomere
“supporting families worldwide affected by Dyskeratosis
Congenitaand Telomere Biology Disorders’ [56]. The Facebook
community group was created in response to social isolation
following the COVID-19 pandemic as “a place to share our
everyday lives in the spirit of promoting and maintaining
connections among our Team Telomere/Dyskeratosis
Congenita/Telomere Biology disorder community” [57].

Facebook community group Facebook main page Twitter
Creation date (y) 2020 2010 2010
Followers, n 187 1637 1933
Post<? n 511 1815 434

3Represents posts captured during the study period (June 2019 to December 2021).

Inclusion

All posts made on Team Telomere's social media (Facebook
main page: n=1818, Facebook community group: n=518, and
Twitter: n=441) between June 2019 and December 2021 were
eligible for inclusion. Thistime frame encompasses the period
starting 1 year before the Facebook community group. This
group was created in June 2020 as a platform for social
connection during the COVID-19 pandemic. Posts were
excluded from the analysisif they were (1) removed by the user
or Team Telomere (n=5), (2) duplicate posts with identical
content from the same day (n=2), or (3) posts without image or
text content (n=7). This resulted in atotal of 2760 posts, with
both primary posts and comments considered unique. The post
was used as the unit of analysisand included all content visible
to a passive socia media user. Additional post content that
required clicking linksto external sites or embedded audiovisual
materials was not included in this study.

Data Extraction and Quality Control

We met with Team Telomere'sleadership (eg, executive director
and board) before conducting the study and cocreated a
community-based research contract outlining parameters.

https://infodemiol ogy.jmir.org/2024/1/e46693

Although al data were publicly available and Facebook data
were manualy extracted by the authors, Team Telomere
facilitated data extraction from Twitter by sharing downloaded
images and text files made avail able to them as account owners.
We used the post (original or responses), rather than post creator,
as the unit of measurement and did not collect identifying
information of the social media users or interact directly with
users.

Data were extracted directly from each sociad media site
manually through (1) screenshots saved as deidentified image
filesand (2) cut-and-paste of post text into an Excel (Microsoft
Corporation) spreadsheet. For the Facebook community group,
we assigned unique ID numbers to post creators using public
data (usernames) to calculate how many unigque users engaged
in conversation threads, and we viewed the publicly available
profile images to assess observed sex and race. Posts were
assigned a unique ID number within Excel, and additional data
were manually extracted for each post to capture the post
popularity (number of likes, shares, and comments), post type
(primary post or comment), and types of emojis present.
Demographics of post creators (observed gender and race) were
assessed through an independent review of profile images and
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profile names by 3 coders (EP, HR, and NE). Quality control
for data extraction was performed on asubset of the data (n=100
posts) by NE, and intercoder reliability was assessed during the
multiple-reviewer coding process.

Coding and Analysis

We used a combined content analysis mixed methods approach
to analyze the social media data [58]. Thisinvolved qualitative
analysis (coding by multiple independent reviewers) and
guantitative analysis (frequency and chi-square testing).
Constructs were defined through codebook development using
deductive (theory driven) approaches, whereas qudlitative
themes were identified through inductive (data driven)
discussion, as described in greater detail in the Methods section.
The analysis was performed separately for each social media
source, 2 Facebook pages (the Team Telomere main page and
a separate community group page established in 2020) and the
Team Telomere Twitter feed, resulting in the creation of 3
separate data sets (Facebook main page: n=1815, Facebook
community group: n=511, and Twitter: n=434). A subset of
Facebook community group posts (n=77; 12 primary posts and
65 comments) was reviewed by 3 coders and used to inform
uncertainty inclusion criteria(Multimedia Appendix 1) and the
codebook (Multimedia Appendix 2) developed to deductively
identify the presence or absence of uncertainty and social
support constructs defined in the Han Taxonomy of Medical
Uncertainty [12] and the Social Support Framework [14]. Then,
all posts were coded for uncertainty and social support by 3
independent coders (EP, HR, and PKJH), with al disagreements
in coding resolved through discussion and consensus. Posts
identified as uncertainty related in the Facebook community
group (n=156) and Twitter (n=210) were then independently
subcoded (EP, HR, and PKJH) for uncertainty issues, sources,
and management strategies according to the codebook
definitions detailed in the Measures section. Data were then
arranged by subcode and reviewed qualitatively to detect themes
that emerged from the dataand were refined through discussion
between coders.

M easures

I ntercoder Reliability

Intercoder reliability among the 3 coders was measured across
all social media types for the initial coding of dichotomous
social support and uncertainty variables using Cohen k. The
analysis found acceptable reliability of independent codersin
assessing the presence or absence of any social support (k value
range across all platforms, k=0.79-0.95) and uncertainty (kK
value range across all platforms, k=0.58-0.93) across all socia
media platforms. Regardless, all discrepancies were mutually
resolved through coder consensus.

Post Creator Characteristics

Post creator characteristics were visible from profile images
and usernames that appeared alongside each post. Posts from
Team Telomere's organizational account were created by staff
members, often identified in the post context (eg, executive
director, communications director, or board member). We did
not scrutinize user profiles to detect the activity of nonhuman
bots; however, in the context of the small population with this

https://infodemiol ogy.jmir.org/2024/1/e46693
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rare disease, most users could be positively identified ashuman
beingsfrom the context of their postsand history of participation
in organizational events. Post creator characteristics, including
observed gender and race, were assessed by 3 independent
coders’ perceptions of publicly available usernames and profile
images. Disagreements between coders resulted in the
characteristic being coded as “ unknown.”

Uncertainty | ssues, Sources, and Management Strategies

Posts were coded as uncertainty related according to 1 of the
following types. (1) uncertainty-related primary posts, (2)
uncertainty-related comments, and (3) non—uncertainty-related
posts captured within athread where 1 or more other post was
uncertainty related. For the Facebook community group and
Twitter, postsidentified as uncertainty-related primary posts or
comments were further analyzed to determine the presence or
absence of sources (ambiguity, complexity, and probability),
issues (scientific, personal, and practical), and attributes of
uncertainty management strategies (ignorance focused,
uncertainty focused, response focused, and person focused).
We defined sources of uncertainty as insufficient, unreliable,
or contradictory information (ambiguity); information features,
such as multiple or interacting causes and effects that make a
phenomenon difficult to understand (complexity); and
fundamental randomness or indeterminacy of a phenomenon
that makes outcomes unpredictable (probability). We defined
issues of uncertainty as pertaining to the causes, diagnosis,
prognosis, or management of disease (scientific); theimpact of
disease on aspects of personal life (personal); and logistical
issuesrelated to health care or disease management (practical).
Although the datadid not allow assessment of intent to manage
uncertainty, we searched posts to identify evidence of
management strategies with =1 of the following attributes: (1)
providing or seeking information to fill knowledge gaps
(ignorance focused), (2) reducing or increasing attention to
unknowns to gain or relinquish a sense of control (uncertainty
focused), (3) ameliorating the adverse psychological effects of
uncertainty (response focused), and (4) fostering interpersonal
relationships to engage with uncertainty as a shared experience
(person focused).

Social Support

Posts were categorized as containing social support through
qualitative coding by 3 independent reviewers (EP, HR, and
PKJH) following definitions devel oped over decades of research
insocia support theory [14,59,60]. Dichotomous variableswere
assigned to indicate the presence or absence of social support
and the presence or absence of specific types of support within
4 domains (appraisal, emotional, informational, and
instrumental). These domains were defined as (1) giving or
receiving eval uative feedback (appraisal); (2) giving or receiving
indicators of care, love, appreciation, empathy, or sympathy
(emotional); (3) giving or receiving knowledge (informational);
and (4) giving or receiving tangible support (instrumental), as
recently formulated by Holt-Lunstad and Uchino [14].
Assignment to social support domains was not mutualy
exclusive,
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Relationship Between Social Support and Uncertainty

We examined the relationship between social support and
uncertainty by comparing frequencies and chi-squaretests. Posts
were coded as dichotomous variables for uncertainty
(uncertainty related, non—uncertainty related), uncertainty
subtypes (presence or absence), and social support subtypes
(presence or absence). We examined the frequencies of social
support subtypesin uncertainty-related posts overall, by social
media platform (Facebook community group and Twitter) and
by post type (primary post or comment). We performed
chi-square tests to determine the strength of the relationship
between uncertainty-related posts and social support across
platformsand for uncertainty-related posts by post type (primary
post, comment, thread) and issue subtype (scientific, personal,
practical).

Popularity and Engagement

Popularity on the Facebook community group, Facebook main
page, and Twitter was defined as the sum of comments, likes,
and shares. Engagement was defined separately for social media
types (Facebook community group and Facebook main pagevs
Twitter) owing to differences in user tracking approaches
between Facebook and Twitter platforms. Facebook engagement
was defined as the sum of conversations (number of responses
generated by a post or comment), voices (number of unique
users responding to a post or comment), and depth (number of
back-and-forth responses). Engagement on Twitter was defined
as the sum of detail expands (clicksto view more of the post),
profile visits, link clicks, and video views. Engagement was
also measured for the Facebook community group by examining
the proportion of users who contributed posts and post
frequencies by author.
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Sentiment

Sentiment analysis was performed through manual annotation
by 2 independent coders, with differences resolved through
consensus. Posts were assigned categorical sentiment variables
according to the (1) frequency and (2) presence or absence of
keywords and emojis. Unambiguous emotion words (eg,
“happy” and “sad”’) were chosen as keywords to indicate
emotional valence, as described in other studies [61,62]. The
emotional valence of emojis was assigned based on the emoji
definition in internet-based emoji dictionaries and validated by
acoder review of the emoji within the post context (Multimedia
Appendix 3).

Results

Post Char acteristics

A total of 2760 posts created on all platforms between June
2019 and December 2021 were included in this study. Across
all platforms, most posts were created either by the executive
director of Team Telomere or by individual users who were
primarily identified as White, female, and parents of children
affected by TBDs. Post characteristics differed by platform: on
Twitter, most posts (368/434, 84.8%) were primary posts, most
of which (384/434, 88.5%) were generated by the executive
director of Team Telomere; Facebook main page posts were
either primary posts (800/1815, 44.08%) or first-level comments
(1014/1815, 55.87%) created by Team Telomere (860/1815,
47.38%) or individual users (955/1815, 52.62%); and on the
Facebook community group, most posts (403/511, 78.9%) were
commentsto primary posts, in sometimeslengthy (up to 8 level)
conversation threads created by 67 individual users (502/511,
98.2%). Posts across all platforms were written amost
exclusively in English (Table 2).
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Table 2. Characteristics of posts on Team Telomere's social media from June 2019 to December 2021 (N=2760).
Facebook main page (n=1815), n (%)

Facebook community group (n=511), n (%) Twitter (n=434), n (%)

Post type

Primary post 108 (21.1) 800 (44.1) 368 (84.8)

Comment 403 (78.9) 1015 (55.9) 66 (15.2)
Language

English 487 (95.3) 1807 (99.6) 434 (100)

Other? 4(0.8) 8(0.4) 0(0)

Image only 17 (3.3) 0(0) 0(0)
Creator type

Team telomere 8(1.6) 861 (47.4) 385 (88.7)

Individual 503 (98.4) 954 (52.6) 49 (11)
Observed creator sex”

Male 25 (5) 69 (7.2) 5(10)

Female 478 (95) 885 (92.8) 41(83.7)

Unknown 0(0) 1(0.2) 3(6.1)
Observed creator race®

White 443 (88.1) 766 (80.3) 40 (81.6)

Other® 46 (9.1) 30(3.1) 6(122)

Unknown 14 (2.8) 158 (16.6) 3(6.1)
Observed creator telomere biology disorder relationshipb'd

Patient 65 (12.9) 42 (4.4) 1(2)

Parent 428 (85.1) 384 (40.3) 14 (28.6)

Medical provider 3(0.6) 31(3.2) 10 (20.4)

Other® 5(1) 59 (6.2) 22 (44.9)

Unknown 40 (8) 495 (51.9) 2(4.)

Multiple 129 (25.6) 126 (13.2) 0(0)

3Respectively by platform (Facebook community group, Facebook main page, and Twitter), “other” language included Spanish (0.2%, 0.2%, and 0%),
French (0.4%, 0.1%, and 0%). In the Facebook community group the following languages also appeared: Hebrew (0.1%), Italian (0.1%), Swedish
(0.1%), and Maori (0.2%).

BIncludes frequencies for individual creator types only; does not include Team Telomere organization (Facebook community group: n=503, Facebook
main page: n=954, and Twitter: n=49).

CRespectively by platform (Facebook community group, Facebook main page, and Twitter), “ other” identified creator race and ethnicity included Latinx
(7.7%, 1.5%, and 1.4%) and Arab or Middle Eastern (1.4%, 11%, and 0%).

dFrequency does not total to 100% because of some individuals occupying multiple categories.

®Respectively by platform (Facebook community group, Facebook main page, and Twitter), “other” creator telomere biology disorder relationship
included grandparent (0%, 0.2%, and 0%), sibling (0.4%, 0.9%, and 0%), spouse (0%, 0.2%, and 0%), other advocacy organization representative (not
Team Telomere; 0%, 0%, and 40.8%), and clinical or pharmaceutical industry representative (0%, 0.1%, and 4.1%).

Sources of uncertainty included confusing symptoms and lack

Qualitative Findings

Qualitative analysis of posts revealed multiple uncertainty
issues, sources, and management indicators. Issues included
diagnostic, prognostic, therapeutic, and causal uncertainties
(scientific); assembly of medical care teams, geographic or
financial constraints, and limitations to research funding and
dissemination (practical); and building “rare” identity,
communicating complex health information to children, and
reframing educational or developmental goals (personal).
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of clarity in medical advice (ambiguity); the TBD impact of
TBD on multiple organ systems, managing medications or
screening regimens, emotional confusion, and achieving
scientific literacy across different medica specialties
(complexity); and prognostic outcomes, behavioral health risks,
or genetic inheritance (probability). Attributes of uncertainty
management strategies included (1) information seeking,
participation in research, and connection to trusted information
sources and care providers (ignorance focused); (2) ordering
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multiple uncertainties through categorization, prioritization,
and sequential narratives, including counting of survival days
since transplant (uncertainty focused); (3) sharing positive
emotions, portraying TBD experience as a source of strength,
and encouraging relaxation (response focused); and (4)
promoting aTBD community identity by creating acommunity

https://infodemiol ogy.jmir.org/2024/1/e46693
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mascot (a unicorn named “Tillymere’), recognizing
community-specific celebrations (TBD month and transplant
anniversaries), providing TBD-pride identifiers (T-shirts and
swag), and making reference to Team Telomere as a “family”
(person focused; Table 3).
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Table 3. Uncertainty in telomere biology disorder (TBD) social media.
Post text

Sour ces of uncertainty

Ambiguity « “Thisisatough one! One of those maybe/maybe not symptoms...I often ask myself the same questions about my
daughter’s more obscure symptoms.” [FBCG218304.21.07.30]
«  “Pre-lung # transplantation patients with # pulmonary # fibrosis who have short # telomeres may need different #
clinical care...” [TWT180100.19.06.11]

Complexity « “[Name] ishaving kidney, heart, and lung problems. Oh, and who can forget the liver? This week has been too long
at the hospital” [FBCG2110000.21.11.23]
« “#DYK Those with # telomere biology disorders may be especially vulnerable to the effects of taking multiple
medicines at the same time and may respond to medications differently.” [TWT186700.19.11.14]

Probability o “80% of patientsdiagnosed with dyskeratosis congenitawill experience bone marrow failure” [TWT185500.19.11.04]
« “5outof 6of thecdl linestested were less than 1%. And when that's the case, patients have a 10-20% chance of
getting cancer...” [FBCG203500.20.09.08]
«  “Arecent publication advises against an elective eye surgery in patients with DC dueto higher long-term risks caused
by delayed healing...” [TWT182100.19.08.25]

I ssues of uncertainty

Scientific «  “Hasanybody experienced hearing loss with connection to short telomere length?” [FBCG218300.21.07.30]
« “Hasanyone had kidney problems outside of BMT? Are there any articles anyone has seen on kidneys and short
telomeres?’ [FBCG2110000.21.11.23]

Practica . “Atthemoment [Name] has 1-2 appointments each week. Add to that email sto/from paediatrician, callsfrom hospital
to change/confirm appointments...It's overwhelming some weeks. And I’m usually doing all this from work. We are
also applying for different supports...so lots of forms, phone calls and emails!” [FBCG204305-8.20.10.13]

Personal « “lt's# PFMonth, and we want you to know you have ateam surrounding you...” [TWT1816000.20.09.04]
. “TBDsare not just apediatric disease.Affected adults with a# raredisease, you are NOT ALONE!"
[TWT183100.19.09.21]

«  “Another milestone reached. Thistime five years ago as we celebrated [Name]'s 5th birthday we were aso getting
ready to go to transplant two weeks later. Yesterday we celebrated the big 10...” [FBCG201300.20.06.27]

Focus of uncertainty management

Ignorance «  “Wonderingif anyonewith DC had adental implant post-transplant...? And did your medical team have any concerns
or recommendations?’ [FBCG215500.21.01.05]
«  “Hello—any contraindications to getting COVID 19 vaccineif you have DC?' [FBCG217100.21.04.04]
«  “Doyou have acopy of the clinical guidelines?’ [FBCG203509.20.09.08]
«  “Taketimeto learn more about #Telomere Biology Disorders through our informational video!”

[TWT1822100.21.11.04]
Uncertainty «  “Each Family Story is set up so you can find a connection via gene or experience.” [FBCG204400.20.10.29]
«  “My daughter has yearly bone marrow biopsies, lung and liver screenings. ENT and skin checks for cancer.” [FBCG
203513.20.09.08]
«  “I'vebeen preparing something for the new school trying to give them what her medical challenges are”
[FBCG219900.21.11.16]
Response «  “Ourfamily iscelebrating today! [Name]’s Happy 8th bone marrow transplant anniversary!” [FBCG203300.20.08.24]

«  “Fitting for usall: it wasn’t the traumathat made you strong, kinder, and more compassionate. It's how you handled
it. That creditisyours.” [FBCG216200.21.02.28]

“ Join@sixnwstevies as she teaches yoga for research.. E [TWT1822600.21.03.16]

Person «  “Thank goodness for social media otherwise it would be very isolating.” [FBCG203821.20.09.25]
. “Don't forget to register for our Young Adult Meetup...” [TWT1814300.20.06.23]
«  “[Name] it's never ending, | hope you find away to take care of you” [FBCG204307.20.10.13]
«  “Youarein great hands but always happy to connect with [Provider Name]” [FBCG203504.20.09.08]
o “Check out #tillymere! All # sparkly and ready for # TBDmonth!” [TWT185400.19.11.04]
«  “Wehaveall known the long loneliness and we have learned that the only solution is love and that love comes with
community. — Dorothy Day” [TWT1816300.20.09.12]
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Uncertainty | ssues, Sources, and M anagement
Strategies

Content analysis revealed that 45.98% (1269/2760) of posts
overal were uncertainty related, although the frequency differed
by platform (Facebook main page: 691/1715, 40.29%; Facebook
community group: 155/511, 30.3%; and Twitter: 210/434,
48.4%). Most uncertainty-rel ated posts on Facebook community
group and Twitter were generated by Team Telomere's
organizational profile (332/511, 65% and 353/434, 81.3%,
respectively) and were often similar in topic, wording, and
image content. In the Facebook community group, al
uncertainty-related posts were generated by individual users,
including a portion (119/511, 23.3%) posted by Team
Telomere—affiliated volunteer group moderators.

Owing to low frequency of community-generated uncertainty
content on the Facebook community group and Twitter,
compared with the Facebook community group, we decided to
code uncertainty subtypes only within the Facebook community
group and Twitter to compare how medical uncertainty was
expressed on social media by 2 contrasting content creator

Pearce et al

groups (community members vs advocacy organization).
Scientific uncertainty was the most common issue on both
platforms (305/434, 70.3% to 429/511, 84%). On Twitter,
personal uncertainty was more frequently discussed, whereas
in the Facebook community group, practical uncertainty was
more frequent. Across platforms, most posts (1713/2760,
62.07%) had multiple sources of uncertainty, and a substantial
number of posts (1126/2760, 40.8%) were coded as emerging
from the combined information features of probability,
complexity, and ambiguity. The most common attributes of
uncertainty management styles detected on both platformswere
requests or offers of information to fill knowledge gaps
(ignorance focused) and offers of emotional support or
community building (person focused). Response-focused
management style attributes (eg, yoga and meditation classes)
were marginally more frequent on Twitter compared with the

Facebook community group (x21:3.9; P=.05), but on the

Facebook community group, indicators of uncertainty-focused
management (eg, strategies for organization of care logistics)

were more frequent compared with Twitter (x21:55.1; P<.001,
Table 4).

Table 4. Characteristics and frequency of uncertainty-related posts on Team Telomere's Facebook community group and Twitter (N=2760).

Facebook community group (n=156), n (%) Twitter (n=210), n (%) Chi-square (df)? P value
I'ssue
Personal 48 (30.8) 111 (52.9) 16.6 (1) <.001
Practical 35 (22.4) 23 (1) 9.2 (1) 002
Scientific 131 (84) 148 (70.5) 11.4 (1) .007
Multiple 53 (34) 59 (28.1) _a —
Source
Ambiguity 81 (51.9) 80(38.1) 176 (1) <.001
Complexity 81 (51.9) 75(35.7) 20.8 (1) <.001
Probability 112 (71.8) 81 (38.6) 713 (1) <.001
Multiple 88 (56.4) 77 (36.7) — —
Management attributes
Ignorance focused 124 (79.5) 156 (74.3) 19(1 .16
Person focused 106 (67.9) 125 (59.5) 36(1) .06
Response focused 57 (36.5) 100 (47.6) 39(1) .05
Uncertainty focused® 53 (34) 10 (4.8) 55.1 (1) <.001
Multiple 106 (67.9) 131 (62.4) — —

8Chi-square tests were not performed for issues, sources, or management attributes assigned to multiple categories.
bUncertai nty thread includes non—uncertainty-related posts captured in athread where =1 other posts were uncertainty related.

Facebook Social Support and Uncertainty

Frequent overlap of socia support and uncertainty was found
across al platforms, with uncertainty-related posts being more
likely to contain socia support compared with
non—uncertainty-related posts ()(21:70.7; P<.001). However,

within social support subtypes, only informational support
remained significantly more frequent within uncertainty-related
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posts (x%=486.0; P<.001), whereas emotional support was

significantly lessfrequent in uncertainty-rel ated posts (x*,=66.5;
P<.001) compared with non—uncertainty-related posts. The
relationship between informational support and uncertainty
remained significant for al social media types, but the
relationship between emotional support and uncertainty differed
by platform (Multimedia Appendix 4). Emotional support was
significantly more frequent in uncertainty-related posts for the
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Facebook community group (x21:7.8; P=.005), was significantly
lessfrequent in uncertainty-related posts on the Facebook main
page (x%=79.5; P<.001), and had no relationship with
uncertainty-related posts on Twitter (x%,=0.5; P=.47).

Onall platforms, uncertainty-rel ated posts were more frequently
offers of support than requests. When requests occurred, they
were more likely to appear on the Facebook community group

compared with Twitter (x?,=12.7; P<.001). Posts that were not

uncertainty related but appeared in an uncertainty-related thread
frequently contained offers of emotional support.

Given the greater variation in types and direction (offer vs
request) of social support in the Facebook community group,
we decided to focus on subsequent analyses of the relationship
between social support and uncertainty subtypes on this
platform. Analysisof socia support in the Facebook community
group posts by uncertainty issue found that informational
support was offered more frequently in response to scientific
and practical uncertainty posts compared with personal
uncertainty posts. Informational support was also the most
frequent type of support requested and offered across uncertainty
source types in the Facebook community group; however,
uncertainty posts emerging from probability concerns had
similar frequencies of emotional and informational support
(320/511, 62.6% and 511/836, 61.1%, respectively). This was
particularly true in the case where a post had multiple
uncertainty sources, which were more likely to be coded as
informational support offers or requests compared with posts

with only asingle uncertainty source (x%,=90.4; P<.001).

Popularity and Engagement

Popularity and engagement were positively skewed toward
lower values across all social media types. Popularity was
highest for posts on Twitter (Facebook community group:
median 1, range 0-55, mean 4, SD 7.5; Facebook main page:
range 0-151, median 1, mean 5.9, SD 13.3; and Twitter: range
0-1147, median 13, mean 28.8, SD 76.6). However, engagement
was higher in the Facebook community group than on the
Facebook main page or Twitter (Facebook community group:
range 0-29.6, median 0.54, mean 2.15, SD 4.0; Facebook main
page: median 0.0006, range 0-0.09, mean 0.004, SD 0.008; and
Twitter: median 0.007, range 0-0.56, mean 0.02, SD 0.04). Most
uncertainty-related posts were categorized as having
below-median  popularity and  engagement.  The
uncertainty-related post with the highest engagement was a
guestion about kidney issues and telomere length posted on
Facebook community group by a parent of a child with TBDs,
which generated 12 comments from 6 unique users, including
a self-identified medical expert. The nonnormal distribution
combined with low (<20) frequency in cross-tabulation groups
made it ineffective to analyze the relationships between the
presence of social support and popularity or engagement
(Multimedia Appendix 5).

In the Facebook community group, posts were created by 67
unique individuals, representing 35.8% (183/511) of al group
members. Frequency per user was positively skewed toward
lower numbers (range 1-94 posts and median 3 posts), and the
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majority of post creators (343/511, 67.1%) generated <5 posts.
Although Team Telomererarely posted directly on the Facebook
community group (8/511, 1.6% posts), the top 2 post creators
(156/511, 30.5% posts) wereidentified as White, female, parents
of children affected by DC who were a so group moderatorsfor
Team Telomere. After removing the moderators, the remaining
median post frequency was 3 posts per user, with 22.3%
(114/511) of the users creating only a single post.

Sentiment

The majority of posts (2208/2760, 80%) on all social media
typeswere categorized as positive sentiment. Negative sentiment
was rarely expressed and was more likely to be expressed on
Facebook compared with Twitter (x%,=45.4; P<.001).
Uncertainty-related posts demonstrated a similarly high
frequency of positive sentiment across all social media types
(Facebook community group: 433/511, 84.7%; Facebook main
page: 1495/1815, 82.37%; and Twitter: 328/434, 75.6%;
Multimedia Appendix 6).

Discussion

Principal Findings

In this study, we explored the use of TBD socia media to
express health-related uncertainty. We found that uncertainty
was afregquent focus of TBD social media across platforms but
was primarily limited to scientific issues, requests for
informational support, and offers of emotional support, with
most posts generated by White, femal e, English-speaking parents
of children with TBDs. These findings arein keeping with other
research on rare disease internet-based communities, which
found that post content focused on biomedical questions and
emotional support provision [63] and was frequently created
by White, female users [40,63-65].

The high frequency of uncertainty-related posts on TBD social
mediacreated by female caregivers suggestsapotentially higher
burden of uncertainty management among mothers, which is
in agreement with the extensive literature documenting the
psychosocial burden of childhood illness on female caregivers
[66-68]. However, the observed demographics of TBD social
media users may also be an artifact of greater social media
engagement among this group, as previous research suggests
that female usersfrequently rely on internet-based communities
for navigating uncertainty related to motherhood and other
sex-specific health topics[69,70]. Additional researchisneeded
to investigate the relative burden of medical uncertainty among
female care providers and to understand the potential barriers
to internet-based community formation for users outside this
identity group.

Despite the multiplicity of identified uncertainty sources, issues,
management, and social support strategies, we found that
scientific uncertainty, informational support, and emotional
support were the predominant features of uncertainty-related
posts on TBD socia media. The high frequency of scientific
uncertainty issues across platforms suggests that limited
scientific and medical knowledge is a salient concern for the
TBD community. Gapsin scientific knowledge likely contribute
to the focus on probability as a source of uncertainty in TBD
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social media posts, especially concerning matters such as
prognosis, diagnosis, and symptom experiences. Informational
support was the most common form of social support in
uncertainty-related posts overall, which is in line with other
studies showing information seeking as the principal motivator
for participation in disease-specific social media[24,26,71-73].
The high frequency of emotional support suggests the potential
for TBD socia mediato enable uncertainty management through
person-focused strategies, such as community building,
networking, and relationship formation, as seen in other rare
disease contexts [24,72]. In addition, evidence of positive
asynchronous internet-based communication as a form of
“cybertherapy” [32,44] suggeststhat the emotionally supportive
cultureof TBD social mediamay provide psychological benefits
for peers, even without explicit conversations about the personal
burden of uncertainty. In addition, items coded as emotional
support (eg, emoji hearts) that appeared in response to avariety
of uncertainty-related content may have communicated multiple
forms of support (eg, care, approval, agreement, or affinity) and
may be acommon reaction to intractabl e sources of uncertainty,
such as probabilistic and scientific unknowns surrounding TBDs.
Further exploration of the complex, dynamic, and potentially
interactive rel ationships between social support and uncertainty
on social mediamay be afruitful areaof investigation for future
studies.

Given the evidence of the high psychosocial burden of personal
uncertainty in similar rare disease contexts [18,36,74,75], it is
surprising that the mental and emotional impacts of uncertainty
appeared infrequently in TBD social media discussions. When
thesetopicsdid arise, they were morelikely to appear on Twitter
content generated by Team Telomere, as opposed to within the
conversations of individual users. In the Facebook community
group, theimpact of uncertainty on personal life was commonly
presented in terms of practical issues and focused on ordering
uncertainty, such as providing lists of symptoms, organizing
information and screening schedules, and triaging problems.
This suggests that despite the frequent focus on persona
uncertainty issues by Team Telomere, most individual users
engaged with TBD social mediato troubleshoot and strategize
practical issues, rather than to discuss theimpact of uncertainty
on areas of psychosocial well-being, such as personal identity,
goals, or values. Thisis also reflected in the positive sentiment
valence and rare expression of negative emotion on TBD social
media, which suggest that social media may not be perceived
as a “safe space” for exploring personal topics beyond
surface-level stressors [23]. Future research is needed to
investigate the shortcomings of social media for expressing
personal uncertainty and painful emotions and may highlight a
need for psychosocial support tofill thisgapin TBD community
resources.

Our finding that uncertainty-related support varied by platform
could be explained by differences in the structure and
expectations of engagement inherent to Twitter compared with
the Facebook community group. The predominance of emotional
support and greater overall user engagement in the Facebook
community group suggests that internet-based platforms
structured for mutual conversational exchange may have the
most utility for psychosocial support delivery. In addition, the
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Facebook community group may have encouraged more
community participation owing to user familiarity with the
platform and its explicit creation for supportive internet-based
connection in the context of COVID-19 isolation. Similarly,
the nature of the Twitter platform, which is limited to one-way
communication streams, suggeststhat uncertai nty management
and socia support on Twitter would be limited to information
provision. However, recent research indicates that Twitter
retweets and endorsements may be effective methods for
receiving and providing emotional support [76]. The formation
of the Facebook community group and the use of Twitter to
encourage community activities (eg, webinars and internet-based
meetups) underscores the potential of these platforms in
person-focused uncertai nty management, but additional research
isrequired to evaluate the capacity of TBD social mediato build
health-promoting personal relationships.

Although we found substantial potential for social media to
deliver support for uncertainty management, analysis of
engagement rates demonstrated that the primary function of
TBD social media was a “drop-in" source of information.
Although the Facebook community group included some
multilevel, ongoing conversations, an analysis of posts within
this group revealed that most user engagement was limited to
single posts, suggesting quick check-insor requestsfor answers
to targeted questions, not ongoing social connection. Although
low engagement may suggest limited supportive utility of TBD
social media, findings from previous research with young adults
with cancer showed that support delivered via socia media
benefited a variety of users, including those actively seeking
deep connections, those seeking information only, and those
who do not actively participate but frequently observe the
conversation of others (eg, “lurkers’) [77]. As suggested by
other research, any benefit from engagement with social media
likely varies over time and may be most pronounced during
experiences of novelty or discrepancy in diagnosis, treatment,
or prognosis [28,48,63]. The uncertainty-related post that
generated the highest engagement involved the participation of
amedical expert, suggesting adesire among TBD social media
usersto engage with clinicians on internet-based platforms that
facilitate reciprocal information exchange, including both
synchronous (eg, internet-based group meetings) and
asynchronous (eg, post exchanges) formats. Further researchis
needed to understand the motivations, perceived benefits, and
perceived barriersto participationin TBD internet-based support
platforms, including the perspectives of patients, caregivers,
and medical providers.

Limitations

The limitations of our study include the use of social media
data, which biases our sample toward active social media users
who may have higher levels of distress [64], greater
disenchantment with medical care [78], or lower perceived
social support [79] compared with patientswith TBDs and their
families who do not actively use social media. Demographic
analysis revealed that our sample of posts was generated
primarily by White females, parents of patients with TBDs, or
representatives of Team Telomere. This limited the
generalizability of our findings. In addition, our use of social
media posts, rather than content creators, asthe unit of analysis
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precludes the observation of the longitudinal impacts of social
media participation on uncertainty management. Furthermore,
our findings alow us to infer the presence of uncertainty
management strategies on social media but not the motivations
for or effects of these activities.

In addition, our data were limited to social media that was
actively moderated by Team Telomere. Thismoderation activity,
which included removing posts that were inappropriate or
scientifically inaccurate, likely decreased the presence of
medical misinformation compared with unmoderated social
media content. The moderation of posts by Team Telomere
could also have impacted the range and authenticity of social
and emotional expression owing to social desirability bias. This
isin keeping with recent research challenging the assumption
that the privacy and anonymity of internet-based environments
decreases the likelihood of social desirability compared with
in-person interactions [80,81]. In addition, we did not access
the private Facebook community group maintained by Team
Telomere described as “where we share detailed and private
medical information” [57], which may contain additional
uncertainty-related posts and a wider range of social and
emotional expression. Limiting ourselvesto social mediaowned
and maintained by Team Telomere also prevented us from
discerning the perspectives of individuals affected by TBD who
lacked knowledge of or who chose not to engage with Team
Telomere.

Finaly, our study was limited by the occurrence of the
COVID-19 pandemic, first mentioned in Team Telomere social
media on February 28, 2020, which may have changed the
nature of uncertainty-related conversations or social support in
that portion of our datatimeline (June 6, 2019, to December 7,
2021). To test the impact of this, we included available posts
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(Twitter and Facebook main page) from 1 year before the
pandemic and tested the difference. Greater frequencies of
uncertainty-related posts after COVID-19 suggest that the
pandemic may have increased the expression of uncertainty on
TBD-related social media, thus limiting the applicability of our
findings to other time points (Multimedia Appendix 7).

Conclusions

This study found the frequent use of disease-specific socia
media for the discussion and management of uncertainty in
TBDs. Uncertainty-rel ated posts appeared acrossall TBD socia
media platforms and communicated a burden of multiple, often
interacting sources and issues of uncertainty, particularly
focused on scientific knowledge gaps and the desire to predict
health outcomes. Posts also indicated multiple uncertainty
management attributes, with a focus on information-seeking
and community-building approaches. Uncertainty-related posts
frequently co-occurred with social support, primarily emotional
and informational . Femal e parents were most often the creators
of uncertainty-related posts on TBD social media, suggesting
a potentialy higher burden of uncertainty management in this
population. Overall, social media provided accessto a positive
emotional environment and frequent information exchange but
was limited in the type and depth of uncertainty-related
discussions. Despite these limitations, our findings suggest that
socia mediaisauseful lensfor researching and understanding
the experience of uncertainty in TBDs and holds potential asa
tool for uncertainty management. Future research is needed to
further explore the experience of medical uncertainty in TBDs
and to determine the usefulness of TBD-related social media
as a tool for improving mental health and quality of life
outcomes in this context.
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Abstract

Background: Throughout the COVID-19 pandemic, social media has served as a channel of communication, a venue for
entertainment, and a mechanism for information dissemination.

Objective:  This study aims to assess the associations between socia media use patterns; demographics; and knowledge,
perceptions, and self-reported adherence toward COVID-19 prevention guidelines, due to growing and evolving social media
use.

Methods: Quota-sampled data were collected through a web-based survey of US adults through the Qualtrics platform, from
March 15, 2022, to March 23, 2022, to assess covariates (eg, demographics, vaccination, and political affiliation), frequency of
social mediause, social media sources of COVID-19information, aswell as knowledge, perceptions, and self-reported adherence
toward COVID-19 prevention guidelines. Three linear regression models were used for data anaysis.

Results: A total of 1043 participants responded to the survey, with an average age of 45.3 years, among which 49.61% (n=515)
of participants were men, 66.79% (n=696) were White, 11.61% (n=121) were Black or African American, 13.15% (n=137) were
Hispanic or Latino, 37.71% (n=382) were Democrat, 30.21% (n=306) were Republican, and 25% (n=260) were not vaccinated.
After controlling for covariates, users of TikTok (B=—29, 95% CI —0.58 to —0.004; P=.047) were associated with lower knowledge
of COVID-19 guidelines, users of Instagram (=—40, 95% Cl —0.68 to —0.12; P=.005) and Twitter (f=—33, 95% CI —-0.58 to
—0.08; P=.01) were associated with perceiving guidelines as strict, and users of Facebook (=—23, 95% CI —0.42 to —0.043;

P=.02) and TikTok (B=—25, 95% Cl —0.5t0-0.009; P=.04) were associated with |ower adherence to the guidelines (R? 0.06-0.23).

Conclusions: These results allude to the complex interactions between online and physical environments. Future interventions
should be tailored to subpopulations based on their demographics and social media site use. Efforts to mitigate misinformation
and implement digital public health policy must account for the impact of the digital landscape on knowledge, perceptions, and
level of adherence toward prevention guidelines for effective pandemic control.

(JMIR Infodemiology 2024;4:e44395) doi:10.2196/44395
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Introduction

In March 2020, the infectious disease SARS-CoV-2, more
commonly known as COVID-19, was classified as a pandemic
[1,2]. Asthevirusistransmitted through the respiratory systems
of individuals in close contact, preventative measures include
wearing a facial mask, social distancing, and receiving
recommended COVID-19 vaccinations [3]. Over the course of
the pandemic, prevention recommendations changed in response
to emerging scientific evidence. Initially, a 14-day quarantine
and isolation were recommended, which was then shortened to
10 days, and was once more shortened to 5 days [3]. As of
March 2022, masks were still recommended in indoor spaces,
COVID-19 vaccinations and boosters were widely available,
and rapid self-testing was advised in response to exposure or
symptom onset [3]. In the United States, as of November 2,
2022, there have been over 97 million confirmed cases and over
1 million total deaths due to COVID-19 [4]. Despite these
prevention recommendations, case numbers continued to rise,
necessitating research into prevention efforts.

Inresponseto social distancing recommendations, many aspects
of life shifted from physical to online environments. Adapting
to this change, most US adults (ie, 90%) indicated that digital
mediawas either essential or important for them throughout the
pandemic [5]. Digital media encapsulates social media as the
platforms that enable human connection in the online
environment, with varying degrees of privacy [6]. On social
media, individuals encounter and consume information,
government announcements, and reactions from other users as
they work, learn, connect, and are entertained online[7]. Popular
social media sites include Facebook, Twitter, Instagram,
Snapchat, TikTok, Pinterest, Reddit, and Linkedin, among
others. Asof 2021, atotal of 72% of adultsin the United States
report using at least 1 social media site, representing a 3%
increase since 2018 [8]. When stratified by age, 84% of US
adults aged 18-29 years indicate using at least 1 social media
site[8]. Of those who use Facebook, Snapchat, and Instagram,
amajority indicate visiting the platform at least once aday [9].
In considering news consumption on social media, when
stratified by age, 42% of users aged 18-29 yearsindicate social
media as their primary source of news[9].

With an increasing proportion of individuals active on social
media, thereby encountering COV1D-19 news and information
online, there are concerns about information accuracy, where
unsourced or false information that is widely distributed
threatensthe dissemination of scientifically accurate information
[7,20]. The modalities of social media (eg, concise, organized
content formats, and sharing capabilities) allow information to
quickly trend as a result of high engagement. The visibility of
trending content on social mediais determined by engagement
and is often based on sensationalism rather than factual accuracy
[7]. Sensational misinformation risksreducing thevisibility and
reach of reputable information [7]. Due to the saturation of
misinformation online, the United Statesis understood to bein
a syndemic, denoting the interactions between the COVID-19
pandemic and the infodemic. Social media, therefore, has the
capacity to serve both as a tool and a hindrance to health
communication.
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Despite motivations for use, social media users are subject to
unintentionally overconsuming content related to COVID-19
due to the saturation of pandemic information online. Social
media has been preliminarily found to negatively contribute to
COVID-19 prevention guideline adherence [11]. Among US
adults, 53.3% indicate that the amount of information on
COVID-19 is overwhelming to the effect that 54.7% indicate
that it hasled to their avoidance of consuming information about
COVID-19 [12]. Resembling emerging trends in the United
States, a study in Turkey indicated that 34.4% of respondents
follow COVID-19 guidelines less in the present than at the
beginning of the pandemic [13]. Fluctuations in pandemic
prevention perceptions and adherence over time can be expected,
but negative trends, regardiess of their cause, necessitate
investigation and intervention to bolster commitment to
prevention guidelines to limit further pandemic-related
exposures [13]. Although a complicated mechanism with
additionally probable explanations (eg, milder virus mutations,
vaccination availability, mental health burdens, and pandemic
fatigue), these downward patterns of adherence are thought to
be partially explained by social media use (eg, misinformation
and overconsumption). The effective dissemination of scientific,
evidence-based health communication must be prioritized in
stark opposition to skepticism and disbelief, as sustained by
mi sinformation.

There existsalimited understanding of the associations between
demographics and frequency of social media site use and
engagement with pandemic prevention behaviors, despite the
significant risks to public health. Therefore, there is a present
and pressing need to address the field's limited understanding
of pandemic-related knowledge, perceptions, and adherence,
as impacted online, to design effective health behavior and
communication interventions. As the emerging literature
demonstrates that content consumption impacts perceptions
and, subsequently, health behaviors, the field of health
communication must understand the compounding effects of
the online environment on COVID-19 prevention efforts [7].
Thisstudy therefore aimsto investigate the associations between
the socia media platforms from which individuals consume
pandemic-related information as well astheir frequency of use
and their knowledge of, perceptions of, and adherence to
COVID-19 prevention guidelines.

Methods

Survey Development and Data Collection

Preliminary development of the survey involved compiling
constructs related to the topics of interest. Survey items were
then drafted to measure participant knowledge, perceptions, and
adherence toward COVID-19 prevention guidelines. Theitems
were then reviewed by an expert to evaluate and ensure
readability, applicability, and response options. The data were
obtai ned using aweb-based survey fielded using Qualtrics paid,
opt-in distribution services. The datawere collected from March
15, 2022, to March 23, 2022.

Ethical Considerations

The University of South Carolina’s Institutional Review Board
exempted the study (Pro00119512) from Human Research
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Subject Regulations based on its minimal risk to participants
in providing web-based survey responses. Informed consent
was obtained from all participants prior to survey completion.
All participants were compensated for their time and effortsin
completing the survey (ie, US $6).

Sample

All adults in the United States were €ligible for participation,
given that they were 18 years or older at the time of survey
response. Responses that were deemed low quality based on
response speed, lack of variability in selection, or repetitive
attempts were removed before analysis to ensure data quality.
Quialtrics used quota sampling methods to ensure the collection
of a sample proportionate to that of the United States by way
of gender, age, income, race, ethnicity, and education level. The
final sample size included 1043 viable responses.

M easures

Demographics

Participant demographics collected included age, gender
identity, race or ethnicity, education, employment, income,
political affiliation, and COVID-19 vaccination status. Due to
limited representation, the American Indian or Alaska Native
and Native Hawaiian or Pacific Islander categories were
collapsed into 1 category. Age, education, employment, and
income were used as continuous variables in the regression
models. Gender identity, race or ethnicity, political affiliation,
and COVID-19 vaccination status were used as categorical
variablesin the regression models.

Freguency of Social Media Use

Participants frequency of any social media use was measured
through the item: “About how often do you use social media
sites?’ Response options ranged from several times aday, once
per day, a few times per week, once per week, less than once
per week, to never.

Social Media Sources of COVID-19 I nformation

Participants were asked to check all that apply to the question,
“Which of these socia media sites have you used to get
information about COVID-19?7" with the possible response
options of Facebook, Twitter, Instagram, Snapchat, Pinterest,
TikTok, Reddit, LinkedIn, and another social media site. The
social media sites available as response options were chosen
due to their popularity and presentation of short-form,
user-generated content. Although there exist additional social
media platforms (eg, YouTube), those chosen to be included
here have active engagement and content sharing capabilities.
Demographic profiles of the included social media sites were
not accounted for in participant sampling procedures, as it is
assumed that user bases may have fluctuated during the
pandemic. The selections of these siteswere operationalized as
categorical predictorsin the regression models.

Knowledge of COVID-19 Guidelines

Set forth by the Centersfor Disease Control and Prevention, as
of March 2022, relevant COVID-19 guidelines were used in
crafting 4 items to assess participant pandemic-related
knowledge. The assessment evaluated respondents’ knowledge
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of calculating exposure date, the minimum length of isolation
after an exposure or positive test, the percentage of acohol in
hand sanitizer required to kill COVID-19, and what a negative
rapid test result indicates. Participants were asked to indicate
what they believe the current, official recommendations to be,
at the time of survey administration, rather than what they may
prefer them to be. These 4 items were then compiled for afinal
score out of 100%. Knowledge scores of the COVID-19
prevention guidelines were used continuously in the regression
models.

Perceptions of COVID-19 Guidelines

Participants were asked to indicate the degree to which they
perceived COVID-19 prevention guidelines to be relaxed or
strict. The terminology “strict” was operationalized through
concurrent dimensions that encapsulate participant responses
to legal and scientific guidelines as well as enforcement. As
perceptions of COVID-19 guidelines were assessed after the
knowledge assessment, the guidelines were not explicitly
defined but rather assumed to encapsulate mask-wearing,
gathering size limitations, hygiene measures, as well as
guarantine and isolation timelines. This ordering provided
participants with context as to what the term “guidelines’
referred to. Participants were asked: “Do you consider the
current COVID-19 guidelines as.” with the response options
ranging from too strict, alittle too strict, about right, alittletoo
relaxed, to too relaxed.

Adherence to COVID-19 Guidelines

Adherence to COVID-19 guidelines was evaluated by asking
participants if they generally follow the official COVID-19
prevention guidelines, with the available response options of
strongly, sometimes, rarely, and never follow the guidelines.
Thisitem provided an average, typical measure of self-reported
participant adherence to COVID-19 guidelines, broadly. Given
the state of the pandemic, thisitem was reliant upon participant
understanding of guidelinesin the organizations and ingtitutions
to which they belong (ie, schools and workplaces).

Statistical Analysis

All statistical analyses were conducted using the statistical
analysissoftware, SAS (version 9.4; SAS|nstitute). Descriptive
analyses were conducted for key predictors. All data were
screened for outliers, missing data, and normality. As all data
used in this study was collected through discrete response
options, excluding age, their distributions were considered to
assess the presence of outliers. This was done by considering
the frequency of responses within available options through
histograms and box plots, as applicable. Those categories that
were lower in response volume were collapsed (eg, race or
ethnicity response of American Indian or Alaska Native and
Native Hawaiian or Pacific Islander) or excluded from the
analysis before modeling (eg, gender identity response option
of nonbinary). Data quality was ensured as Qualtrics excluded
participants who did not complete the survey in asingle session,
who were not continuously and carefully responding, who
missed embedded attention checks, or who compl eted the survey
in lessthan athird or more than 3 times the median time it took
other participants to complete the survey. Due to the use of
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these features, respondents who did not complete the survey
were not tracked. No systematic patterns of missing datawithin
the data collected, or between variables, were observed. There
islimited item nonresponse. Bivariate associations were assessed
through ANOVA and Pearson correlation tests, as appropriate.
Three generalized linear regressions, using a maximum
likelihood estimation procedure, were conducted, independently,
to explore associations between socia media use and
demographics and knowledge, perceptions, and self-reported
adherence toward prevention guidelines, respectively. Although
the 3 outcomes of knowledge, perceptions, and self-reported
adherence were run independently, their theoretically dependent
nature led us to consider implementing a correction (ie,
Bonferroni), but as it resulted in a minima impact on our
findings, thetraditional o level of .05 was here used to evaluate
our findings.
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Results

Overview

Of the 1043 participants, the median age of participants was
45.3 years (Table 1). The distribution of the gender identity of
the participants was split approximately equally between men
(515/1032, 49.9%) and women (513/1032, 49.71%), with few
participantsindicating being nonbinary or transgender. Therace
or ethnicity of participants was primarily White (696/1042,
66.79%), followed by Latino or Hispanic (137/1042, 13.15%)
and Black or African American (121/1042, 11.61%). A quarter
(253/1042, 24.28%) of participants held a bachelor’s degree
and approximately aquarter (269/1042, 25.82%) of participants
indicated earning US $50,000-US $79,999 annually. Finally,
almost half (498/1040, 47.88%) of the participants had received
afull vaccination series and booster against COVID-19.
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Table 1. Demographic characteristics of study participants (N=1043).
Variables Values, n (%)

Age (years;1 participant’s data are missing), mean (SD) 45.3 (16.94)

Gender (11 participants data are missing)

Men 515 (49.9)
Women 513 (49.71)
Nonbinary or other 4(0.39)

Race or ethnicity (check all that apply; 1 participant’s data are missing)

Black or African American 121 (11.61)
Latino or Hispanic 137 (13.15)
American Indian or Alaska Native and Native Hawaiian or Pacific |slander 22 (2.11)
White 696 (66.79)
Other 66 (6.33)
Education (1 participant’s data are missing)
Less than high school degree 25(2.4)
High school graduate or equivalent 248 (23.8)
Some college but no degree 248 (23.8)
Associate degree 123 (11.8)
Bachelor’s degree 253 (24.28)
Master's degree 112 (10.75)
Doctoral or professional degree (JD, MD, or PhD) 33(3.17)

Employment status over thelast 3 months (6 participant’s data are missing)

Working full-time 499 (48.12)
Working part-time 132 (12.73)
Unemployed and looking for work 74 (7.14)
Homemaker or stay-at-home parent 70 (6.75)
Student 35(3.38)
Retired 200 (19.29)
Other 27 (2.6)
Previousyear income (US $; 1 participant’s data are missing)
Less than 10,000 56 (5.37)
10,000-19,999 58 (5.57)
20,000-29,999 96 (9.21)
30,000-39,999 87 (8.35)
40,000-49,999 70 (6.72)
50,000-59,000 117 (11.23)
60,000-69,999 70 (6.72)
70,000-79,999 82 (7.87)
80,000-89,999 47 (4.51)
90,000-99,999 51 (4.89)
100,000-149,999 215 (20.63)
150,000 or more 93(8.93)
Political affiliation (30 participants data are missing)
Republican 306 (30.21)
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Variables Values, n (%)
Democrat 382 (37.71)
Independent 325 (32.08)

COVID-19 vaccination status (3 participant’s data are missing)

No 260 (25)
Yes, but no booster 282 (27.12)
Yes, including booster 498 (47.88)

Social Media Site Use

Participants reported using, generaly or for any reason, the
social media sites Facebook (835/1042, 80.13%), Twitter
(396/1042, 38%), Instagram (586/1042, 56.24%), Snapchat
(329/1042, 31.57%), Pinterest (320/1042, 30.71%), TikTok
(401/1042, 38.48%), Reddit (208/1042, 19.96%), Linkedin
(254/1042, 24.38%), or another social media site (69/1042,
6.62%). Further, participants reported accessing COVID-19
information using the social media sites Facebook (604/1042,
57.97%), Twitter (220/1042, 21.11%), Instagram (258/1042,
24.76%), Snapchat (85/1042, 8.16%), Pinterest (59/1042,
5.66%), TikTok (129/1042, 12.38%), Reddit (84/1042, 8.06%),
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Linkedin (72/1042, 6.91%), and another social media site
(42/1042, 4.03%).

Table 2 presents the results of the bivariate analyses. Pearson
correlations suggest that the demographic variables of age,
education, and income were correlated with the prevention
mitigation outcomes of guideline knowledge, perceptions, and
self-reported adherence. The ANOVA suggests that political
affiliation was correlated with al 3 outcomeswhile gender, race
or ethnicity, and COVID-19 vaccination status were correlated
with prevention guideline perceptions and self-reported
adherence. Social mediasites used to consume COVID-19 news
were correlated with self-reported adherence. Employment and
regularity of social media use were not correlated with the
outcomes of interest.
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Variable Outcomes
Knowledge Perceptions Self-reported adherence

Age

r 0.09 -0.14 0.08

P value .006 <.001 .01
Education

r 0.11 0.001 0.11

P vaue <.001 97 <.001
Employment

r 0.02 -0.03 0.04

P value 48 27 21
Income

r 0.15 -0.08 0.04

P vaue <.001 .007 A7
Gender

ANOVA (F) 0.38 6.43 5.27

P value 54 .01 .02
Race or ethnicity

ANOVA (F) 2.36 12.66 3.85

P vaue .051 <.001 .004
Poalitical affiliation

ANOVA (F) 6.23 94.13 49.87

P value .002 <.001 <.001
COVID-19 vaccination status

ANOVA (F) 2.7 23.88 69.85

P value .07 <.001 <.001
Sitefor COVID-19 news

ANOVA (F) 2.07 164 2.89

P value .07 15 .01
Regularity of social media use

ANOVA (F) 0.53 121 1.23

P value .75 .30 .29

Knowledge of COVID-19 Guidelines

Indicating the level of knowledge related to COVID-19
prevention guidelines, the possible scores participants could
receive included 100% (n=14, 1.4%), 75% (n=112, 10.9%),
50% (n=429, 41.7%), 25% (n=368, 35.7%), or 0% (n=107,
10.4%) correct. Model 1 (Table 3) suggests that income,
Democratic political affiliation, and use of the socia media
platform TikTok were associated with COVID-19 prevention
guideline knowledge. Specifically, as income (3=.03, 95% CI
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0.005-0.05; P=.02) increased, it was found to be associated with
a higher level of knowledge of COVID-19 guidelines.
Democratic political affiliation (f=—21, 95% CI -0.37 to
—0.057; P=.008) was found to be negatively associated with
guideline knowledge. Using TikTok as a source of COVID-19
information (f=—29, 95% CI —0.58 to —0.004; P=.047) was
associated with a lower level of knowledge. This model
explained 6% of the variance in knowledge of COVID-19
guidelines.
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Table 3. Regression results for knowledge, perceptions, and self-reported adherence.

Independent variables (reference) Model 1: knowledge® Model 2: perceptions? Model 3: self-reported adher-
ence®

B (95% CI) Pvaue B (95%Cl) Pvaue B (95%Cl) P value

Age .002(-0.003t0 .51 -007 (-0.01to  gg7b .004 (-0.0004t0 .07
0.007) -0.002) 0.008)

Gender (men)

Women .026 (-0.1t0 69 16(0.02100.3) b 15(0.04100.26)  (ogb

0.15)

Race or ethnicity (White)

Black or African American —-048(-0.26t0 .66 .14 (-0.09 to .24 .21(0.03t00.39) b
0.16) 0.36)
Hispanic or Latino -079(-0.27t0 41 .28(0.08t00.49) 70 27(0.11t00.43) o1k
0.11)
American Indian or Alaska Native and Native  .072 (-0.45to .79 .92(0.35t01.49) pob .32(-0.13t00.77) .16
Hawaiian or Pacific Islander 0.6)
Other —-09 (-0.35t0 49 .07 (-0.21to .63 .14 (-0.07t0 0.36) .19
0.17) 0.34)
Education level .03 (-0.014 to 17 —015(-0.065t0 .56 .001 (-0.039 to .95
0.079) 0.036) 0.04)
Employment .029 (-0.008t0 .13 —-001(-004t0 .95 .005 (-0.027 to .78
0.066) 0.038) 0.036)
Income .03 (0.005 to 020 —-03(-0.053t0 b —015 (-0.03to 13
0.05) —0.005) 0.004)
Political affiliation (independent)
Republican -12(-0.28t0 15 -5(-0.67to <.001P -23(-0.37t0 0o1P
0.04) -0.33) -0.09)
Democrat —21(-0.37to 0ogP 34(0.17100.5) < gpo1P 17(-0.04t00.31) b
-0.057)
COVID-19 vaccination status (yes, but no booster)
No .00 (-0.17to .99 —22(-04to 02° —-22(-0.36t0 0030
0.17) —0.04) -0.07)
Yes, including booster .02 (-0.13to .78 .31(0.15t00.48) «go1P .32(0.19t00.45) < gp1P
0.18)
Sitefor COVID-19 news (Reddit)
Facebook —086(-0.31to .45 —23(-0.47to .06 —23(-0.42to 02°
0.14) 0.009) —-0.043)
Instagram —-026 (-0.28t0 .84 —40 (-0.68to 0osP —22 (-0.44 to .05
0.23) -0.12) 0.0026)
Snapchat .21 (-0.26to .38 -17 (-0.66 to 49 -33(-0.71to .10
0.68) 0.31) 0.057)
TikTok —29 (-0.58to o470 —29 (-0.6to .06 -25(-05to 04°
-0.004) 0.016) -0.009)
Twitter .015 (-0.22to .90 —33(-0.58t0 01° —08 (-0.28to 43
0.25) -0.08) 0.12)
Regularity of social media use (less than once per week)
Several times per day .27 (-0.18to 24 -22(-0.71to 37 —.24 (-0.62to 22
0.71) 0.27) 0.14)
Once per day .16 (-0.32to 52 —-12(-0.63to .66 —23(-0.63t0 .27
0.63) 0.4) 0.18)
A few times per week .2(-0.29t00.69) .43 —-03(-0.57to 91 —-16 (-0.58t0 A7
0.5) 0.27)
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Independent variables (reference)

Model 1: knowledge?

Model 3: self-reported adher-

a

Model 2: perceptions®

ence
B (95% CI) Pvaue B (95%Cl) Pvalue B (95%Cl) P value
Once per week —-55(-1.33t0 .16 —-23(-1.07to .60 —-03(-0.7t00.63) .92
0.22) 0.62)

32 values of models 1-3 are 0.06 (knowledge), 0.23 (perceptions), and 0.19 (self-reported adherence) respectively.

bp values indicate statistical significance at the a=.05 level.

Per ceptions of COVID-19 Guidelines

Model 2 (Table 3) suggeststhat age, gender, Hispanic or Latino
populations, American Indian or Alaska Native populations,
income, political affiliation, COVID-19 vaccination status, and
the use of the social media sites Instagram and Twitter were
associated with perceptions of COVID-19 prevention guidelines.
As age (=—007, 95% CI —0.01 to —0.002; P=.007) increased,
it wasfound to be associated with aperception of the guidelines
as strict. Women (=.16, 95% CI 0.02-0.3; P=.02) were
associated with perceiving the guidelines as relaxed. Hispanic
or Latino (f=.28, 95% CI 0.08-0.49; P=.007) and American
Indian or Alaska Native and Native Hawaiian or Pacific |lander
(B=.92, 95% CI 0.35-1.49; P=.002) populations were found to
be associated with perceiving the guidelines as relaxed. As
income (3=—03, 95% CI —05to—.005; P=.02) increases, it was
found to be associated with stricter perceptions of the guidelines.
Republican poalitical affiliation (=15, 95% CI —0.67 t0 —0.33;
P<.001) was found to be associated with perceiving the
guidelinesas strict, while Democratic political affiliation (3=.34,
95% CIl 0.17-0.5; P<.001) was found to be associated with
perceiving them asrelaxed. Receiving the full vaccination series
and booster (=.31, 95% CI 0.15-0.48; P<.001) was found to
be associated with perceiving the guidelines as relaxed, while
receiving no COVID-19 vaccinations (f=—22, 95% Cl -0.4 to
—0.04; P=.02) was associated with perceiving them as strict.
Instagram (B=—4, 95% Cl —0.68 to —0.12; P=.005) and Twitter
(B=—33, 95% CI -0.58 to —-0.08; P=.01) were found to be
associated with stricter perceptions of the COVID-19 prevention
guidelines. This model explained 23% of the variance in
perceptions of COVID-19 guidelines.

Adherenceto COVID-19 Guidelines

As related to self-reported COVID-19 guideline adherence,
model 3 (Table 3) suggests that women, Black or African
American populations, Hispanic or Latino populations, palitical
affiliation, COVID-19 vaccination status, and the use of
Facebook and TikTok were associated with adherence to the
COVID-19 prevention guidelines. Women (=.15, 95% CI
0.04-0.26; P=.008) were found to be positively associated with
adherence to the COVID-19 prevention guidelines. Black or
African American (f=.21, 95% CI 0.03-0.39; P=.02) and
Hispanic or Latino (B=.27, 95% ClI 0.11-0.43; P=.001)
populations were found to be positively associated with
adherence to the guidelines. Republican political affiliation
(B=—23, 95% ClI -0.37 to —0.09; P=.001) was negatively
associated with adherence to prevention guidelines, while
Democratic political affiliation (3=.17, 95% CI —0.04 to 0.31;
P=.01) was positively associated with adherence. Receiving the
full vaccination series and booster ($=.32, 95% CI 0.19-0.45;
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P<.001) was positively associated with adherence to the
COVID-19 prevention guidelines, while receiving no COVID-19
vaccinations (=—22, 95% CI -0.36 to —0.07; P=.003) was
negatively associated with adherence. Facebook (=—.23, 95%
Cl —0.42 t0 —0.043; P=.02) and TikTok (B=-.25, 95% CI 0.5
to —0.009; P=.04) were found to be negatively associated with
self-reported adherence to COVID-19 prevention guidelines.
This model explained 19% of the variance in adherence to
COVID-19 guidelines.

Discussion

Principal Findings

This study suggests that knowledge, perceptions, and
salf-reported adherencetoward COVID-19 prevention guidelines
differ by demographics and social media site use. Notably,
marginalized populations (eg, older adults, women, and racial
or ethnic minority individuals) were found to perceive the
COVID-19 prevention guidelines asrelaxed, in addition to their
positive association with adherence. Political affiliation and
COVID-19 vaccination status mirror assumptions about
perceptions and adherence, where those identifying as
Republican and reporting no vaccination were associated with
perceiving the guidelines as too strict and adhering to a lesser
degree, respectively. The popular socia media sites TikTok,
Instagram, Facebook, and Twitter were found to negatively
impact pandemic prevention efforts as they were differentially
associated with lower level s of knowledge, perceiving guidelines
asstrict, and lower self-reported adherence. Thefindings of this
work, while demonstrating complicated interactions between
guideline knowledge, perceptions, and adherence, serve to
inform tailored public health interventions (ie, on the basis of
demographic subgroups and social media site use), platform
policies (eg, misinformation prevention), and digital public
health policy more broadly.

Demographics and Knowledge, Perceptions, and
Adherence Toward Guidelines

When considering the associations between the demographic
correlates of income, age, and gender with knowledge,
perceptions, and adherence toward prevention guidelines, the
findings suggest a complex pandemic landscape. Whereas
education and employment were not associated with guideline
knowledge, it can be assumed that income reflects a layer of
privilege afforded to those of higher income throughout the
pandemic. In the case of this study, income may be acting as a
proxy for pandemic privilege rather than solely socioeconomic
status. Pandemic privilege can be understood here as the role
of income in altering the pandemic environment, where those
with additional resources are more likely to have access to
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prevention methods (eg, working from home, personal protective
equipment, vaccination appointment flexibility, transportation,
residential privilege, limited disruptions to services and care,
and financial buffer for burdens of 1ost employment and wages)
[14,15]. Despite possessing increased knowledge of the
guidelines, perceptions of the prevention guidelines as strict
reflect privileged protections afforded through increased income.
Concordant with the existing literature, among older adults, a
higher level of adherence to prevention guidelines, despite
perceptions of them as strict, is likely due to the higher risk of
severe illness from COVID-19 associated with increased age
[16,17]. Gendered differences in perceptions of the guidelines
as relaxed with a higher level of adherence reflect
disproportionate pandemic burdens experienced by women (eg,
occupational exposure, incidence, and post—-COVID-19
condition [long COVID]).

The present findings are in accordance with the existing
literature that demonstrates theimpact of political affiliation on
knowledge, perceptions, and adherence toward prevention
guidelines. Partisan differences in perceptions of COVID-19
guidelines have been theorized to be explained by differential
risk perceptions as influenced by news sources and media
consumption [18-21]. Republican political affiliation has been
found to be aligned with a preference for reducing theimposition
of guidelines, while Democratic political affiliation is aligned
with apreference for maintaining guidelines[22]. In accordance
with the literature, political affiliation may play adecisiverole
in impacting knowledge-seeking and comprehension,
perceptions, and adherence toward prevention guidelines. Health
communication efforts may bolster prevention efforts through
the characteristicsinherent to partisan politics (eg, collectivism,
inequity perceptions, perceived risk, skepticism, and media
influence) and their influence on health behaviors[22-24]. The
emerging literature attests that although political affiliation may
demonstrate explanatory differences in pandemic prevention
outcomes, there is a call for public health efforts that extend
beyond interventions targeted based on political affiliation,
implementing bipartisan efforts that also further consider
demographics and individual differences influencing the
operationalization of information from news and social media
sitesin the interest of COVID-19 prevention [18,23].

Social Media Sites and Knowledge, Perceptions, and
Adherence Toward Guidelines

The use of the social media sites TikTok, Instagram, Twitter,
and Facebook was found to be associated with lower knowledge,
stricter perceptions, and lesser adherence toward COVID-19
prevention guidelines. Despite operating under distinct
algorithms, all 4 platforms share commonalities in their
functions for photo, video, audio, and text sharing, as well as
socia networking structures. A reliance on user-generated
content creates difficulty in regulating the presence and spread
of misinformation on social media. All 4 sitesimplemented, to
various degrees, efforts to mitigate misinformation through
informational banners on videos discussing the pandemic with
off-site links to additional information. Despite these soft
moderation efforts to address misinformation by TikTok,
Instagram, Twitter, and Facebook, all have been found to
contribute to the dissemination of misinformation [25-28].
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Therefore, there is a need for improved mechanisms on these
social media sites to limit the spread of misinformation due to
its negative impacts on COVID-19 prevention guideline
knowledge, perceptions, and adherence in the physical
environment.

One key consideration of this study isthe discrepancy between
the demographic profiles of theincluded social mediasitesand
the study sample. The user base of TikTok (ie, 48% users aged
18-29 years, 22% users aged 30-49 years, 14% users aged 50-64
years, and 4% users aged 65 years and older), Twitter (ie, 42%
usersaged 18-29 years, 27% users aged 30-49 years, 18% users
aged 50-64 years, and 7% users aged 65 years and older), and
Instagram (ie, 71% users aged 18-29 years, 48% users aged
30-49 years, 29% users aged 50-64 years, and 13% users aged
65 years and older) tends to be younger than that of Facebook
(ie, 70% users aged 18-29 years, 77% users aged 30-49 years,
73% users aged 50-64 years, and 50% users aged 65 years and
older) [8]. Although the average age of the study sample is
older, it alignswith profiles of users of asimilar age range who
are active online (ie, 22% users on TikTok, 27% users on
Twitter, 48% users on Instagram, and 77% users on Facebook)
[8]. Although social media sites have unique demographic user
profiles, it is necessary to consider that all individuals are able
to access their platforms. Understanding the scope of a
platform’s typical and atypica users is necessary to
systematically address misinformation online, where those who
do not align with the average user experience an assumedly
differential interaction with the platform and its content.

Public Health Implications

This research is uniquely situated within the COVID-19
pandemic and serves to inform tailored public health
interventions, social media platform strategies, and policies.
The key implications of this research include addressing
knowledge gaps in the literature regarding the impact of social
media use and demographic characteristics on COVID-19
prevention guideline knowledge, perceptions, and adherence.
Public health interventions should be tailored to relevant
platforms to address the impacts of social media sites on
prevention guideline knowledge, perceptions, and adherence.
Additionally, interventions targeting demographic subgroups
may be operationalized on social media platforms with a user
base that aligns with the target subgroup (eg, age, income, and
political affiliation). In this context, platform functionality
should be considered when designing interventions, regulations,
and misinformation mitigation policiesto alleviate the negative
impacts of social media use on COVID-19 prevention efforts.
Finaly, thesefindings are necessary to be operationalized within
public health interventions to tailor interventions to increase
pandemic-related knowledge while enhancing supportive
perceptions of the guidelines, aiming to increase and maintain
sufficient adherence among subpopulations to mitigate the
effects of the pandemic.

Strengths, Limitations, and Future Studies

This study has the strengths of using a country-wide,
guota-based sample to investigate emerging trends during the
pandemic as related to knowledge of, perceptions of, and
adherenceto COVID-19 prevention guidelines. Although there
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islikely some inherent difference in those who are online and
able to participate in the survey as compared with those who
are not, this concern may be mitigated in the context of this
work, asit centersthose active in the online environment. With
the goa of identifying the role of social media on the target
population, the exclusion of those not online iswarranted. The
findings should be cautiously interpreted and generalized as
selection bias may affect the representativeness of the sample.
When interpreting the study’s findings, low dtatistical
significance does not imply the absence of a certain
phenomenon. One limitation that could persist, as the results
are reliant on a self-report measure of prevention guidelines
adherence, is participants ability to approximate habits (eg,
wearing amask and using asocia mediasite). A key limitation
of this study is the discrepancy between the demographics of
the study sample and the demographic profiles of the users of
the various social media sites included. Finaly, as a
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cross-sectiona study, where some potential but key confounders
may not have been included, there is the inability to obtain
causal inference. Further, work accounting for theinterrelations
between factors should be conducted to provide acomprehensive
assessment of confounders [22]. Future work should consider
focusing on the validation of measures to assess knowledge,
perceptions, and adherence. Additional research would benefit
from an expanded survey considering a variety of potential,
influential factors (eg, health literacy and location). Longitudinal
explorations of the influence of socia media use, knowledge
levels, and declining perceptions should be prioritized in efforts
to examine their impacts on prevention guideline adherence
over time. Future directions for health communication should
prioritize implementing programmatic interventions on social
media platforms to address misinformation and information
oversaturation in amanner that optimizes each platform’s social
networking functions, algorithms, and user base.
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Abstract

Background: The COVID-19 pandemic triggered unprecedented global vaccination efforts, with social media being a popular
tool for vaccine promotion.

Objective: This study probes into Macao’s COVID-19 vaccine communication dynamics, with a focus on the multifaceted
impacts of government agendas on social media.

Methods: We scrutinized 22,986 vaccine-rel ated Facebook posts from January 2020 to August 2022 in Macao. Using automated
content analysisand advanced statistical methods, we unveiled intri cate agenda dynamics between government and nongovernment
entities.

Results: “Vaccine importance” and “COVID-19 risk” were the most prominent topics co-occurring in the overall vaccine
communication. The government tended to emphasize“COVID-19risk” and “vaccine effectiveness,” whileregular usersprioritized
vaccine safety and distribution, indicating a discrepancy in these agendas. Nonetheless, the government has limited impact on
regular users in the aspects of vaccine importance, accessibility, affordability, and trust in experts. The agendas of government
and nongovernment users intertwined, illustrating complex interactions.

Conclusions: This study revealsthe influence of government agendas on public discourse, impacting environmental awareness,
public health education, and the socia dynamics of inclusive communication during health crises. Inclusive strategies,
accommodating public concerns, and involving diverse stakeholders are paramount for effective social media communication
during health crises.

(JMIR Infodemiology 2024;4:€51113) doi:10.2196/51113

KEYWORDS
COVID-19; government; vaccine; automated content analysis; Granger causality test; network agenda setting; QAP; social media

influencing the pandemic [ 2], through airborne viral infectivity
impacted by air pollution and seasonality effects[3,4].
As of December 2022, the global COVID-19 pandemic had  vaccination was crucial to contain the spread of virus [5],

resulted in 669 million confirmed cases and 6.8 million deaths  5/though complex factors such asthe Peltzman effect, emerging
[1]. Environmental factorswere akey determinant significantly  viral variants, and socioeconomic conditions also affected
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pandemic diffusion [6]. Determining an optimal level of
vaccination is complex and multifaceted, requiring a balance
to avoid undermining democratic values and triggering larger
socioeconomic problemsthan the pandemic [ 7,8]. Nonethel ess,
thewillingnessto vaccinate hinges on variousfactors, including
safety concerns, sociodemographic characteristics, and
individual behaviors and attitudes [9,10]. Other determinants
including lack of knowledge, government distrust, skepticism
about vaccine development, efficacy concerns, exposure
experience, coronaphobia, and workplace mandates al so predict
vaccine uptake [11-13]. As social media becomesincreasingly
significant for public communication, social media adaptivity,
information availability, and health care infrastructure
capabilities are also influential for vaccination decisions [14].

Vaccine communication plays avital role in addressing public
concerns, building trust, and encouraging vaccine uptake.
Specifically, effective strategiesincluding trusted sources, health
provider guidance, areasonable quantity of information, cultural
tailoring, information contextualization, and cultural sensitivity
have the potential to significantly increase vaccination intent
[15-17]. Despite the notable antagonism in the discourse
surrounding immunization on social media [18], it is worth
noting that social media campaigns initiated by health
organizations have proven to be effective in increasing public
awareness about vaccination [19].

Governance mechanisms are another crucial factor for
expediting vaccine distribution and mitigating pandemic-related
socioeconomic effects [20]. Evidence has shown that clear,
consistent, and transparent communi cation from governmental
bodies engendered higher levels of public compliance and trust
[21,22]. Given the magjor impact of the pandemic on public
health and society, involvement of the government in vaccine
communication becomes a vital research area.

Governments worldwide have adopted diverse approaches to
encourage COVID-19 vaccination. For instance, the New
Zealand government promoted vaccination among young people
by highlighting community factors such as * protecting others”
and “striving for herd immunity” [23]. By promoting the
scientific notion that there are more advantages than
disadvantages to COVID-19 vaccination, the Chinese
government has strengthened risk communication to increase
the public's awareness of the benefits of vaccines[24]. Although
COVID-19 vaccine communication has received increasing
attention, particularly from the research community, scientific
evidence focusing specifically on low-risk regions, such as
Macao, is scarce. This suggeststhat the existing literature does
not sufficiently reflect the concerns of the Macao population as
related to COVID-19 vaccination. As one of the world's most
densely populated cities, Macao has maintained a record of
relatively low risk of infection and high coverage of COVID-19
vaccines [25]. Throughout the pandemic before June 2022,
Macau had only recorded 17 confirmed cases of local infection
(with a rate of 2.5 cases per 100,000 population) with no
fatalities. By June 19, 2022, the vaccine coverage rate within
the entire population in Macao was 85.6% for at least 2 doses
and 40.5% for 3 doses [26]. The low prevalence of COVID-19
is believed to be the result of the close connection between
Macao and mainland China. Sincethe outbreak of the pandemic,
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Macao hasimplemented anti-epidemic measures following the
“dynamic zero-COVID-19 policy” established by mainland
China, with some adaptations based on local socioeconomic
circumstances[27]. Given the close link between these entities,
it is important to understand how the Macao Government
communicated with citizens to drive their demand for
vaccinations and theimpact of thiscommunication. Researchers
have long investigated how governments devel op policy agendas
and whether a policy agenda is led by the government or the
public [28]. However, literature on the role of the government
in public health agenda setting, specifically related to vaccine
promotion in the COVID-19 context, is limited.

The primary goal of this study was to reveal the patterns of
vaccine communication on social media during the COVID-19
pandemic as well as the role of the government in advancing
vaccination through a case study of Macao, the specid
administrative region of China. By conducting this research,
we aimed to contribute to the existing knowledge on vaccine
communication and provide implications for policymakers to
improve health promotion communication strategies for
preparedness against future pandemics.

The theory of agenda setting suggests that the media has the
ability to influence the public agenda by making a specificissue
prevalent and salient [29]. Agenda setting is a competition
among issue proponents to gain the attention of media
professionals, the public, and policy elites [30]. Recently,
research about agenda setting has been extended by
incorporating the concept of social networks and the associative
network of memory, which has been proposed by Guo [31] as
the network agenda setting model (NAS). The NAS underlines
the associations between topics or attributes presented in the
agenda: The morefrequently 2 attributes are correlated in news
coverage, the more likely the public will perceive them to be
interrelated [32].

The NAS can be used to identify the interconnections between
public, media, organizational, and government topics on social
media. For instance, a study conducted by Chen et a [33]
utilized the NAS to investigate the correlation between
individual usersand organizational accounts on Weibo interms
of their focus on nationalist concerns. The NAS emphasizesthe
relationship between topicsor attributesin constructed agendas.
Hou et al [34] analyzed posts mentioning COV1D-19 vaccines
on Twitter and found that topics related to COV1D-19 vaccines
can be divided into the following 9 categories: (1) vaccine
importance, (2) vaccine effectiveness, (3) vaccine safety, (4)
trust in governments, (5) trust in experts, (6) COVID-19 risk,
(7) vaccine accessibility, (8) vaccine distribution, (9) vaccine
affordability. Additionally, recent studies examined the concerns
of al users, including parents, regarding COVID-19 vaccines
(eg, [35]). However, these studies did not distinguish between
regular accounts (ie, ordinary individual users), government
accounts, organization accounts, and media accounts. This
distinction is important to understand the nuances of vaccine
promotion engaged by different entities. Governments, for
instance, influence public discourse through policymaking
[24,28], whereas organizations play asignificant rolein agenda
setting via funding, lobbying, and advertising activities [36].
The public, media, and government may construct different
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associations among topicsin their respective agendas and impact
each other. Our research questions (RQ) thus ask thefollowing:

« RQL: What are the most prevalent agenda attributes
emphasized in the communication of vaccination on
Facebook during the COVID-19 outbreak in Macao?

« RQ2: How do the attributes interact in the vaccine agendas
of governmental and nongovernmental entities?

«  RQ3: What are the associations between the vaccine agenda
networks constructed by government and nongovernment
users?

«  RQ4: How do government and nongovernment usersimpact
each other’s vaccine agenda on Facebook?

Methods

Sample and Data

This study retrieved data relevant to COVID-19 vaccines in
Macao from January 1, 2020, when the SARS-CoV-2 viruswas
initially detected in China, to August 31, 2022, when the number
of newly reported cases had sharply declined [1]. Facebook was
selected as the main source of data to analyze the dynamics of
vaccine communication in Macao. Being one of the most widely
used social media platforms globally, Facebook accounts for a
more dominant market share (65.05%) than other sources (eg,
Pinterest: 11.47%; Twitter: 10.54%) in Macao [37,38]. The
widespread usage of Facebook suggeststhat it has asignificant
impact on the population’s perceptions, attitudes, and behaviors,
making it an essential platform to study to understand the public
agenda. In addition, Facebook’s archival nature allows for
tracking of the evolution of vaccine-related discussions over
time, capturing the core dynamics of vaccine communication
online.

A combination of the keywords“COVID-19” and “vaccine” as
well astheir synonyms (ie, 29 synonyms of COVID-19-related
terms and 10 synonyms of vaccine-related terms) in Chinese
were used to detect and collect relevant posts (see Multimedia
Appendix 1). Information was also compiled on the various
labels given to users on Facebook, such aslabels of government,
media, and organization accounts. Following the collection of
raw data from Facebook, data screening was performed to
remove duplicate and irrelevant posts. The preprocessing of
dataincluding the removal of stop words (eg, “an,” “the,” “etc.,”
punctuation, symbols, and numbers) and word segmentation
was implemented using the DivoMiner platform.

Ethics Approval

Thisresearch strictly adheres to ethical guidelines by ensuring
complete anonymity and de-identification of all data sources.
To preserve the confidentiality and privacy of all sources
involved, no identifiable information about individual users,
their 1Ds, or direct, non-paraphrased posts are included in the
main manuscript or any supplementary materials.

Clarification

All identifiers in the data set (eg, names of the senders) were
removed and replaced with acode to mask the information about
each sender, ensuring the anonymization of our data. Datawere
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only collected from publicly available posts that were returned
based on the structured keyword search criteria.

M easures of Variables

Thisstudy investigated the dynamics of agenda setting between
government and nongovernment userson Facebook. To achieve
this, we categorized usersinto the following different categories,
drawing from prior research [39,40]: (1) media, (2) civil
organizations, (3) regular users, (4) government.

The media functions as information gatekeepers and holds
potential influence over people's decision-making [29,32]. To
account for significant differencesin content, news culture, and
viewpoints, the media category in this study wasfurther divided
into professional media and alternative media for a thorough
investigation [41]. Professional mediaincludesthose traditional
mass media outlets responsible for information dissemination
and public awareness, such as newspapers, radio, and television,
while aternative media includes independent and electronic
media, which is in contrast to mainstream mass media. By
referencing relevant media research [42], this study annotated
professional media accounts, aongside aternative media
accounts.

Civil organizations, also called civil society organizations,
include those organizations or associations that are established
by individuals or groups with acommon purpose or interest and
operate in the community, differing from the government and
corporations. Civil organizationswork alongsi de the government
and other stakeholdersto contribute to public discourse, policy
development, and social change [43].

Regular users were defined in this study as individuals who
interact with Facebook on apersonal basis, without representing
any official capacity, media, or organizations. Therefore, regular
users can be considered as representatives of the public in this
study.

The government in this study was defined as all authorities. We
did not categorize the specific levels, instead treating all
government authorities as a single entity, to gain a clear
understanding of the overall position of the Macao Government
in vaccine communication. Thiswas also a practice adopted by
previous research (eg, [44]).

The classification of Facebook usersinto 5 distinct categories
was conducted based on the information gathered from users
short biographical profiles and the user identity labels provided
by Facebook. We assigned 2 coders to classify the users
contributing relevant posts. Any confusion that might have
occurred during classification was resol ved through discussion.
This approach allowed for the categorization of users into
specific groups, enabling a systematic analysis of user
communication and interactions within the Facebook platform
[44].

To investigate the dynamics of vaccine communication, 9
predefined categoriesthat indicate el ementsinfluencing vaccine
acceptance were established based on a coding framework
adapted from prior studies (eg, [34,45,46]). These categories
included the following topics. importance of vaccines,
effectiveness of vaccines, safety of vaccines, trust in
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governments, trust in experts, risk of the COVID-19 pandemic,
and vaccine convenience (ie, accessibility, distribution, and
affordability). Details of the coding categories are shown in
Multimedia Appendix 2.

Data Analysis Procedures

Automated Content Analysis

In this study, an automated content analysis method was used
to identify and categorize posts into the predefined categories.
Each post could belong to one or more categoriesor none at all.
The effectiveness of automated coding depends on the design
of the keywords. To develop accurate keywords, this study
followed the approach outlined by Chang et al [37] using the
Word2vec word embedding toolkit from the Python 3.7.4
Gensim module [47]. Word2vec, a word embedding technique
powered by neural networks, allows the identification of words
with similar meanings by analyzing word associationsin alarge
text corpus[48]. Dueto theintricacies of the Chineselanguage,
the synonyms suggested by Word2vec were further checked by
assessing their relevance to the context. On this basis, the
Chinese thesaurus and relevant literature [49] were further
consulted for the inclusion of additional synonyms. The list of
keywords for machine coding can be found in Multimedia
Appendix 3.

DivoMiner, a text mining and automated content analysis
platform driven by machine learning algorithms, was used to
facilitate the automated content coding task. This platform
integrates automated content analysis with traditional content
analysis methods and has been widely utilized in health and
communication studies[37,50,51]. Following automated coding,
manual verification was conducted to ensure the accuracy and
reliability of the machine-generated outcomes. To achievethis,
2 coders, both native Cantonese speakers, were recruited and
underwent 36 hours of training to independently code 300
messages. Each variable was coded as either present or absent.
Discrepancies between the coders were resolved through
discussions, with the author intervening only when consensus
could not be reached between the coders. The overall intercoder
reliability, measured using Krippendorff alpha, demonstrated
satisfactory levels across all examined variables, with
coefficients ranging from .77 to .82. The consistency between
machine coding and manual coding reached an acceptablelevel,
with an average score of 74%. This score aligns with previous
studies, in which a threshold value of 70% was considered
rational [49-51].

Statistical Analysis

The conventional statistical analysisin this study involved the
use of SPSS (version 23; IBM Corp) for analysis. Categorical
variables were summarized using counts and percentages. The
chi-square test of independence was used, and post hoc
comparisons with Bonferroni corrections were further
implemented to precisely identify the specific significant
differences between user categories and vaccine-related topics
and avoid the likelihood of generating fal se-positive outcomes
(typel errors).
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Co-Occurrence Network Analysis

Co-occurrence matrices, which represent the strength of ties
between 2 topics engaged by different users, were generated as
dyadic data sets. Based on the co-occurrence data, this study
established undirected and weighted topic co-occurrence
networks. Each network represents the co-occurrence relations
of the attributes of a certain user category. To clarify, if a
particular category of user mentions topic “i“ and topic “j,” a
band will link “i” and “j.” The width of the band indicates the
frequencies of the pair of topicsdiscussed by auser type[52,53].
For example, in the professional media user category’s topic
co-occurrence network, if a professional media news report
mentions the topics of “vaccine importance” and “vaccine
effectiveness’ together, the topicswill be linked in the network
by aband. The more frequently these topics co-occur, thethicker
the band becomes. The visualization of topic co-occurrenceis
presented in achord diagram by Echarts (The Apache Software
Foundation), as indicated by Wang et a [52].

Quadratic Assignment Procedure for Network Analysis

In this study, the quadratic assignment procedure (QAP) method
was applied to understand the correlation between the Macao
Government’s agenda network and that of other Facebook users,
via analysis of the co-occurrence matrices. QAP is a common
method in social network or agenda network studies [40,54].
QAP correlation analysis can be used to assess the correlation
between 2 matrices with the Pearson correlation coefficient,
while QAP regression analysis can determine whether an
explanatory variable can predict an outcome variable when the
2 matrices are significantly correlated [55]. In this study, the
QAP method used UCINET 6.730 to test whether the Macao
Government’s vaccine agenda network has impacted that of
nongovernment Facebook users, particularly regular type users,
during the COVID-19 pandemic.

Vector Autoregression Modeling

The vector autoregression (VAR) approach was used to examine
the dynamic of agenda attributes between government and
nongovernment users. This approach evaluates the effect of an
observed variable by considering its lagged effect in the earlier
period and that of other predictors in previous time paints,
without presuming the associ ations between the variables[56].
The VAR modeling technique is widely used in the economic
field and, in recent years, has been increasingly applied in
research on health science, sociology, neuroimaging, and
meteorology (eg, [54,57-59]).

VAR modelingisideal for measuring the dynamic performance
response and interaction between performance and marketing
communication variables. A study applied VAR models to
construct the dynamic response relationship between news
stories and public attention using a combination of survey and
news content ranging from 2009 to 2013 [60]. The VAR models
captured the dynamic feedback system and gave estimates for
the short-term effects of TV news coverage on public perception
by demonstrating a unidirectional process wherein changesin
news salience led to significant changes in public salience. In
addition, VAR models have also been used to investigate the
dynamic mapping rel ationship between the diffusion of political
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messages and emotional expression in public messages during
the COVID-19 pandemic [61]. The increased diffusion of
political messages positively predicted changes in emotional
expression among citizens, and the VAR model was able to
explain the interdependencies among variables based onthelag
values of multiple time series. Overall, the VAR model proves
to be an insightful tool for analyzing complex relationshipsin
communication studies, providing insights into the short-term
and long-term effects of variousfactors on outcomes of interest.
Hence, using the VAR technique allows the exploration of
temporal dynamics and associations between different agenda
attributes in this study. For example, the approach enables a
better understanding of whether the agenda attributes propagated
by the government (AG) at time (t-n) impacts the agenda
attributes of nongovernment users (AN) including professional
media, alternative media, civil organizations, and regular users.
The VAR model was generated as follows:

@

Within this model, a; and B; are the estimated coefficients, p
represents the optimal number of lags for the model, and €
indicatesthe error term. AG,,; and AN, ; represent the respective
variable at the earlier periods. For instance, AG, ; indicates the
first lag of AG. Thelag length for the VAR model was selected
as per the Akaike information criterion. The augmented
Dickey-Fuller test was applied to examine the stationarity of
thetime series. For nonstationary series, differencing at thefirst
or higher level was performed to achieve stationarity [62]. When
both time series were stationary at the same level, this study
proceeded with the Johansen maximum eigenvalue and trace
tests based on the estimation of VAR models to determine
whether the time series were cointegrated and suitable for
Granger causality tests. Granger causality posits that causes
lead to effects and happen before their effects[40]. In this sense,
using prior values of atime series can statistically forecast the
future status of another time series.

In this study, the Granger causality test was used to provide
greater insight into the statistical causal relationship between
the government’s agenda and the nongovernment users' agenda.
To estimate VAR models and enable Granger causality tests,
this study transformed the collected data in the form of time
series by dividing the data into 32 monthly periods (from
January 2020 to August 2022), and each monthly period was
treated as an independent unit for analysis. EViews 12 software
was used for statistical analysis.

Results

Results of Content Analysis

This research initialy collected a sample of 24,089 Facebook
posts with relevance to COVID-19 vaccines. Data screening

https://infodemiol ogy.jmir.org/2024/1/€51113

Xian et a

was further performed on the sample to remove duplicated,
irrelevant, and unclear messages, resulting in 23,577 unique
and relevant posts. Findly, the results of machine coding
presented a total of 22,986 posts that include the examined
vaccine topics.

In answering RQ1, we calculated the frequency of the vaccine
topicsand found that the mgjority of postsin the samplerelated
to the importance of COVID-19 vaccination (7358/22,986,
32.01%), followed by posts that indicated the high risk of
contracting COV1D-19 (6877/22,986, 29.92%) and highlighted
trust in experts (4320/22,986, 18.79%). In addition, a
considerable number of posts mentioned vaccine effectiveness
(4163/22,986, 18.11%), safety (3358/22,986, 14.61%),
accessibility (2683/22,986, 11.67%), distribution (2492/22,986,
10.84%), and affordability (1685/22,986, 7.33%), while posts
related to trust in government were less frequent (1593/22,986,
6.93%). In addition, in the overall vaccine-related discussion,
nongovernment users comprised a substantial majority of the
posts, at 76.85% (17,665/22,986). When examining the
nongovernment user segment at a more granular level,
professional mediaaccounted for asignificant proportion of the
posts, at 33.87% (7555/22,986), followed by alternative media,
a 12.24% (2814/22,986); civil organizations, at 3.99%
(918/22,986); and regular users, at 27.74% (6377/22,986). The
topi cs associated with vaccine agenda attributes by government
and nongovernment users are shown in Table 1.

The chi-square test indicated that the distributions of
vaccine-related topics were significantly different across the
user categories (X%,=1579.469, P<.001). The outcomes of the
post hoc comparisons suggested that the government was more
concerned with topics of vaccine effectiveness (1003/5322,
18.85%; P<.001), COVID-19risk (1805/5322, 33.92%; P<.001),
vaccine accessi bility (1010/5322, 18.98%; P<.001), and vaccine
affordability (605/5322, 11.37%; P<.001), while discussion of
vaccine safety (393/5322, 7.38%; P<.001), government trust
(133/5322; 2.5%, P<.001), expert trust (518/5322, 9.73%;
P<.001), and vaccine distribution (341/5322, 6.41%; P<.001)
occurred to a less extent than for other users. In comparison,
professional media contributed moreto the topics of government
trust (752/7555, 9.95%; P<.001) and expert trust (1895/7555,
25.08%; P<.001). Alternative media, however, were less
inclined to discuss vaccine affordability (128/2814, 4.55%;
P<.001) than other categories of users. Regular users were
primarily concerned about vaccine safety (1092/6377, 17.12%,
P<.001) and vaccine distribution (724/6377, 11.35%; P<.001)
and wereless concerned about vaccine effectiveness (937/6377,
14.69%; P<.001), COVID-19risk (1529/6377, 23.98%; P<.001),
and vaccine accessibility (416/6377, 6.52%; P<.001) than other
users. The outcomes of the post hoc testswith detailsare shown
in Multimedia Appendix 4.
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Table 1. Overview of the vaccine agenda attributes by government and nongovernment users in Macau from January 1, 2020, to August 31, 2022.

Vaccine topic (Go;/ernment users, n  Nongovernment users, n (%) Total, n (%)
%
Professional media  Alternativemedia  Civil organizations Regular users
All posts 5322 (23.15) 7555 (32.87) 2814 (12.24) 918 (3.99) 6377 (27.74) 22,986 (100)
Importance 1616 (30.36) 2931 (38.80) 697 (24.77) 298 (32.46) 1816 (28.48) 7358 (32.01)
Effectiveness 1003 (18.85) 1638 (21.68) 404 (14.36) 181 (19.72) 937(14.69) 4163 (18.11)
Safety 393 (7.38) 1374 (18.19) 359 (12.76) 140 (15.25) 1092 (17.12) 3358 (14.61)
Trustin government 133 (2.5) 752 (9.95) 175 (6.22) 40 (4.36) 493 (7.73) 1593 (6.93)
Trust in experts 518 (9.73) 1895 (25.08) 593 (21.07) 154 (16.78) 1160 (18.19) 4320 (18.79)
COVID-19 risk 1805 (33.92) 2651 (35.09) 681 (24.2) 211 (22.98) 1529 (23.98) 6877 (29.92)
Accessibility 1010 (18.98) 981 (12.98) 196 (6.97) 80 (8.71) 416 (6.52) 2683 (11.67)
Distribution 341 (6.41) 1005 (13.3) 309 (10.98) 113 (12.31) 724(11.35) 2492 (10.84)
Affordability 605 (11.37) 529 (7) 128 (4.55) 53 (5.77) 370 (5.9) 1685 (7.33)

Trend in Facebook Activities

To reveal the dynamics of different attributes of the vaccine
agenda, this study mapped trends of these attributes during the
investigated period. All vaccine-relevant content remained at a
relatively low volume in 2020 and increased significantly in
2021. The volume of content regarding “vaccine distribution”
began to grow at the start of 2021 and showed an observable
spike in February of the same year. This was followed by a
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sharp acceleration in content regarding the high risk of
COVID-19reaching its peak in June 2021. The highest peak in
vaccine-relevant content occurred in September 2021 related
to the topic of vaccine importance. Between June 2021 and
October 2021, the most debate centered around themesrelating
to COVID-19 vaccines. Overall, variations in the volume of
vaccine communication were observed over time. Figure 1
shows the dynamic of vaccine discussion showing the monthly
volume of posts.
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Figure 1. Temporal changesin the vaccine agenda attributes (January 2020-August 2022): (A) vaccine importance, (B) vaccine effectiveness, (C) risk
of COVID-19, (D) government trust, (E) expert trust, (F) vaccine safety, (G) vaccine affordability, (H) vaccine distribution, () vaccine accessibility.
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Interactions Between Agenda Attributesin Vaccine
Communication

To answer RQ2, this study computed the interrelationships
between agenda attributes by the government and
nongovernment users by constructing co-occurrence matrices.
Results showed that “vaccine importance” “vaccine
effectiveness,” and “COVID-19 risk” were the most prominent
attributes interacting with each other in the agendas of
government and nongovernment users, except for the regular
users’ agenda in which “vaccine safety” (n=2503) rather than
“vaccine effectiveness” (n=2161) had more established
connections overall with other attributes. Specifically, the
government agenda featured strong connections between
“vaccineimportance’ and “COVID-19risk” (n=1505), followed
by “vaccine importance” and “vaccine effectiveness’ (n=945),
“vaccine importance” and “accessibility” (n=940), and
“COVID-19risk” and “accessibility” (n=816). Asfor the agenda
of professional media, the strongest link was established between
“vaccineimportance’ and “COVID-19risk” (n=1528), followed
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by the link between “vaccine importance’ and “vaccine
effectiveness’ (n=1327) and the link between “vaccine
importance” and “trust in experts’ (n=1220). Interms of regular
users, their agenda highlighted the relationships between
“vaccineimportance” and “COVID-19risk” (n=931), “vaccine
importance” and “vaccine effectiveness’ (n=655), “vaccine
importance” and “vaccine safety” (n=644), “vaccineimportance”
and “trust in experts’ (n=536), and “vaccine safety” and
“COVID-19 risk” (n=469). Using chord diagrams, this study
visualized the interrel ationships of agenda attributes by different
user categories. Thearcin the outer ring representsthe attributes
of the vaccination agenda and is differentiated by color. The
arc length indicates the total number of associations an attribute
maintains with other attributes when communicated by users
in a specific category. The band within the ring represents the
connected relationship between 2 topics, with the thickness of
the band indicating the magnitude of the connection. A set of
chord diagrams revealing agenda attribute interactions in the
agendaswith comparison of different usersis presentedin Figure
2.
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Figure 2. Comparison of agenda attribute interactions by different users: (A) government, (B) professional media, (C) aternative media, (D) civil
societal organizations, (E) regular users. Acce.: vaccine accessibility, Afford.: vaccine affordability, Distri.: vaccine distribution, Eff.: vaccine effectiveness,
E.T.: expert trust, G.T.: government trust, Import.: vaccine importance, Risk: risk of COVID-19, Saf.: vaccine safety.
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To assess the evolution of links between attributes over time,
this study al so divided the co-occurrence dynamics of intragroup
agenda attributesinto 3 distinct periods. 2020, 2021, and 2022.
Our findings revealed that the connections between agenda
attributes varied by both the time period and the categories of
Facebook users. Notably, in the government agenda, the link
between “vaccine effectiveness’ and “vaccine affordability”
exhibited an increase in strength during 2022 (795/4150,
19.16%), compared with 2020 (18/223, 8.25%) and 2021
(690/4744, 14.54%). Conversely, the connection between
“vaccine importance” and “expert trust” within the agenda of
regular users demonstrated a decline in frequency over the
3-year span (2020: 119/1165, 10.21%; 2021 282/3417, 8.25%;
2022: 118/1779, 6.63%). More information about the
co-occurrence dynamics of theintragroup agendaattributes over
time can be found in Multimedia Appendix 5.

Agenda Network Analysis

In answering RQ3, the results of the QAP tests demonstrated
significantly positive and strong correl ations between the agenda
network of the government and those of professional media
(r=0.745, P=.005) and civil organizations (r=0.632, P=.02).
However, the correlations between the government’s agenda
network and the network of alternative media (r=0.462, P=.08)
and regular users (r=.451, P=.07) were not statistically
significant.
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The subsequent QAP linear regression analysis tested whether
the agenda network of the Macao government can predict that
of nongovernment users. For example, by using the government
as a predictor and different types of nongovernment users as
outcome variables, the results demonstrated that the government
has an impact on the agenda network of professional media
(b=0.703, P=.006) and civil organizations (b=0.051, P=.02).
The adjusted R? value for professional media indicated that
government accounts for around 54% of the variance in the
professional media's agenda network, while government only
accountsfor 38% of the variance in the agenda network of civil
organizations. Theresultsof the QAP linear regression analysis
with the government as a predictor are shown in Table 2.

In the QAP linear regression model predicting the agenda of
regular users, the results revealed significant impacts of
alternative media (b=2.46, P=.001), professional media(b=0.52,
P=.001), and civil organizations (b=6.16, P=.001) on the agenda
of regular users. The adjusted R? value for professional media,
civil organizations, and alternative media ranged from 0.81 to
0.86, suggesting that all 3 categories of users can explain
81%-86% of the variance in the regular users agenda network.
The results of the QAP linear regression analysis with regular
users as the outcome variable are shown in Table 3.
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Table 2. Quadratic assignment procedure regression analysis with government as the predictor.
User category Unstandardized coefficient P value? R value Adjusted R?
Civil organizations 0.051 .02 0.399 0.382
Professional media 0.703 .006 0.556 0.543
Alternative media 0.095 .10 0.214 0.191
Regular users 0.246 12 0.204 0.180
80utcomes were considered statistically significant at P<.05.
Table 3. Quadratic assignment procedure regression analysis with regular users as the outcome variable.
User category Unstandardized coefficient P value? R value Adjusted R2
Government 0.246 a2 0.204 0.180
Alternative media 2.462 .001 0.868 0.864
Professional media 0.521 .001 0.811 0.805
Civil organizations 6.164 .001 0.832 0.827

30utcomes were considered statistically significant at P<.05.

I mpactsof Gover nment and Nongover nment Userson
Each Other’s Vaccine Agenda

To answer RQ4, the Granger causality test was further
performed to examine whether the 9 attributes in the
government’s agenda statistically predicted the future intensity
of topics discussed by different categories of users and vice
versa. Specifically, the results showed that attributes such as
“vaccine safety” (F313=3.817;, P=.04) and “trust in experts’
(F313=3.916; P=.03) in the government’s agenda significantly
affected such attributes in the agenda of hongovernment users,
while the attributes associated with “trust in government”
(F3,13=4.590; P=.02) and “vaccine affordability” (F315=3.851,
P=.04) in the agenda of nongovernment users affected these
attributes in the agenda of the government at the significance
level of P<.05.

By classifying nongovernment users into different user
categories, the results suggested a unidirectional trend in the
attribute of “vaccine safety” flowing from the government’s
agendato that of professional media (Fs 15=3.247; P=.03), while
professional media affected the agenda of the government
unilaterally through the attributes of “vaccine importance”
(Fs1,=7.192; P=.003), “vaccine effectiveness’ (F3,3=4.391,
P=.02), “COVID-19risk” (F515=5.173; P=.006), and “vaccine

https://infodemiol ogy.jmir.org/2024/1/€51113

affordability” (F315=4.754;, P=.02). Additionally, alternative
media affected the government by setting the agenda with
attributes such as“COVID-19 risk” (F515=8.769; P<.001) and
“vaccine accessibility” (Fs ;5=2.963; P=.047), while there was
no temporal causation from the government to aternative media
for the attributes identified.

Regarding civil organizations, the government predicted the
agenda of civil organizations through the attributes of “vaccine
importance” (Fs,5=4.111; P=.01), “vaccine effectiveness’
(F313=6.264; P=.007), and “trust in experts’ (F3¢=15.877,
P=.001), while the causation from civil organizations to the
government was absent for all attributes except “ vaccine safety”
(F3Y12=4.405; P=03)

Most notably, the Granger causality analysis reveaed that the
government had a significant impact on the agenda of regular
users through the attributes of “vaccine importance”
(F515=3.809; P=.02), “trust in experts’ (Fs 15=16.639; P<.001),
“vaccine accessibility” (Fs,5=3.343; P=.03), and “vaccine
affordability” (F3,5=6.012; P=.008). Despite the absence of
Granger causality from regular usersto the government for most
attributes, there was a reciprocal relationship between the
government and regular users in the attribute of “vaccine
affordability.” Theresultsof the Granger causality tests between
the government and other types of users are shown in Table 4.
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Table 4. Granger causality tests between government users and other types of users for each vaccine attribute.
Vaccineat-  Nongovernment users Professional media Alternative media Civil societal organiza-  Regular users
tribute tions
Outcome Antecedent Outcome Antecedent Outcome Antecedent Outcome Antecedent Outcome Antecedent
variable  variable variable  variable variable  variable variable  variable variable  variable
Importance
Fvaue 1.410 1.209 (2,20) 1.413 7.192(512) 2412 2.407 (5,15) 4.111 1.801 (5,15) 3.809 2.259 (5,15)
(df) (5,20) (5,20) (5,15) (5,15) (5,15)
Pvaue .26 .32 .26 .003 .09 .09 .01 A7 .02 .10
Effectiveness
Fvaue 0.449 3.029(3,13) 0.133 4.391(3,13) 0.293 131959 6.264 0.567 (2,10) 0.968 0.858 (2,30)
(af) (2,30 (2,30) (313) (313) (2,30)
Pvaue .64 .07 .88 .02 .83 .34 .007 .58 .39 A4
Safety
Fvaue 3.817 3.222(3,13) 3.247 2.565(5,15) 0.706 2419 (5,15) 2.923 4405 (3,12) 2.004 2.912(3,22)
(df) (3,13) (5,15) (1,15) (3,13) (5,15)
Pvaue .04 .057 .03 .07 41 .08 .07 .03 14 .057
Trust in gover nment
Fvaue 2.017 4,590 (3,13) 3.270 3.924(3,13) 1.228 2.296 (3,13) 2.705 3.585(2,10) 0.304 3.373(3,13)
(af) (3.15) (313 (2,20) (39 (2,10
Pvaue .15 .02 .055 .03 31 A2 A1 .07 74 .051
Trust in experts
Fvaue 3.916 0.402 (2,20) 3.753 1.437 (5,30) 0.401 1.146 (2,20) 15.877 1.058(1,22) 16.639 4.189 (2,9)
(af) (313 (2,10) (2,20) (39 (515)
Pvaue .03 .67 .06 .24 .67 .34 .001 31 <.001 .051
COVID-19risk
Fvaue 0.255 1.124 (2,30) 1.890 5.173(5,15) 0.665 8.769 (5,15) 2.442 2.275(3,20) 0.655 0.235(2,15)
(af) (29 (2,30) (33) (3,20) (2,15)
Pvaue .78 .34 .16 .006 .63 <.001 .09 A1 53 .79
Accessibility
Fvaue 0.248 2.781(3,13) 0.045 1.362 (5,20) 1.461 2.963(5,15) 1.546 2.763(5,10) 3.343 2.376 (5,15)
(af) (2.15) (2,10) (5,15) (5,15) (515)
Pvaue .78 .08 .96 .28 .26 .047 .23 .08 .03 .09
Distribution
Fvaue 0.756 0.104 (2,20) 0.596 0.283(2,20) 0.147 0.005(1,15) 1.264 0.382(1,20) 4.175 0.458 (1,25)
(df) (2,20) (2,20) (1,25) (1,20) (1,25)
Pvaue .48 .90 .56 .76 .70 .94 27 54 .051 .50
Affordability
Fvaue 2.500 3.851(3,13) 0.745 4754 (3,13) 0.479 0.688(2,20) 0.525 0.495 (2,20) 6.012 5.067 (2,20)
(df) (3,13) (2,20) (2,20) (2,20) (3,13)
Pvaue .10 .04 49 .02 .63 51 .60 .62 .008 .02
: : risk” and “trust in experts” The overall vaccination agenda
Discussion P a9

Principal Findings

This study examined the dynamics and patterns of vaccine
communication on Facebook in Macao during the COVID-19
pandemic. The principal findings demonstrated that “vaccine
importance” wasthe most prevalent attribute in the vaccination
agenda on Facebook, followed by the attributes of “COVID-19
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revealed the highest co-occurrences were between “vaccine
importance” and “COVID-19 risk.” Differences existed in
agenda priorities between the government and regular users.
The government primarily focused on the risks of COVID-19
and the effectiveness of vaccines, whereas regular users were
more concerned with the safety and distribution of vaccines.
The Macao government played arolein shaping the agendafor

JMIR Infodemiology 2024 | vol. 4 | €51113 | p.188
(page number not for citation purposes)


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

JMIR INFODEMIOLOGY

regular users by highlighting vaccine importance (Granger
causality result: Fg 15=3.809; P=.02), trust in experts (Granger
causality result: F5 15=16.639; P<.001), and vaccine accessibility
(Granger causality result: F5 ;5=3.343; P=.03) and affordability
(Granger causality result: F3 13=6.012; P=.008), whileitsimpact
on the agenda network of regular users remained insignificant
(QAP result: b=0.246; P=.12). Both government and
nongovernment users (eg, professional media, alternative media,
civil organizations, and regular users) had intertwined agendas
with mutual influence.

Unlike previous studies that predominantly focused on single
aspects of vaccine communication (eg, [17,34]), thisstudy used
a more holistic approach to reveal the role of various actors
including the government, professiona media, alternative media,
civil organizations, and regular usersin promoting vaccination
agendas and theinterplay of diverse actorsin the vaccine agenda
setting process. The results of this study suggest that
professional media acts as more than simple information
providersto the government but rather effectively pushed agenda
setting as a supplementary process to vaccine promotion by
raising salient topics that the government fails to identify due
to lack of information and experience. The government,
however, is more likely to respond to professional media to
receive timely feedback on vaccination issues for the purpose
of learning and improvement. This can be observed from the
impact that professional media has on the government in the
agenda setting process through topics of “vaccine importance’
(Granger causality results: Fg;,=7.192;, P=.003), “vaccine
effectiveness’ (Granger causality results: F3,5,=4.391; P=.02),
“trust in government” (Granger causality results: F3,5,=3.924;
P=.03), “COVID-19 risk” (Granger causdity results:
Fs15=5.173; P=.006), and vaccine affordability (Granger
causality results: F 13=4.754; P=.02).

Who L eads the Vaccine Agenda of Whom?

Despite asignificant correlation between the government agenda
network and the agenda network of nongovernment users, the
government had a limited impact on the agenda attributes of
different Facebook user categoriesand vice versa. As Facebook
is an open platform where information from a wide variety of
sourcesfreely circulates and interacts, it is difficult to determine
the driving force behind the vaccine promotion agenda on the
platform [55]. In other words, nongovernment users' vaccine
promotion agendas may have been impacted by other sources,
such as the World Hedth Organization or other health
professional's, which indicates a multidirectional effect.

As such, it appears that the government did not unilaterally set
the agenda of nongovernment users. Instead, thereisa* 2-way”
interaction between government and nongovernment user
agendas. Dueto their mutual effect, neither the government nor
nongovernment users lead the agendaon socia media. It is
likely that the government and different types of nongovernment
users pay attention to the agendas of one another and interact
with one another to build the overall vaccine agenda network
on Facebook. This corresponds with the argument by Finset et
al [63] that, amid the near-chaotic flow of information, every
individual, in different roles and with varied responsibilities,

https://infodemiol ogy.jmir.org/2024/1/€51113

Xian et a

can contribute to the development of the information flow and
agendaon COVID-19. A plausible explanation for this outcome
could be the unprecedented nature of the health crisis. Thelack
of up-to-date crisis communication planning and experience
with coping with anovel crisismay challenge the government’s
agenda-setting process, particularly in terms of vaccine
promotion.

Comparison With Prior Work

Previous agenda setting research found that changes in the
government agenda led to changes in the public agenda [64].
However, during the COVID-19 pandemic, the public was no
longer passive consumers of social media. Our resultsindicating
the different concerns of vaccination between the government
and regular users corroborate previous findings by Zhou and
Zheng [44] who found that, during the COVID-19 pandemic,
the government's Weibo account exhibited a more
propaganda-oriented approach, whereas public accounts were
more attentive to issues that directly pertained to self-interest,
such as protective measures against the virus and minimizing
financial losses. Unlike other palitical issues, the government
may havelessimpact on shaping public agenda dueto the more
collected information possessed by the public. This is partly
consistent with some recent research indicating that shaping
public opinion in a fragmented digital environment such as
social mediais challenging [54,65]. Additionally, the case of
Macao also indicates selective public responsiveness on topics
that are clear and straightforward, which partially verifies the
observation by Kim [66] that individuals are more receptive to
topics that are unambiguous and do not demand extensive
background knowledge as they may not have enough
background information with which to fully process any new
information on complex topics.

Practical Implications

Our study provides several implications to inform the
management of future pandemics. First, given the disparity
between the government and public agenda networks, it is
crucial to bridge the gap to enable effective vaccine
communication. Policymakers should strive for alignment
between government messaging and public concerns, addressing
issues that are prominent within the public discourse. Social
medialistening activities areinval uable toolsfor understanding
public health concerns. By monitoring public conversation
through socia media listening, policymakers can develop
targeted messaging and communication strategies that
effectively address public concerns and provide accurate
information to dispel misconceptions.

Second, the low responsiveness of the public agenda to the
government agenda indicates the need to enhance the
government impact on the public agenda. Governments can
streamline their messaging by using plain language, which helps
individuals with different levels of knowledge understand
information easily. Clear and concise presentation avoids
unnecessary complexity. Visual aids and interactive media can
also be used to improve public involvement and responsiveness,
overcoming barriers caused by limited background information.
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Third, policymakers' efforts to convince the public to receive
vaccines in response to potential health risks have been shown
in our study to lead to a spillover of media attention that
significantly drives the vaccination agenda among the public.
Collaboration with influential media, including professional
and alternative media, thus offers a powerful meansto facilitate
vaccination policy and improve public health. Governments
can utilize the extensive reach and persuasive power of media
outlets to actively involve and inform the public about specific
issues that should receive priority attention, thereby advancing
the government’s crisis management initiatives.

Fourth, civil organizations ability to shape public attention
toward vaccination issues by influencing the public agenda
network suggests that their impact on shaping the vaccination
agendamay be underestimated or overlooked. Driven by social
responsibility, civil organizations often dedicate their effortsto
promoting public health by increasing awareness and advocating
for public health policies [43]. The close ties to communities
enable them to be trusted sources of information for the public.
Therefore, through partnerships with civil organizations,
governments can leverage their networks, expertise, and
community trust to effectively promote vaccination initiatives.

Limitations

Several limitationswarrant consideration. First, broadening the
scope beyond vaccines to encompass diverse policies could
offer a more comprehensive understanding of public attention
allocation mechanisms. Researchers are encouraged to explore
various policies to enhance generalizability. Second, although
Facebook data provided valuable insights, the findings are
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platform-specific and may not apply universally. Future studies
should incorporate a diverse set of social media platforms and
combine quantitative data with surveys and interviews for a
more nuanced perspective. Third, although this study explored
temporal agendadynamics, it did not delveinto the determinants
driving public attention intensity, such as government
transparency and issue salience. Investigating these factors could
provide valuable insights into the agenda setting process at the
government level.

Conclusions

This study investigated the communication dynamics of
COVID-19 vaccines in Macao, with a specific focus on how
government agendas impact other entities on Facebook. Our
results reveal that the Macao Government'’s efforts to set the
vaccination agenda on Facebook have shown limited
effectiveness in shaping the public’'s discourse and priorities
regarding vaccines. Such findings have profound implications
for shaping government responses to future pandemics.
Authorities, in their endeavor to legitimize policies, must
recognize the intricate interplay between their agendas and
public reception. Although agenda setting serves as a strategic
tool to promote vaccination, it also exhibits limitations. This
requires ashift toward more nuanced, strategy-focused research.
This study offers indispensable insights in the area of crisis
communication, underscoring the urgent necessity of bridging
the gap between government and public agendas. Furthermore,
it illuminates the potential of collaborations with influential
media outlets and civil organizations as formidable channelsto
augment the reach and influence of vaccination agendas set by
the government.
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Abstract

Background: Social media posts by clinicians are not bound by the same rules as peer-reviewed publications, raising ethical
concerns that have not been extensively characterized or quantified.

Objective: We aim to develop a scale to assess ethical issues on medical social media (SoMe) and use it to determine the
prevalence of these issues among posts with 3 different hashtags: #MedTwitter, #1Rad, and #CardioTwitter.

Methods: A scale was developed based on previous descriptions of professionalism and validated via semistructured cognitive
interviewing with asample of 11 cliniciansand trainees, interrater agreement, and correlation of 100 posts. Thefinal scale assessed
social media posts in 6 domains. This was used to analyze 1500 Twitter posts, 500 each from the 3 hashtags. Analysis of posts
was limited to original Twitter postsin English made by health care professionalsin North America. The prevalence of potential

issues was determined using descriptive statistics and compared across hashtags using the Fisher exact and x? tests with Yates
correction.

Results: Thefinal scale was considered reflective of potential ethical issues of SoMe by participants. There was good interrater
agreement (Cohen k=0.620, P<.01) and moderate to strong positive interrater correlation (=0.602, P<.001). The 6 scale domains
showed minimal to no interrelation (Cronbach a=0.206). Ethical concerns across all hashtags had a prevalence of 1.5% or less
except the conflict of interest concerns on #1 Rad, which had a prevalence of 3.6% (n=18). Compared to #MedTwitter, posts with
specialty-specific hashtags had more patient privacy and conflict of interest concerns.

Conclusions: The SoMe professionalism scale we devel oped reliably reflects potential ethical issues. Ethical issues on SoMe
are rare but important and vary in prevalence across medical communities.

(JMIR Infodemiology 2024;4:e47770) doi:10.2196/47770

KEYWORDS

ethics; social media; conflict of interest; interventional radiology; X; Twitter; cardiology; privacy; ethical issues, medical social
media; prevalence; professional; professionalism

: clinicians using social media for personal and professional
Introduction purposes, respectively [1]. Medical social media (SoMe) has
Thedigital footprint of clinicians on social mediahasincreased  ©10Ssomed, offering clinicians opportunitiesto collaborate across
over the past 10 years with an estimated 90% and 65% of distances, debate treatment approaches for challenging cases,
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and engagein public health advocacy [2-4]. However, thisrapid
integration of social mediain health care has outpaced guidance
that counsels on how to avoid ethical concerns that can occur
with SoMe [2].

Therisks of SoMe have not gone unnoticed. Severa professional
organizations have released statements outlining guiding
principlesfor online clinician behavior, including the American
Medical Association and the Federation of State Medical Boards
[5,6]. There have a so been opinion pieces and recommendations
published within various specialties such as neurology,
dermatology, and vascular surgery [ 7-9]. Guidelinesand opinion
pieces are helpful starting points but may not address subtle but
important breaches in professionalism [10] and may fail to
resonate with the majority of users’ experiences and values[2].

A few studies have assessed the prevalence of issues such as
violations of the HIPAA (Health Insurance Portability and
Accountability Act) [10]. However, the potential issues are
much broader than explicit patient privacy violations [10,11].
This study sought to develop a more complete scale of ethical
issues related to medical SoMe to provide empirical data on
these issues. The authors hypothesized that a scale could be
devel oped that capturesthe most salient ethical issueswith good
interrater agreement and correlation. The authors also
hypothesized that applying such a scale would find that the
prevalence of issues was small and varied across different
professional groups.

Methods

Scale Development

This study was approved by the Stanford University Institutional
Review Board (eProtocol 60351). An initial draft of the scale

https://infodemiology.jmir.org/2024/1/e47770
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was developed based on medical professionalism in the new
millennium: aphysician charter created by the American Board
of Internal Medicine Foundation, American College of
Physicians Foundation, and the European Federation of Internal
Medicineaswell asastudy by Chandratilake et a [12] ng
definitions of medical professionalism across cultures [13].
These sources were sel ected to attempt to define medical SoMe
ethicsthat would be reflective of common definitions of medical
professionalism. The initial draft consisted of 5 criteria rated
on a 3-point scale: no ethical concern (0), potential ethical
concern (1), and clear ethical concern (2). The 3-point scale
was selected to reflect a concept raised by both initial sources
that ethical issues occur on a continuum, allowing the scale to
also capture less overt violations of professionalism.

Theinitial scale was then vetted for validity via semistructured
cognitive interviewing with a group of clinicians and trainees
[14]. Interviewees were recruited via email and were primarily
a convenience sample at the authors’ ingtitutions. They were
invited to provide feedback on a draft of the scale, which
included fabricated posts and example scoring for
demonstration. Purposeful recruiting was used to ensure that
interviewees were diverse in terms of specialty, training level,
and gender identity. Iterative adjustments were made to the
initial scale based on interviewee feedback until additional
interviews continued suggesting that the scale was reflective of
interviewee perceptions of potential ethical issues related to
medicall SoMe. This occurred after 11 interviews with
interviewees from 6 different specialties whose demographics
are shown in Table 1.
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Table 1. Demographic characteristics of interviewees (N=11).

Characteristic Interviewees, n (%)

Training level

1st-year MD? 2(18)
2nd-year MD 0(0)
3rd-year MD 2(18)
4th+ year MD 109
1st-year resident 0(0)
2nd-year resident 1(9)
3rd+ year resident 109
Attending 4 (36)
Institution
Stanford University School of Medicine 8(73)
University of California San Diego 109
University of Kansas Medical Center 2(18)
Specialty
Anesthesiology 2(18)
DRYIR® 1(9)
Emergency medicine 1(9)
Primary care 1(9)
Psychiatry 1(9)
Otolaryngology 1(9
Undeclared 4 (36)
Sex
Female 769
Male 4(36)

a\ID: Doctor of Medicine.
bDR: Diagnostic Radiology.
%IR: Interventional Radiology.

The vetted scale scored posts on 6 domains, using the same using the Healthcare Hashtag Project (Symplur, LLC). The
3-point scale (Table 2). Scaleitem interrelation aswell asscale  interrelation of scale items was assessed via Cronbach a.
interrater agreement and correlation were assessed by having2  Interrater agreement was assessed via Cohen kK and interrater
researchers usethe scale to independently rate 50 random posts  correlation was assessed via Spearman correlation coefficient,
each from #MedTwitter between June 15, 2021, and August assuming anonlinear relationship. An a of <.05was predefined
15, 2021, with an overlap of 10 tweets. Posts were identified as statistical significance.
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Table 2. Medical social media professionalism scale.

Mlambo et d

Principle

Score

0=no concern

1=minor concern

2=major concern

Patient privacy

Does the post maintain patient privacy
by applying appropriate safeguards for
patient information and removing pa-
tient identifiers?

Patient dignity

Doesthe post treat patientswith respect
and avoid the use of degrading lan-
guage or images?

Information accuracy

Istheinformation medically accurate
with no counterfactual, exaggerated, or
otherwise misleading content?

Conflict of interest

Isthe post unduly influenced by ulteri-
or motives for private gain without
proper acknowledgment or disclosure
in away that could affect information
accuracy?

Justice and equity

Isthetext or imagesin the post discrim-
inatory based on race, gender, socioe-
conomic status, ethnicity, religion,
sexual orientation, or any other socia
category and does the post promote
further inequities in health care?

I nter professional respect

Doesthe post treat colleagues and other
health care professionals with respect
and avoid the use of stereotypes,
mockery, and incivility?

Post omits HIPAAZ identifiers
and any other detailsthat in
combination would enable pa-
tient identification.

Post treats patients asindividu-
alsworthy of respect and does
not demean the patient in any

way.

Information in the post isrea-
sonably supported by current
evidence and does not make
superlative claims.

The post does not promote or
endorse products or services
without an appropriate declara-
tion of any associated financial
ties.

The post does not express or
imply any discriminatory senti-
mentsor propagate astance that
either sustains or widensin-
equitiesin health care.

Post treats colleagues and other
health care professionals with
esteem and does not demean
them in any way.

Post omits HIPAA identifiers but
usesinformation that could potential-
ly alow for patient identification,
particularly when combined with
the author’s known practice loca-
tion, medical specialty, or rarity of
medical condition.

Post contains references, images, or
language that could be negatively
construed such that some may take
offense.

Informationin the post isambiguous
or exaggerated in amanner that
could lead to misinterpretation.

The post promotes or endorses
products or serviceswithout adecla-
ration of conflicts, however, it does
not make authoritative claims about
these products.

The post contains ideas associated
with stereotypes or broad generaliza:
tions without suggesting the differ-
entia treatment of individual s based
on these stereotypes.

Post containsreferences, images, or
language that could be negatively
construed by other colleagues as
offensive.

Post uses one or more HIPAA
identifiers that allows for easy
identification.

Post is objectifying or dehuman-
izing, treating patients as being
of lesser intelligence or caliber.

Informationinthe post isovertly
sensational and makes baseless
claims.

The post promotes or endorses
products or services without a
proper declaration of conflicts
and also makes authoritative
claims about these products.

The post explicitly expresses
sentimentsthat are discriminato-
ry and is aproponent for the dif-
ferential treatment of individuas
based on these prejudiced no-
tions.

Post clearly mocks or disrespects
colleagues, portraying them as
inferior or of lesser intelligence
or caliber.

3HIPAA: Health Insurance Portability and Accountability Act.

Evaluation of Posts

The validated scale was then used to assess the prevalence of
ethical issues among posts using 3 distinct hashtags:
#MedTwitter, #lRad, and #CardioTwitter. These were selected
asthey are the most frequently used hashtags among the general
medical community, interventional radiologists, and
cardiologists, respectively, asindicated by the number of posts
per day for each hashtag on the Symplur software. I nterventional
Radiology (IR) and cardiology were selected to provide
examples of more specialty-specific posts to contrast with
#MedTwitter asthey are primarily used by physician specialists
inthosefieldsto discuss more expert medical content compared
to #MedTwitter. Posts were limited to those in English posted
by individuals (rather than societies or bots) who are clinicians
or hedlth care trainees in North America between December
10, 2021, and January 10, 2022. Retweets were also excluded.

https://infodemiology.jmir.org/2024/1/e47770

A total of 1500 posts were analyzed, 500 from each hashtag.
Datawere analyzed using descriptive statisticsaswell as Fisher

exact tests and ¥ tests with Yates correction to compare the
prevalence of ethical issues across hashtags. These statistical
tests were selected to adjust for the low rates of ethical issues.
All statistical analyses were performed using SPSS software
(IBM, Inc).

Ethical Considerations

All procedures were approved by the Stanford University
Ingtitutional Review Board (IRB#: 60351) and were per the
legal and ethical standards of the responsible committee on
human experimentation institutional ly. Additionally, we adhered
to local, national, regional, and international laws and
regulations regarding the protection of personal information,
privacy, and human rights.
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Results

Scale Development

Cognitive interviewing supported the validity of the initial 5
domains. However, the initial interviewees felt theinitial scale
did not addressinterspecialty and inter—health care professional
cyberbullying, leading to the addition of interprofessional
respect asa 6th domain. Interviewees al so suggested the addition
of language to better delineate a minor concern (1) rating from
amagjor concern (2) rating. Subsequent interviews confirmed
that the 6-domain scale, each rated from O to 2, was reflective
of their perceptions of SoMe ethics.

The scale demonstrated good interrater agreement (Cohen
k=0.620, P<.01) and moderate to strong positive correlation
between the scores given by the independent raters (Spearman
correlation coefficient=0.602, 95% Cl 0.515-0.677; P<.001).
The scale domains showed minimal to no interrelation
(Cronbach a=0.206).

Mlambo et d

Evaluation of Posts

Application of the scale to 1500 Twitter posts showed that
ethical concerns across al 6 domains were infrequent with the
majority in the range of 0.2% (n=1) to 1.2% (n=6). Further, 1
exception was aminor conflict of interest concern among posts
using #l Rad, which demonstrated a preval ence of 3.6% (n=18).
Relative to posts using #MedTwitter, posts using #Rad or
#CardioTwitter were more likely to have patient privacy
concerns (n=7, 1.4% vs 0%, P=.02; n=6, 1.2% vs 0%, P=.04;
respectively). Posts using #lRad were also more likely to have
conflicts of interest concerns relative to #MedTwitter and
#CardioTwitter (n=18, 3.6% vsn=3, 0.6%, P<.001; n=18, 3.6%
vs n=4, 0.8%, P=.005; respectively). Issues related to
interprofessional respect were also more prevalent in # Rad
poststhan #CardioTwitter (n=8, 1.6% vsn=1, 0.2%, P=.04) but
similar to #MedTwitter (n=8, 1.6% vs n=6, 1.2%, P=.79). As
aresult, acrossal domains, # Rad posts had the greatest overall
prevalence of ethical concerns. Table 3 summarizes the
prevalence of ethical concerns by hashtag and domain and
Tables 4-6 summarize comparisons between hashtags.

Table 3. Prevalence of ethical concerns on medical social media by hashtag (N=500).

No issue (0), n (%)

Minor concern (1), n (%) Major concern (2), n (%)

MedTwitter prevalence

Patient privacy 500 (100)
Patient dignity 495 (99)

Information accuracy 497 (99.4)
Conflict of interest 500 (100)
Justice and equity 499 (99.8)
Interprofessional respect 494 (98.8)

IR? prevalence
Patient privacy 493 (98.6)
Patient dignity 497 (99.4)
Information accuracy 497 (99.4)
Conflict of interest 482 (96.4)
Justice and equity 500 (100)
Interprofessional respect 492 (98.4)
Cardiology prevalence

Patient privacy 494 (98.8)
Patient dignity 499 (99.8)
Information accuracy 500 (100)
Conflict of interest 496 (99.2)
Justice and equity 500 (100)
Interprofessional respect 499 (99.8)

0(0) 0(0)
3(0.6) 2(0.4)
2(0.4) 1(0.2)
0(0) 0(0)
1(0.2) 0(0)
4(0.8) 2(0.4)
6(1.2) 1(0.2)
1(0.2) 2(0.4)
2(0.4) 1(0.2)
18(3.6) 0(0)
0(0) 0(0)
7(1.4) 1(0.2)
6(1.2) 0(0)
1(0.2) 0(0)
0(0) 0(0)
2(0.4) 2(0.4)
0(0) 0(0)
1(0.2) 0(0)

4 R: Interventional Radiology.

https://infodemiology.jmir.org/2024/1/e47770

RenderX

JMIR Infodemiology 2024 | vol. 4 | e47770 | p.199
(page number not for citation purposes)


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

JMIR INFODEMIOLOGY

Table 4. Comparison of ethical concerns on medical social media by hashtag® # Rad vs #MedTwitter”

Mlambo et d

#lRad, n (%) #MedTwitter, n (%) Fisher exact P value Chi-squared with Yates correction P
value
#Rad vs #M edTwitter

Petient privacy 7 (1.4)° 0(0)° 02P 02P

Patient dignity 3(0.6) 5(1) 73 72

Information accuracy 3(0.6) 3(0.6) >.99 >.99

Conflict of interest 18(36)° 0(0)° <.001° <.001°

Justice and equity 0(0) 1(0.2) >.99 32

Interprofessional respect 8(1.6) 6(1.2) .79 .79

8Comparisons reflect the composite of major and minor concerns for each scale criterion. P<.05 on a 2-tailed analysis was considered significant.

bCompari sons that are significant.

Table 5. Comparison of ethical concerns on medical social media by hashtag® #CardioTwitter vs #MedTwitter”

#CardioTwitter, n (%) #MedTwitter, n (%) Fisher exact P Chi-squared with Yates correc-
value tion P value
#CardioTwitter vs MedTwitter
Petient privacy 6(1.2)° 0(0)° 03° 040
Patient dignity 1(0.2) 5(1) 22 22
Information accuracy 0(0) 3(0.6) .37 .62
Conflict of interest 4(0.8) 0(0) 22 37
Justice and equity 0(0) 1(0.2) >.99 32
Interprofessional respect 1(0.2) 6(1.2) A2 A3

8Comparisons reflect the composite of major and minor concerns for each scale criterion. P<.05 on a 2-tailed analysis was considered significant.
bCompari sonsthat are significant.

Table 6. Comparison of ethical concerns on medical social media by hashtag® # Rad vs #CardioTwitter.”

#IRad, n (%) #CardioTwitter, n (%) Fisher exact P value Chi-squared with Yates correction
P value
# Rad vs#CardioTwitter

Patient privacy 7(1.4) 6(1L2) 2.99 78

Patient dignity 3(0.6) 1(0.2) 62 62

Information accuracy 3(0.6) 0(0) 37 .62

Conflict of interest 18 (3.6)b 4 (O.8)b 004b 00sP

Justice and equity 0(0) 0(0) >.99 >.99

Interprofessional respect ) (1.6)b 1 (O.Z)b 040 P

8Comparisons reflect the composite of major and minor concerns for each scale criterion. P<.05 on a 2-tailed analysis was considered significant.

bCompari sons that are significant.

Discussion

Principal Results

This study sought to develop a scale to characterize and
guantitate ethical issues on SoMe and then apply the scaleto 3
different SoMe communities based on Twitter hashtags.
Although some guidelines and opinion pieces exist describing
potential ethical issues on SoMe, to the best of the authors

https://infodemiology.jmir.org/2024/1/e47770
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knowledge, no scales had been created, making it difficult to
assess the prevalence of ethical issues and guide efforts to
mitigate potential harm [10]. Thisisimportant not only because
of legal implications, but this behavior can exacerbate existing
hierarchies and damage mutual trust.

The scale proposed in this study was devel oped viaastructured
deductive and inductive approach. Key domainswereidentified
based on literature review as well as qualitative interviews,
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consistent with best practices in scale development [15,16].
This helped ensure that the scale was comprehensive and
perceived as valid. Interrater agreement and correlation were
good but likely limited by the qualitative nature of these
assessments. The lack of interrelation between domainsis not
unexpected. A post with a patient privacy concern would not
necessarily be more likely to have a conflict of interest aswell.

Application of the scale to Twitter posts with #MedTwitter,
#CardioTwitter, and #/Rad yielded a couple of important
observations. First, the prevalence of ethical concernsis low,
often around 1% (n=5) across domains. However, such anumber
is not insignificant. According to Symplur software, there are
approximately 5000 to 8000 posts per day made using
#MedTwitter, equating to approximately 50-80 ethically
concerning posts per day. These findings are similar to a 2011
study of over 5000 general tweets from health care providers,
which found 3% of tweets were unprofessional and 0.7% were
concerning for breachesin patient privacy [17].

A second interesting observation was how the prevalence of
ethical concerns varied across the 3 groups of posts analyzed.
For example, posts with the speciaty-specific hashtags
#CardioTwitter and #| Rad had more patient privacy and conflict
of interest concerns than general #MedTwitter posts. This may
be due to a higher likelihood of posting specific patient cases
in specialty-specific communities to illustrate an approach or
solicit recommendations compared to the general #MedTwitter
community. Posts with conflict of interest were also most
prevalent in #Rad posts, which may be dueto IR being amore
procedural specialty than cardiology in general, and aspecialty
whose professional identity isclosely tied to specific procedures
and devices rather than patient populations [18]. Previous
authors have observed similar variations in posts across
specialties. The dominating content among IR poststendsto be
images of an intervention performed on a patient to share new
techniques or gather recommendations for superior approaches
[19]. In contrast, cardiology posts are dominated by short
synopses of trending research paperswith reactive commentary
[20]. However, interventional cardiology posts can sharesimilar
traits to IR [20,21], likely accounting for some of the overlap
in the ethical issues among these posts.

Practical Implications

The persistence of posts with ethical issues among medical
professionals and trainees invites evaluation of current social
mediatraining programs. The domainsin the scale offer auseful
framework with validated language and examples to offer
caution against ethical concerns that go beyond HIPAA
violations. The framework can aso foster a mental model to
assist in evaluating personal tweets before publishing a post.
Thisisimportant asonce apost is made; it isdifficult to retract
it completely before it is shared or copied by other users.

The results from this study also provide a foundation for
evidence-based social media guidelines by professional bodies
and specialty-specific societies. Asdemonstrated by differences
in the prevalence of ethical concerns between #CardioTwitter
and #lRad, not al ethical issues are equally problematic, and
with this data, guidelines can be tailored to the target group.
This scale can be applied to hashtags used by other specialists

https://infodemiology.jmir.org/2024/1/e47770
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to uncover trendsin ethical issues and addressthose weak points
more specifically. For example, social media statements for
interventional radiologists may include more specific and
detailed guidance on avoiding conflict of interest concerns.

From an academic perspective, the scale and methodology
described in this study offer a way to assess the efficacy of
interventions aimed at reducing the frequency of ethical issues
on SoMe. Previously, there were limited ways to quantify and
characterize the landscape of SoMe professionalism. However,
now it is possibleto perform pre- and poststudies with aspecific
intervention of interest.

Although this study focused on the application of the
professionalism scaleto Twitter posts as a proof of concept, the
principles could be trandated to other platforms as they do not
include any evaluation metric that is inherent to Twitter, since
the development of the scale was independent of any specific
platform. From avalidation perspective, thistrandation would
be easiest for platforms that mimic Twitter by using a
combination of texts and images, such as Facebook and
Instagram posts. Importantly, videos were not assessed in this
study, which would be of interest in analyzing Reels, TikTok,
and YouTube videos. However, the methodology of this study
can be applied to these different social media contextsto assess
the generalizability of the scale.

Limitations and Future Directions

Thisstudy had important limitations. The scale providesagood
estimate of the prevalence of ethical issues, but it is not a
thorough investigation of whether a given issue definitively
exists especialy for domains like conflict of interest that are
challenging to verify without collateral information. Although
the scal e devel opment incorporated input from a diverse group
of clinicians and trainees in terms of training level, specialty,
and gender identity, the samplewasasmall convenience sample
from academic settings that could have missed important input
from other cliniciansin different contexts, for example, private
practice. The samplewaslimited to postsin English from North
America due to language restrictions and greater cultural
familiarity. However, this may limit the external validity of the
scale and results in other cultures. The authors relied on
self-described Twitter biographies to limit posts to health care
professional's, which could have been inaccurate.

To address some of these limitations, future steps to continue
improving the scale would include expanding the sample to
include more physicians and trainees from private practice,
community hospitals, and primary care so that these additional
perspectives can further refine the scale. Additionally, although
the Cohen Kk for interrater reliability already suggests good
agreement, there may be domains with greater discrepancies
than others. The language of these domains can be made more
precise or explicit based on a bhigger sample feedback to
potentially improve consistency. Lastly, a comparison among
different platforms would help directly assess if scale validity
transcends social media contexts.

Conclusions

The developed SoMe ethics scale is reliable, relevant, and
concisely captures the myriad ethical tensionsthat can arise on
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these platforms. Ethical issues are present in a smal but researchers to better characterize and assess the prevalence of
meaningful percentage of postsamong health care professionals, ethical issues on SoMe while guiding more targeted
which vary in important ways across different specialties and  interventions to mitigate these issues.

professional groups. The authors hope this scale will allow
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In“Verificationin the Early Stages of the COVID-19 Pandemic:
Sentiment Analysis of Japanese Twitter Users” (JMIR Infod
2024;3(1):e37881) the authors made 3 corrections.

1. The authorship list was previously listed as:

Ryuichiro Ueda, MA; Feng Han, MA; Hongjian
Zhang, MD; Tomohiro Aoki, MA; Katsuhiko
Ogasawara, Prof Dr

And has now been changed to:
Ryuichiro Ueda, MHA; Feng Han, MHA; Hongjian

Zhang, PhD; Tomohiro Aoki, MHA; Katsuhiko
Ogasawara, MBA, PhD

2. Author Feng Han's affiliation was originaly:

Faculty of Health Sciences, Hokkaido University,
Sapporo, Japan

And was changed to:

Graduate School of Medicine, Hokkaido University,
Sapporo, Japan
3. The phone number listed for the corresponding author was
originally:
81011716 2111
And was changed to:

81 11 706 3409

The correction will appear in the online version of the paper on
the IMIR Publicationswebsite on March 14, 2024 together with
the publication of this correction notice. Because thiswas made
after submission to PubMed, PubMed Central, and other full-text
repositories, the corrected article has also been resubmitted to
those repositories.

Please cite as:
Ueda R, Han F, Zhang H, Aoki T, Ogasawara K

JMIR Infodemiology 2024;4:e57880

URL: https://infodemiology.jmir.org/2024/1/e57880
doi:10.2196/57880

PMID: 38484301

Submitted 28.02.24; thisis a non—peer-reviewed article;accepted 28.02.24; published 14.03.24.

Correction: Verification in the Early Stages of the COVID-19 Pandemic: Sentiment Analysis of Japanese Twitter Users

https://infodemiol ogy.jmir.org/2024/1/e57880

RenderX

JMIR Infodemiology 2024 | vol. 4 | €57880 | p.204
(page number not for citation purposes)


mailto:oga@hs.hokudai.ac.jp
https://infodemiology.jmir.org/2024/1/e37881
http://dx.doi.org/10.2196/57880
https://infodemiology.jmir.org/2024/1/e57880
http://dx.doi.org/10.2196/57880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38484301&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR INFODEMIOLOGY Uedaet a

©Ryuichiro Ueda, Feng Han, Hongjian Zhang, Tomohiro Aoki, Katsuhiko Ogasawara. Originally publishedin IMIR Infodemiology
(https://infodemiology.jmir.org), 14.03.2024. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Infodemiology, is properly cited. The complete bibliographic

information, alink to the original publication on https://infodemiol ogy.jmir.org/, aswell asthis copyright and license information
must be included.

https://infodemiol ogy.jmir.org/2024/1/€57880 JMIR Infodemiology 2024 | vol. 4 | 57880 | p.205

(page number not for citation purposes)


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

JMIR INFODEMIOLOGY

Research Letter

Boatman et al

Using Social Listening for Digital Public Health Surveillance of
Human Papillomavirus Vaccine Misinformation Online: Exploratory

Study

Dannell Boatman?, MS, EdD; Abby Starkey? MS; Lori Acciavatti*?, MS; Zachary Jarrett*?, MA; Amy Allen*?,

MA, MS; Stephenie Kennedy-Rea'?, MA, EdD

1Department of Cancer Prevention & Control, School of Medicine, West Virginia University, Morgantown, WV, United States

AWest Vi rginia University Cancer Institute, Morgantown, WV, United States

Corresponding Author:

Dannell Boatman, MS, EdD

Department of Cancer Prevention & Control
School of Medicine

West Virginia University

PO Box 9350

Morgantown, WYV, 26506

United States

Phone: 1 304 293 7883

Email: dboatman@hsc.wvu.edu

Abstract

Despite challengesrelated to the dataquality, representativeness, and accuracy of artificial intelligence—driven tools, commercially
available social listening platforms have many of the attributes needed to be used for digital public health surveillance of human
papillomavirus vaccination misinformation in the online ecosystem.

(JMIR Infodemiology 2024;4:654000) doi:10.2196/54000
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Introduction

The COVID-19 pandemic accelerated the spread of
misinformation online, creating an “infodemic” that had
profound effects on health behavior [1]. The breadth and depth
of COVID-19 misinformation expanded to include all
vaccinations, such as human papillomavirus (HPV) vaccination,
depressing already suboptimal vaccination uptakein the United
States [1,2]. As HPV vaccination is critical to the prevention
of various cancers, this could pose significant cancer control
challengesin the future [2]. Thereis an urgent need to address
HPV vaccination misinformation to increase HPV vaccination
uptake[2]. Behavioral interventions can counter misinformation
online, but they are typically limited to a single social media
platform without geographic specificity [3].

Public health surveillance (PHS) is defined by the Centers for
Disease Control and Prevention (CDC) as “the ongoing,
systematic collection, analysis, interpretation, and dissemination

https://infodemiol ogy.jmir.org/2024/1/e54000

of dataregarding ahealth-related event for usein public health
action to reduce morbidity and mortality and to improve health”
[4]. Digital PHS (DPHS) uses data from online sources, often
collected outside of traditional PHS, for similar purposes [5].
There has been debate asto the ethics of using publicly available
online data for DPHS [5]. However, the pandemic illustrated
the need for user-friendly, timely, interactive digital tools to
drive health-related intervention [6].

Social listening (SL) is the process of aggregating data from
across online channelsto collect real-time measures of emotions,
opinions, and themes, typically through platform agorithms
that rely on machinelearning and artificial intelligence (Al) [7].
While SL platforms’ Al-driven toolsfor emotion and sentiment
detection can be unreliable, machine learning provides an
opportunity to “train” SL platforms for greater accuracy over
time in the automated recognition of emotions and sentiments
[8]. The World Health Organization Early Al-Supported
Response With Social Listening Platform (WHO EARS) uses
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an SL dashboard to provide health professionals access to
information from acrosstheinternet to assist in the devel opment
of timely responses to COVID-19 narratives that occur online
at the global and country levels, highlighting the growing
acceptance of such toolsin public health [7].

The purpose of this exploratory study was to assess the
feasibility of using a commercially available SL platform to
monitor HPV vaccination misinformation online at the national
(ie, within the United States overall) and state (ie, within
Mississippi and Rhode Island) levels.

Methods

Ethical Consider ations

This study received ingtitutional review board exemption from
West Virginia University (protocol #00152755).

Study Design

Brandwatch was the commercially available SL platform
selected for this exploratory study. It was selected after
reviewing functionalities of leading SL platforms and having
conversations about capabilities with representatives from
Agorapulse, Brandwatch, Hootsuite, and Sprout Social. While
most platforms had similar functionalities and data access,
Brandwatch was selected based on opportunitiesto build queries
with greater geographic specificity. While there is limited
research on SL platform functionality within public health,
Brandwatch was previously studied for the accuracy of
Al-driven analyses [8]. The previoudly cited limitations of
Brandwatch Al-driven tools informed the study team’s
systematic, routine approach to training.

The research team received onboarding from Brandwatch
through 5 structured, live training sessions. Two research team
members completed a self-paced online training certificate.
After onboarding was complete, the research team’s SL lead
analyst (AS) built an HPV vaccination query within Brandwatch,
using keywords and phrasesidentified through previous research
and with research team consensus [9]. From this query, AS,
with support from Brandwatch devel opers, created a dashboard
to monitor online conversationswithin the United States overall
and in 2 states—M ississippi, the US state with the lowest HPV
vaccination rate, and Rhode I sland, the US state with the highest
vaccination rate. The research team regularly reviewed the query
keywords and updated them as needed for increased rel evancy
and accuracy.

Brandwatch Al-driven toolsweretrained to recognize sentiments
and emotionsrelated to HPV vaccination. Sentiment categories
for this study were different from the ones provided
automatically by Brandwatch within the platform and were
determined by the research team based on previous research
[9]. Sentiment categories included “fact-based information,”
“pro-vaccine opinions” “misinformation,” “anti-vaccine
opinions,” and “neutral comments.” These sentiment categories
were built into the dashboard by a Brandwatch developer in
conjunctionwith AS. Theinitial Al-driven recognition of these
content categorieswasinaccurate. For example, all content that
mentioned “ cancer” was automatically considered negative by
the SL platform Al. AStrained the Al-driven sentiment tool to
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recognize the intended content by reviewing aggregated social
media comments, as well as other online articles and posts
within Brandwatch, and adding them to the appropriate
categories to spur Al recognition. During this Al training
process, another sentiment category—"irrel evant”—was added,
as content that used similar language but was not directly related
to HPV was identified. The Brandwatch Al-driven sentiment
tool was trained by AS routinely over a 6-month period to
enhance the recognition of categories. This routine training
significantly improved category recognition within the SL
platform but was not completely accurate upon periodic spot
reviews by the research team. The Al-driven tool for recognizing
emotions automatically included categories such as “anger,”
“disgust,” “fear,” “joy,” “sadness” and “surprise” Like the
Al-driven sentiment tool, the identification of correct emotion
categories was initially incorrect and required routine training
by AS to improve accuracy.

Once the SL platform was built, the research team evaluated
the dashboard, query, and implementation process notes to
assess the feasibility of using a commercially available SL
platform for HPV vaccination misinformation DPHS. This
assessment was compl eted by using an adaptation of the CDC's
attributesfor an effective PHS system [4]. The attributes adapted
in this study were identified from CDC iterations published
since 1988 [10]. The adaption of attributes involved the
inclusion of consistent elements and associated definitionsfrom
acrossthese CDC iterations; the addition of “ cost” asapotential
challenge to scaling; and the removal of “predictive value
positive,” asthe proposed DPHS approach would assess online
narratives as opposed to a specific health condition. Consensus
on each attribute was reached among the research team
members.

Results

Table 1 details each adapted PHS system attribute and the
opportunities and limitations with regard to using a
commercidly available SL platform for HPV vaccination
misinformation DPHS. Opportunities include user-friendly
dashboards with real-time data monitoring and platform
adaptability. For example, from June 21 to 24, 2023, theresearch
team was able follow the spread of misinformation through
social media posts related to a lawsuit filed by the Children’'s
Health Defense Fund, an organization led by prominent
antivaccine activist Robert Kennedy Jr. However, while the SL
platform dashboards are user-friendly, it took significant staff
time, expertise, and routine maintenance to keep them relevant
and as accurate as possible. Brandwatch was also found to be
adaptable to the ever-changing online information ecosystem;
however, the quality of thisinformation was dependent on data
access agreements with individual social media companies,
which could change at any time. Additional challengesto using
an SL platform for DPHS include concerns with data quality,
representativeness, and the accuracy of Al-driven tools. There
are limited ways to validate data within the SL platform itself.
Data may be downloaded from Brandwatch and externally
analyzed for sentiments and emotions, but this process would
remove the Al-driven, automated nature of the SL platform and
reduce the effectiveness of real-time monitoring in DPHS.
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Table 1. Feasibility of using a commercial socia listening platform for human papillomavirus vaccination misinformation digital public health
surveillance. This was assessed based on attributes of public health surveillance systems adapted from the Centers of Disease Control and Prevention

(4].

Attribute Attribute description Socidl listening opportunities Socid listening limitations
Usefulness Contribution to prevention  Eventsthat may trigger misinformation spread can  Unclear if targeted interventions can effec-
and control of misinforma-  beidentified in real time, providing an opportunity tively shift online narratives
tion to target intervention
Simplicity Simplicity of structureand  Dashboards can automate monitoring and provide Building effective queriesrequiresaspecial-
ease of use easy-to-use tools to dig deeper into observable ized skill set, including content area
trends knowledge and experience with social me-
diaand online ecosystems
Flexibility Adaptableto changinginfor- Queries can be adapted to new information and Requires consistent monitoring by skilled
mation and conditions trends by changing keywords and phrases personnel to ensure queries are reflective
of current conditions
Data quality Validity and completeness  Queries can include data beyond social media, Data are limited by access provided by
of data providing awindow into narrativesin onlinepublic  specific social media companies and the
spaces effectiveness of the query, along with a
current lack of external data validation
Representativeness  Accurately describesflow  Queriescan monitor conversation trendsover time, Demographic and geographic information
of health information over  such as trends among audience panelsand in vari- isimprecise and is limited based on avail-
time and distribution by ous locations, which provide insightsinto demo-  ability
place and person graphics and geographic boundaries
Timeliness Lapse of time between mis-  Conversations can be monitored in real time, pro-  Lack of evidence-based responsesto counter
information and intervention  viding opportunities for quick responsesto misin-  misinformation spread
formation
Sensitivity Ability toidentify truecases Dashboard algorithms can be trained to detect Effectively training algorithms to detect
and detect misinformation  changes in sentiments and emotions, providing an  sentiments and emotionsistime-consuming
opportunity to respond to trends and requires a specialized skill set
Stability Systemisresilient to change Can collect new sources of online data as they Changes to social media company policies
emerge to remain relevant in the shifting social can affect access to data sources
media and online ecosystem
Acceptability Willingness of personsand  Data collection is passive and does not burden par-  Ethical concerns with online public data
organizationsto participate ticipants with active data requests collection
Portability Duplication of systeminan- Social listening platforms can be purchased and Effectiveness of the queries may be limited
other setting adapted to different settings and health conditions, by the personnel developing them and the
with no specialized hardware required for operation  sophistication of the selected social listening
platform
Costs Cost-effectiveness of the Onlineservicescan vary in price (2US$2500 annu-  Sophisticated social listening platformsare

system

aly) based on the services needed for socid listen-
ing

more costly, although they provide greater
access to data and tools

While Brandwatch was sel ected due to opportunitiesfor greater
geographic specificity, this functionality was limited in scope
to only certain social media platforms, such as X (formerly
Twitter). Furthermore, geographic specificity waslimited based
on whether social media users used geolocation functionalities
and whether locations were mentioned in profiles or posts.
Despitethis, the research team identified and monitored different
narratives in misinformation within the two states included in
this exploratory study—Rhode Island and
Mississippi—suggesting the potential importance of assessing
online misinformation narratives based on geographic location.
For example, on the same day in January 2024, thetop trending
story for Rhode Idland focused on the Children’s Health Defense
Fund lawsuit, while in Mississippi, the top story focused on
childhood injury due to vaccination.
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Discussion

Our findings suggest that there are opportunities and challenges
associated with using commercially available SL platformsto
monitor HPV vaccination misinformation online at the national
and state levels. While there were strengths across all PHS
system attributes, there were al so significant weaknesses. These
weaknesses, particularly those related to data quality,
representativeness, and the accuracy of Al-driven tools, reflect
limitations to using current SL platforms for DPHS. If these
challenges are addressed over time however, thislevel of DPHS
could provide the foundation for different intervention
opportunities, such as using skilled infodemiol ogiststo counter
online misinformation [11]. While the research team identified
challenges with the accuracy of Brandwatch Al-driven tools,
which matched previously published research [8], building
DPHS capabilities now could provide critical infrastructure if
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and when such toolsimprove over time. If found to be effective  Future research should focus on increasing the specificity of
in monitoring HPV vaccine misinformation, commercially geographic location, studying strategiesto increase the accuracy
available SL platforms may be adapted to other fieldsand health  of SL platform Al-driventools, and testing targeted interventions
conditions. Findings may differ based on the SL platformused using SL platforms.

and vendor access agreements with social media companies.
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