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Abstract: Background: This study aims to explore the relationship between Health literacy (HL),
vaccination behaviors and Vaccination unawareness (VU) by trying to understand how HL
influences vaccination attitudes and the potential mediation of VU. Methods: Data were collected
using HLS-EU-Q16, Vaccination Attitude Scale and Vaccine Unawareness Scale. Results: The results
show that 17.3% of the variance in total VAX-I is explained by predictors. Among the significant
predictors, low VU and age positively predicts VAX-I, while adequate HL negatively predicts the
VAX-I. Analyses for specific dimensions of VAX-I reveal that low VU and age positively predict
distrust of benefits, concerns about future effects, concerns about profit, and preference for natural
immunity, while adequate HL negatively predicts these dimensions. Mediation analysis showed that
low VU significantly mediates the relationship between adequate HL and VAX-I, contributing 44%
of total effect in VAX-I and percentages between 35% and 54% in specific dimensions. Conclusions:
Results show that lower levels of VU, combined with higher HL, are associated with more positive
attitudes toward vaccines. The results suggest that increasing HL levels alone may be necessary but
not sufficient to improve vaccination attitudes; therefore, interventions should focus not only on
increasing HL levels but also on decreasing VU.
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1. Introduction

Since their discovery, vaccines have been one of the most effective and cost-efficient tools at the
disposal of governments and health authorities to protect the health of the entire population [1,2]. In
2024, the World Health Organization (WHO) estimated that the global immunization initiative has
prevented 3.5-5 million deaths per year from infectious diseases such as pertussis, tetanus, influenza,
diphtheria, and measles, which has allowed approximately 154 million lives to be saved over the past
50 years [3]. Vaccination is a behavior influenced by several factors; among these, health literacy (HL)
seems to have an impact [4-6]. A definition of HL is: “Health literacy represents the personal knowledge
and competencies that accumulate through daily activities, social interactions and across generations. Personal
knowledge and competencies are mediated by the organizational structures and availability of resources that
enable people to access, understand, appraise and use information and services in ways that promote and
maintain good health and well-being for themselves and those around them.” [7]. Having an adequate level
of HL means that an individual is able to access, understand, evaluate, and apply information related
to health care, disease prevention, and health prevention, thereby contextualizing their own health,
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that of their family and community, so as to understand the factors that influence it and take action
to resolve them [8,9]. While, on the other hand, an inadequate level of HL is associated with deficits
in the understanding of health information, limited knowledge about diseases and their risks, poor
utilization of health services, and low adherence to drug prescriptions [4-14], all of which actively
contribute to poor health, increased mortality risk [15], hospitalization [16], inadequate use of
healthcare and increased costs for the health system [17]. The relationship between HL and
vaccination is not clear and needs further investigation: some studies have found that vaccination
behaviors can be influenced by HL in association with individual or group contextual determinants
[4]; Gusar and colleagues [6] propose that low HL is associated with vaccine refusal, but the authors
themselves pointed out that there is no clear correlation between different levels of HL and
vaccination choice; Biasio and colleagues [14] argue that a limited HL is associated with poor
preventive measures such as immunizations but, given the use of different HL measurement methods
in different studies, the association between HL and vaccination was not consistent. Other authors
found no association between HL and vaccination adherence; according to the authors part of this
result could be interpreted in the light of the fact that the skills and information needed to make a
decision on vaccination adherence are different from those needed for other health-related choices
[18].

Probably vaccination behavior is the result of a complex and dynamic interaction of cognitive,
emotional, social, cultural and experiential factors that are difficult to measure. One of these factors
could be vaccination unawareness (VU), defined as the individual’s unawareness of vaccinations
received in the past, those that would be recommended at the present time, and when to make a
booster for those who remember [19]. This construct refers to a whole set of specific information
regarding the subject’s vaccination status, information that, when present, inevitably increases the
subject’s level of awareness. According to the transtheoretical model (TTM), awareness is an
indispensable condition for implementing behavioral change (e.g., deciding to get vaccinated) as it
allows the shift from a pre-contemplation state (where the subject has no intention to plan actions in
the foreseeable future) to a contemplation state (where the subject has intention to plan actions in the
foreseeable future) [20,21]. In the pre-contemplation phase subjects avoid reading, talking or thinking
about their risk behaviors (e.g., not getting vaccinated). In the contemplation phase there is the
intention to implement certain healthy behaviors and above all there is an awareness of the
advantages and disadvantages of implementing such behaviors [19-21]. Awareness when viewed
from the perspective of vaccination behaviors translates into awareness of their own vaccination
situation and awareness of the behaviors required in the related context, so an active search for
information by the individual.

The aim of this study is to try to understand the complicated relationship between vaccination,
HL and VU, specifically to examine how HL influences attitudes toward vaccines and how this
influence may be mediated by VU.

2. Materials and Methods

Our study takes place within the Transdisciplinary Action Research Against Vaccine Hesitancy
(TARAVH) project. The overall goal of the project is to promote vaccine uptake by measuring the
magnitude of the determinants of vaccine hesitancy for COVID-19 (short-term impact) or other
diseases (medium-term impact); this considering all variables described in the 5C model e
decomposing them into sociological, psychological and health competencies, with a public health
perspective. In the first part of the research an online survey was administered between June 20, 2023
and January 25, 2024 to a sample of 637 subjects from the Italian population

2.1. Questionnaire and Measures

The socio-demographic characteristics collected are age, gender, region of residence, educational
qualification, and annual income. Age was grouped into three categories: 18-35 years, 36-64 years

VA

and 65> years. For gender, three categories were identified: “cisgender male”, “cisgender females”
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and “Other gender” (that include “transgender males”, “transgender females” and “non-binary”).
For the purposes of gender categorization, we would like to specify that we recognize the importance
of accurate categorization and respectful naming of gender identities in research. While
acknowledging the diversity of gender identities and the significance of correctly distinguishing
between them, for statistical purposes, the transgender and non-binary population in our study was
limited (15 participants). Due to the small sample size, these groups were combined into a single
category for analytical reasons. This decision was made solely for statistical necessity and does not
intend to minimize or overlook the complexity and validity of transgender and non-binary identities.
The educational levels were categorized as: “low education” (that include “elementary school
license” and “secondary school license”), “average education” (that include “high school diploma”),
“high education” (that include “bachelor’s degree”, “master’s degree” or “old-school degree”,
“master’s university” and “Ph.D.” or “specialized school”). For the annual income the categories
were: “low income” (<10.000€), “average income” (10.000/36.000€), “high income” (36.000/72.000€,
72.000/120.000€, >120.000€). Finally, the regions of Italy were grouped into “north” (Valle d’Aosta,
Piedmont, Liguria, Lombardy, Emilia-Romagna, Veneto, Trentino and Friuli Venezia Giulia),
“center” (Tuscany, Umbria, Marche and Lazio) and “south” (Abruzzo, Molise, Campania, Apulia,
Basilicata, Calabria, Sicily, Sardinia), according to the Italian legislative classification.

HL was measured by means of the HLS-EU-Q16, a HL. measurement instrument validated in
Italian by Lorini and colleagues [5] which is the short form of the 47-items HLS-EU-Q47. The HLS-
EU-Q16 is a 16-item self-reported instrument that can be answered with a 4-item Likert scale (“very

o

difficult”-"quite difficult”-"quite easy”-"very easy”). The score is generated by grouping the answers
into two categories: “easy” (“quite easy”- “very easy” = 1) and “difficult” (“quite difficult”-"very
difficult” = 0); the answer “don’t know” is considered missing. The scale score is calculated as the

sum of the scores for each item and has a range from 0 to 16. Participants who answered fewer than

” (Il

14 items were excluded. Based on the score obtained, three levels of HL are defined: inadequate HL
(0-8), problematic HL (9-12) and adequate HL (13-16).

Participants’ explicit attitudes toward vaccines were measured with the Vaccination Attitudes
Examination Scale (VAX) developed by Martin & Petrie [25] and later validated in Italian (VAX-I) by
Bruno and colleagues [26]. The instrument consists of 12 items with a 6-point Likert scale (1=strongly
disagree to 6=strongly agree) with 3 reverse-coded items; high scores on the scale reflect more
negative attitudes toward vaccination. The scale is composed by four factors: F1) distrust about
vaccine benefits, F2) concerns about un-foreseen future effects, F3) concerns about commercial profit,
and F4) preference for natural immunity; each dimension was indicated by 3 items. Regarding the
VAX-I scale, the total score was calculated (minimum score of 12 and a maximum score of 72) [22—
24] as well as the scores for each of its four dimensions (minimum score of 3 and a maximum score
of 18) [25-27].

VU was measured by Vaccine Unawareness Scale (VUS) consisting of 4 items with a 5-point
Likert scale (“strongly disagree” = 1; “disagree” = 2 “neither agree or disagree” = 3 “agree” = 4
“strongly agree” = 5). The items include: 1) I am aware of the diseases from which I am currently
covered by vaccination; 2) I am aware of the vaccinations that would be recommended for me by the
medical community; 3) I am aware of the duration of coverage of the vaccinations I have received; 4)
I have no clear idea of which vaccinations I have received in the past. The score is obtained by
calculating the sum of the results of the 4 items (minimum score of 4 and maximum score of 20); item
numbers 1, 2 and 3 are reverse-coded items. The higher the scale score, the higher the VU [19].

2.2. Statistical Analysis

The analysis was conducted in three steps. First, we conducted descriptive analyses of HL level,
socio-demographic variables, VAX-I scale (for the total scale and for the four dimensions) and VU.
To test the associations between variables a chi square test was used for categorical variables while
ANOVA for continuous variables. Second, we specified a priori the causal pathways, which consider
VU as the mediator of the association between HL and explicit attitudes toward vaccines (Figure 1).
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A linear regression model was fitted to investigate the association between HL and VU (mediation
model). Afterwards linear regression models were used to investigate associations between HL and
each explicit attitudes toward vaccines (outcome models, which also includes the mediator as a
covariate). All these models were adjusted for each of the socio-demographic variables. Finally, a
mediation analysis was conducted to investigate how VU could mediate the effect of HL on attitudes
toward vaccines; variables were used to create a mediation model where the total effect of exposure
on the outcome is calculated, and this is decomposed into an indirect effect and a direct effect. In
terms of interpretation, the indirect effect reflects the magnitude of the effect transmitted through the
mediator, while the direct effect takes into account all other possible causal chains. For each analysis,
a p-value less than 0.05 was considered significant. All statistical analyses were performed with
StataNow 18.5; the analyses were conducted in July 2024

Mediator:
Unawareness vaccine
I] Total effect (direct + mediated effect) Outcome variables:
Independent variable: Attitudes
Health Literacy : ;
toward vaccines
Direct effect

Figure 1. Mediation model.

3. Results

The present study considered the data referred to 637 subjects from the population of Italy,
between 18 and 70 years old (M = 27.16; SD = 9.94). Our sample had a predominance of females
(78.18%), subjects aged between 18 and 35 years (87.28%) and resident in central Italy (57.14%); for
the categories related to education there was a low proportion of subjects with low education (1.41%)
while for the annual income variable the category of high income had the fewest subjects (13.97%).
All results are reported in Table 1.
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Table 1. F1 = distrust vaccine benefits; F2= concern for future effects; F3 = concern about profits; F4 = preference for natural immunity; VU = vaccine unawareness, HL = health literacy.

Gender Age Region Educational qualification Annual Income HL
[M=SD] Male Female Other 18-35 36-64 65-70 North center south low average high low average high inadequate  problematic adequate
VAX-I (N=124) (N=498) (N=15) (N=556) (N=71) (N=10) (N=170) (N=364) (N=103) (N=9) (N=328) (N=300) (N=283) (N=265) (N=89) (N=64) (N=191) (N=334)
total scale 32.11+12.71 | 32.41£14.68  31.99+12.10 33.33+15.53 | 30.70+11.09 41.80+17.41 41.6+22.52 | 32.35+14.17 31.53+11.79 33.72+13.26 | 34.11£16.55 31.87+12.68 32.31+12.65 | 31.33+12.06 32.31+12.86 33.95+14.12 | 37.31+14.30 33.01+12.15 30.31+12.28
F1 7.14£3.49 7.20+4.09 7.11+3.33 7.66+3.69 6.86+3.09 9+5.01 9.66.36 7.45+4.02 6.89+3.23 7.5243.41 8.22+4.26 7.14£3.46 7.1243.52 7.12+3.45 7.03+3.45 7.55+3.74 8.46+4.33 7.41+3.47 6.70+3.21
F2 10.61+3.62 | 10.02+3.87  10.75+3.55 10.6+3.69 10.29+3.43  12.87+4.01 12.3£5.45 10.31+3.8 10.62+3.58 11.06+3.45 11£4.03 10.63+3.73 10.5743.51 10.44+3.63 10.71£3.52  10.83+3.91 11.57+3.64  10.73+£3.54  10.25+3.64
F3 6.42+3.84 6.79+4.34 6.30+3.69 7.06+4.51 5.99+3.35 9.43+5.33 8.8+6.52 6.59+4.06 6.2243.53 6.82+4.49 7+4.63 6.27+3.80 6.56+3.87 6.05+3.44 6.58+3.96 7.07+4.56 8+4.35 6.73£3.79 5.88+3.64
F4 7.93+3.83 8.38+4.33 7.81£3.66 8+4.82 7.55+3.50 10.49+4.92  10.9+5.02 8+4.22 7.79+£3.61 8.3143.93 7.88+4.78 7.82+3.73 8.05+3.92 7.7143.61 7.97+3.89 8.49+4.28 9.26+4.20 8.13+3.69 7.48+3.78
v.u. 9.93+3.38 10.64+3.45 9.78+3.36 8.8+2.21 10.06+3.33 8.85+3.43 10.3+4.47 9.70+3.58 9.85+3.23 10.58+3.49 9.33+3.31 10.07+3.34 9.79+3.42 10.39+3.27 9.58+3.47 9.48+3.26 11.95+4.01 10.07+3.24 9.29+3.13
N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)
(HL) inadequate - 10(9.01%) 52 (11.21%)  2(14.29%) | 56(10.89%) 8 (12.12%)  0(0.00%) | 18 (11.46%) 36 (10.62%) 10 (10.75%) | 0 (0.00%) 30(9.97%) 34 (12.19%) | 29 (11.46%) 25 (10.00%) 10 (11.63%) - - -
148 166 120 107
(HL) problematic 86(33.99%) 79 (31.60%) 26 (30.23%)
- 41 (36.94%) (31.90%) 2 (14.29%) (32.30%) 24 (36.36%) 1(11.11%) | 46 (29.30%) (35.40%) 25(26.88%) | 4 (44.44%) (35.55%) 80 (28.67%) - - -
264 292 183 164 165 138 146
(HL) adequate 50 (28.14%)
- 60 (54.05%) (56.90%) 10 (71.43%) (56.81%) 34 (51.52%) 8(88.89%) | 93 (59.24%) (53.98%) 58 (62.37%) | 5(55.56%) (54.49%) (59.14%) (54.55%) (58.40%) - - -
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In our sample, 56.71% of the participants had an adequate HL, 32.43% a problematic HL and
10.87% an inadequate HL. HL levels were not associated with socio-demographic variables.
Regarding the explicit attitudes toward vaccines the mean score was M = 32.11; SD =12.71 for VAX-I
total scale, M = 7.14; SD = 3.49 for VAX-I distrust vaccine benefits, M = 10.61; SD = 3. 62 for VAX-I
concern for future effects, M = 6.42; SD = 3.84 for VAX-I concern about profits, M = 7.93; SD = 3.83 for
VAX-I preference for natural immunity and VU (M = 9.93; SD = 3.38). A significant association has
been found between HL and VU (p < 0.001), VAX-I total scale (p < 0.001), VAX-I distrust vaccine
benefits (p < 0.001), VAX-I concern for future effects (p= 0.0192), VAX-I concern about profits (p <
0.001), VAX-I preference for natural immunity (p=0.0016). All results are reported in Table 2.

Table 2. Means (M) and standard deviation (SD) value for VU and VAX-I (total scale, F1 = distrust vaccine

benefits, F2= concern for future effects, F3 = concern about profits, F4 = preference for natural immunity).

HL
HL inadequate HL problematic HL adequate F P R?
VAX-I [M£SD] (N=64) (N=191) (N=334)

total scale [32.11£12.71] [37.31+14.30] [33.01+£12.15] [30.31£12.28] 9.48 0.0001 0.0313

Fl1 [7.14+3.49] [8.46+4.33] [7.41£3.47] [6.70+3.21] 8.15 0.0003 0.0271

F2 [10.61£3.62] [11.57+3.64] [10.73+3.54] [10.25+3.64] 398 0.0192 0.0134

F3 [6.42+3.84] [8+4.35] [6.73£3.79] [5.88+3.64] 9.64 0.0001 0.0319

F4 [7.9343.83] [9.26+4.20] [8.13£3.69] [7.48+3.78] 6.50 0.0016 0.0217

V.U. [9.93+3.38] [11.95+4.01] [10.07+3.24] [9.29+3.13] 18.46  0.0001 0.0593

3.1. Mediator Models

The results of the mediator model show that 10% of the variance in VU scale can be accounted
by predictors, collectively, F(12, 576) = 5.27, p < 0.001. The individual contribution of statistically
significant predictors variables was: problematic HL (8= -1.95, p= <0.001), adequate HL (= -2.71, p=
<0.001), cisgender females (8= -0.89, p= 0.011), Other gender (8= -1.91, p= 0.038) and age 35-64 (= —
1.28, p=0.004) negatively predicted the VU. All results are shown in Table 3.
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Table 3. 'Health Literacy levels; 2Gender; 3Age; ‘Region; SEducation; ®Income; F1 = distrust vaccine benefits, F2= concern for future effects, F3 = concern about profits, F4 = preference for natural

immunity.
Vaccine Unawareness VAX-I F1 F2 F3 F4
B p 95% CI ] P 95% CI B P 95% CI B P 95% CI ] P 95% CI B p 95% CI
constant 13.22 <0.001 [-10.752 15.705] 17.78 <0.001  [8.053 27.511] 4.46 0.001 [1.743 7.182] 6.05 <0.001 [3.182 8.925] 3.01 0.047 [0.041 5.992] 4.24 0.006 [1.215 7.280]
vaccine unawareness - - - 0.95 <0.001 [0.656 1.246] 0.28 <0.001 [0.200 0.365] 0.18 <0.001 [-0.094 0.268] 0.24 <0.001 [0.159 0.339] 0.23 <0.001 [0.145 0.329]
problematic’ -1.95 <0.001 [-2.878 -1.035] -2.29 0.180 [-5.666 1.068] -0.46 0.327 [-1.411 0.471] -0.44 0.380 [-1.438 0.549] -0.74 0.158 [-1.771 0.288] -0.64 0.229 [-1.692 0 .406]
adequate' -2.71 <0.001 [-3.580 -1.841] -4.37 0.008 [-7.603 -1.142] -1.01 0.028 [-1.914 -0.108] -0.79 0.101 [-1.749 0.157] -1.42 0.005 [-2.414 -0.438] -1.13 0.027 [-2.144 -0.131]
cis. Females® -0.89 0.011 [-1.572 -0.207] 2.04 0.104 [-0.421 4.518] 0.42 0.232 [-0.270 1.110] 1.51 <0.001 [0.781 2.239] 0.15 0.692 [-0.603 0.907] -0.03 0.929 [-0.805 0.734]
other? -1.91 0.038 [-3.727 -0.102] 5.38 0.107  [-1.164 11.931] 1.42 0.128 [-0.408 3.252] 1.81 0.065 [-0.114 3.750] 1.40 0.167 [-0.593 3.412] 0.733 0.480 [-1.307 2.774]
35-64° -1.28 0.004 [-2.168 -0.401] 12.44 <0.001  [9.238 15.642] 243 <0.001 [1.536 3.327] 325 <0.001 [2.305 4.195] 3.58 <0.001 [2.609 4.568] 3.16 <0.001 [217  4.166]
65-70° -0.047 0.966 [-224 2.14] 9.83 0.015 [1.937 17.730] 229 0.041 [0.092 4.506] 2.40 0.043 [0.077 4.738] 2.18 0.076 [-0.232 4.598] 2.94 0.019 [0.48 5.404]
center® 0.19 0.554 [-0.443 0.826] -0.77 0.508 [-3.058 1.516] -0.59 0.068 [-1.233 0.045] 0.374 0.276 [-0.300 1.050] -0.26 0.456 [-0.965 0.433] -0.28 0.431 [-0.999 0.426]
south? 0.74 0.082 [-0.095 1.579] 1.60 0.296 [-1.413 4.631] 0.12 0.780 [-0.724 0.965] 0.92 0.043 [0.030 1.814] 0.29 0.531 [-0.629 1.219] 0.27 0.572 [-0.670 1.213]
average’ -0.30 0.793 [-2.54  1.94] 5.27 0.201 [-2.810 13.352]  0.482 0.675 [-1.777 2.741] 1.52 0.211 [-0.864  3.905] 1.36 0.279 [-1.109 3.834] 1.90 0.138 [-0.614 4.424]
high® -0.32 0.773 [-2.55  1.90] 3.84 0.348  [-4.194 11.876] 0.04 0.972 [-2.205 2.286] 1.03 0.390 [-1.333  3.409] 1.10 0.377 [-1.350 3.564] 1.65 0.195 [-0.849 4.160]
average® -0.39 0.183 [-.988  0.189] 0.25 0.817 [-1.871 2.373] -0.18 0.539 [-0.778 0.407] 0.034 0.913 [-0.591  0.661] 0.31 0.334 [-.329 0.968] 0.08 0.808 [-0.579 0.743]
high® -0.54 0.189 [-1.36  0.268] 2.18 0.144 [-0.747  5.126] 0.49 0.241 [-0.330 1.311] 0.18 0.674 [-0.681 1.052] 0.85 0.062 [-0.042 1.753] 0.65 0.158 [-0.257 1.573]
R?=0.098 R>=0.173 R*=0.143 R*=0.124 R?=0.156 R?=0.126
F(12,576)=5.27 F(13,575)=9.29 F(13, 575)=7.41 F(13, 575)=6.31 F(13,575)=8.23 F(13,575)=6.39
p<0.001 p <0.001 p <0.001 p <0.001 p <0.001 p<0.001
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3.2. Outcome Models

Results show that 17.3% of the variance in VAX-I total scale can be accounted for by predictors,
collectively, F(13, 575) = 9.29, p < 0.001. Looking at the unique individuals contributions of the
statistically significant predictors, the result shows that VU (= 0.95, p= <0.001), age 35-64 (8= 12.44,
p=<0.001) and age 65-70 (8= 9.83, p=0.015) are positively predict VAX-I total scale while the adequate
HL (B=-4.37, p= 0.008) negatively predict VAX-I total scale. The same multiple regression analysis
was conducted for all four dimensions of VAX-I. For the dimension of distrust in the benefits of
vaccines, the results showed that 14.3% of the variance can be accounted for by predictors,
collectively, F(13, 575) = 7.41, p <0.001. For the individual contributions of the statistically significant
predictors: VU (8= 0.28, p=<0.001) and age 35-64 (5=2.43, p=<0.001) and age 65-70 (= 2.29, p=0.015)
are positively predict the distrust in vaccines benefits while adequate HL (f= -1.01, p= 0.028)
negatively predict the variable. The dimension of concerns for future effects of vaccines shows that
12.4% of the variance can be accounted for by predictors collectively, F(13, 575) = 6.31, p <0.001. The
individual contribution of statistically significant predictors are: VU (= 0.18, p= <0.001), cisgender
females (= 1.51, p=<0.001,) age 35-64 (8= 3.25, p=<0.001) and age 65-70 (8= 2.40, p= 0.043) and south
region (= 0.92, p= 0.043), positively predicts concern about future effects. The third dimension,
concerns about profits, showed that 15.6% of the variance can be accounted for by predictors
collectively, F(13, 575) = 6.31, p <0.001. For the individual contribution of each statistically significant
predictors, we can see that VU (= 0.24, p= <0.001) and age 35.64 (f= 3.58, p= <0.001) positively
predicts concern about profit while adequate HL (8= -1.42, p= 0.005) negatively predict this
dimensions. Finally, for the dimension of preference for natural immunity, it was found that 12.6%
of the variance can be accounted for by predictors collectively, F(13, 575) = 6.39, p < 0.001. The
individual contributions of statistically significant predictors, the results show that VU (= 0.23, p=
<0.001), age 35-64 (f=3.16, p= <0.001) and age 65-70 (= 2.94, p= 0.019) was positively predicted a
preference for natural immunity while adequate HL (8= -1.13, p= 0.027) negatively predicted the
variables. All results are shown in Table 3.

Mediation analysis was performed to assess the mediating role of VU in the relationship between
HL and general attitude through vaccines. Regarding VAX-I total scale, problematic HL, compared
to inadequate HL revealed a significant total effect (§=-4.18, p=0.031) and not statistically significant
indirect or direct effect; for adequate HL, compared to inadequate HL, results were statistically
significant for all three effects, indirect effect (f=-3.07, p=<0.001), direct effect (=-3.89, p=0.031) and
total effect (f=-6.97, p=<0.001). Thus, the total mediated effect of VU on the VAX-I total scale is 44%.
The same analysis was conducted for all 4 dimensions of VAX-I. For the dimension of distrust of
vaccine benefits, only the indirect effect (8= -0.96, p= <0.001) and total effect (8= -1.78, p= <0.001) of
adequate HL, compared to inadequate HL, was significant; the total mediated effect of VU on the
VAX-I distrust vaccine benefits is 54%. Also, for the dimension of concern about future effects, only
the indirect effect (5= -0.44, p= 0.034) and total effect (f=-1298, p=0.006) of adequate HL, compared
to inadequate HL, was significant; the total mediated effect of VU on the VAX-I dimension concern
about future effects is 35%. The dimension of concern about profits shows a significant total effect (8=
-1.23, p= 0.040) and a borderline significance direct effect (= -1.17, p= 0.051) for problematic HL
compared to inadequate HL, while for adequate HL compared to inadequate HL all three effects are
statistically significant: indirect effect (= -0.83, p= <0.001), direct effect (f=-1.28, p=0.024) and total
effect (f=-2.11, p= <0.001). The total mediated effect of VU on the VAX-I dimension concern about
profits is 39%. Finally, for the dimension related to the preference of natural immunity, the total effect
to borderline significance (f=-1.11, p= 0.056) of problematic HL compared to inadequate HL and the
indirect effect (8= -0.83, p=<0.001) and the total effect (5=-1.78, p=<0.001) of adequate HL compared
to inadequate HL were significant. The total mediated effect of VU on the VAX-I dimension of
preference for natural immunity is 47%. All results are shown in Table 4.
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Table 4. Mediation model: NIE = indirect effect; NDE = direct effect; TE = total effect; VAX-I = total scale, F1 = distrust vaccine benefits, F2= concern for future effects, F3 = concern about profits, F4

= preference for natural immunity.

VAX-I F1 F2 F3 F4
B P 95% CI B p 95% CI B P 95% CI B p 95% CI B P 95% CI

[problematic vs inadequate] NIE  -0.56 0.294 [-1.633  0.493] -0.06 0.692 [-.359 0.238] -0.31 0.081 [-0.668 0.039] -0.06 0.699 [-0.392  0.263] -0.129 0.424 [-0.447 0.188]
NDE  -3.61 0.061 [-7395  0.161] 0.97 0.096 [-2.117 0.173] 048 0326 [-1.463  0.486] 117 0.051 [-2354  0.005] -0.98 0.096 [-2.137  0.173]

TE -4.18 0.031 [-7.986 -0.387] -1.03 0.076 [-2.174 0.108] -0.80 0.107 [-1.779 0.172] -1.23 0.040 [-2.421 -0.056 -111 0.056 [-2.252  0.029]

[adequate vs inadequate] NIE -3.07  <0.001 [-4.739  -1.406] 096 <0.001 [-1.439  -0.48] 044 0.034 [-0.862  -0.0.34] 083 <0.001 [-1307 -0.353] 083 <0.001 [-1.298 -0.367]
NDE  -3.89 0.031 [-7.445 -0.352] -0.82 0.120 [-1.862 0.214] -0.84 0.089 [-1.816  0.127] -1.28 0.024 [-2.392  -0.168] -0.94 0.092 [-2.053 0.154]

TE -6.97 <0.001 [-10.579 -3.363] -1.78 0.001 [-2.868 -0.702] -129  0.006 [-2.212  -0.373] 2211 <0.001 [-3.223  -0.998] -1.78 <0.001 [-2.872 -0.693]

[Outcome: VAX-I total scale, mediator: V.U., [Outcome: F2, mediator: V.U., predictor:
predictor: HL] [Outcome: F1, mediator: V.U., predictor: HL] HL] [Outcome: F3, mediator: V.U., predictor: HL] [Outcome: F4, mediator: V.U., predictor: HL]
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4. Discussion

This study examined the impact of HL on vaccination and its potential mediation by VU.
Findings confirm that VU mediates the effect of HL on explicit attitudes toward vaccines.

We found that 10.87% of subjects had inadequate HL, 32.43% a problematic HL and 56.71% an
adequate HL, in line with findings from other studies conducted on the Tuscan population [18-28].
For VAX-I level the average levels in the sample were for total scale of M = 32.11 and SD = 12.71,
distrust in vaccine benefits of M = 7.14 and SD = 3.49, concern for future effects of M = 10.61 and SD
= 3. 62, concerns profits of M = 6.42 and SD = 3.84, and for preference for natural immunity of M =
7.93; SD = 3.83. The results are in line with those presented in other studies, in particular a French
study [29] which reported values of M= 30.68 and SD=11.01 for the VAX total scale, M= 6.89 and SD=
3. 22 for the dimension of distrust in the benefits of vaccines, M= 9.64 and SD= 3.11 for the dimension
of concern about future effects, M= 6.42 and SD= 3.47 for the concern about profits and M=7.72 and
SD= 3.39 for the preference for natural immunity. When compared to a study on a South African
population [30], our values are lower; in South African population the average values were: M= 43.8
and SD=14.1 for the VAX total scale, M= 9.3 and SD= 5.0 for the dimension of distrust in the benefits
of vaccines, M= 12.9 and SD= 4.0 for the dimension of concern about future effects, M= 10.9 and SD=
4.5 for the concern about profits and M= 10.7 and SD= 4.3 for the preference for natural immunity.
This difference could be explained in the light of the proximity, not only geographical but also
cultural and social, between Italy and France in relation to South African. There are other studies
investigating attitudes towards vaccines via VAX [31,32] but these are difficult to compare due to a
large variability within the literature regarding the scoring for each individual domain.

In several studies, it has been observed that VAX is a good predictor of vaccination decisions:
higher scores on VAX (more negative attitudes towards vaccines) tend to suggest a possible hesitation
or refusal of vaccination [23-36]. In addition to its predictive capacity, its structure, articulated in
several separate but interconnected dimensions, allowed us to analyze how the HL may influence
the various factors contributing to vaccine decision-making. Indeed, our analysis revealed that some
of these dimensions are directly influenced by HL, while others are mediated by VU. This approach
allowed us to identify relationships between HL and vaccination behavior that had not been explored
in previous studies [4-38]. In particular, we hypothesized that VU mediates the effect of HL on VAXIL
High levels of VU can be an obstacle for individuals from research and understanding vaccine-related
information essential for making informed decisions appropriate to personal health conditions and
life circumstances becoming a barrier to vaccination. Even an individual with a good HL might find
it difficult to effectively apply health information if the subject is not fully aware of their vaccination
status, which could have a negative impact on attitudes towards vaccines. Consequently, VU might
limit the effectiveness of HL in improving attitudes towards vaccines by mediating their effect. Our
results, indeed, indicate that HL influences VAX-I levels: problematic or inadequate HL correlates
with more negative attitudes toward vaccines, while adequate HL correlates with more positive
attitudes. Although the effect explained by the regression model is not as strong as might have been
expected (R?=0.173, F (13, 575) =9.29, p < 0.001), a moderate effect size is present, and it does indeed
appear to be mediated by VU.

Based on the TTM conception, we can assume that adequate HL levels are not sufficient to move
from the pre-contemplation to the contemplation state. Looking at the data from the mediation
analysis, adequate HL, compared to inadequate HL, reduces levels of VU, which in turn reduces
negative attitudes towards vaccines, as might be expected. On the other hand, for low HL levels,
more negative attitudes towards vaccines are observed mediated by high levels of VU. VU seems to
play an important role in attitudes towards vaccines; it has a significant mediating effect, with notable
indirect for individuals with adequate HL levels compared to those with inadequate HL levels. One
possible explanation for these results could be that the reduction of VU passes from the subject’s
active search for information about his vaccination status with a shift from a state of pre-
contemplation to a state of contemplation where the desirable behaviors, vaccination, is planned. This
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search for information will bring the subject into contact, repeatedly, with certain information about
vaccines; the improvement in attitudes could be explained by the phenomenon described by Zajonc
[39] where the mere repeated exposure of the subject to a certain target stimulus will improve his
attitudes towards it. It is conceivable that the effect of VU stems precisely from the fact that
individuals with high levels of HL become more actively informed about their vaccination status,
reducing their levels of VU. According to the integrated model of HL by Serensen and colleagues [8],
among the four competences that contribute to HL is the ability to ‘access health information’, a
competence that is assumed to be possessed by all individuals with adequate levels of HL.
Confirming this, individuals with high HL levels tend to use electronic patient records more, trust
medical advice, have greater confidence in the healthcare system, and adhere better to treatments
[13-42]. This exposure will connect them to specific types of health information, which will inevitably
reduce VU and, in turn, contribute to the development of more positive attitudes toward vaccines.

The direct effect of adequate HL, compared to inadequate HL, is only observable in the total
VAX-I scale and in the concerns about profits dimension. Even in other studies, the factor ‘concern
about profits’ retained a small degree of specificity compared to the other three dimensions of VAX
scale [27]. One possible explanation is that concerns about commercial profit extend beyond vaccines
to a broader “profit over people’ bias, which frames pharmaceutical profits as conflicting with public
health and fuels a complex medical-political-economic debate [43,44]. This topic relates less to
individual engagement in verifying vaccination status and more to general HL and knowledge of
drug production and distribution. This attitude seems to be poorly predictive of vaccination;
generally, the greatest attitudinal barriers to receiving vaccines are mistrust of the benefits of vaccines
and concern about their safety and future effects [33].

Conversely, HL has no direct effect on vaccine benefit perception, concerns about vaccine effects,
or preference for natural immunity. Knowledge about vaccines is highly specific, which is why
Vaccine Literacy (VL) has been proposed as a distinct construct. VL is defined as: “It entails people’s
and communities” knowledge, motivation, and competencies to access, understand, and critically appraise and
apply information about immunization, vaccines, vaccination programmes, and organizational processes to
access vaccination and to navigate the health system, in order to make informed decisions about vaccines for
themselves, the members of their family, and the community, and to appreciate the larger global impact of
vaccines with respect to population health. A vaccine literate community is able to mobilize collective resources,
and to advocate for structural changes to make it easier to access vaccination” [45, p.4-5]. The relationship
between HL and VL is not clear; apparently, not necessarily those with a high HL level have a high
VL level and moreover, these two literacies only partly overlap [14-47]. It is therefore possible to
think that HL does not directly influence these dimensions because there is not enough specific
knowledge to deal directly with immunization and vaccination issues [18]. Adequate HL provides
sufficient general health knowledge for individuals to seek vaccination information actively, thereby
reducing VU levels.

Interestingly, vaccination behavior in individuals with problematic HL, compared to inadequate
HL, never appears to be mediated by VU. This may be because the knowledge and competence levels
in problematic HL are not sufficient to significantly impact VU—i.e., individuals do not actively seek
information about their vaccination status or develop attitudes toward vaccines comparable to those
with adequate HL. However, they are not low enough to foster strongly negative attitudes toward
vaccines and their use.

5. Limitation and Future Direction

The main limitations of this study include the use of convenience sampling, which limits
generalizability, and a cross-sectional design that prevents causal inference. Additionally, vaccine
acceptance was not directly measured; instead, attitudes toward vaccines were used as a proxy, given
their critical role in acceptance or refusal [33—48]. Several studies have also linked negative vaccine
attitudes to refusal [33-36]. Further research is needed, and a larger, representative study is currently
underway to strengthen these findings.
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6. Conclusions

Studying HL and its positive effects is crucial to counteract issues like vaccination refusal, which
harm individual and community health. However, we believe it's important to broaden the analysis
by including other constructs, such as VU, to clarify the complex relationship between HL and health
behaviors like vaccination. In our study, VU demonstrated a mediating effect between HL and VAX-
I by showing how low levels of VU combined with high levels of HL mediated more positive attitudes
towards vaccines. The presence of negative attitudes towards vaccines seems to be positively
correlated with possible vaccine rejection, which is why it is important to improve the population’s
attitudes towards vaccines. Reducing VU seems to be a good way to improve subjects’ attitudes
towards vaccination. In practice, interventions to improve vaccination levels could be directed in two
directions: on the one hand, an increase in general literacy interventions that would improve people’s
ability to take action to find the correct health information and to increase their level of trust in the
health system so as to achieve greater compliance with medical advice; on the other hand, it seems
to be necessary to provide tools that simplify the procedures for citizens to access information on
vaccines and their vaccination status and to increase the amount of information that becomes
available; this would allow a decrease in VU as the increase in HL alone seems a necessary but not
sufficient cause to promote vaccination behavior. Further studies on VU are needed to improve this
construct, which could prove to be a useful tool to understand the relationship between HL and
vaccination to improve vaccination levels in the population.
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