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ABSTRACT

A wide range of survey studies have explored vaccination hesitancy/resistance during the COVID-19
pandemic and provided evidence that this can be explained by several individual variables from the
ideological, clinical, and socio-affective domain. However, evidence about which individual variables
predict vaccine hesitancy in the post-pandemic state of COVID-19 is meager. We administered a battery
of questionnaires to a group of 120 Italian participants with high and low scores on the adult vaccine
hesitancy scale (aVHS) to investigate the predictive role of ideological (i.e. political orientation), clinical
(i.e. anxiety, interoceptive accuracy), and socio-affective (i.e. alexithymia, disgust sensitivity/propensity,
empathy) variables on vaccine hesitancy/resistance. This study provides evidence that lower interocep-
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tive awareness and cognitive empathy are predictors of a greater hesitancy to get vaccinated in the post-

pandemic COVID-19 state.

Introduction

The COVID-19 pandemic has caused millions of deaths (over
6.9 million deceased people globally until September 2023.!

The development of SARS-CoV-2 vaccines was a turning
point of historical importance in the fight against this virus
and its devastating effects. However, hesitation and resistance
to get vaccinated of a relevant part of the population (around
25%)>? was a challenge in the fight against COVID-19.*> The
relevance of this topic is stressed by a report from the World
Health Organization,® which identifies vaccine hesitancy and
resistance as top public health threats.® Improved comprehen-
sion of the mental processes associated with a negative attitude
toward vaccines is crucial to develop new strategies for pro-
moting acceptance of vaccination. This will help to successfully
control future pandemics that are expected to take place,
partially as a consequence of climate change.”

The existing literature on vaccine hesitance and resistance
focuses on explicit reasons provided by individuals for their
opposition to a specific vaccine or vaccination programs in
general and associated demographic factors.® In this connection,
a recent study” suggests a predictive role of confidence in vac-
cines for the intention to get vaccinated. Moreover, additional
key features that differentiate vaccine-hesitant and resistant
individuals from those who are receptive to vaccines have been
identified.>'*"" These include several personality characteristics
and traits, including high levels of religiosity, paranoid tenden-
cies, impulsiveness, low conscientiousness, low emotional

stability, low empathy, and dogmatic thinking have been asso-
ciated with greater vaccination hesitancy.>'*'*"'* Furthermore,
a study conducted by Hornsey et al.,'’ involving 24 nations,
indicates that anti-vaccination attitudes are linked to high levels
of disgust and fear toward blood and needles, along with
a strong individualistic/hierarchical view of the world. Needle
phobia appears to affect approximately 10% of the population,'
and reduced fear extinction learning in individuals with larger
hesitancy to vaccination might stabilize the latter."®

Other investigations identified ideological/social attitudes
such as distrust toward authorities and/or experts (scientists),
intolerance toward migrants, and political orientation as pos-
sible further predictors of vaccine hesitancy.'>'> However,
regarding political orientation, results are heterogeneous.
Evidence related to the pandemic period postulates an associa-
tion of a conservative political attitude with COVID-19-related
vaccination hesitancy,'” and this was also shown for Italy and
other countries.'>'® However, Engin and Vezzoni'’ did not
find an impact of political conservatism on anti-vaccination
beliefs during the COVID-19 pandemic.

The current study aimed to investigate and corroborate the
predictive role of several variables, including some of those
mentioned above, for vaccination attitudes in the absence of
a pandemic health emergency. In addition, we explored possibly
relevant psychological factors: alexithymia, anxiety, and inter-
oceptive awareness. Alexithymia is the difficulty to identify and
describe own emotions and the emotions of others,”>*' which
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might be relevant for vaccine hesitancy.”*>* The rationale for
suggesting a predictive role of alexithymia in vaccine hesitancy is
based on the concept that a lack of access to own emotions and
emotional empathy compromises the ability to understand the
emotional significance of protecting oneself and others from
infection through vaccination. We moreover investigated the
roles of trait and state anxiety, building upon and going beyond
the previously established relevance of needle phobia for vaccine
hesitancy.zs’26 Furthermore, we examined the role of interocep-
tive awareness - interoceptive sensitivity— as a correlate of vac-
cine hesitancy, in line with the somatic marker hypothesis*”
stating that decision making is influenced by biasing signals
(somatic markers) arising from changes in the body.
Interoception refers to a relatively large variety of bodily signals
or sensations. A growing literature®® > suggests that changes in
interoceptive states may be influenced by and/or affect numer-
ous cognitive, affective, and social decision-making processes,
such as visuo-spatial attention,”’ time perception,’ and
generosity.”> Moreover, a recent study has shown that intero-
ception sensitivity predicts political orientation.** Importantly,
indirect evidence links interoception with vaccination and psy-
chological consequences of the pandemic. Suzuki et al.> report
that interoception predicts the psychological effect of the pan-
demic-caused lockdown on the population. Moreover, Elliott
and Pfeifer’® report that the score of some of the
Multidimensional Assessment of Interoceptive Awareness
(MAIA) subscales is related to anxiety about COVID-19.
However, to the best of our knowledge, a direct investigation
of the predictive role of interoception awareness on anti-vacci-
nation attitudes is currently lacking.

Many of the currently published articles focus on data
regarding COVID-19 vaccination hesitancy collected during
the pandemic. However, knowledge about the interplay
between ideological, socio-affective, and psychological factors
on the one hand, and overall vaccination hesitancy on the
other in the post-COVID-19 pandemic state is limited. Such
an investigation is, however, timely, as it can provide an
evidence-based update on predictive variables for anti-vacci-
nation attitudes in the absence of an acute infectious emer-
gency associated with an ongoing pandemic, which might be
relevant for any type of vaccine. In line with these premises,
our data were collected in the post-COVID-19 pandemic state
according to the Italian decree-law of March 24, 2022, n. 24,
and subsequent law decrees published in the Gazzetta Ufficiale.
Data were collected between October and November 2022,
when measures to counteract COVID-19 infections were
much less stringent as during the pandemic (gradual elimina-
tion of the “green pass;” revocation of the obligation to wear
a mask for some categories of people).

We expected to confirm the predictive role of political
orientation, empathy, anxiety, disgust sensitivity/propensity
for the general attitude toward vaccination, as reported for
the COVID-19 vaccine during the pandemic.”® We also pre-
dicted lower interoceptive awareness in individuals more hesi-
tant to vaccination, in line with available evidence of lower
interoceptive awareness in conservative individuals,”* who are
known to be more hesitant to vaccination.'® Finally, we pre-
dicted higher alexithymic scores in individuals more hesitant
to vaccination, in line with evidence for reduced empathy in

alexithymia,”” which is also known to be reduced in the con-
text of high COVID-19 vaccine hesitancy."*

Method
Participants

Our study involved 120 participants (mean age = 25.65 + 4.11 SD,
age range 18-38years), including 50 males, and 70 females.
Sample size was a priori established based on a critical effect
size of 0.4 (Cohen’s d), a statistical power of 0.8 and an alpha
error of 0.05. Participants were university master students (or
previous master students), also including part time students. The
recruitment was carried out by a master student, who is
a coauthor of the present study, as part of her thesis work. The
student had access to a list of classmates and former classmates
from her course, who were contacted through social platforms
such as Facebook, Instagram, or WhatsApp, as well as via e-mail.
Most of the participants resided in the southern area of Sicily
(Italy). Tests could be completed either online or in person,
depending on the preference of the participants. The average
time required for completion of the entire test battery was
approximately 45-50 minutes. No compensation was given to
the participants and no time limits were set to complete the
questionnaires. All participants gave their consent to participate
in the study. The study was approved by the local ethics commit-
tee and conducted in agreement with the principles of the
Declaration of Helsinki.

Instruments and procedures

For the assessment we used the Adult Vaccine Hesitancy
Scale (aVHS)®, the State-Trait Anxiety Disorder Inventory
(STAI)*’; the Toronto Alexithymia Scale (TAS-20)*%; the
Multidimensional Assessment of Interoceptive Awareness
(MAIA)*; the Interpersonal Reactivity Index (IRD** and
the Disgust Propensity and Sensitivity Scale-Revised DPSS-
R.** More details about these instruments and respective
scorings are provided in supplemental materials (Table S1).

Data analysis

To explore the relation between the scores associated with an
anti-vaccination attitude and the assessed ideological, socio-
affective, and clinical variables, we first ran a group compar-
ison between individuals more hesitant (aVHS score > 25) and
less hesitant to vaccination. Statistical tests were applied (t-test
vs. Mann-Whitney U test) depending on data distribution
(normal vs not normal). Next, we constructed a binary
response variable (called aVHS_rk) by the following proce-
dure. We considered the value 25 as cutoff and thus if aVHS
was less or equal to 25, aVHS_rk was encoded as 0, while if
aVHS was larger than 25, aVHS_rk was encoded as 1. Once the
binary response variable was constructed, we ran a stepwise
logistic regression, a standard tool for modeling data with
a binary response variable,** considering all ideological,
socio-affective, and clinical variables as “potential predictors.”
The stepwise logistic regression automatically selects a reduced
number of predictor variables for identification of the best



performing logistic regression model. For automatic selection
of variables, we used entry (PIN) and removal (POUT) criteria
with p-values of 0.05 and 0.10 respectively for the WALD test.
In each step, the predictor with the smallest probability level
less than 0.05 was entered into the model. After each entry,
predictors already included in the model were tested for pos-
sible removal. The predictor with the largest probability larger
than 0.10 was removed, and the model re-estimated. Predictors
in the model were then evaluated again for removal. When no
more predictors satisfied the removal criterion, covariates that
were not part of the model were evaluated for entry. Stop
criteria for model building were that no more variables met
the PIN or POUT criteria, or the model was identical with the
one in the previous mode. To identify the amount of correctly
classified cases, and thus the quality of the model, a cutoff was
established at a probability value of 0.5. If the probability of the
model calculated for a subject was > 0.5, the assigned value was
1, if it was lower, the assigned value was zero. This model
allows to estimate the probability of vaccine hesitancy based on
the values of the predictors. Finally, we calculated the associa-
tion between the scores of the demographic factors age and sex
and predictors for vaccine hesitancy. To this purpose we used
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no parametric statistical tests (i.e., Mann-Whitney U Test and
Spearman rank-order correlation).

Results

Consistent with prior research,” 72.5% (N = 87) of our sample
had an aVHS score <25. No gender difference was found
between individuals with low and high aVHS scores
(X? = 0.870, p = .350). Since the VHS scores were not normally
distributed (K-S d=0.149, p <.01), non-parametric statistics
(Mann-Whitney U test) were applied. The results document
a lower score of the not distracting subscale of MAIA-2, and
the cognitive empathy dimension of IRI, including the two
respective subscales (i.e., perspective taking and fantasy), in
more vaccine-hesitant individuals, compared to less hesitant
individuals. Details of rank sum scores and respective statis-
tical parameters for these and other variables of interest are
reported in Table 1.

For the variables obtained in the present study, the stepwise
logistic regression model identified the following predictors as
statistically significant: “Non distracting” of the MAIA-2, and
“Cognitive Empathy” of the IRI (See Table 2). Moreover, we

Table 1. Statistical comparison between participants with lower (<25) and higher (>25) aVHS scores.

Variables Rank Sum low aVHS  Rank Sum High aVHS  Median value low aVHS  Median Value High aVHS V] zZ p-level
Age 5115.5 21445 25 26 12875 —-0.869 0.3843
Politics 4971.5 2168.5 NA NA 12305 -1.118 0.2631
STAI-tot 5306.0 1954.0 82 81 1393.0 0.249 0.8027
STAI-Y1 5217.5 2042.5 37 39 1389.5 -0.270  0.7868
STAI-Y2 5358.5 1901.5 42 43 1340.5 0.558 0.5766
TAS-20 5205.5 2054.5 41 40 13775 -0340  0.7331
Difficulty describing feelings 5210.5 2049.5 12 13 13825 -0.311 0.7554
Difficulty identifying feelings 53785 1881.5 12 1 1320.5 0.675  0.4991
Externally oriented thinking 5055.0 2205.0 16 18 12270 -1.225  0.2204
MAIA 5146.0 2114.0 273 2.84 13180 -0.690  0.4898
Noticing 5033.5 2226.5 2.75 3 12055 -1.351 0.1764
Not distracting 5705.0 1555.0 2.66 233 994.0 2594 0.0094*
Not worrying 5236.5 2023.5 2.66 2.66 14085 —0.158 0.8739
Attention regulation 5118.0 2142.0 2.71 3.14 12900 -0.855  0.3924
Emotional awareness 5284.5 1975.5 34 3.6 1414.5 0.123 0.9017
Self-regulation 5085.0 2175.0 2.5 2.75 1257.0 -1.049  0.2941
Body listening 5075.5 21845 233 2.66 12475 -1.104 0.2691
Trusting 5180.0 2080.0 3.63 3 13520 -0490  0.6235
IRI 5584.5 1675.5 69 64 11145 1.8866 0.0592
Cognitive empathy 5634.5 1625.5 19 17 1064.5 2.1804 0.0292*
Perspective taking 5614.0 1646.0 19 16 1085.0 2.0600 0.0393*
Fantasy 5683.0 1577.0 38 31 1016.0 24655 0.0136*
Affective empathy 5500.0 1760.0 20 19 1199.0 1.3899 0.1645
Empathic concerns 5162.0 2098.0 12 12 13340 -0.5965 0.5508
Personal distress 5391.0 1869.0 32 31 1308.0 0.7493 0.4536
DPSSR tot 5264.0 1996.0 23 22 1435.0 0.0029 0.9976
DPSSR (P) 5111.0 2149.0 19 21 1283.0 -0.8962 0.3700
DPSSR () 5186.0 2074.0 42 44 13580 —0.4554 0.6487

*indicates significant results. Acronyms: STAI (state-trait anxiety inventory); TAS (Toronto alexithymia scale); MAIA (multidimensional assessment of interoceptive

awareness); IRI (interpersonal reactivity index); DPSSR (disgust propensity and sensitivity scale-revised).

Table 2. Logistic regression estimates overall percentage correct = 71.7%; Hosmer and lemeshow test = 6.33". Nagelkerke R square
=0.22 - final -2 log likelihood = 121.97 (LR-test**).

Variables in the equation B SE WALD df OR-Exp(B)
Non distracting** —0.557 0.245 5.550 1 0.562
Cognitive Empathy** —0.060 0.027 5.046 1 0.942

*Not significant; *p < .05; **p < .01. B = estimator; SE = standard error; WALD = wald test; df = degree of freedom; OR-Exp(B)= odd
ratio of B.
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Figure 1. Probability profiles based on the “Not-Distracting” predictor by three levels (mean — SD, mean, mean + SD) of “Cognitive Empathy.” The figure shows how the
probability of aVhs_rk varies with the variation of “Not-Distracting” when we assume three levels of “Cognitive Empathy” (mean = 35.1, SD = 8.29). 3 levels were defined

as follows for “Cognitive Empathy:" 35.1 — 8.29; 35.1; 35.1 + 8.29.

modeled the interaction effects between “Non distracting” and
“Cognitive Empathy,” but this model was less precise than the
model proposed.

The likelihood ratio (LR) test was significant, indicating
that the logistic model provided a better fit to the data than
the intercept-only model. With a cutoff = 0.5, the probabil-
ity of correct classification of all cases was 74.2%. Odds
ratios (OR) in Table 2 suggest “not distracting” as main
predictor the higher the score in this scale, the lower the
hesitancy to vaccination (i.e., the aVHS_rk, Figure 1).
Therefore, for each increase of one unit of Not distracting”
(net amount of Cognitive Empathy), the OR decreases by
43.8%. (Figure 1).

The Cognitive Empathy predictor shows the same trend:
the higher the cognitive empathy score, the lower the hesi-
tancy to vaccination (i.e., the aVHS_rk, Figure 2). Similarly,
an increase of one unit of “Cognitive Empathy” (net value of
Not-Distracting) decreases OR by 5.8%. Figures 1 and 2 plot
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the probability profiles of aVHS_rk as a function of the
predictors. Table S2 of the supplementary materials shows
the details of the variables not included in the logistic
regression model.

Finally, we investigated potential connections between
demographic factors (specifically age and gender) and
scores on variables associated with vaccine hesitancy, such
as cognitive empathy and the tendency not to distract oneself
from sensations of pain or discomfort. The Mann-Whitney
U Test revealed a lower cognitive empathy score in male
(M =2445.5) compared to female (M =4814.5) participants
(U=1170.5, Z =3.084, p =.002). No significant gender dif-
ference was observed for the factor distracting from pain
(p =.251). Additionally, a Spearman rank-order correlation
indicated a negative relationship between age and the cog-
nitive empathy score (r=-0.230, p=.011), while no signifi-
cant correlation was found for the factor distracting from
pain (p=.252).

Not-Distracting
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Cognitive Empathy

Figure 2. Probability profiles based on the “Cognitive Empathy” predictor by three levels (mean — SD, mean, mean + SD) of “Not-Distracting.” The figure shows how the
probability of aVhs_rk varies with the variation of “Cognitive Empathy” when we assume three levels of “Not- Distracting” (Mean = 2.52, SD = 0.919). 3 levels were

defined as follows for “Not-Distracting:” 2.52 - 0.919; 2.52; 2.52 - 0.919.



Discussion

In this study we investigated the predictive role of several vari-
ables, spanning from ideological and socio-affective to psycho-
logical and clinical domains, for anti-vaccination attitudes in the
COVID-19 post-pandemic era. Our objectives were twofold:
first, to corroborate the predictive role of variables identified
as relevant in prior studies, and second, to explore the role of
variables that have not been studied in the context of vaccine
hesitancy, specifically interoception and alexithymia. Consistent
with our hypotheses, a group comparison analysis revealed
a significant difference in interoceptive awareness and empathy
between more and less vaccine-hesitant groups. For interocep-
tion, more vaccine-hesitant individuals exhibited a lower score
on the not distracting subscale of the MAIA-2. Additionally,
these individuals had a lower score on the cognitive empathy
dimension of the IRI, including the two respective subscales of
this dimension (i.e., perspective taking and fantasy).

The stepwise logistic regression model supports the impor-
tance of the cognitive empathy and not distracting indices as
predictors of an anti-vaccination attitude. Consistent with
previous investigations,'* we observed that a high anti-vacci-
nation attitude was associated with low cognitive empathy
scores. Therefore, a lower cognitive empathy score was indica-
tive for larger vaccination hesitancy. However, no significant
results were found for affective empathy. The cognitive empa-
thy index includes scores provided by the perspective taking
and fantasy subscales. A low score in the perspective taking
domain suggests a limited ability to understand and consider
the perspectives, thoughts, and feelings of others. A low score
in the fantasy subscale indicates a limited inclination toward
imaginative experiences. Accordingly, one might speculate
that high hesitancy/resistance to vaccination in people with
low cognitive empathy reflects difficulties in imagining the
negative consequences of not getting vaccinated for others
and the self.

Regarding interoceptive awareness, our prediction and the
results of the group comparison analysis for the “not distract-
ing” subscale, which refers to the tendency to ignore or distract
from sensations of pain or discomfort, were confirmed.
Therefore, the lower the tendency to ignore or distract oneself
from sensations of pain or discomfort, the more prominent the
anti-vaccination attitude. The link between high vaccine hes-
itancy and a decreased capacity to ignore or distract oneself
from sensations of pain or discomfort adds new insight to the
field by suggesting the relevance of interoception as predictor
of vaccination intention. This result can be interpreted as
reduced tolerance to the temporary pain or discomfort asso-
ciated with the needle puncture during vaccination. This is in
line with recent evidence of reduced fear extinction learning in
individuals more hesitant to vaccination,'® as this index is
known to correlate in the same way with neuropathic pain
control.*’

Contrary to our expectations and the current literature in
the field,”"*” political orientation, anxiety, and disgust sensi-
tivity/propensity did not predict hesitancy/resistance to vacci-
nation in the post COVID-19 pandemics state (see Table 1).
This might be caused by the less stressful context of the post-
pandemic situation compared to the pandemic phase, the
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relatively small sample size and thus insufficient power, or
because the examined variables only predict COVID-19 vac-
cine hesitancy rather than being a general landmark/index of
the attitude to vaccination, which was investigated in our
study. Interestingly, the recent study by Candio et al."* report
that political ideology plays a role in vaccine hesitancy in some
countries and is moderated by individual income level.
Citizens of poor countries were more likely to be hesitant
against vaccination compared to those of rich ones. Since the
economic situation in Italy improved after the reduction of the
drastic containment measures implemented in the acute lock-
down phase, it could be hypothesized that such economic
improvement explains the missing impact of political orienta-
tion on vaccine hesitancy. Alternatively, the absence of
a predictive impact of political orientation on vaccine hesi-
tancy may be caused by the characteristics of our sample,
which, on average, had a higher educational level and
a younger age (for a discussion see also*® compared to the
general population. Finally, we found no evidence for links of
alexithymia with vaccine hesitancy, contrary to our prediction.
This suggests that difficulties to identify and describe own
emotions and those of others do not represent a key predictor
for post-pandemic vaccination attitudes.

Low cognitive empathy and a reduced capacity to distract
oneself from pain could potentially be linked to some deter-
minants of anti-vaccination attitudes reported in the scientific
literature. For instance, low cognitive empathy might contri-
bute to a stronger tendency toward conspiratorial thinking,*”
known to be associated with anti-vaccination attitudes.*® Their
more pronounced individualistic worldview*® would bring
individuals with low cognitive empathy to focus on perceived
individual risks associated with vaccination and to put less
emphasis on respective societal benefits.*> A diminished ability
to distract themselves from pain may help explain the heigh-
tened reactance to vaccination observed in individuals with
a strong anti-vaccination attitude.*® Those with a low capacity
to distract themselves from pain might experience elevated
levels of stress and discomfort.”® This heightened stress and
discomfort could potentially amplify their perception of vacci-
nation as an imposition on personal freedom, making them
more inclined to reject it.** A reduced ability to distract oneself
from pain, indicative of higher stress and discomfort levels,™
may also explain the increased susceptibility of individuals to
spend more time on social media.”" This heightened suscept-
ibility could potentially make individuals more prone to the
influence of social media, leading to increased exposure to
misinformation about vaccines.

Some limitations of this study should be taken into account.
This study is constrained by the relatively small sample size
and an overall unbalanced proportion of male and female
participants; however, no significant gender difference was
observed in the respective participant subgroups (i.e., those
with low and high aVHS scores). Moreover, the sample size of
individuals with low and high aVHS score was not equivalent;
however, the proportion of hesitant individuals (27.5%) aligns
with that reported in the literature.” Lastly, the study did not
include data on education and economic status, and the age of
our sample may not be representative for the general
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population, as the recruitment procedure focused on univer-
sity students.

In conclusion, our study underscores the relevance of
empathy and interoception as predictors of the attitude toward
vaccination in the post-COVID-19 pandemic era. Future
research, addressing the limitations outlined above, might
contribute to a more comprehensive understanding of indivi-
dual traits associated with vaccine hesitance/resistance. This
knowledge is relevant to inform the development of more
effective strategies for promoting vaccination, involving tar-
geted interventions, mitigating misinformation, and adopting
tailored communication approaches for individuals with spe-
cific traits. For example, it could be helpful to implement
communicative strategies that increase cognitive empathy””
to achieve better engagement of individuals with low empathy.
Furthermore, considering that the lower the tendency to
ignore or distract oneself from sensations of pain or discom-
fort, the more prominent the anti-vaccination attitude, it could
be functional to provide activities or materials that help to
distract individuals during the vaccination procedure from
pain and discomfort, making vaccination more comfortable.
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