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Abstract

It is widely acknowledged that vaccine hesitancy is a
multifaceted problem that cannot be addressed by a single
strategy. Behavior change theories and social media tools may
together help to guide the design of interventions aimed at
improving vaccination uptake. This systematic review aims to
identify the breadth and effectiveness of such theories and
tools. The systematic review search was performed in PubMed,
Scopus, ACM, Cochrane Library, ProQuest, and Web of Science
databases for studies between January 2011 and January
2021 that applied social media tools to increase vaccine
confidence or improve vaccination uptake. The literature search
yielded a total of 3,065 publications. Twenty articles met the
eligibility criteria, 12 of which were theory-based interventions.
The result shows that the Health Belief Model was the most
frequently deployed theory, and the most common social media
tool was educational posts, followed by dialogue-based groups,
interactive websites, and personal reminders. Theory-based
interventions were generally more measurable and comparable
and had more evidence to trigger the positive behavior change.
Fifteen studies reported the effectiveness in knowledge gain,
intention increase, or behavior change. Educational messages
were proved to be effective in increasing knowledge but less
helpful in triggering behavior change. Dialogue-based social
media intervention performed well in improving people’s
intention to vaccinate. Interventions informed by behavior
change theory and delivered via social media platforms offer
an important opportunity for addressing vaccine hesitancy.
This review highlights the need to use a multitheory framework
and tailoring social media interventions to the specific
circumstances and needs of the target audience in future
interventions. The results and insights gained from this review
will be of assistance to future studies.
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INTRODUCTION

Health threats caused by infectious diseases can result
in significant and widespread increases in morbidity
and mortality and enormous economic losses, and
the mortality impact is greater in low- and middle-
income countries. Vaccination is the most effective
way to save lives from infectious diseases. Since the
middle of the 20th century, vaccination campaigns
have helped eradicate smallpox and have countered
the fear of other deadly infectious diseases, such as
polio, measles, and invasive pneumococcal disease

Implications

Practice: Findings of the review provide guid-
ance for future interventions informed by be-
havior change theory and delivered via social
media platforms, which could offer an important
opportunity for addressing vaccine hesitancy.

Policy: Interventions using social media in-
formed by behavior change theories provide a
platform for low-cost and highly efficient policy
advocacy opportunities for addressing vaccine
hesitancy and increase vaccine confidence.

Research: The review builds on current litera-
ture to provide greater clarity on how social
media and behavior change theories have been
used to address vaccine hesitancy and increase
vaccine confidence, and highlights the need for
studies to evaluate interventions to address hesi-
tancy and explore the potential of multitheory
frameworks to inform the design of interventions.

[1]. Achieving adequate vaccine coverage can be
threatened by people’s concerns about a particular
vaccine or vaccination in general. Such concerns are
known as vaccine hesitancy.

The WHO listed vaccine hesitancy as one of
the top 10 threats to world health in 2019. The
SAGE Working Group [2] has defined vaccine
hesitancy as “the delay in acceptance or refusal
of vaccination despite the availability of vaccin-
ation services.” Vaccine hesitancy has also been
described as “the dynamic and challenging period
of indecision around accepting a vaccination” [3].
As it is a complex and context-specific problem
that varies across time and place and according to
the vaccine and is also influenced by factors such
as complacency, convenience, and confidence,
vaccine hesitancy is not a clear-cut issue but repre-
sents a spectrum of beliefs and concerns, as shown
in Fig. 1 [4, 5]. This paper defines vaccine hesi-
tancy as: “The behavior and psychological con-
cerns that cause people who are able to access
vaccination to avoid doing so, either at all or in a
timely manner” [2].
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Fig 1 | Vaccine acceptance spectrum. From: Leask, ). (2015, May 12). Improving communication about vaccination, adapted from Julie

Leask’s online blog [5].

Although vaccine hesitancy is not a new phe-
nomenon, the proliferation of antivaccination mis-
information through social media has given it a
new significance in the context of public health
emergencies such as the coronavirus pandemic and
hopes for the rapid development of a vaccine [6].
Misinformation can be a contributor to vaccine hesi-
tancy. Although social media platforms help people
communicate freely and share information, the rise
of fringe opinions, misinformation, and disinforma-
tion also spread rapidly, damage public trust, and
exacerbate vaccine hesitancy [6]. In particular, the
growth of antivaccination groups has led to a sharp
polarization of the debate and more people be-
coming skeptical of vaccination [7].

As well as being a potential source of the kind of
(mis)information that causes hesitancy, social media
offers two-way communication with target groups and
individuals, increases the availability, accessibility,
and appropriateness of the information, and provides
a platform for low-cost and highly efficient policy ad-
vocacy opportunities [8]. It can provide an unprece-
dented opportunity to directly address public health
issues and thus become a significant health promo-
tion tool that is able to support behavior change [9].
Moreover, in the context of vaccine hesitancy, public
health promoters have been encouraged to make
greater use of social media, to be active rather than
reactive regarding vaccination scares [10—12], and use
network analysis and social computing methods to
understand information spread through social media
by antivaxxers and to support the development and
implementation of social media interventions [13-15].

However, because social media is not a static property
but a constantly growing and developing technology
that could cause a broad and complicated set of behav-
iors, interactions, and exchanges involving numerous
types of interconnected actors, precise definitions are
somewhat elusive [16]. This review describes social media

not only just as a medium of communication, but also
as an online environment that enables individuals to so-
cialize and a platform that features “interaction” as its
main function [8]; we define social media interventions as
“interventions that use social media as a tool to deliver
intervention content with social media components
aimed at influencing vaccine attitude or behavior.”

Vaccine hesitancy is a highly context-specific
problem [17]. The extensive literature on the sub-
ject seeks to identify the determinants and barriers
in people who are hesitant. Studies have found that
these factors included contextual influences (such
as social norms, religious beliefs, economic or polit-
ical factors, trust in government and providers), in-
dividual and group influences (personal perception
of the vaccine, the opinions of family and peers),
and issues directly related to the vaccine (such as
vaccine safety and ingredients) [2]. As a result, al-
though many behavioral determinants and barriers
to different vaccinations have been identified, few
existing interventions have been explicitly designed
to address vaccine hesitancy, and even fewer studies
have quantified the effectiveness of such interven-
tions in terms of increasing the knowledge and
improving the attitude or behavior [3, 8, 18].

Many studies have shown that interventions in-
formed by behavior change theories based on
evidence-based principles are more effective than
those that lack a theoretical framework [19-21]. In
the existing literature pertaining to vaccine attitudes
and intentions, behavior change theory is more
often used to identify the behavioral determinants
than to design and evaluate interventions [22].
Research actions informed by theory rather than
by researchers’ intuition and experience have the
potential to increase understanding of behavioral
processes, enable the systematic design of evidence-
based interventions, and help put behavioral sci-
ence into practice. Theory-based interventions offer
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an opportunity to better understand the factors that
drive vaccine hesitancy and to design interventions
to address it. To the best of our knowledge, the lit-
erature has not yet been systematically examined to
explore how behavior change theories have been
implemented in interventions that seek to under-
stand and address vaccine hesitancy.

This review sought to identify social media tools
and behavior change theories used in vaccine hesi-
tancy studies and assess their implementation and ef-
fectiveness in informing the systematic development
of novel interventions for improving vaccination rates.

METHODOLOGY

The PRISMA approach (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
Selection [23]) was used to search for articles from
research library databases. Fig. 2 shows the selec-
tion process aligned with the PRISMA guideline.

()
5
= Records identified from*: Records removed before
(3] Databases (n = 6) R screening:
!E Registers (n = 2) Duplicate records removed
§ Records identified (N= 3065) (n=1361)
S, v
Title screened Studies excluded by title
(n=1704) —»| (n=1062)
Studies excluded by abstract
Abstract screened —
(n = 642) ——» | (n=480)
: '
£
= Article not retrieved
g Article sought for retrieval —>| (n=1)
L) (n=163)
Full-text excluded:
l No social media tools used (n = 15)
General commentary (n = 8)
Not related to vaccine hesitancy (n
Studies assessed for eligibility - > =27)
(n=162) No intervention used (n= 38)
Other reasons (n= 54)
e l
®
= Studies included in the review
° (n=20)
c

The publications were selected using predefined
keywords and selection criteria as follows.

Search strategy

We designed an organized structure of key terms to
search literature in electronic databases (for search
strategy and search keywords, see Appendix A). As
each database works differently, the commands were
adapted to obey different rules. Relevant literature
published between January 1, 2011, and January
1, 2021, were collected by performing searches in
PubMed, Scopus, ACM, Cochrane, ProQuest, and
the Web of Science database.

Eligible criteria
Inclusion criteria

1. Intervention and vaccination: vaccine hesitancy
studies that use social media to deliver interventions

Fig 2 | PRISMA diagram detailing the process of identifying and selecting the studies.
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to influence vaccine behavior (studies measuring
people’s behavior toward vaccination) or increase vac-
cine confidence (studies measuring people’s change of
knowledge, intention, or attitude toward vaccination).
2. If there was no explicit method shown in the title or
abstract, full-text screening was carried out.
3. Only peerreviewed articles published in English were

included.

Exclusion criteria
Any article on the following subjects was filtered out:

1. Vaccine development processes for a particular disease;
implementation of a general immunization program in
a particular area that focuses on the whole vaccine allo-
cation process, including governance, workforce man-
agement, vaccination sessions, and vaccine supply.

2. Theory-based interventions without using social media.

3. Interventions aiming to increase the utilization of im-
munization services or improve the availability of im-
munization services by healthcare providers.

4. Face-to-face or school-based educational methods
without using social media intervention.

5. Behavior theory used for vaccine adjuvants, rabies,
and school-based health promotion programs.

6. Commentary paper on social media and vaccine hesi-
tancy without giving the intervention development

process.

Data extraction

All articles that accorded with the search strategy
were collated, and duplicates were removed. Next,
the authors reviewed the remaining titles and ab-
stracts and excluded the articles that did not meet
the inclusion criteria. The full text was evaluated if
the title or abstract were inadequate for determining
eligibility. The final included articles were divided
into four categories based on the three types of so-
cial media intervention identified in the European
Centre for Disease Prevention and Control (ECDC)
social media intervention report [8] and the fourth
category identified by the authors:

* Educational posts: interventions using social media as
a communication channel to post or promote educa-
tional information to the public.

* Dialogue-based: interventions engaging the public in
online discussion groups.

* Interactive website: interventions utilizing interactive
websites with integrated social media components to
deliver information and engage users.

* Personal reminder: interventions providing personal
reminder information using social media channels.

The authors extracted the key points from the in-
cluded studies, including study details (study area;
targeted groups; sample size; vaccine; intervention
type; social media type and theory), study aims,
intervention details, outcome, and results.

Risk of bias assessment

The risk of bias for each included study was assessed
by the authors using the adapted MetaQAT form
(the Public Health Ontario Meta-tool for Quality
Appraisal for Public Health Evidence [24]) to guide
the critical appraisal process. As shown in Appendix
B, three domains accounted for the overall judg-
ment: relevancy, reliability, and validity. The in-
cluded studies were scored medium and high in
total score (13 articles were rated between 7 and 9
[25-37], seven studies were between 4 and 6 [38-
44]). Then the overall score for each domain was
counted.

The validity domain presented the lowest score
due to the potential methodological bias. Among
these, the issue of small sample size was the most fre-
quent issue which has been found in six studies [25,
26, 28, 36, 38, 44|, followed by the lack of general-
ization in six studies [25, 28, 33, 37, 38, 40], and re-
sponse bias caused by self-reported measures in three
studies [26, 35, 39]. Three studies also reported the
inability to measure the outcome due to the study
design that leads to the difficulty in distinguishing
the impact factors [33, 35, 40]. Besides, the study
also reported the potential social desirability bias
and in-group bias [31] and the potential weakness
on outcomes biased by baseline vaccine hesitancy
[38, 41]. Despite the potential biases, the studies elu-
cidated that these methodological issues were min-
imized by using various strategies.

RESULTS

The literature search yielded 3,065 publications
from all data sources. Twenty articles met the inclu-
sion criteria. Of these, eight studies used social media
to deliver the interventions without using behavior
change theory, and twelve studies were informed by
behavior change theories. The study characteristics
in each group were shown in Appendix C, which
displays the study details, including aims, study de-
sign, a brief description of the intervention, and re-
sults. In this section, we will first present the general
description of the included studies, then describe
the studies from the perspectives of the social media
use and behavior change theory, and present the ef-
fectiveness and evaluation of the included studies
qualitatively.

The study overview of the included studies is dis-
played in Fig. 3. Most of the studies were conducted
in the United States (n = 11); other in Denmark
(n = 2), Germany (n = 2), China (n = 2), Canada
(n = 1), Netherland (z = 1), and Italy (n = 1). Twelve
interventions addressed HPV vaccination, two on in-
fluenza vaccination, one focused on maternal and
infant vaccination, and one on MeaslessMumps-
Rubella vaccination (MMRs). The remaining four
addressed vaccinations in general. In terms of the
targeted groups, most of the studies focused on the
people aged 12-40, including parents (n = 5), college
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Study area
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15 12
10
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0
Human Papillomavirus General Influenza vaccine Maternal and infant  Measles-Mumps-Rubella
Vaccine (HPV) vaccine Vaccination (MMR)
Targeted group
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Parents College students Online users Adolescents aged 12-year-old girls Women aged
aged over 18 13-18 18-26

Fig 3 | Study overview of the included articles.

students (n = 5), adolescents aged 12-18 (n = 3), girls
aged 12 (n = 2), and women aged 18-26 (n = 2); the
other three studies focused on general online users
without giving specific age.

Use of social media components

Thirteen interventions used a single type of social
media platform (Facebook (n = 9) [28, 30, 32-35,
38, 40, 42]; YouTube (n = 1) [36]; Twitter (n = 1)
[25]; WhatsApp (n = 1) [31]); three used general
online forums [26, 27, 29]; and one used a mixture
of social media tools (Twitter, Facebook, and Vine
[44]); the other three used websites with a builtin
interactive component [37, 39, 41]. In terms of the
type of intervention, the most common was educa-
tional posts (11 articles), followed by dialogue-based
(5 articles), interactive website (3 article), and per-
sonal reminders (1 article).

Educational posts

Social media campaigns that post educational mes-
sages to the general public were the most common
method [25, 30, 32, 33, 35, 36, 38, 40, 42-44].
People (mostly women) received daily educational
messages, including personal stories, medical opin-
ions, facts, and related events, produced by public
health agencies through Facebook or YouTube over
1 month to 1 year.

These studies highlighted the effect of different
types of contents and ways of posting: Loft et al.
investigated the impact of different types of con-
tents on engaging and reaching the audience and
concluded that posts containing personal stories
performed better than that containing factual infor-
mation [32]; La Torre et al. found that events were
the most popular type of news compared to press

releases and publications and Friday is the day when
the contents attracted more watches and likes [42];
Robichaud et al. compared the effect of evidence-
based and anecdotal video and concluded there is
no significant difference in participants’ attitude and
behavior after watching the videos [36]; Lee and
Cho investigated whether different message framing
had a various impact on the public’s behavior inten-
tion to get vaccinated and found participants who re-
ceived the loss-framed message on Facebook mostly
exhibited a higher level of behavioral intention than
those in the gain-framing condition [30].

The interventions using educational posts were
always combined with other types of interventions.
For example, Gerend et al. combined social media
posts with posters and yard signs around the campus
to promote the HPV vaccine, and it observed a
75% increase in vaccine uptake among the targeted
group [40]. Besides, it could also be integrated with
other modes of social media. Pedersen et al. carried
out a social media campaign to engage Danish girls
in communication regarding the HPV vaccine, and
the strategy was proved useful [35]. Mohanty et al.
used Facebook to reach adolescents for promoting
the HPV vaccine while sending reminder letters to
the participants [33].

Dialogue-based interventions

Five studies used the dialogue-based social media
interventions, three of which were carried out
through online forums [26, 27, 29], and the others
were conducted in social media platforms (Facebook
(n = 1) [28]; WhatsApp (n = 1) [31]). Participants
took part in forums in which they discussed dif-
ferent subjects according to their area of hesitancy.
Kimmerle et al. examined the difference of impacts
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between using factual information versus using per-
sonal experience on subsequent communication
[27]. The results demonstrated that both kinds of
information had a similar effect in engaging users,
but the responses to personal experience were sig-
nificantly more emotional. Hasse et al. attempted to
assess the effect of the credibility of the post source
on the participant’s risk perception toward vaccines,
but the result shows the discussions on vaccine ad-
verse events decreased the vaccine intention and
increased risk in both neutral and antivaccination
online health forums [26].

It can also be combined with other social media
modes. For example, Liao et al. promoted the child-
hood vaccine through discussion groups among
parents while sending weekly vaccination reminders,
and they identified the most common discussion
topics including vaccination decisions, vaccination
clinic and cost, vaccine safety and side effects, and
vaccine effectiveness, and also found the combined
intervention effectively promote mothers’ self-
efficacy in making vaccine decision [31]. Besides,
the dialogue-based interventions can assist the vac-
cination promotion programs in school settings. Lai
et al. designed an intervention for educating stu-
dents about the HPV vaccination in lectures with
two intervention groups in China and concluded
the Facebook-assisted discussion method was more
effective than the in-person discussion [28].

Interactive websites

Interactive websites provided evidence-based infor-
mation in an interactive environment through social
media. By incorporating social media components
such as Instagram, Facebook, Twitter, YouTube,
the website could be used to share and interact with
other users and receive responses from doctors and
other experts. Notably, all three studies were con-
tributed by one research team with a different focus:
Glanz et al. developed the interactive social media
website that aims to increase childhood immuniza-
tion by tailoring the content, design, and informa-
tion architecture toward parents who are seeking to
make informed decisions regarding vaccination for
their children [37], and they also carried out a series
of studies to compare the effectiveness of website
without social media, website with social media and
usual care on improving parents’ vaccine-related at-
titudes and found pregnant women exposed to the
social media were more likely to vaccinate their in-
fants on time than participants receiving usual care
[39, 41].

Personal reminders

The personal reminders intervention uses a software
system to record the data and send the automated
reminders through social media to targeted parti-
cipants. In some cases, personal reminders were al-
ways combined with other intervention content and

methods to encourage participants to change their
behavior [31, 33]. Only one study used personal re-
minders solely to deliver the intervention content in
this review, which developed a reminder system by
using a mixture of reminder channels—text message,
e-mail, phone call, Facebook message, and standard
mail to remind the participants to get the HPV vac-
cine; however, the result shows the intervention did
not increase HPV vaccine completion [34].

Behavior change theory

Nine studies reported using behavior change the-
ories to inform the design of social media interven-
tions. The Health Belief Model, Theory of Planned
Behavior, and Social Cognitive Theory (SCT) were
employed in these studies. Figure 4 presents the
use of behavior change theory in each social media
mode of delivery.

Health Belief Model

Eight studies used the Health Belief Model (HBM)
alone, and the other three combined HBM with the
Theory of Planned Behavior. As shown in Fig. 4, six
single-theory studies are delivered through educa-
tional messages, while two were through dialogue-
based social media interventions. The HBM posits
four principal drivers of health behaviors: people’s
knowledge and perception of the severity of disease
and their susceptibility to it; people’s perception
of the barriers to and benefits of being vaccinated,;
self-efficacy, that is, their belief in their ability to
be vaccinated; and the cues to action. The model
also assumes that the intention to enact a certain be-
havior will be followed through [25, 45], so it can
be used as a framework to evaluate the effective-
ness of the intervention on behavior change. Most
of the studies that used this model were based on
the hypothesis that people with higher perceived
susceptibility, higher perceived benefits, and higher
self-efficacy can be defined as lower-barrier groups
that are more likely to engage in behaviors that pro-
mote health [25, 46, 47].

Of the eight studies, all reported that the HBM
was employed as a guiding theory for intervention
development: three were based on all components
identified by the HBM [33, 43, 44], four excluded
the consideration of cues to action [25, 28, 30, 38],
and one study only focused on cues to action [29].
Only four applied the same theoretical framework
to evaluate the effectiveness of interventions [25,
28, 29, 44]. In terms of way of incorporation, it was
slightly different with different social media modes.
For the educational posts, the campaign messages
or contents were simply constructed to align with
the HBM components [25, 38, 44], whereas for
dialogue-based interventions, the HBM was used as
a rationale to design the whole intervention process
[28, 29]. For example, Allen et al. provided a series
of sample tweets for each HBM component, and the
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HBM: Health
Belief Model
TPB: Theory of
Planned
Behaviour

SCT: Social
Cognitive Theory

Educational messages = Interactive website ® Dialogue-based ™ Personal reminder

Fig 4 | Type of social media intervention and the use of behavior change theories.

messages were sent to the participants to address the
targeted barriers [25]; but in Langley et al.’s study,
they designed the dialogue-based interventions to
prompt external cues to encourage the vaccine be-
havior [29].

Theory of planned behavior

As mentioned, three studies combined the Theory
of Planned Behavior (TPB) with HBM. According
to the TPB, the behavior could be directly influ-
enced by intentions, which are determined by atti-
tudes (a function of behavioral beliefs), subjective
norms, and perceived behavioral control (a function
of control belief) [48]. All the three studies were the
intervention delivered through interactive websites
by one research team in the same way, that is, the
multitheory model was first used in the design of the
factual vaccine content to present on the website,
and then implemented as indicators in the meas-
urement of effectiveness for assessing the attitude
toward perceived benefits and risks of vaccination
and self-efficacy regarding vaccine decision-making
[37, 39, 41].

Social cognitive theory

SCT considers the six elements in addressing be-
havior change of individuals, which includes recip-
rocal determinism (the interaction of individual,
environment, and behavior), behavior capability
(perceived facilitators and barriers to action), vic-
arious learning (the source of information cogni-
tive and behavioral development), reinforcements,
expectations, and self-efficacy [49]. Compared to

the HBM and TPB, SCT focuses more on the so-
cial motivation for achieving the behavior change.
For example, in Liao et al.’s study, the intervention
was developed to promote mothers’ self-efficacy
through group discussion for taking their children
to get the influenza vaccination, and the self-efficacy
was served as the main indicator for design and
measured effectiveness [31].

Effectiveness and evaluation

This section comprises the effects of the interven-
tions on improvement in knowledge, intention,
behavior, or other outcomes. Due to the hetero-
geneity of the studies and a lack of suitable data for
measuring effectiveness, we were unable to compare
the effectiveness quantitatively. Instead, we col-
lected the primary outcomes of the included studies
to present the effectiveness qualitatively.

As shown in Table 1, the evaluation approach
varies depending on the measurements. Theory-
based Likert-type scales are the most used to
evaluate knowledge, attitude, and intentions. For
example, Lai et al. developed a 20-item self-report
scale with a five-point Likert-type rating to assess
the attitude and intention of HPV vaccination be-
havior post the intervention [28], which is similar to
the methods used in other studies [25, 30, 36, 41,
44]. To evaluate the vaccine uptake rate, six studies
used the medical records [33, 34, 37, 40, 41, 43],
whereas the other three collected the data through
self-reported surveys [31, 38, 44].

Fifteen studies reported the effectiveness on
knowledge gain, intention, or behavior change;
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one study stated in progress without provided any
result [29], and other four studies used other meas-
urements instead, such as engagement rate and
click-through rate [32, 35, 42] and the number of
replies [27]. Among the fifteen studies, eleven of
them were theory-based interventions, and only four
nontheory-based studies reported the effects on in-
tention or behavior change [26, 34, 36, 40], two of
which are even no significant change [34, 36]. One
nontheory-based study reported a 75% increase in
HPV vaccine uptake in a school design [40]. Among
the other six theory-based studies that reported be-
havior change outcomes, one indicated no statis-
tically significant difference between intervention
and control groups, although the higher completion
rate was shown in the intervention group (12% vs.
4%) [38]; two also reported no significant increase
for vaccination uptake [31, 43]; and the other three
studies reported positive effects. One reported 60%
of participants received the HPV vaccine due to the
intervention [44], another reported a significant dif-
ference between control groups that participants in
the social media intervention group were two times
more likely to receive the MMR vaccine than those
in usual care and internet intervention groups [41],
and the third reported the number of doses and
participants administered for the HPV vaccine (176
doses and 152 unique adolescents) after the inter-
vention [33].

In terms of the mode of delivery, four theory-
based education posts reported significant results:
one found higher knowledge gain between before
and after the intervention, but no significant increase
in vaccination rate [43]; one reported the unframing
message promoting through Facebook significantly
increased the vaccine intention [30]; the other two
reported higher vaccination uptake rate due to the
intervention [33, 44]. Another nontheory-based edu-
cational post also reported a higher vaccination rate
with a 75% increase among the participants after the
intervention [40]. The theory-based interactive web-
site had significantly improved the vaccine know-
ledge [37], attitudes and intention to vaccinate [39],
and vaccine uptake [41]. Three dialogue-based inter-
ventions were reported to be effective in improving
people’s intention to be vaccinated [28, 31], one of
which is nontheory-based intervention [26]. It also
performed well in increasing the vaccine knowledge
and awareness [28, 38], although two studies re-
ported no significant improvement was found in the
vaccine uptake [31, 38].

DISCUSSION

Here, we highlight the key findings—the effective-
ness, strengths, and limitation of using each social
media component and behavior change theories in
the interventions to address vaccine hesitancy, then
summarize the opportunities and challenges that
face future attempts to integrate behavior change

theory and social media interventions as a means
of addressing the problem of vaccine hesitancy, and
eventually identify the benefits and limitations of
this research.

Social media use

The included articles were divided into four
categories according to the main intervention type,
although some had multiple components. Each
mode has its advantages and disadvantages.

The chief merits of educational posts are the low
cost and the potential for wide coverage [40]; an ap-
parent weakness, however, is the use of nontailored
information. Furthermore, with no control group
among so many participants, the effects of other fac-
tors cannot be ruled out. It is difficult, therefore, to
measure the effectiveness of this type of intervention
[35]. The alternative would be to narrow down the
target group and provide tailored messages for spe-
cific populations, such as college students or parents,
and offer guidance on how and where to access the
vaccination [40]. Such tailoring is always more ef-
fective, but the cost is greater.

For the dialogue-based interventions, participants
could post their opinions and concerns about the
vaccine or disease and freely communicate with
other participants about their experiences; there-
fore, it is much easier to evaluate the effectiveness
by collecting the data using repeated surveys than
the educational posts. The researchers were able to
observe the influence of initial posts and follow-up
discussions on changes in participants’ attitudes
[27-29, 31, 38]. Besides, the results show that in-
formation from discussion groups can effectively
improve vaccine confidence by enhancing the re-
lated knowledge and dispelling the doubts, but this
alone may not be enough to solve the vaccination
concerns and enable people to make positive vaccin-
ation decisions [28, 31, 38].

Similarly, the questionnaires could be sent to par-
ticipants to assess their trust in the social media tools
and the health information received for the inter-
active websites. Besides, its multicomponent nature
facilitates it to be more functional—participants can
receive the educational information from the web-
site and discuss their questions and concerns with
other users and receive responses from doctors and
other experts. However, its development, engage-
ment, and management cost is much higher than the
first two. It is worth noting that the study found the
contents using storytelling approaches and answers
to questions posed by readers on the website show
the highest number of reads and engagement [32].

A personal reminder has the advantage of being
easy to measure the effectiveness. Apart from using a
self-reported survey, personal medical records were
also used to evaluate the effectiveness of the inter-
ventions; researchers could observe how many par-
ticipants delayed or refused vaccination for personal
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or nonmedical reasons. However, it alone presents
the lowest effectiveness compare to other interven-
tion types, and consequently, it should be combined
with other intervention components [34].

In terms of effectiveness, we found that the
strength of different modes lies in different targeted
outcomes. The educational post performed well in
improving knowledge, while dialogue-based inter-
vention is better in increasing the intention or change
the attitude, but may not be enough on their own
to trigger behavior change. Thus, the most effective
interventions employed multiple strategies. In this
review, we found that the most significant increases
in vaccine uptake on the first dose (increases of up
to 75%) were observed with interventions that used
educational messages with posters and signs [40],
particularly those that embedded information about
to recommend HPV vaccination to others. Such
increases could nonetheless have other causes that
are difficult to distinguish. In general, we found the
interventions that reported the significant increase
in vaccine uptake were those that: (1) targeted spe-
cific populations; (2) included tailored content; and
(3) used behavior change theory in their design.

Summarizing the benefits and limitations of so-
cial media interventions is problematic because the
studies were carried out in various countries and
cultures and are therefore highly context-specific. In
general, evidence-based social media interventions
have the potential to significantly improve the know-
ledge, intention, and behavior about vaccines and
clear the behavior barriers, especially when com-
pared to other modes such as mass media [30] and
the general internet [37, 39, 41]. Additionally, there
are undeniable benefits to using social media—fast
access to a wide audience, low cost—so its future is
promising, but more evidence-based strategies and
studies are needed.

Three main limitations to these studies can be
identified. The first is the difficulty in clarifying the
relationship between the effects on the behavior of
the social media intervention itself and the effects
of other factors [28, 33, 34]. Most studies measure
knowledge and attitudes, risk perception and con-
cerns, and the intention to be vaccinated. Tracking
vaccination uptake by accessing participants’ med-
ical records could help address this shortcoming,
but there are apparent issues here regarding con-
fidentiality. Second, although studies suggest that
social media interventions could be effective for
people who are already open to vaccination or who
already recognize the role of social media in the
field of health and wellbeing, it is well understood
that social media platforms are vulnerable to ex-
ploitation and have become a forum for antivaccine
discussions [3]. Third, social media interventions
have the potential to exacerbate disparities in
healthcare that result from differences between so-
cial groups regarding access to the internet and to
smartphones [25, 35, 40]; people without access

to social media can become marginalized or com-
pletely excluded.

Behavior change theory

Across the studies included in this paper, we iden-
tified the behavior change theories used in inter-
ventions to influence vaccine uptake, which are the
Health Belief Model and the Theory of Planned
Behavior, and SCT. However, since only nine studies
were identified in this review, additional research
is needed to provide more robust evidence for the
utility of these theories. Besides, considering only
a small number of theories are being implemented
in the design of social media interventions, there is
scope for expanding the use of theory to provide a
greater understanding of vaccine hesitancy and in-
form the design of interventions aimed at addressing
it and improving vaccine uptake.

A clear difference was identified between the
studies with and without theory—theory-based
studies are more measurable and replicable. The
unique role of theoretical methods is their func-
tion on bridging the gap between knowledge and
behavior, which could expand the function of
intervention from knowledge, attitude to intention
and behavior. In terms of the application of be-
havioral theories, we found that in addition to dir-
ectly guiding the interventions, many studies only
used the theories to design parts of the intervention
content, such as videos, articles, and stories, or to
measure the effects of interventions [33, 37-39].
Notably, only three studies have been consistent in
their design and evaluation, using the same frame-
work to measure effectiveness [25, 28, 44].

Through the qualitative evaluation on the effect-
iveness, we found that the Health Belief Model has
great potential in improving vaccine knowledge, in-
tention and uptake, although HBM-based studies
also identified no significant improvement in know-
ledge, intention, or vaccination rate [25, 38, 43].
Among the HBM components, we found cues to ac-
tion is the most underdeveloped and least researched
element, which is in accordance with the previous
studies [50], especially the external cues. However,
since vaccination is a social contract wherein getting
vaccinated is the morally right behavior [51], which
needs endorsement from the social environment.
This might be a possible explanation for the low ef-
fectiveness of the three low effective studies.

Meanwhile, it highlights the need for amultitheory-
based framework that can take all determinants into
account. Considering vaccine hesitancy is a be-
havior in a complex network of related behaviors,
changing that one behavior is likely to influence the
other components of the system and reconfigure the
whole network. In this case, a systematic framework
considering a wide range of options would aid the
development and implementation of any interven-
tion [52]. Furthermore, although behavior change
models such as HBM and TPB have been used to
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inform the interventions and may have some ef-
fect, they may suit only one specific circumstance
and have limited value. A framework based on mul-
tiple theories, such as Behavior Change Wheel [53],
could facilitate the evaluation process by providing
tools to diagnose possible loopholes in the develop-
ment of the intervention and so improve the design
and achieve the desired goal.

Recommendations for future interventions

Our review demonstrates that behavioral theory-
based social media interventions have the poten-
tial to improve vaccine knowledge and confidence,
whereas there is insufficient evidence for its function
on the effectiveness of increasing vaccine intention
or uptake. Most of the findings from the reviewed
studies show that these approaches were effective
in improving knowledge, attitudes, or belief [30, 31,
33, 37-39, 41, 43, 44, 54], but only a few addressed
vaccine concerns sufficiently to achieve a positive
vaccination decision [33, 40, 41, 44]. This result may
be explained by the fact that most social media inter-
ventions tend only to inform and educate partici-
pants; taking people on a journey from social media
exposure to changes in vaccine behavior is proving
a challenge. Based on our findings, we have several
recommendations for future studies.

First, future work is required to focus on the behavior
change process by adopting the appropriate mode ac-
cording to the context and targeted outcomes. This
review has summarized the strengths and limitations
of the different social media components, which could
facilitate the better incorporation of behavior theory
and social media mode in future interventions.

Second, the targeted outcome should be shifted from
knowledge improvement to intention and behavior
change. Studies have confirmed that people can re-
main highly suspicious of vaccines despite the facts and
the evidence and that knowledge alone is not enough to
initiate behavioral change [55]. Using behavior change
theories to better understand multiple factors, such as
beliefs, motivations, and socio-cultural influences, and
integrating these theories with social media interven-
tions, is seen as one way to move people from merely
receiving information to changing their behavior [18].

Third, this review highlights the need to use
a multitheory-based framework to inform and
evaluate the interventions. It is not only because
the multi-theory-based framework has more poten-
tial to consider more determinants and trigger the
behavior change in the whole system, but also be-
cause it can better facilitate the measurement and
comparison between different interventions. In this
review, we found that although some studies have
already used behavior change theories to guide and
inform the development of interventions, the effect-
iveness of those interventions, especially those that
use social media campaigns without reporting ef-
fectiveness on behavior outcomes, remains difficult
to gauge. Furthermore, especially for studies based

on behavior change theories, inconsistencies in ter-
minology make comparisons yet more problematic.
Interventions based on a single study provide insuf-
ficient data for assessing how successful the interven-
tion would be among a broader population or with
a different vaccine.

There are undoubtedly some lessons to be
learned from the existing studies on implementing
theory-based social media interventions. First, social
media alone is not an intervention but a channel for
facilitating engagement between people who want to
interact with others [37]. Therefore, strategies need
to be adopted to ensure the accuracy and coherence
of the information being provided, and experts in
the relevant fields need to be in place to moderate
group discussions [37, 39, 41]. Second, positive be-
havioral change is more likely to happen if there is a
strong trust between the researchers and the target
group [37]. Such trust can be fostered by ensuring
transparency in all communications, acknowledging
participants’ concerns, and responding promptly to
their questions with tailored information.

Limitations of this systematic review

To the best of our knowledge, this is the first
broad-based and systematic review of social media
interventions that aim to increase vaccine confidence
with respect to all vaccine types and populations.
The evidence appears to support and strengthen the
feasibility of using theory-based social media inter-
ventions to address vaccine hesitancy.

Nonetheless, some limitations in the review pro-
cess and research design have been identified. First,
our review covered all types of vaccines world-
wide, but vaccine hesitancy is a highly contextual-
ized problem. The utility of the results is therefore
limited. The studies included are at different stages,
so the results on effectiveness need to be interpreted
with caution. Second, some methodological issues
should be mentioned. The articles collected were
from only six databases (PubMed, Scopus, ACM,
Cochrane, ProQuest, and Web of Science), they
were all published between January 1, 2011, and
January 1, 2021 in the English language, and no con-
sideration was given to grey literature. The variation
in research design, methods, and outcomes further
reduce the feasibility of making comparisons be-
tween the various findings. The results of the studies
are difficult to quantify, but the number of publica-
tions can at least be used to reflect the amount of re-
search being carried out in the different disciplines.
Finally, although the findings of some of the broader
studies could be applicable to a wider population,
the overall heterogeneity of the research led to a
limited generalization of the conclusions.

CONCLUSION
The purpose of this review was to identify the breadth
and effectiveness of behavior change theories and

social media tools used in interventions aimed at
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addressing vaccine hesitancy. The review analyzed
20 studies from 3065 search results according to our
search strategy. To the best of our knowledge, this is
the first review to examine the use of behavior change
theories and social media as tools for delivering vac-
cination interventions. The review has found that gen-
erally theory-based interventions were defined with
more rigor allowing for quantifying and comparing
outcomes. The most common theory and social
media tools used in the previous interventions were
Health Belief Model and posting educational mes-
sages. Educational posts were proved to be effective
in increasing knowledge but less helpful in triggering
behavior change. Dialogue-based social media inter-
vention performed well in improving people’s inten-
tion to vaccinate. It also highlights the importance
of using a multitheory framework and of tailoring
social media interventions to specific circumstances.
However, caution must be applied with a small
number of studies included and the heterogeneity be-
tween the studies. Despite the limitations, the initial
results appear to support the view that interventions
informed by theory and delivered via social media
platforms offer a significant opportunity and a valu-
able avenue to address vaccine hesitancy. This review
could provide guidance for the future development
and proliferation of such interventions.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ZTranslational Behavioral Medicine
online.
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framework? OR intervention* OR theor* OR model?)) OR (theor* adj2 (“reasoned action” OR

“normative conduct” OR “social cognitive” OR “self efficacy” OR “habit goal” OR “health belief”))) AND
AB,TLIF(Intervention OR strateg*) NOT AB,TI,IF(clinic* OR survilliance OR monitor* OR recruit*

OR animal OR vateri*)

TBM


http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibab148#supplementary-data
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