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A B S T R A C T

Background: Although vaccines are largely effective and safe, there is variability in post-vaccination experience
regarding antibody response, side effects, and affective outcomes. Vaccine mindsets, specific beliefs about the
vaccine, may be associated with post-vaccination experience. This is important since mindsets are malleable and
may help decrease vaccine hesitancy and improve post-vaccination experience.
Methods: In a prospective study, we measured overall positive vaccine mindset and specific mindsets regarding
efficacy, body response, and side effects. We tested whether vaccine mindsets before vaccination predicted
neutralizing antibody response, side effects, vaccine-related stress, and affective outcomes (general stress,
sadness, and happiness). Antibody response was assessed one month and six months after participants completed
a SARS-CoV-2 vaccination series. Side effect experience and affective reactions were assessed daily on the
vaccination day and the subsequent five days.
Results: There was no significant association between the aggregate vaccine mindset score and neutralizing
antibody response; however, people with a more positive vaccine mindset reported fewer side effects, less same-
day vaccine-related anxiety, and improved affective outcomes after vaccination. In secondary analyses, when
specific mindsets were explored, the mindset that vaccine side effects are a sign of treatment efficacy predicted
higher antibodies, but not side effects experience and vaccine-related anxiety. Vaccine efficacy and body-
response mindsets predicted fewer side effects, vaccine-related anxiety, and improved affective outcomes after
vaccination.
Conclusion: These findings underscore the potential of vaccine mindsets in enhancing the overall post-vaccination
experience and, in some cases, increasing antibody response.

1. Introduction

The SARS-CoV-2 virus has led to over 770 million infections and 6.9
million deaths (World Health Organization, 2023). To combat this
pandemic, the United States Food and Drug Administration authorized
the rapid development of three vaccines (Creech et al., 2021; Ghazy
et al., 2022): Ad26.COV2.S (Janssen/Johnson & Johnson), mRNA-1273
(Moderna), and BNT162b2 (Pfizer/BioNTech). Although the vaccines
are generally effective and safe (Lai et al., 2021), there is variability in

vaccination response that has prompted researchers to identify modifi-
able psychosocial factors that may impact antibody response, side ef-
fects, and affective experience (Gallagher et al., 2022; Madison et al.,
2021; Vedhara et al., 2021). These psychosocial factors can be tested as a
non-pharmacological vaccine adjuvant to improve vaccination experi-
ence and decrease vaccine hesitancy (Madison et al., 2021; Stasiuk et al.,
2021; Vedhara et al., 2021). Mindsets regarding vaccination are
understudied as potential targets for improving biological and experi-
ential vaccination outcomes.
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Mindsets are beliefs and assumptions about how the world works
that can impact what people experience, feel, and do (Dweck and
Yeager, 2019; Molden and Dweck, 2006; Zion and Crum, 2018). People
can have beliefs and mindsets about many things, such as intelligence,
stress, aging, illnesses, and medical treatments (Crum et al., 2013;
Schroder, 2021; Zion and Crum, 2018; Zion et al., 2022). Mindsets can
impact how people interpret and experience health-relevant situations
and outcomes (Crum and Zuckerman, 2017; Crum et al., 2017a, b;
Leibowitz et al., 2021). For example, people who are led to believe that
stress is enhancing (‘stress-is-enhancing’ mindset) versus stress is
harmful (‘stress-is-debilitating’ mindset) showed greater increases in
positive affect, cognitive flexibility, and anabolic growth hormones after
a stressful situation (Crum et al., 2017a, b; Crum et al., 2013). People
can also have mindsets about clinical conditions that impact their
experience and health-relevant outcomes. For example, people with the
mindsets that ‘cancer is an opportunity’ and ‘cancer is manageable’
report better health-related quality of life compared to the mindset that
‘cancer is a catastrophe’ (Zeidman et al., 2022). Cancer patients who
were randomized to a mindset intervention about cancer and their body,
compared to a control group, reported better quality of life, increased
adaptive coping behaviors and reduced psychological and physical
distress (Zion et al., 2023).

In this study, we explore whether mindsets about the vaccine, both
broad and specific mindsets, are associated with post-vaccination anti-
body levels, side effects, and affective experience. A broad positive
mindset is a combination of people’s positively valenced cognitions and
affective reactions about the vaccine. People can also have more specific
mindsets regarding different aspects of the vaccine and their relation-
ship to it. An efficacy mindset is the belief that the vaccine will protect
them from COVID-19. A body-response mindset refers to the belief their
body is capable and will respond well to the vaccine. A side-effects
mindset is the belief that the side effects or symptoms after receiving a
vaccine are signs that the vaccine is working.

Vaccine mindsets can theoretically improve post-vaccination expe-
rience through placebo-related mechanisms (Geers et al., 2021; Petrie
and Rief, 2019). In this context, placebo-related mechanisms include
positive treatment expectations regarding the vaccine. Positive expec-
tations regarding a treatment can often enhance their efficacy and other
related health outcomes (Petrie and Rief, 2019; Price et al., 2008). For
example, when the opioid remifentanil is administered with positive
expectations, it more than doubles its analgesic effects compared to the
control condition with no information (Bingel et al., 2011). Moreover,
negative expectancy information eliminated remifentanil’s analgesic
effects. In another study, patients scheduled for heart surgery who were
randomized to an optimized expectation group, compared to a support
group and standard medical care, showed the best outcomes six months
later in terms of better improvements in disability, mental quality of life,
and fitness for work (Rief et al., 2017). The optimized expectation
intervention also lowered postoperative adrenaline levels compared to
standard medical care, and in turn, the adrenaline levels predicted lower
disability six months after surgery (Salzmann et al., 2017). In summary,
positive mindsets regarding a treatment can improve efficacy across a
variety of domains, including increasing the effectiveness of morphine,
diazepam, deep brain stimulation (Colloca et al., 2004), topical lido-
caine (Petersen et al., 2014), acupuncture (Linde et al., 2007), and
surgical interventions (Auer et al., 2016).

Mindsets may also influence the emotional response to vaccination.
The vaccine hesitancy literature offers valuable insight regarding af-
fective outcomes and side effects. Vaccine hesitancy refers to delaying or
refusing vaccination despite its availability (MacDonald, 2015). In
samples of individuals who received the COVID-19 vaccine, higher
levels of vaccine hesitancy were associated with higher levels of anxiety
and depressive symptoms (Palgi et al., 2021) and more side effects after
vaccination (Hoffman et al., 2022a, b). One of the likely mechanisms is
nocebo effects. The nocebo effect is the opposite of the placebo effect, in
which harmful outcomes occur after a treatment resulting from negative

expectations and related factors (Colloca, 2020; Geers et al., 2021; Petrie
and Rief, 2019). In contrast to vaccine hesitancy and its underlying
negative expectations, positively valenced vaccine mindsets should be
associated with fewer side effects, lower anxiety and stress, and more
positive mood.

Modifying mindsets regarding the meaning of symptoms has also
been shown to reduce nocebo effects and improve treatment outcomes.
In one study, children undergoing oral immunotherapy who learned that
side effects are a positive signal of treatment efficacy experienced less
anxiety, fewer symptoms, and improved treatment efficacy as measured
by changes in IgG4 levels (Howe et al., 2019). In a study on the
COVID-19 vaccine, a brief intervention explaining how side effects are
related to vaccine efficacy resulted in decreased symptoms and greater
intentions to vaccinate in the future compared to a control condition
(Crum et al., 2023). To date, research has not explored the extent to
which mindsets about vaccines are associated with vaccine efficacy.

In this prospective study, we examined whether mindsets about the
vaccine would predict better post-vaccination experience, including
vaccination efficacy, side-effect experience, and affective experience.
We recruited a large community sample of adults who each arranged to
receive one of three vaccines: Ad26.COV2.S (Janssen/Johnson &
Johnson), mRNA-1273 (Moderna), or BNT162b2 (Pfizer/BioNTech).
Blood draws occurred pre-vaccination and approximately one month
and six months post-final vaccine injection. Vaccination efficacy was
assessed using pseudovirus assays sensitive to SARS-CoV-2 neutralizing
antibody (nAB) response one month and six months after the vaccina-
tion series. Side-effect experience and affective outcomes were assessed
on each vaccination day and each of the five days after. We hypothesized
that a positive vaccine mindset would be associated with higher anti-
body response, fewer side effects, less vaccine-related stress and anxiety,
and more positive mood. We pre-registered our primary analysis on
AsPredicted.org (#119976). We note any deviations from our pre-
registration below.

2. Methods

2.1. Study design and participants

The findings presented are part of a larger study, the Building
Optimal antibOdies Study (BOOST), designed to identify psychological,
behavioral, and biological predictors of immune response to the COVID-
19 vaccine (Prather et al., 2023). The study recruited 534 healthy adults
in the San Francisco Bay Area from March 6 to April 17, 2021. To be
eligible, participants had to be 18 years or older, have no history of
SARS-CoV-2 infection, and have not received a COVID-19 vaccine.
Participants with one of the following conditions were excluded: current
pregnancy, history of immune-related diseases such as autoimmune
conditions, viral hepatitis, HIV, and current cancer treatment. Partici-
pants taking medications that affected the immune system, such as im-
munomodulators and corticosteroids, were also excluded. All methods
followed the policies and regulations approved by the University of
California, San Francisco Institutional Review Board.

Eligible participants consented to complete daily questionnaires and
blood draws at baseline before vaccination, one month (30 days, inter-
quartile range 28–32 days), and six months (180 days, interquartile
range 178–182 days) after the final vaccine injection. Participants for-
warded information on their vaccination appointment date to the
research team. Participants who received the Johnson & Johnson vac-
cine only received one injection (n = 62). Sociodemographic and
behavioral factors of interest, including age, sex, and smoking status
(current tobacco use, yes/no), were obtained by self-report. Body height
and weight were measured during the baseline blood draw to calculate
body mass index (BMI). Study data were collected and managed using
REDCap electronic data capture tools hosted at the University of Cali-
fornia, San Francisco (Harris et al., 2009, 2019). Participants were
compensated $100 for each of the three assessments. The sample size
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varied for each analysis depending on data available for each predictor
and outcome measure: antibody response, side effects, and affective
outcomes.

2.2. Predictors

2.2.1. Vaccine mindsets
Positive vaccine mindset was measured with four items (as pre-

registered) on a 6-point Likert scale from 0 (Strongly agree) to 5
(Strongly disagree) at the first dose (D1) and second dose (D2). A pos-
itive vaccine mindset was assessed the morning participants were to
receive their vaccine injection. Participants who received the Johnson&
Johnson vaccine only reported their positive vaccine mindset at the first
(and only) dose. The four items included efficacy mindset (“The vacci-
nation will protect me from COVID-19”), body-response mindset (“My
body is capable and will respond well to the vaccine”), and positive
affective responses (“I feel positive/hopeful about receiving the vaccine”
and “I feel grateful to receive this vaccination.“).1 The four items were
used to create an average score regarding overall positive vaccine
mindset (dose 1 α = 0.715,M = 4.53, SD = 0.53; dose 2 α = 0.764,M =

4.55, SD= 0.53; dose 1 and 2,M= 4.53, SD= 0.50). In addition, we had
an additional side effects mindset item (“Side effects/symptoms are a
sign that the vaccine is working”) that was not included in the positive
mindset scale.

2.3. Outcomes

2.3.1. SARS-CoV-2 neutralizing antibody (nAB) response
Sensitive, high-throughput pseudovirus assays were used to measure

the serum levels of SARS-CoV-2 neutralizing antibody (nAB) response.
Pseudoviruses were produced by co-transfection of 293 T cells with a
plasmid expressing full-length spike protein of the Wuhan-1 strain
(Weissman et al., 2021). Virus stocks were collected three days after
transfection and stored in aliquots at − 80 ◦C. For neutralization, a
predetermined optimal dose of pseudovirus was incubated with serial
threefold dilutions of heat-inactivated serum in 150 μl medium for 1 h at
37 ◦C in 96-well tissue culture plates. Sensitive, high-throughput pseu-
dovirus assays were used to measure the serum levels of SARS-CoV-2
neutralizing antibody responses (nAB). Pseudoviruses were produced
by co-transfection of 293 T cells with a plasmid expressing full-length
spike protein of the Wuhan-1 strain (Weissman et al., 2021). Virus
stocks were collected three days after transfection and stored in aliquots
at − 80 ◦C. For neutralization, a predetermined optimal dose of pseu-
dovirus was incubated with serial threefold dilutions of heat-inactivated
serum in 150 μl medium for 1 h at 37 ◦C in 96-well tissue culture plates.
Subsequently, CHO/ACE2 cells, treated with TrypLE enzyme, were
added to the wells with necessary controls. After incubating for 66-27 h,
the medium was removed, and 100 μl of 1:6 diluted Promega BriteGlo in
Glo lysis buffer was added. Plates sat for 7 min at room temperature
before luminescence was recorded using a Biotek Synergy H1 Lumin-
ometer. Neutralizing antibody titers were defined as the serum dilution
at which relative luminescence units (RLU) would be reduced by 50%
compared to virus control wells after subtracting background RLUs.
Neutralizing antibody (nAB) responses were transformed using a base 10
log before analyses. Please see Prather et al. (2023) for a detailed
description of procedures for quantifying neutralizing antibodies.

2.3.2. Vaccine side effects
Vaccine side effects were measured on the day participants received

the vaccine and the five days afterward (6 days total). Participants were

asked at the end of each day if they experienced any of the following
symptoms that day: tiredness; headache; muscle pain; chills; joint pain;
fever; nausea/vomiting; feeling unwell; tender or swollen lymph nodes
(lymphadenopathy); injection site pain, redness or swelling; pain or
swelling in the arm that did not get the vaccination; other allergic re-
actions (difficulty breathing, swelling of face/throat, rash); stomach-
ache; None of the above. To capture the range of side effects
experienced, data were collapsed to reflect the presence or absence of
each symptom on any of the six days for a range of scores from 0 to 13
with a mean (SD) of 2.62 (2.38) (Dutcher et al., 2024). The calculation
did not include injection site pain, redness, or swelling because the count
was intended to measure systemic rather than local symptoms.

2.3.3. Vaccine-related anxiety
Vaccine-related anxiety was measured by averaging participant an-

swers to three questions, each scored on a 6-point Likert scale from
0 (Strongly agree) to 5 (Strongly disagree). Vaccine-related anxiety was
reported on the day that participants received their vaccination. Par-
ticipants who received the Johnson & Johnson vaccine only reported
their vaccine-related anxiety at the first dose. The three items were “I am
worried about potential side effects,” “I feel anxious/nervous about
receiving the vaccine,” and “I feel mixed or ambivalent about receiving
the vaccine” (M = 1.73, SD = 1.11).

2.3.4. General affective outcomes
General affective outcomes on the day of vaccination for the next five

days were measured in the morning and night using three single items
on a 5-point Likert scale from 0 (Not at all) to 4 (Extremely). General
stress (M = 0.79, SD = 0.98) was measured with responses to “I feel
stressed, anxious, overwhelmed,” sadness (M = 0.55, SD = 0.85) was
measured with responses to “I felt sad, downhearted, unhappy,” and
happiness (M = 2.29, SD = 1.14) was measured with responses to “I felt
joyful, glad, happy.”

2.3.5. Covariates
Participants reported psychosocial factors included as covariates

such as age, sex, and smoking status. Height and weight were measured
during baseline blood draws. Baseline anti-spike IgG was also used as a
covariate to control for participants who may have been exposed to the
SARS-CoV-2 virus. Antibodies to the SARS-CoV-2 spike protein at
baseline were quantified by ELISA (Prather et al., 2023). Because vac-
cine mindsets may be related to an overall positive outlook, we used
optimism as a covariate for side effects and affective outcomes. Opti-
mism was measured with six items on a 5-point Likert scale from 0 (Does
not describe me at all) to 4 (Describes me very well) from the
Life-Orientation Test (Scheier et al., 1994).

2.4. Analysis

All analyses were conducted using R. Due to the repeated measures
nature of the data, we conducted several mixed-effects models using the
lme4 package to predict neutralizing antibody response, side effects,
vaccine-related stress, and affective outcomes (general stress, sadness,
and happiness). For brevity, we focused on reporting the main effects
and any interactions with vaccine mindsets. Due to the inclusion of
categorical predictors in the models (vaccine type, dose time, time of
day, and day), F statistics and partial eta squared (ηp2) are provided for
each predictor, and slopes were estimated with the emmeans package. F
statistics used Type II sums of squares (Langsrud, 2003). Below, we
provide details regarding each model and any deviations from our
pre-registered analysis for each outcome.

2.4.1. SARS-CoV-2 neutralizing antibody (nAB) response
We conducted four linear mixed-effects models predicting nAB

response with positive vaccine mindset (our primary predictor) and
secondary predictors: efficacy mindset, body-response mindset, and side

1 Feelings of hope and gratitude are conceptually viewed as affective re-
sponses to the specific efficacy and body-response mindsets. In this study, given
their high correlation and proximity to the mindset measure we include them in
an aggregate measure.
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effects mindset. The model consisted of vaccine mindsets, a two-way
interaction between vaccine type (Johnson & Johnson, Moderna, &
Pfizer) and timepoint (one month, six months after vaccination series),
while covarying for age, sex, BMI, smoking status, baseline anti-spike
IgG. These covariates (including the vaccine type and timepoint inter-
action) were chosen from a previous analysis of this sample that estab-
lished they were significantly associated with nAB response (Prather
et al., 2023). We did not include trait-level optimism as a covariate since
there is no evidence it is related to antibody response (Madison et al.,
2021). For our primary analysis, we deviated from our pre-registration
by adding the two-way interaction between vaccine type and time
point due to their strong relationship (Prather et al., 2023). We also
conducted the same analysis for vaccine mindsets at dose 2 and the
average of doses 1 and 2 as primary predictors and reported them in
Supplementary Materials Table 2.

2.4.2. Side-effects
We conducted four Poisson mixed-effects models to predict side ef-

fect experience. We covaried for dose time (dose 1, dose 2), vaccine type,
and trait optimism.

2.4.3. Same-day vaccine-related anxiety
We conducted four linear mixed-effects models predicting same-day

vaccine-related anxiety. We covaried for dose time (dose 1, dose 2),
vaccine type, and trait optimism.

2.4.4. Affective outcomes from days 0–5
Lastly, we conducted four separate linear mixed-effects models for

general stress, sadness, and happiness. We were also interested in po-
tential interactions of vaccine mindset and day. The final model con-
sisted of a two-way interaction between vaccine mindset and day while
covarying for the dose time, vaccine type, time of day, and trait
optimism.

3. Results

3.1. Participant demographics

Descriptive statistics for each primary outcome are provided in
Table 1. The number of participants and observations varied depending
on the analysis due to the availability of the data. Using the largest
sample (affective outcomes), the mean (SD) age was 52.41 (11.95) and
ranged from 18 to 76. A majority of the sample were female (63.99%)
and White (56.06%).

3.2. Predicting neutralizing antibody response at one month and six
months

Contrary to our hypothesis, positive vaccine mindset at the first dose
(d1) did not predict nAB, F (1, 362.70) = 2.36, p = 0.13, ηp2 = 0.006.
Secondary analyses showed no effects for efficacy mindset, F (1, 365.19)
= 2.49, p = 0.12, ηp2 = 0.007, and body-response mindset, F (1, 366.46)
= 3.63, p = 0.06, ηp2 = 0.01. However, side effects mindset positively
predicted nAB response, F (1, 364.64)= 5.36, p= 0.021, ηp2= 0.014 (see
Table 2 for summary regression coefficients).

As reported in our original paper on this sample (Prather et al.,
2023), age was negatively associated with nAB post-vaccination (ps <
0.05), and baseline anti-spike antibody level, a proxy for prior infection,
was associated with higher nAB post-vaccination (ps < 0.05). Partici-
pants who were female at birth also had higher nAB post-vaccination (p
< 0.05) (See Supplementary Materials Tables 1a–1d for detailed tables).
We also report results for the mixed effects model at dose 2 and average
of dose 1 and 2 in Supplementary Materials Table 2.

3.3. Predicting side effects

For side effects, we used a sample of n = 458 to 460 consisting of
nobservations = 755 to 759 depending on the data availability of predictor
and covariates. Consistent with our hypothesis, a positive vaccine
mindset (z = − 3.04, β = − 0.20, p < 0.001) negatively predicted the
experience of side effects (See Table 2 for summary regression co-
efficients). Notably, these effects were significant when controlling for
optimism. For context, a β = − 0.20 (exponentiated value = 0.819) can
be interpreted as a 18% decrease in the number of side effects per one-
unit increase in positive vaccine mindset. In secondary analyses, efficacy
mindset (z = − 1.98, β = − 0.10, p = 0.048), and body-response mindset
(z = − 3.99, β = − 0.16, p < 0.001) predicted side effect count, but
vaccine side effects mindset did not predict side effect count (z = 0.60, β
= 0.02, p = 0.552). Optimism negatively predicted side effect count in
all four models (ps < 0.001). See Supplementary Materials Table 3 for
detailed results.

3.4. Predicting same-day vaccine-related anxiety

For vaccine-related anxiety, we used a sample of n = 457 and nob-
servations = 759. Consistent with our hypothesis, positive vaccine mindset
(β = − 1.04, p < 0.001, ηp2 = 0.257), efficacy mindset (β = − 0.44,
<0.001, ηp2= 0.082), and body-response mindset (β = − 0.45,<0.001, ηp2

= 0.138) negatively predicted vaccine-related anxiety. Notably, these
associations hold even when controlling for optimism. Optimism nega-
tively predicted side effects experienced in all three models (ps < 0.01).

Table 1
Demographic statistics for each outcome.

Demographics Antibody response (n = 372) Side effects (n = 460) Affective outcomes (n = 462)

Age, mean (SD) 52.06 (11.92) 52.43 (11.89) 52.41 (11.95)
Age, min - max 18–76 18–76 18–76
Sex, n (%)
Female 242 (65.05%) 294 (64.05%) 295 (63.99%)
Male 130 (34.95%) 165 (35.95%) 166 (36.01%)

Race and Ethnicity, n (%)
Asian 99 (26.61%) 116 (25.22%) 116 (25.11%)
Black/African American 8 (2.15%) 15 (3.26%) 15 (3.25%)
Hispanic/Latinx 35 (9.41%) 40 (8.70%) 41 (8.87%)
White 205 (55.11%) 259 (56.30%) 259 (56.06%)
Other/Multiracial/Unknown 25 (6.72%) 30 (6.52%) 31 (6.71%)

Education, n (%)
Some college or less 50 (13.44%) 67 (14.57%) 68 (14.72%)
4-year degree 151 (40.59%) 181 (39.35%) 181 (39.18%)
Professional degree/Doctorate 171 (45.97%) 212 (46.09%) 213 (46.10%)

Note: Sample size varies for each outcome measure. Sample size indicates total number in the sample in which age is calculated. Sample size also varies depending on
availability of socio-demographic data. For example, for side effects, the total number of people who provided sex data was 459.

D.A. Guevarra et al.
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However, the side effects mindset did not negatively predict vaccine-
related anxiety (β = − 0.05, p = 0.127, ηp2 = 0.003). See Supplemen-
tary Materials Table 4 for detailed results.

3.5. Predicting affective outcomes from days 0–5

For affective outcomes, we used a sample n = 462 with nobservations =
7822 for stress, nobservations= 7813 for sadness, and nobservations= 7809 for
happiness. See Table 2 for a summary of findings.

Stress. Consistent with our hypothesis, positive vaccine mindset (β
= − 0.22, p< 0.001, ηp2= 0.007), efficacy mindset (β = − 0.12, p< 0.001,
ηp2 = 0.002), body-response mindset (β = -0.09, p = 0.001, ηp2 = 0.002),
and side effects mindset (β = -0.10, p < 0.001, ηp2 = 0.004) were nega-
tively associated with stress. A positive vaccine, efficacy, and side effects
mindset, but not a body-response mindset, interacted with the day. The
interaction reflects a pattern of mindset that has the strongest rela-
tionship with stress on day 0 and the weakest on day 5. Again, notably,
these main effects findings were significant even when controlling for
optimism. Optimism negatively predicted stress in all four models (ps <
0.01). See Supplementary Materials Tables 5a and 5b for detailed
results.

Sadness. Consistent with our hypothesis, positive vaccine mindset
(β = − 0.16, p < 0.001, ηp2 = 0.004), efficacy mindset (β = − 0.08, p =

0.003, ηp2 = 0.001), body-response mindset (β = -0.07, p = 0.002, ηp2 =
0.001), and side effects mindset (β = -0.04, p = 0.022, ηp2 = 0.001) were
negatively associated with sadness. Positive vaccine mindset and effi-
cacy mindset, but not body-response mindset and side effects mindset
interacted with the day. The interaction reflects a pattern of mindset
with the strongest relationship with sadness on day 0 and the weakest on
day 5. Again, notably, these main effects findings were significant even
when controlling for optimism. Optimism negatively predicted stress in
all four models (ps < 0.01). See Supplementary Materials Tables 6a and
6b for detailed results.

Happiness. Consistent with our hypothesis, positive vaccine mind-
set (β = 0.32, p < 0.001, ηp2 = 0.011), efficacy mindset (β = 0.11, p =

0.001, ηp2 = 0.002), body-response mindset (β = 0.12, p < 0.001, ηp2 =

0.003), and side effects mindset (β = 0.04, p = 0.015, ηp2 = 0.001) were
positively associated with happiness. Positive vaccine, efficacy, and
body-response mindset, but not body-response mindset interacted with
the day. The interaction reflects a pattern of mindset, with the strongest
relationship with happiness on day 0 and the weakest on day 5. Again,
notably, these main effects findings were significant even when con-
trolling for optimism. Optimism negatively predicted stress in all four
models (ps < 0.01). See Supplementary Materials Tables 7a and 7b for
detailed result.

4. Discussion

We investigated the association between vaccine mindsets and post-

vaccination outcomes. The relationships between positive vaccine, ef-
ficacy, and body-response mindsets and neutralizing antibody response
was not statistically significant. However, the side effects mindset—the
mindset that vaccine side effects are a sign that the vaccine is work-
ing—positively predicted stronger antibody response at one and six
months later. This finding of side effect mindsets predicting antibody
response needs replication. However, it is consistent with previous
research from Howe et al. (2019) suggesting that side effects mindsets
are associated with more positive immunological responses to oral
immunotherapy treatment for peanut allergies. The lack of a statistically
significant associations between the other vaccine-related mindsets and
antibody response may be due to reduced variability in the mindset
measures. Participants in our sample generally scored high on
vaccine-related mindsets. Future studies with a broader range of mind-
sets would be useful.

Positive vaccine mindset was strongly associated with decreased
anxiety about and experience of side effects. This finding is particularly
noteworthy as the experience of side effects is one of the reasons people
are reluctant to receive the vaccine (Crum et al., 2023; Solís Arce et al.,
2021). Reducing side-effect experience is also particularly important
since severe COVID-19 vaccine side effects are linked with depressive
symptoms in older adults (Hoffman et al., 2022a, b). Interestingly, while
the side effects mindset was the only predictor of antibody response, it
was the only mindset not associated with side effect experience. This is
not completely surprising as this mindset is about themeaning of the side
effects (the extent to which people believe the experience of side effects
means the vaccine is working) and not about the likelihood of side ef-
fects (believing you will or will not receive side effects). Previous
research on this mindset has shown mixed results with respect to side
effects, with associations between this mindset and the prevalence of
symptoms happening at various times and not at others (e.g., no asso-
ciations with side effects during the beginning of treatment but de-
creases at the end of treatment). This underscores the important
distinction between mindsets regarding the meaning of a topic and ex-
pectations regarding a particular outcome (Crum et al., 2023; Howe
et al., 2017; Leibowitz et al., 2021).

We also assessed post-vaccination subjective experience. Here, we
found that an overall positive mindset and each specific mindset were
associated with less stress and sadness and more happiness during the
day of vaccination and subsequent days after (0–5 days). These effects
were strongest closest to vaccination day and decreased over time. These
findings on affect are important because the COVID-19 pandemic has
brought a complex set of stressors, including fear of getting COVID-19,
social isolation, as well as vaccine-related stress, anxiety, and worry
(Chou and Budenz, 2020; Daly and Robinson, 2021a, 2021b; McGinty
et al., 2020). It is not surprising that a positive vaccine mindset is
associated with less vaccine-related anxiety. However, given this com-
plex and long list of stressors, it is noteworthy that a positive vaccine
mindset was associated with less stress and sadness on the day of the

Table 2
Results of mixed effects models.

Positive vaccine mindset Vaccine efficacy mindset Vaccine body-response mindset Vaccine side effects mindset

Outcome β SE p β SE p β SE p β SE p

Antibody response 0.06 0.04 0.126 0.05 0.03 0.116 0.05 0.03 0.058 0.05 0.02 0.021
Side effects ¡0.20 0.06 <0.001 ¡0.10 0.05 0.048 ¡0.16 0.04 <0.001 0.02 0.03 0.552
Vaccine-related anxiety ¡1.04 0.07 <0.001 ¡0.44 0.05 <0.001 ¡0.45 0.04 <0.001 − 0.05 0.04 0.127
Stress ¡0.22 0.04 <0.001 ¡0.12 0.03 <0.001 ¡0.09 0.03 <0.001 ¡0.10 0.02 <0.001
Sadness ¡0.16 0.04 <0.001 ¡0.08 0.03 <0.001 ¡0.07 0.02 0.002 ¡0.04 0.02 0.022
Happiness 0.32 0.05 <0.001 0.11 0.03 0.001 0.12 0.03 <0.001 0.05 0.02 0.015

Notes: Unstandardized betas, standard error, and p values are reported for the main effects for each of the four mindsets. Mixed-effects models for antibody response
controlled for timepoint (after month 1 and month 6 following the initial vaccine series), vaccine type (Janssen/Johnson & Johnson, Moderna, Pfizer/BioNTech), the
timepoint by vaccine type interaction, baseline anti-spike IgG, age, sex, BMI, and smoking status. For side effects, a Poisson regression controlled for time of dose (Dose
1 vs. Dose 2), vaccine type, and optimism. For vaccine-related anxiety, a mixed-effects model was used for the time of dose (Dose 1 vs. Dose 2), vaccine type, and
optimism. For general stress, sadness, and happiness across the 0–5 days, the mixed effects models controlled for interaction with day, time of dose (Dose 1 vs. Dose 2),
vaccine type, time of day (morning vs. evening), and optimism. Significant findings at the p ≤ 0.05 level are bolded.
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vaccination and even five days afterward. Moreover, vaccine mindset
also predicted more happiness post-vaccination and five days after. The
interaction between vaccine mindset and day is also notable. The asso-
ciation between vaccine mindset and affective outcomes was strongest
at vaccination day zero and weakest at day five, suggesting it serves a
more protective effect around the days of vaccination. In summary, all
four vaccine-related mindsets were associated with a better affective
response post-vaccination. It is also important to note that these effects
hold controlling for general optimism. This highlight the value of a more
specific mindset about the efficacy of the vaccination over and above a
more global measure of dispositional tendency to expect positive
outcomes.

Although the study has several strengths, there are several limita-
tions to the current research. First, although we recruited a socio-
demographically diverse community sample, our sample had generally
positive mindsets regarding the vaccine. Future studies should recruit
samples with less favorable views of vaccines in general. Second,
although this was a prospective cohort study, leveraging predictors that
temporally preceded our outcomes, we could not make causal claims.
However, like many mindsets, vaccine-related mindsets are theoreti-
cally amenable to educational interventions (Crum et al., 2023; Zion and
Crum, 2018). For instance, Crum et al. (2023) found that a 4-min video
to improve people’s mindsets about vaccine side effects (in this case, the
mindsets that ‘symptoms are positive signals’) reduced symptoms’
worry and frequency. Future studies might test whether similar educa-
tional material targeted at vaccine mindsets can casually impact
post-vaccination outcomes.

Vaccination is an important measure to prevent future disease and
promote public health. Although much remains to be explored, these
findings underscore the importance of understanding mindsets in
shaping vaccine experiences and outcomes. Future research should
further probe these findings. Examining the relationships between a
range of mindsets and expectations about vaccination and considering
how best to design psychological interventions to optimize the post-
vaccination experience to help improve population health.
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