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Abstract
Objective: Negative beliefs about medication and vaccine side-effects can spread rapidly through social
communication. This has been recently documented with the potential side-effects from the COVID-19
vaccines. We tested if pre-vaccination social communications about side-effects from personal
acquaintances, news reports, and social media predict post-vaccination side-effect experiences. Further,
as previous research suggests that side-effects can be exacerbated by negative expectations, we
assessed if personal expectations mediate the relationships between social communication and side-
effect experience.
Method: In a prospective longitudinal survey (N=551), COVID-19 vaccine side-effect information from
three sources—social media posts, news reports, and first-hand accounts from personal
acquaintances—as well as side-effect expectations, were self-reported pre-vaccination. Vaccination
side-effect experience was assessed post-vaccination.
Results: In multivariate regression analyses, the number of pre-vaccination social media post views (8 =
.17) and impressions of severity conveyed from personal acquaintances (8 = .42) significantly predicted
an increase in pre-vaccination side-effect expectations, and the same variables (8s = .11, .14,
respectively) predicted post-vaccination side-effect experiences. Moreover, pre-vaccination side-effect
expectations fully mediated the relationship between both sources of social communication and
experienced side-effects from a COVID-19 vaccination.
Conclusions: This study identifies links between personal acquaintance and social media
communications and vaccine side-effect experiences and provides evidence that pre-vaccination
expectations account for these relationships. The results suggest that modifying side-effect expectations
through these channels may change the side-effects following a COVID-19 vaccination as well as other
publicly discussed vaccinations and medications.

Registration: https://osf.io/r6utm

Keywords: COVID-19, vaccine, media, side-effects, nocebo, expectations
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Introduction

Vaccines are scientifically derived preparations that stimulate the body’s immune response
against diseases. Many vaccines have been found to be effective in reducing death, hospitalization, and
other harmful consequences from diseases (Plotkin et al., 2005). Vaccine hesitancy, however, remains a
persistent barrier to many immunization efforts. This has been observed recently at a global level with
vaccinations against COVID-19. One of the most frequent reasons reported for COVID-19 vaccine
hesitancy is fears about vaccine side-effects (Solis Arce et al., 2021). However, some of this fear might be
misplaced, as commonly reported side-effects of COVID-19 vaccination (e.g., headache, fatigue) may not
be due solely to the pharmacological properties of the vaccines. An analysis of 12 COVID-19 vaccine
clinical trials found that 35% of those in a placebo condition reported at least one side-effect (Haas et
al., 2022), indicating that factors other than the pharmacological properties of the vaccines can
contribute to the experience of side-effects. Negative outcome expectations may be exacerbating side-
effects (Rief, 2021). This explanation is supported by evidence from a longitudinal study which found
that individuals expecting more side-effects pre-vaccination reported more side-effects post-COVID-19
vaccination (Geers et al., 2022).

The notion that COVID-19 vaccine side-effects are worsened by psychological factors is
consistent with clinical and experimental research on the nocebo effect, in which treatment side-effects
are amplified by suggestion and contextual cues (Colloca & Barsky, 2020). For example, providing
individuals with verbal warnings about potential side-effects increases side-effect symptoms, including
headache, nausea, pain, fatigue, dizziness, appetite changes, and itch (Faasse, 2019; Geers et al., 2019;
Mao et al., 2021; Pollo et al, 2012; Neukirch & Colagiuri, 2015; Tinnermann et al., 2017; van Laarhoven
et al., 2011). It is believed that nocebo effects are caused by negative expectations resulting from social
communication as well as experiential and observational learning (Petrie & Rief, 2019). Nocebo effects
have been observed in a wide variety of samples and contexts, including side-effects following an

influenza vaccination, nausea and fatigue in chemotherapy patients, the worsening of motor
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performance in patients with Parkinson’s disease, unpleasant symptoms from wind turbines, and
heightened pain in neuropathic pain patients (Colloca & Barsky, 2020; Crichton & Petrie, 2015; Faasse,
2019; O’Connor et al., 1996; Petrie & Rief, 2019; Webster et al, 2016). Nocebo effects are observed in
self-reported outcomes as well as on physiological and neurobiological indices, including changes in
activity in cortical and subcortical regions of the brain (Schedlowski, Enck, Rief, & Bingel, 2015; Wager &
Atlas, 2015).

As expectations of side-effects contribute to vaccine hesitancy, and expectations can increase
side-effects via the nocebo effect, strategies to reduce side-effect expectations may improve vaccine
responses as well as vaccination uptake. To intervene in this pathway, it is necessary to uncover the
sources of the side-effect expectations. In terms of the COVID-19 vaccines, prior research indicates that
information about side-effects has spread rapidly through individuals’ personal acquaintances, news
stories, and social media (Mach et al., 2021; Yasir et al., 2020). Further, other research shows that
information from social communication can increase nocebo side-effects. For example, side-effects can
be induced through verbal communication and social observation in face-to-face interactions (Colloca &
Barsky, 2020). Laboratory and naturalistic studies find that news stories also increase side-effect reports
(Faasse et al., 2012; Koteles et al., 2016; Witthoft & Rubin, 2013). Although few studies have tested the
influence of social media messages on nocebo effects, many individuals use social media to discuss and
learn about vaccine side-effects, or are otherwise exposed to this type of information when using the
platform, which is also likely to result in the development of negative side-effect expectations (Chen et
al., 2018; Lentzen et al., 2022; Saha et al., 2021). Clarifying the links from these different social
communication sources and vaccine side-effects is especially critical because many individuals report
taking a “wait and see” approach, observing how vaccines affect others before receiving one themselves
(Hamel et al., 2021).

Given the amount of true and misleading COVID-19 vaccine information shared across media

and word-of-mouth (Cinelli et al., 2020), here we tested if pre-vaccination side-effect information
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received from personal acquaintances, news stories, and social media posts predict subsequent COVID-
19 vaccine side-effect expectations and experiences. We separately asked participants about the
amount of exposure (e.g., number of social media posts viewed) and the resulting impressions of
aversiveness provided by the exposure sources (e.g., negative impressions formed from social media
posts). We measured amount of exposure separately from negative impressions, as individuals are
passively exposed to much information in their daily lives. For example, almost 4 in 5 social media users
report being indirectly exposed to news-related content while using the platform for other purposes
(Mitchell et al., 2013). Although this information may not be consciously attended to, exposure may
influence expectations outside of awareness (Custers et al., 2009). Incidental exposure to adverse side-
effects may be particularly likely, as research finds an attentional bias to negative information (Greville-
Harris & Dieppe, 2015). Consequently, we hypothesized that pre-vaccination exposure to and negative
impressions from the social sources of information would exacerbate COVID-19 post-vaccination side-
effect reports.

It was also hypothesized that pre-vaccination side-effect expectations mediate the link between
social communication and vaccine side-effects. Although different explanations have been proposed for
nocebo side-effects, a leading account is that cues and communications generate side-effect
expectations which, in turn, increase the experience of adverse symptoms (Colloca & Barsky, 2020).
There is limited data supporting expectations as a mediator and existing data arises primarily from
laboratory studies in which expectations were induced by direct verbal suggestion from an experimenter
(Faasse, 2019). The present study adds uniquely to this literature by testing the mediating role of
expectations between three different information sources (i.e., friends, news reports, social media) and

vaccine side-effect experience outside of the laboratory.
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Materials and Methods
Participants and Design

Hypotheses were tested using a preregistered (https://osf.io/réutm) and IRB approved

(University of Toledo IRB protocol: 300993) prospective longitudinal data set (Geers et al., 2022). Sample
size was determined a priori using the Pwr2Ppl package for R (Aberson, 2019) with a small to medium
effect size of r =.2. To obtain power of .95 with an a = .05, it was determined that 500 participants were
needed. A diverse sample of community participants was recruited using the Prolific recruitment
platform (Palan & Schitter, 2018). Participants were compensated at a rate of $6 per hour for their
participation, in line with Prolific’s policies.

The present data was collected early in the distribution of the first round of COVID-19 vaccines
in the U.S, a time in which there was high uncertainty about vaccine side-effects. All participants
completed both a pre-vaccination and a post-vaccination survey. The pre-vaccination survey was open
from April 16-28, 2021, and the post-vaccination survey was open from May 21 to July 19, 2021. By
constraining the time frame for the completion of Survey 2, the design reduces the potential for
memory distortions in side-effect reports following vaccination. The median number of days between
Survey 1 and Survey 2 was 39 days. Eligibility criteria for Survey 1 included >18 years old, residing in the
U.S., having not yet received any COVID-19 vaccination, and planning to receive — or being undecided
about receiving — a future COVID-19 vaccination. Informed consent was obtained online by all
participants at the start of the survey. Data was collected from 1579 individuals during Survey 1.
Eligibility for Survey 2 included completion of Survey 1 and becoming fully vaccinated (i.e., receiving two
doses of the two dose Pfizer or Moderna vaccines, or one dose of the single dose Janssen/Johnson &
Johnson vaccine) since Survey 1. Proof of vaccination status was verified through information from
participants’ vaccination cards. In total, 551 participants completed Survey 2. While information

regarding vaccination status was not available for those who did not respond to Survey 2, 585 of those
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who completed Survey 1 indicated having received at least one COVID-19 vaccine dose in the Prolific
recruitment system by the close of Survey 2, which gives an approximate 94% retention rate.
Materials

The pre-vaccination survey assessed self-reported exposures to information regarding COVID-19
vaccine side-effects from personal acquaintances, news stories, and social media. Participants also
reported their resulting impressions about side-effects from these sources and their expectations for
experiencing side-effects from a COVID-19 vaccine. A post-vaccination survey assessed experience of the
same side-effects following the vaccination. All measures are presented in Supplemental Materials.

Upon publication, all data and analysis code will be available at: https://osf.io/réutm.

Side-effect expectancies. Side-effect expectancies were measured with a 45-item version of the
General Assessment of Expected Side-Effects Scale (GASE-expect; Pan et al., 2019; von Blanckenburg et
al., 2013). As in prior research (e.g., Nestoriuc et al. 2016; von Blanckenburg et al., 2013), this scale was
expanded from the original 36-item version. Here, nine items relevant to COVID-19 vaccines were added
(e.g., injection site pain). Response options were not expected (0), expect mild (1), expect moderate (2),
and expect severe (3). As in prior studies, a total side-effect expectation intensity scale (M = 63.43; SD =
15.17) was created by summing responses (Nestoriuc et al. 2016).

Side-effect experiences. Side-effect experiences were measured with the same 45 side-effect
items used to assess expectations. To measure side-effect experience, the response options were
changed to the standard options of the General Assessment of Side-Effects Scale (Rief et al., 2009): not
experienced (0), mild (1), moderate (2), and severe (3). As in prior research with the GASE (e.g.,
Fernandez et al., 2019; Doering et al., 2015; MackKrill et al., 2020; Rief et al., 2009), a side-effect intensity
scale (M = 57.64; SD = 10.94) was created by summing item responses. As two of the COVID-19 vaccines
that were available to the U.S. participants required two doses, whereas one vaccine required a single

dose, in Survey 2 participants were instructed to report all side-effects they experienced from their
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entire vaccination experience (one or two doses). This strategy allowed the collection of all pre- and
post-vaccination responses in two survey waves.

Social information sources. In the pre-vaccination survey, participants indicated (yes/no) if they
had obtained information about COVID-19 vaccine side-effects from each of the three information
sources considered in this study: acquaintance reports, news reports, and social media posts. If
participants indicated “yes” for a source, they were then asked to estimate the number of information
exposures 1 (1to5),2 (6to 10), 3 (11 to 15), 4 (16 to 20), and 5 (more than 20). Responses to these two
items were used to measure the amount of exposure to each information source. In the analyses
examining the amount of vaccine information exposure, participants indicating no exposure to a given
source were assigned the value of “0”. To measure impressions of the side-effects from each of the
three sources, participants indicating source exposure provided an impression response on a 1 to 4 scale
(e.g., | have heard the vaccines have: 1, no side-effects to 4, severe side-effects).

Statistical Analyses

Four multivariate regressions were conducted. In two, the number of exposures to each of the
three information sources served as predictors. In the first of these regressions, expected side effects
served as the outcome variable, and in the second, experienced vaccine side-effects served as the
outcome variable. Two other multivariate regressions were conducted with impressions from each of
the three information sources serving as predictors. With the impression variables as predictors, one
regression had expected side effects serve as the outcome variable and the other had experienced
vaccine side-effects as the outcome variable. Finally, single mediational model analyses were conducted
using PROCESS for SPSS (Hayes, 2022) to determine if vaccine side-effect expectations mediated the
relationship between social information sources and experienced side-effects. Mediational models
included a single significant social communication source as the predictor variable, experienced vaccine
side effects as the outcome variable, and expected side effects as the mediator. No other variables were

entered into the models.
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Results

Participants were diverse in terms of race, gender, education, income level, and geographic
location in the U.S. Of the participants, 53% were women, Mage = 32; SDage = 11, age range = 18-71, 69%
White, 12% Hispanic, 50% obtained a bachelor’s degree education or higher, 45% reported an income
above $60,000, and they represented 48 of the U.S. states. In this sample, 56% received the Pfizer-
BioNTech vaccine, 33% the Moderna vaccine, and 11% the Janssen/Johnson & Johnson vaccine. See
Table 1 for additional demographic information.

To test our hypotheses, four multivariate regressions were conducted (see Table 2). A first set
tested if the number of exposures to each of the three information sources predicted (a) expected and
(b) experienced vaccine side-effects. These analyses found the number of social media posts about
COVID-19 vaccine side-effects viewed significantly predicted both pre-vaccination side-effect
expectations, t(547) =3.92, p <.001, 8 =.17, 95% CI[.03, .09], and post-vaccination side-effect
experiences, t(547) = 2.49, p =.013,8 =.11, 95% CI[.01, .05]. A second set of regressions tested if
impressions from the three sources predicted (a) expected and (b) experienced vaccine side-effects.
Both impressions from personal acquaintances, t(311) = 8.19, p <.001, 8 =.42, 95% Cl[.17, .19)] and
news stories, t(311) =3.01, p =.003, 8 =.17, 95% CI[.03, .14], were significant predictors of pre-
vaccination side-effect expectations, but only impressions from personal acquaintances predicted post-
vaccination side-effects, t(311) = 2.40, p =.017, 6 =.14, 95% CI[.03, .09].

As shown in Figure 1, mediational analyses (PROCESS for SPSS; Hayes, 2022) indicated that
vaccine side-effect expectations fully mediated the relationship from social media exposure, (indirect
effect: CI[.004, .017]) and personal acquaintance impressions (indirect effect: Cl[.02, .05]) to
experienced side-effects.

Additional analyses are presented in Supplemental Materials. Specifically, the reported results
remained the same when controlling for age, vaccine type, COVID-19 history, and pre-vaccination

baseline symptomatology. We also tested worry about COVID-19 vaccine side-effects as an alternative
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mediator and found that, although side-effect worry was related to exposure and impressions from
personal acquaintances and social media, it was not related to post-vaccination side-effect experience.
Discussion

Negative information about vaccine and drug side-effects can be transmitted rapidly through
different forms of social communication. Using a sample of 551 community members, the present study
established links between two self-reported social information sources and increases in COVID-19
vaccine side-effect intensity. Further, the results provide evidence for a mechanism to account for these
relationships. Specifically, in a prospective longitudinal study, both the number of pre-vaccination social
media exposures related to COVID-19 vaccine side-effects and impressions about side-effects stemming
from personal acquaintances predicted an increase in post-vaccination side-effect experiences. Further,
consistent with the literature on nocebo effects, the association between the social media exposure and
impressions from personal acquaintances variables were fully mediated by pre-vaccination side-effect
expectations.

The results indicated two different social communication variables predict COVID-19 vaccine
side effects. This is not the first study to show that factors beyond the pharmacological properties of the
vaccines predict side effect reports. Previous studies indicate, for example, that COVID-19 vaccination
side effect experiences vary with factors including, age, sex, and vaccine type (Beatty et al., 2021). The
present results extend such findings by establishing connections between social messaging and COVID-
19 vaccine side effects. Whereas recent studies have found use of social media predicts willingness to
become vaccinated (Jennings et al., 2021), the present study finds that contact from both personal
acquaintances and social media predict increased vaccine side effect intensity.

The finding that the number of social media exposures, rather than the impressions formed,
predicts side-effects is consistent with the notion that social media can influence individuals outside of
their awareness (Mitchell et al., 2013). Further, exposure to and impressions from news stories did not

predict either side-effect expectations or experienced side-effects. This could be explained by the
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involvement of close others in both social media and personal acquaintance information, which often
receives greater consideration than information about unfamiliar individuals (Andersen et al., 2002),
such as that portrayed in news reports. However, additional research is certainly required to ascertain
how and when impressions and exposures from social communications impact vaccine and treatment
side-effect reports.

The present findings add novel data to the literature on nocebo side-effects. As noted at the
outset, expectations are theorized to be a mechanism underlying nocebo side-effects. There is limited
data, however, supporting expectations as a mediator and a majority of the data that does exist arrives
from studies in which expectations were directly induced by an experimenter’s verbal suggestion
(Faasse, 2019). The present study adds to the current database by providing longitudinal evidence,
collected in an ecologically valid context, that expectations mediate the relationship between personal
contacts and social media posts and vaccine side-effect experience. Further, these are the first data
showing social media communications change side-effect reports through personal expectations.

The current results identify personal acquaintances and social media as predictors of side effect
expectations and experiences. Information from these two sources of social communication could be
modifiable, and therefore messages from the sources should serve as points of intervention to decrease
vaccine hesitancy and vaccine side-effects. Prior research has uncovered strategies that show promise in
addressing negative expectations and reducing the nocebo effect, including thoughtful clinical
information framing, reducing the negative impact of media coverage, and educating people about the
nocebo effect (Faasse, 2019; Kleinstduber et al., 2021; Webster et al., 2016). Educational strategies, for
example, could be provided that explain how best to talk about vaccine side effects to lessen the
likelihood of nocebo effects. Other strategies, such as changing the message framing used by medically-
relevant social media outlets, could be implemented in an effort to improve the publics’ experience of

COVID-19 vaccines and perhaps curb vaccination hesitancy.
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Strengths and Limitations

This study provides novel evidence for the role of socially transmitted expectations in vaccine
side-effects and has notable strengths, including use of a prospective longitudinal design with a national
community sample, separate assessments of information source exposure and impressions, a test of the
mechanistic-based variable (expectation), a comprehensive assessment of side-effects. To our
knowledge, this is the first longitudinal study to directly compare the predictive ability of different social
information sources on side-effects and to identify that these relationships are fully mediated by
expectations. The study has notable limitations, including the reliance on a U.S. only sample and the use
of self-report measures of source exposure, which could be subject to recall bias. Additionally, side
effect experiences were reported retrospectively in this longitudinal study, and therefore memory
biases may have influenced reporting. As social information sources can overlap, future research should
further separate social media, personal acquaintances, and news reports, and the extent to which prior
beliefs may interact with social communication. The data was also collected in the early stages of the
COVID-19 pandemic, and it may be that the links between social communication and vaccine side effects
changed as the pandemic progressed. Additionally, the social information source and personal
expectation data were measured cross-sectionally in Survey 1. As such, although we theorize that social
information altered expectations, the data do not allow us to establish the directionality of that
relationship. Finally, experimental designs are needed to establish the causal links between social
information sources and vaccine side-effect expectations and experience.

Conclusions

This prospective longitudinal study provides novel evidence that personal acquaintance and
social media communications may alter side effect expectations and vaccine side-effect experiences.
The results also add support to the perspective that personal expectations are a mechanism by which
social communications produce nocebo side-effects. It may be possible to modify social communications

and reduce side-effects from publicly discussed vaccinations and medications.
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Table 1. Participant Characteristics.

Characteristics N =551° %
Age (M =32;SD=11; range =18 -71)
18 to 24 160 29.1
25to 31 158 28.8
32to38 112 20.4
39to 45 50 9.2
46 to 52 32 5.8
>53 37 6.7
Sex
Female 289 52.7
Male 244 44 .4
Non-binary 11 2.0
Other-identified 5 .9
Race/Ethnicity
White 380 69.0
African American 29 53
Arab 2 4
Asian 96 17.4
American Indiana/Alaskan Native 1 2
Native Hawaiian/other Pacific Islander 3 .5
More than one race 31 5.6
Hispanic/Latino 66 12.0
Education
Up to high school diploma 65 11.8
Some college 154 28.1
Associate degree 57 10.4
Bachelor degree 219 39.9
Master/professional/doctoral degree 54 9.8
Income
<$19,999 71 13.0
$20,000 to $39,999 92 16.8
$40,000 to $59,999 110 20.0
$60,000 to $79,999 100 18.2
$80,000 to $99,999 62 11.3
$100,000 to $150,000 74 13.5
>$150,000 39 7.1
US states of participant residency 48 96.0
Most common side-effects expected
Headache 457 82.9
Fatigue 442 80.4
Pain at injection site 432 78.4
Most common side-effects reported
Pain at injection site 448 81.3
Fatigue 400 72.6
Headache 334 60.6

Vaccine Type
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Pfizer-BioNTech 311 56.4
Moderna 182 33.1
Jansen/Johnson & Johnson 58 10.5
Contracted COVID-19
No 386 70.2
Unsure 57 104
Yes (unconfirmed) 64 11.6
Yes (confirmed) 43 7.8

Note. 3 participants declined to provide their race and income information, 2

declined to report age, gender, and education, and 1 declined to report
COVID-19 infection history.
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Table 2. Four regression models with exposure to and impressions from social sources as

predictors of COVID-19 side-effect expectations and experiences.

b SE 95 %Cls 8 t p
DV: Expected Side-Effects
Model 1: Exposure
Personal Contacts .003 .02 (-.04, .04) .01 .14 .892
News Reports .004 .01 (-.01, .02) .04 .81 419
Social Media Posts .06 .02 (.03,.09) .17 3.92 .001
Model 2: Impressions
Personal Contacts .22 .03 (.17, .28) A2 8.19 .001
News Reports .08 .03 (.03, .14) 17 3.01 .003
Social Media Posts .04 .03 (-.02, .10) .07 1.30 .195
DV: Experienced Side-Effects
Model 3: Exposure
Personal Contacts .001 .01 (-.03, .03) .01 .10 917
News Reports -.004 .004 (-.01,.003) -.05 -1.13 .259
Social Media Posts .03 .01 (.01, .05) A1 2.49 .013
Model 4: Impression
Personal Contacts .06 .02 (.01, .10) 14 2.40 .017
News Reports .003 .02 (-.04, .05) .01 A1 914
Social Media Posts .01 .03 (-.04, .06) .03 42 .672

Note. Exposure scores are participant estimates of the number of source information exposures, none
0,1(1to5),2(6to 10),3 (11to 15),4 (16 to 20), and 5 (more than 20). Impressions scores are ratings

from 1 (no side-effects) to 4 (severe side-effects) for each information source. Expected side-effect

scores are a sum of 45-items on the pre-vaccination expect-GASE and experienced side-effects are the

sum of 45-items on the post-vaccination GASE.
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Figure 1. Side-effect expectations mediate the relationship between the number of social
media exposures and impressions from personal contacts and experienced side-effects.

Side-effect
B=.18, p<.001 expectations B=.22, p<.001
Number of social > Experienced side-
media exposures B=.05 p=.161 effects

Indirect effect:

Cl[.004, .017]
Side-effect
B =.37, p<.001 expectations B=.22, p<.001
Personal contact > Experienced side-
impressions B =.03, p=.480 effects

Indirect effect:
CI[.02, .05]

Note: The values in the model are standardized betas weights. The beta weights between the
predictor and outcome variables in the diagrams are with the mediator in the models (the ¢’
path). The beta weights for the direct paths without the mediator variable in the models (the c
path) are: 8 = .10, p = .020, for the number of social media exposures model, and 8 =.12, p =
.007, for the personal contact impressions model.
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