S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Vaccine 41 (2023) 2562-2571

Contents lists available at ScienceDirect
accine

Vaccine

journal homepage: www.elsevier.com/locate/vaccine

The mediating effect of health literacy on COVID-19 vaccine confidence R
among a diverse sample of urban adults in Boston and Chicago i

Emily E. Hurstak **, Michael K Paasche-Orlow ¢, Elizabeth A Hahn", Lori E. Henault?, Michelle A. Taddeo ",
Patricia I. Moreno ¢, Claire Weaver ", Melissa Marquez ", Eloisa Serrano®, Jessica Thomas ®,

James W. Griffith

?Section of General Internal Medicine, Boston University School of Medicine, 801 Massachusetts Avenue, Boston, MA 02118, USA

b Department of Medical Social Sciences Northwestern Feinberg School of Medicine 625 N. Michigan Ave., Chicago, IL 60611, USA

€ Department of Public Health Sciences, University of Miami Miller School of Medicine, 1120 NW 14th Street, Miami, FL 33136, USA
d Department of Medicine, Tufts Medical Center, 800 Washington St, Boston, MA 02111, USA

ARTICLE INFO ABSTRACT
Article history: Background: A high rate of COVID-19 vaccination is critical to reduce morbidity and mortality related to
Received 4 March 2022 infection and to control the COVID-19 pandemic. Understanding the factors that influence vaccine con-

Received in revised form 3 February 2023
Accepted 19 February 2023
Available online 2 March 2023

fidence can inform policies and programs aimed at vaccine promotion. We examined the impact of health
literacy on COVID-19 vaccine confidence among a diverse sample of adults living in two major metropoli-
tan areas.

Methods: Questionnaire data from adults participating in an observational study conducted in Boston

Key Wwds" and Chicago from September 2018 through March 2021 were examined using path analyses to determine
Vaccine acceptance . . . . . . .
SARS-CoV-2 whether health literacy mediates the relationship between demographic variables and vaccine confi-
COVID-19 dence, as measured by an adapted Vaccine Confidence Index (aVCI).
Health disparities Results: Participants (N = 273) were on average 49 years old, 63 % female, 4 % non-Hispanic Asian, 25 %
Vaccine hesitancy Hispanic, 30 % non-Hispanic white, and 40 % non-Hispanic Black. Using non-Hispanic white and other
Health literacy race as the reference category, Black race and Hispanic ethnicity were associated with lower aVCI
(—0.76,95 % CI —1.00 to —0.50; —0.52, 95 % CI —0.80 to —0.27, total effects from a model excluding other
covariates). Lower education was also associated with lower aVCI (using college or more as the reference,
—0.73 for 12th grade or less, 95 % CI —0.93 to —0.47; —0.73 for some college/associate’s/technical degree,
95 % CI —1.05 to —0.39). Health literacy partially mediated these effects for Black and Hispanic partici-
pants and those with lower education (indirect effects —0.19 and —0.19 for Black race and Hispanic eth-
nicity; 0.27 for 12th grade or less; —0.15 for some college/associate’s/technical degree).
Conclusions: Lower levels of education, Black race, and Hispanic ethnicity were associated with lower
scores on health literacy, which in turn were associated with lower vaccine confidence. Our findings sug-
gest that efforts to improve health literacy may improve vaccine confidence, which in turn may improve
vaccination rates and vaccine equity.
Clinical Trials Number: NCT03584490.
© 2023 Elsevier Ltd. All rights reserved.
1. Introduction
The COVID-19 pandemic is the worst global pandemic in over
100 years. Mass vaccination campaigns are underway globally,
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cine, and the feasibility of obtaining a vaccine influences their
acceptance of vaccination [3,4]. The World Health Organization’s
SAGE Working Group defines vaccine hesitancy as a delay in accep-
tance or refusal of a vaccine despite its availability, describing a “3
Cs” model of vaccine hesitancy, which includes confidence (beliefs
around safety and efficacy of the vaccine), complacency (perception
of personal risk of a bad outcome from infection), and convenience
(the presence or absence of barriers to vaccination such as time,
availability, and insurance) [4].

The Centers for Disease Control and Prevention (CDC) defines
vaccine confidence as the degree of trust that patients, providers,
and their families have in recommended vaccines [5]. Vaccine con-
fidence encompasses a conceptual framework including 1) belief in
the effectiveness and safety of the specific vaccine; 2) trust in the
system delivering the vaccine, including the development of the
vaccine; and 3) impressions of the motivation of policy-makers,
industries, and the political system that encourages vaccination
[4]. It is generally accepted that the greater an individual’s confi-
dence is in a particular vaccine, the less likely they are to experi-
ence vaccine hesitancy, and the more likely they are to accept
vaccination [6]. We use the term vaccine acceptance, a determinate
of vaccine uptake, as “the degree to which individuals accept, ques-
tion, or refuse vaccination,” labeling those who have chosen to pur-
sue vaccination as “vaccine acceptors [7].”

Vaccine confidence and vaccine hesitancy are context- and
vaccine-specific, existing on a continuum ranging from accepting
a vaccine to delaying or declining vaccination [4,8]. This may be
particularly relevant for SARS-CoV-2, wherein vaccines were devel-
oped during a public health emergency with a sense of urgency,
tremendous media attention, and involve mRNA technology that
is unique among other available vaccines. Furthermore, COVID-
19 vaccine protocols require multiple injections and evolving pub-
lic health recommendations regarding booster shots. Certain
demographic groups are more likely to have lower vaccine confi-
dence, but proposed explanations for these differences are varied
[9-12]. The COVID-19 pandemic has amplified the urgency of
improving our understanding of the factors that underlie vaccine
confidence in order to inform the design and implementation of
systems that improve vaccination rates and equity [1,9,10].

Public confidence in the approved COVID-19 vaccines is evolv-
ing [13-16]. During the spring of 2020, 40-50% of Americans
described themselves as either unsure or unlikely to get a
COVID-19 vaccine, with a higher proportion of Black and Hispanic
adults reporting hesitancy around vaccination [17,18]. A Gallup
poll conducted during July and August 2020 identified a decreasing
proportion of vaccine-hesitant individuals (32%) but found higher
rates of vaccine hesitancy among non-White respondents com-
pared to White respondents in the United States [19]. Online sur-
veys in the United States indicated decreasing vaccine hesitancy
through January 2021 [20], but Black and Hispanic individuals
were persistently less likely to accept vaccination [21,22]. A subse-
quent meta-analysis described higher rates of vaccine hesitancy
among Black Americans compared to other demographic groups
but a likely decrease in vaccine hesitancy over time [23,24]. Vac-
cine hesitancy estimates vary within low-, medium-, and high-
income countries [25,26], but socio-demographic differences in
vaccine attitudes have also been documented globally [14]. Higher
rates of vaccine hesitancy were noted in participants identifying as
ethnic and racial minorities in the United States and United King-
dom, but decreased vaccine acceptance in these groups was only
observed in the United States [27].

A growing body of literature explores possible explanations for
differences in vaccine confidence and acceptance observed among
different sociodemographic groups. Higher levels of concern about
vaccine safety explained some of the racial/ethnic differences in
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pediatric vaccine uptake in the United States [28]. In another U.S.
study, access challenges may have explained lower H1N1 vaccina-
tion rates for Black Americans [29]. In the United Kingdom, inves-
tigators found higher levels of vaccine mistrust among racial/
ethnic minorities, but the strongest predictors of having negative
vaccine views were lower socioeconomic status and educational
levels [30]. The relationship between educational attainment and
vaccine hesitancy is complex; some studies find greater vaccine
hesitancy among groups with lower educational attainment
[31,32], but others have not [33]. National U.S. surveys conducted
before the widespread availability of COVID-19 vaccines found that
higher education, income, and Democratic political party affiliation
predicted COVID-19 vaccination intent [18,34]. Studies conducted
in other countries have also found associations between lower
education levels and COVID-19 vaccine hesitancy [35-37].

Health literacy is a multi-dimensional concept comprised of
individual domains, including individual-level skills, such as
information-seeking, decision-making, problem-solving, critical
appraisal, and communication, and organizational domains, such
as the demands that the health system places on individuals
[38]. Health literacy is defined as the degree to which an individual
has the ability to find, understand and use information and services
to inform health decisions [39] and is a potentially modifiable fac-
tor related to health outcomes [40-42]|. Health literacy may
explain some of the differences in vaccine confidence observed
among unique demographic groups [43-45]. However, the rela-
tionship between vaccine confidence and health literacy is uncer-
tain and may differ for unique demographic groups [46,47].
Veldwijk et al. found that parents with lower health literacy may
have been more willing to vaccinate their children against rotavirus
compared with parents with higher education and health literacy
who were only willing to vaccinate when it was offered as part
of the National Immunization Program [48]. Casigliani et al. found
that health literacy level was not associated with vaccine confi-
dence for various vaccinations [49].

The relationship between health literacy and COVID-19 preven-
tative behaviors, including vaccination, is still in a period of early
exploration. In Australia, McCaffery et al. found that individuals
with lower health literacy demonstrated less knowledge of
COVID-19 symptoms and measures to prevent transmission and
were more likely to express agreement with statements that con-
tained COVID-19 vaccine misinformation [50]. Other studies have
reported similar findings where individuals with indicators of
lower health literacy were less likely to accept vaccination, but
these studies used varying definitions of health literacy based on
knowledge tests or surveys [51-54]. In comparison, Turhan et al.
found that health literacy, measured with the European Health Lit-
eracy Survey Questionnaire (HLS-EU-Q), was a significant mediator
of the relationship between health system distrust and COVID-19
vaccine hesitancy in Turkey [55]. More recently, Zhang et al. found
that individuals with higher health literacy, also measured with
the HLS-EU-Q, had lower levels of COVID-19 vaccine hesitancy,
but the relationship effect between hesitancy and health literacy
disappeared when individuals had high-stress levels [56].

Thus, health literacy may be a modifiable factor associated with
COVID-19 vaccine confidence. We sought to explore the relation-
ship between demographic factors, health literacy, and COVID-19
vaccine confidence in a diverse sample of urban adults using a val-
idated measure of health literacy (Health LiTT). In accordance with
the Paasche-Orlow and Wolf model [57], which views health liter-
acy as a mediating factor on the relational pathway between
demographic factors and health outcomes, we hypothesize that
health literacy is a mediator of the relationship between race and
ethnicity and COVID-19 vaccine confidence. This hypothesis was
pre-registered on clinicaltrials.gov as part of our Statistical Analy-
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sis Plan (NCT# STU00202907). We also explored how age, gender,
and education predicted vaccine confidence, also using health liter-
acy as a mediator.

2. Methods
2.1. Setting and recruitment

We recruited participants in Boston and Chicago as part of a
parent study designed to determine if health literacy influences
the psychometric properties of commonly used health question-
naires using research teams with expertise in recruiting diverse
urban participants and evaluating patient-reported outcomes.
Potential participants were recruited through community-based
outreach methods, including digital and print advertisements
(e.g., flyers, postcards, email outreach, web postings, advertise-
ments in newspapers, on transit lines, and public buildings such
as libraries) in Boston and Chicago. The study was also promoted
on Research Match (https://www.researchmatch.org), a secure
online national recruitment tool maintained by Vanderbilt Univer-
sity. Research team members conducted outreach to eligible
patients who had previously indicated a willingness to learn about
new studies at both medical centers. Recruitment materials were
available in both English and Spanish. Bilingual research staff per-
formed eligibility screening and obtained informed consent from
potential participants.

2.2. Study protocol and sample

Participants had been characterized on health literacy, demo-
graphics, and other health variables at a baseline in-person visit
of the parent study [9/18/2018-2/26/2020], which was put on hold
after the onset of the COVID-19 pandemic. Participants subse-
quently completed a phone-based protocol from November 2020
through March 2021. Eligibility criteria for enrollment in the par-
ent study and the phone-based protocol were: age 18 years or
older; ability to speak Spanish or English; and ability to consent
to study procedures. Exclusion criteria included significant cogni-
tive or neurologic impairment. Participants with hearing or visual
impairments that would prevent completion of survey question-
naires were also excluded. Only participants previously enrolled
in the in-person protocol could enroll in the phone-based protocol,
which was initiated after in-person visits of the parent study were
put on hold due to the pandemic.

After completing informed consent, study participants were
interviewed at baseline, 3, and 6 months. Participants were remu-
nerated on an increasing schedule ($40, $50, $60) for participation.
This analysis presents demographic data and health literacy mea-
sures that were collected at an in-person baseline interview for
304 individuals. We administered an adapted Vaccine Confidence
Index (aVCI) during the phone-based protocol to a subset of partic-
ipants who could be contacted. We required completion of at least
7 of the 8 items on aV(CI (i.e., 80 % or more of the items) for inclu-
sion in statistical analyses. Two hundred and seventy-three
(273/304, 90 %) participants were included in the sample. Phone
visits lasted approximately 60-90 min and involved the adminis-
tration of multiple questionnaires. The study protocols and proce-
dures were approved by Northwestern and Boston University
Medical Center’s Internal Review Boards.

2.3. Measures

At the baseline in-person interview, investigators collected self-
reported demographic data, including age, gender, race and ethnic-
ity, preferred language, and education level. For the purposes of the
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analysis, we divided race and ethnicity into four categories: White
Non-Hispanic and other (including participants designating them-
selves as other or more than one race), Asian Non-Hispanic, Black
Non-Hispanic, and Hispanic participants. We collected race and
ethnicity data from participants, given the aims of the study to
explore potential health disparities related to health literacy,
COVID-19, and other health issues.

Health literacy was measured using Health Literacy Assessment
Using Talking Touchscreen Technology (Health LiTT), a computer-
ized assessment that does not require an interviewer. Health LiTT
assesses three types of performance-based health literacy skills:
prose, document, and quantitative by self-administration. The
measure has been validated in English and Spanish and is scored
on a T-score scale [58-60]. Higher scores indicate a higher level
of health literacy. Participants also provided information about
their educational attainment, which we collapsed into three cate-
gories 1) 12th grade equivalent or less, 2) some college-level edu-
cation or an associate or technical degree, or 3) a college degree or
greater level of educational attainment.

We used an adapted, eight-item Vaccine Confidence Index
(av(I) from Lorini et al. [47], which itself was inspired by the Glo-
bal Vaccine Confidence Index, an evolving survey-based measure
of confidence in immunizations developed through a systematic
review of the literature and survey implementation in low and
high-income countries [61-63]. Related indices have been used
in global samples to measure confidence around vaccination
[61,62,64]. An eight-item survey was used in a study assessing vac-
cine confidence in healthcare workers in Italy [47], containing
Likert-style items related to influenza infection and vaccination.
We adapted these items to be relevant to the COVID-19 virus
and vaccination (e.g., “COVID-19 is a serious disease”, “COVID-19
vaccines are effective”; “COVID-19 vaccines have serious side
effects”) [47]. Respondents chose their level of agreement with a
particular statement with a range of responses from “totally agree”
to “totally disagree” (Refer to Supplemental Materials for adapted
VCI questions and scoring, based on the work of Lorini et al.).
Higher scores on the aVCI reflect a higher ratio of vaccine confi-
dence to vaccine skepticism, with a maximum score of 4.0 and a
minimum score of 0.25. We selected the Lorini et al. [47] adapted
VCI because of its relevance to vaccination against an infectious
viral illness and its simple wording. The adapted VCI is available
in English and Italian. Two Spanish-speaking research team mem-
bers (PM and MM), who speak different dialectical forms of Span-
ish (Mexico, Chile) translated the tool into Spanish for this study.
After the items were translated, they were checked by an addi-
tional native Spanish speaker (ES, Mexican American descent). In
order to evaluate the psychometric properties of the aVCl, we com-
pleted a parallel analysis comparing eigenvalues from our data to
eigenvalues generated from a Monte-Carlo simulation that sup-
ported a unidimensional structure (i.e., one component) [65]. We
found Cronbach’s alpha of 0.73 and 0.69 for English and Spanish
versions of the aVClI, respectively.

2.4. Statistical analysis

The primary hypotheses and analysis plan for this study were
registered at clinicaltrials.gov prior to data analysis. Analyses were
guided by the Paasche-Orlow and Wolf model (2007) of health lit-
eracy, which posits that demographic variables, including race,
ethnicity, education, and age are antecedents of health literacy,
and health literacy, in turn, is an antecedent of individual differ-
ences in health-related beliefs, knowledge, and decision making
[57]. We used the lavaan package in R for statistical analyses
[66,67]. For each covariate of interest, we determined total, direct,
and indirect effects using maximum likelihood estimation and 95%
bootstrapped confidence intervals (CI) for all effects. Any estimate
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for which the 95% confidence interval did not contain zero was
regarded as significant. Direct and indirect effects were only inter-
preted if the total effect was significant. First, using Health LiTT as
the mediator and the adapted VCI as the dependent variable, we
conducted four separate demographic analyses using the following
covariates: 1) Race and ethnicity (four categories), 2) education
(three categories), 3) age, and 4) gender. We used binary (0/1) vari-
ables for Black, Asian, and Hispanic ethnicity with all other partic-
ipants as the reference category (White and other or mixed race
participants). Seven participants endorsed both Black race and His-
panic ethnicity and were coded appropriately (i.e., a value of “1” for
both binary variables). Next, we repeated analyses combining any
covariate with a significant total effect (i.e., the combined indirect
and direct effect) into a single model.

3. Results
3.1. Descriptive statistics

Table 1 presents demographics and descriptive statistics for the
sample (N = 273). No participants identified as transgender or gen-
der non-binary in this sample. We had a wide distribution of health
literacy in our sample. Fig. 1 is a histogram of the Health LiTT
scores, showing the range of scores with many participants show-
ing high scores and a long left tail. Fig. 2 is a histogram of the dis-
tribution of the aVCI, which also had a wide range, with most
participants having a ratio score above 1.0 in the direction of
greater vaccine confidence.

3.2. Mediation analyses in lavaan

Mediation analyses are presented in Table 2. All values are
unstandardized. One participant did not report their ethnicity
and was excluded from any analysis involving this variable. Com-
pared with White and other race (reference category), Black and
Hispanic participants had lower levels of health literacy as mea-
sured by Health LiTT, which in turn was associated with lower
levels of aVCI. Asian participants had higher levels of health liter-
acy. Although the binary variable for Asian race suggested a posi-
tive effect on vaccine confidence mediated by health literacy, this
was no longer significant in the model that included race, ethnicity,
and education. Participants who had a 12th grade or lower educa-
tion level and those with less than a college degree (some college
or associates or technical degree) also had lower health literacy

Table 1
Baseline Characteristics of Study Sample by Race and Ethnicity.
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compared to participants with a college education or greater (the
reference category) and this in turn was associated with lower
levels of aVCI. Neither age nor gender had an effect on aVCI (i.e.,
total effects were not significant).

Fig. 3 shows a graphical example of the hypothesized mediation
model with binary covariates for Black and Asian race and Hispanic
ethnicity, educational level, health literacy as the mediator, and
vaccine confidence as the outcome. The model including race, eth-
nicity, and education accounted for 20 % of the variance in vaccine
confidence (R? = 0.2).

4. Discussion

We found that a performance-based measure of health literacy
is associated with vaccine confidence for a diverse group of adults.
Our results are consistent with several studies reporting that
higher health literacy is associated with more favorable attitudes
toward COVID-19 preventative strategies, such as wearing masks,
social distancing, and hand-washing [50,68,69]. We also found that
demographic differences in COVID-19 vaccine confidence by race,
ethnicity, and education are significantly mediated by health liter-
acy, which suggests that improving health literacy should be one
component of strategies seeking to improve vaccination rates
and to potentially ameliorate disparities in vaccination rates.

It is the responsibility of the healthcare and public health sys-
tems to communicate clearly to all people about their health
choices, including treatment and prevention options, and to create
a welcoming environment to promote health and well-being. Con-
fidence in evidence-based sources of information can be easily
undermined. COVID-19 has spawned an infodemic [70-72] given
the tremendous volume of unverified, misleading, or false informa-
tion about the COVID-19 virus and vaccination [73-75]. Indeed, the
torrent of information on COVID-19 is itself a major health literacy
challenge. People who have experienced discrimination in health-
care settings and in interactions with the government and its prox-
ies may be particularly inclined to mistrust clinicians or
government sources. In turn, they may use alternative channels
for information. Health literacy has been identified as one essential
component of strategies to reduce individual or community-level
susceptibility to health-related misinformation [76-78].

Thus, designing educational campaigns to promote COVID-19
vaccination should not only focus on specific vaccine details (e.g.,
how the vaccine works, possible side effects, the timing of the vac-
cination schedule) but also include information about sources of

Total Hispanic Non-Hispanic Black Non-Hispanic White Non-Hispanic Asian Other or More Than One Race

n 273 67 109 81 10 6
Age (years)

Mean (SD) 49.3 (16.2) 47.2 (15.6) 52.5(12.7) 49.8 (19.5) 30.6 (11.1) 39.8 (14.0)
Gender

Female ( %) 173 (63.4) 47 (70.1) 72 (66.1) 46 (56.8) 5 (50.0) 3(50.0)

Male ( %) 100 (36.6) 20 (29.9) 37 (33.9) 35 (43.2) 5(50.0) 3(50.0)
Language

English ( %) 217 (79.5) 11 (16.4) 109 (100.0) 81 (100.0) 10 (100.0) 6 (100.0)

Spanish ( %) 56 (20.5) 6 (83.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Education

<12th grade ( %) 105 (38.5) 31 (46.3) 59 (54.1) 13 (16.0) 0(0.0) 2(33.3)

Some college ( %) 51(18.7) 17 (25.4) 29 (26.6) 4 (4.9) 0(0.0) 1(16.7)

College and above ( %) 117 (42.9) 19 (28.4) 21 (19.3) 64 (79.0) 10 (100.0) 3(50.0)
Health LiTT T Score

Mean (SD) 53.5(8.6) 50.4 (8.7) 50.4 (7.8) 59.3 (5.6) 61.6 (3.2) 53.3(13.2)

avcl

Mean (SD) 24(1.0) 2.3 (0.9) 2.1(0.9) 2.9 (0.9) 2.9 (0.69) 2.5(1.4)

Note: No participants identified as non-binary or transgender in this sample. Some college includes an incomplete bachelor’s degree or an associate’s degree, or technical

school.
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relevant and reliable information, stakeholders in the process, and
involve trusted community members from a broad range of stake-
holder groups [26]. More importantly, this information should be
presented in plain and clear language and using a non-
judgmental approach that demonstrates respect for individual
autonomy. In an era of increased use of digital health services
and digital health information, efforts to reduce disparities in dig-
ital access and to increase the skills necessary to use these
resources are also essential [79]. Interventions that improve criti-
cal appraisal skills, one component of health literacy, should be
evaluated for their effectiveness in communities of varying literacy
levels. While health literacy interventions have been shown to
improve health-related knowledge on various health issues, more
research is needed on the impact of these interventions on low lit-
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eracy populations and specifically on interventions that are inter-
active and/or involve digital technology [80].

Racial and ethnic minorities and individuals with lower educa-
tional attainment are more likely to have low health literacy
[40,81]. Racial and ethnic minorities are also at higher risk for mor-
bidity, mortality, and disproportionate impacts related to COVID-
19 [82-85]. These disparities in COVID-19 infections and outcomes
are related to demographic factors that underlie social vulnerabil-
ity (poverty, systemic racism, violence), including lower education
or socioeconomic status [85-87]. Identifying modifiable factors
that contribute to racial disparities in the COVID-19 pandemic is
essential not only to determine interventions to reduce disparities
and improve health equity but also to avoid propagating harmful
misconceptions about minority racial and ethnic demographic
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Table 2
Mediation Model Estimates Including Direct, Indirect, and Total Effects.

Vaccine 41 (2023) 2562-2571

Model Path Estimate 95 % Bootstrapped Confidence
Intervals
1. Race and ethnicity Direct effects on aVCI
Reference category: all non-Black, non-Asian, non-Hispanic participants (White Black Race ==> aV(lI -0.6* -0.8, -0.3
and Other or Mixed Race)
Hispanic Ethnicity ==> aVCI -0.3* —-0.6, -0.1
Asian Race ==> aV(l —0.03 -0.5,0.4
Covariate ==> Health Literacy
Black Race ==> Health literacy -7.6* -9.5, -5.4
Hispanic Ethnicity ==> Health —7.4* -10.0, -5.0
literacy
Asian Race ==> Health literacy 3.1* 0.2,5.0
V(I regressed on Health Literacy
Health literacy ==> aVCl 0.03* 0.01, 0.04
Indirect effects on aVCI
Black Race ==> Health literacy ==> -0.2* -0.3, -0.1
avcl
Hispanic ==> Health literacy ==>aVCl = —-0.2* -0.4, -0.1
Asian Race ==> Health literacy ==> 0.08* 0.02, 0.2
avcl
Total effects on aVCI
Black Race - Total effect on aVCI -0.8* -1.0, -0.5
Hispanic Ethnicity - Total effect on —0.5* -0.8,-0.3
avCl
Asian Race - Total effect on aVCI 0.05 -0.4, 0.5
2. Education Level Direct effects on aVCI
Reference: College education or greater 12th grade or less ==> aVCl —-05* -0.8, —0.2
Some college ==> aVCI -0.6* -0.9, -0.2
Covariate ==> Mediator (Health
Literacy)
12th grade or less ==> Health -10.9* -12.8, -89
literacy
Some college ==> Health literacy -6.3* -8.7, 3.9
aV(CI regressed on Mediator
(Health Literacy)
Health literacy ==>aVCl 0.03* 0.01, 0.04
Indirect effects on aVCI
12th grade or less ==> Health -0.3* -0.5, -0.1
literacy ==> aVCl
Some college ==> Health literacy -0.2* -0.3, -0.1
==>aV(l
Total effects on aVCI
12th grade or less - Total effect on -0.7* -0.9, -0.5
avCl
Some college-Total effect on aVCI -0.7* -1.1, -04
3. Gender Direct effects on aVCI
Female = 1; Male = 0 Female gender ==> aVCl —0.01 -0.2,0.2
Covariate ==> Health Literacy
Female gender ==> Health literacy 0.3 -1.7,23
aV(lI regressed on Health Literacy
Health literacy ==> aVCl 0.04* 0.03, 0.05
Indirect effects on aVCI
Female gender ==> Health literacy 0.01 —0.07, 0.09
==>aV(l
Total effects on aVCI
Female gender-Total effect on aVCI 0 -0.2,0.2
4. Age continuous in years Direct effects on aVCI
Age ==> aV(l 0 -0.0, 0.01
Covariate ==> Health Literacy
Age ==> Health literacy -0.2* -0.3, -0.1
aV(ClI regressed on Health Literacy
Health literacy ==> aVCI 0.04* 0.03, 0.06
Indirect effects on avVCI
Age ==> Health literacy ==> aVCl —0.01* —-0.01, -0.01
Total effects on aVCl
Age-Total effect on aVCI -0.01 -0.01, 0.00

Note. aVCI = Adapted Vaccine Confidence Index; Estimates are unstandardized and starred (*) if the 95 % confidence interval does not contain zero; Health Literacy is the

mediator.

groups that increase the odds of discrimination or neglect [88].
Health literacy is one modifiable factor that can be explicitly tar-
geted in public health promotion programs to reduce disparities.
Okan and Sorensen have described health literacy as a social vac-
cine, a key element of non-pharmaceutical interventions (NPIs)

interventions to reduce the spread of COVID-19 (hand hygiene,
social distancing) because health literacy may allow individuals
and communities to develop social and economic structures to
improve their health and to respond to the complexities of an
ongoing pandemic [70].
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Health Literacy

Black a3 =-3.9[-6.0, -1.5]
Hispanic a4 =-4.7 [-7 .4, -2.0]
Asian a5=1.2[-1.6, 29]¢p

b =0.02[0.0, 0.03]*

Black ¢3=-0.42[-0.71, -0.13]

Race/Ethnicity Vaccine Confidence
Hispanic ¢4 = -0.23 [-0.53, 0.06]¢
Asian ¢5=-0.10[-0.6, 0.30]¢
ess than or 12th grade a1 =-8.8 [-11.2, -6.7]*
Some College a2 = -3.9[-6.6, -1.3]"
Less than or 12th grade ¢7 =-0.37 [-0.70, -0.06]*
Some College ¢2 =-0.42 [-0.81, -0.03]*
Coefficients from a model including race, ethnicity, and education as independent variables.
Education

e a = coefficient for path from independent variable through mediator
e b = coefficient of mediator on outcome
o ¢ = coefficient for the direct effect of the independent variable (not through the mediator)

# 95% Confidence intervals are in brackets.
e Mediated effects are the product of a*b

e @ The estimates for alpha and beta paths for Asian race were not significant. The total
effect (direct plus indirect) effect was significantly different from zero for Hispanic
ethnicity, but the ¢4 coefficient for the direct path alone was not significant (i.e., the 95%
Cl contains zero).

e Education reference category: college degree and/or greater level of education
e Race/Ethnicity reference category: all White and other or mixed race participants

Fig. 3. Path Analysis Model from a lavaan Latent Variable Analysis Note. Model illustrating the mediation of Race and Ethnicity and Education on vaccine confidence through
health literacy. All path lines are significant with p < 0.05, except for the direct and indirect effects of Asian Race and the direct effect of Hispanic ethnicity on aVCI. Estimates
are standardized path coefficients. Mediated effects are the product of a and b coefficients (a*b).

Empowering people to develop the skills necessary to obtain
and evaluate health information is critical to efforts aimed at
improving health literacy. Substantial investment in patient-
focused and public health education has long been needed to
improve health outcomes [89]. The data presented in the current
analysis suggest that such efforts to promote health literacy would
also be in the public interest as part of successful COVID-19 vaccine
campaigns.

4.1. Limitations

Our methods have specific limitations. First, our sample may
not be generalizable as it was restricted to urban English- or
Spanish-speaking participants who consented to participation in
a research study. Second, this analysis does not account for chang-
ing views on vaccination in the setting of an evolving pandemic
with ongoing public health education campaigns. We are aware
that disparities in vaccination rates have evolved; for example,
more recent data exhibit declining disparities in vaccination rates
for people of Hispanic ethnicity and Black Americans [22,24]. Third,
although we have hypothesized a causal pathway that includes
race, and ethnicity with health literacy as a mediator, we were
unable to evaluate alternative pathways for factors that were not
measured as part of this study, such as experiences of racial or eth-
nic discrimination, specific health conditions, and health access
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factors. Fourth, our sample lacked adequate numbers of individuals
with self-reported Asian, Pacific Islander, and Native American race
and ethnicity, and therefore we were unable to evaluate the rela-
tionships between health literacy, vaccine confidence, and these
demographic groups individually. In our mediation analysis, we
included a small number of Asian participants (N = 11) and may
not have detected a mediation effect due this small sample size.
Fifth, we adapted an existing tool to measure vaccine confidence
in our sample; however, there are other available tools with sub-
stantial application in global populations and it is theoretically
possible use of an alternative tool would lead to different results
than those observed here. Sixth, we completed a mediation analy-
sis using a single measure for both health literacy (at baseline) and
vaccine confidence (collected at a subsequent date). It is possible
that repeated measures of these variables would have led to differ-
ent results in our mediation analysis.

5. Conclusions

These analyses add to the available knowledge on vaccine con-
fidence during the COVID-19 pandemic and can inform efforts to
improve uptake of vaccination through targeted campaigns and
community-based interventions, with a focus on health literacy.
At the time of this writing, COVID-19 infection is highly prevalent
and rising in many parts of the world, particularly in those geo-



E.E. Hurstak, Michael K Paasche-Orlow, Elizabeth A Hahn et al.

graphic areas and communities with low vaccine uptake. In order
to reduce COVID-19 transmission, morbidity and mortality, and
to improve health equity, researchers and clinicians need to
improve their understanding of the complex factors that influence
these epidemiologic patterns. Health literacy is one important fac-
tor that may inform the response to current and future pandemics
by increasing the skills necessary for people to appraise health
information and to engend trust in people interacting with public
health systems. Health literacy interventions are particularly
essential for patients experiencing or at risk for health disparities
[40]. Vaccine education and promotion programs that incorporate
principles of health literacy in their design and implementation
have the potential to improve vaccine equity and reduce COVID-
19 morbidity and mortality.
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