O

humanyjcernes

& IMMUNOTHERAPEUTICS

Human Vaccines & Immunotherapeutics

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/khvi20

©

Taylor & Francis

Taylor & Francis Grou

P

COVID-19 vaccination intention among nursing,
medical, and dental students: A systematic review
and meta-regression analysis

Jongrim Choi & Jae Geum Ryu

To cite this article: Jongrim Choi & Jae Geum Ryu (2023) COVID-19 vaccination intention among
nursing, medical, and dental students: A systematic review and meta-regression analysis,
Human Vaccines & Immunotherapeutics, 19:2, 2253600, DOI: 10.1080/21645515.2023.2253600

To link to this article: https://doi.org/10.1080/21645515.2023.2253600

© 2023 The Author(s). Published with
license by Taylor & Francis Group, LLC.

A
h View supplementary material (£

ﬁ Published online: 21 Sep 2023.

\]
[:J/ Submit your article to this journal &

||I| Article views: 467

A
h View related articles &'

@ View Crossmark data &'
CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=khvi20


https://www.tandfonline.com/action/journalInformation?journalCode=khvi20
https://www.tandfonline.com/loi/khvi20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21645515.2023.2253600
https://doi.org/10.1080/21645515.2023.2253600
https://www.tandfonline.com/doi/suppl/10.1080/21645515.2023.2253600
https://www.tandfonline.com/doi/suppl/10.1080/21645515.2023.2253600
https://www.tandfonline.com/action/authorSubmission?journalCode=khvi20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=khvi20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/21645515.2023.2253600
https://www.tandfonline.com/doi/mlt/10.1080/21645515.2023.2253600
http://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2023.2253600&domain=pdf&date_stamp=21 Sep 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2023.2253600&domain=pdf&date_stamp=21 Sep 2023

HUMAN VACCINES & IMMUNOTHERAPEUTICS
2023, VOL. 19, NO. 2, 2253600
https://doi.org/10.1080/21645515.2023.2253600

Taylor & Francis
Taylor & Francis Group

REVIEW

8 OPEN ACCESS | ™ oneck o upssts|

COVID-19 vaccination intention among nursing, medical, and dental students:
A systematic review and meta-regression analysis
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ABSTRACT

The introduction of the COVID-19 vaccine amidst the pandemic has heralded a paradigm shift. Healthcare
students in nursing, medicine, and dentistry must have positive attitudes owing to their future role in
vaccine recommendations to the public and patients. This meta-regression analysis assessed the differences
in COVID-19 vaccination intention (VI) of nursing, medical, and dental students. Medline/PubMed, EMBASE,
CINAHL, Cochrane Library, and Korean MBASE were searched for eligible studies. Quality was assessed by
the Joanna Briggs Institute’s quality appraisal. Forty-one studies were included in the final analysis, and the
estimation of pooled prevalence (68%) and relevant factors were assessed. Dental students were found to
have the lowest VI (57%), which significantly (p=.018) differed from that of nursing students (64%).

ARTICLE HISTORY
Received 8 June 2023
Revised 21 August 2023
Accepted 28 August 2023

KEYWORDS

COVID-19; vaccination
intention; health science;
medicine; nursing; dentistry;
meta-regression

Countries in South-East Asia and those with high income levels were found to have high VI. Therefore,
global vaccine programs for healthcare students should be prepared considering their geographical and

economic status.

Introduction

Concerns have persisted on whether a new pandemic surpassing
COVID-19 (so-called “Disease X”) would come up in the near
future, even though the World Health Organization (WHO)
declared that COVID-19 is no longer a public health emergency
of international concern.'™* Regarding countermeasures, com-
mitment to public health emergency preparedness for the post-
COVID-19 pandemic period has been recommended by public
health professionals and authorities,” especially for urgent pan-
demic vaccine development, distribution, and vaccination.®
Upon experiencing the COVID-19 pandemic, herd immunity
acquisition was appraised as the most important weapon to
combat COVID-19 to reduce transmission and viral spread.”
Vaccination intention (VI) has been reported to be strongly
related to actual vaccine uptake.® Regarding COVID-19 vac-
cine uptake, VI predicted future COVID-19 vaccine uptake,
with a mediation effect between predisposing factors and vac-
cine uptake.” Notwithstanding this finding, COVID-19 vac-
cine coverage varies greatly across continents and countries
from 8% to 70%."'™"" For this reason, it is crucial to investigate
VI and its influential factors to improve actual vaccine uptake.
While previous studies on VI among healthcare students have
predominantly focused on medical students (MS), there has been
limited research on nursing students (NS) and dental students
(DS). To the best of our knowledge, only two studies'>" have
previously investigated VI simultaneously among MS, NS, and
DS. In 2022, Geng et al.'* published the first systematic review
and meta-analysis of college students’ VI for COVID-19. Out of
the 16 studies included, 11 were conducted among MS, with
a pooled estimate of VI rate at 74%. Among NS (four studies)

and DS (three studies), the pooled estimates for VI rates were
both 60%. Furthermore, in 2022, Lin et al."” performed the first
meta-analysis of three studies on VI for COVID-19 among DS,
with pooled estimation of VI at 60.5%. While there have been
more studies conducted on NS'®'” and DS'>" in various con-
tinents with different economic statuses, no meta-analysis has
been conducted to compare the levels and influential factors of
VI among MS, NS, and DS.

According to studies on healthcare workers (HCW) and
health science students, vaccine behavior is affected by various
factors, such as demographic (gender, age, marital status, level
of education, occupation), individual (knowledge, perceived
efficacy/benefit, perceived harm, self-efficacy, prior vaccina-
tion experience, trust in government or media), and socio-
economic (living country, economic status of country)
characteristics.'*'®?* In 2023, Yenew et al.** conducted
a systematic review and meta-analysis based on the health
belief model,>* and concluded that susceptibility, perceived
severity, perceived benefits, perceived barrier, and cues to
action were predictors of VI among HCW. According to the
5C model, confidence and collective responsibility are the
most important constructs in explaining students’ COVID-19
VI.*® In a qualitative study conducted in 2023, Ngaybe et al.*®
identified collective responsibility and pandemic attitudes as
motivators for vaccination among HCW.

It is imperative that health science students develop
a positive attitude toward vaccinations during their clinical
training course.'” These students will go on to become health-
care professionals at a high risk of exposure to infectious
diseases while in close contact with patients, and also have

CONTACT Jae Geum Ryu @jgryuﬂ@cdu.ac.kr @ College of Nursing, Chodang University, 380 Muan Road, Muan 58530, Republic of Korea.
@ Supplemental data for this article can be accessed on the publisher's website at https://doi.org/10.1080/21645515.2023.2253600

© 2023 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the

posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0003-4326-2273
http://orcid.org/0000-0002-5729-7680
https://doi.org/10.1080/21645515.2023.2253600
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2023.2253600&domain=pdf&date_stamp=2023-09-16

2 (&) J.CHOIAND J. G.RYU

a role in teaching and recommending that patients receive
vaccines against infectious diseases.'* ' Particularly, NS are
destined to work in direct and close contact with infectious
patients during their nursing practice.'”> This group has been
reported to have high levels of vaccine hesitancy due to con-
cerns regarding vaccine safety, efficacy, and a general mistrust
of health authorities.”" DS face the highest exposure to infec-
tious agents during their clinical practice, particularly owing to
frequent aerosol-generating procedures they encounter in
their dental practice."

Understanding the relevant factors influencing VI among
MS, NS, and DS is crucial in developing targeted vaccine
programs that reflect their unique characteristics and con-
cerns. A systematic review would reveal how much the level
of VI differs between MS, NS, and DS. Additionally, meta-
analysis and meta-regression would help identify the determi-
nants of VI among MS, NS, and DS.

For these reasons, this systematic review and meta-analysis
aimed to examine the VI in regards to COVID-19 among MS,
NS, and DS, and compare the factors affecting VI according to
the health science disciplines of medicine, nursing, and den-
tistry, respectively. This will provide scientific evidence to
develop future vaccination plans that consider the character-
istics of health science students for VI, as well as prepare for
newly emerging infectious disease pandemics.

Method

This study was prospectively registered for a systematic review
and meta-analysis in the International Prospective Register of
Systematic Reviews (PROSPERO) (No: CRD42022342819). This
study was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guideline.

Search strategy

We searched MEDLINE, PubMed, EMBASE, CINAHL, the
Cochrane Library, and KMBASE (Korean MBASE) for studies
published from January 1, 2020, to February 10, 2023, after the
first COVID-19 confirmed case. Control terms used included
Medical Subject Heading (MeSH), EMTREE, and CINHAHL
headings, to construct the search formula utilizing Boolean opera-
tors, phrase searching, and truncation for precision and specifi-
city. Natural languages were also utilized, considering the
publication time lag and increased sensitivity. The main search
terms were as follows: (“covid 19”[MeSH Terms] OR “covid
19”[All Fields] OR “coronavirus infection”[All Fields] OR
(“CoV-SARS-2”[All Fields] AND (“virus diseases”[MeSH
Terms] OR (“virus”[All Fields] AND “diseases”[All Fields]) OR
“virus diseases’[All Fields] OR (“virus”’[All Fields] AND
“infection”[All Fields]) OR “virus infection”[All Fields])) OR
“coronavirus disease”[All Fields]) AND ((“vaccination”[MeSH
Terms] OR “vaccin*”[All Fields]) AND (“intention”[MeSH
Terms] OR “inten*”[All Fields] OR “hesitan*”[All Fields] OR
“cover*”[All Fields])) AND (“college”[All Fields] OR
“colleges”[All Fields] OR “colleges”[All Fields]
OR (“universiti”[All Fields] OR “universities’[MeSH Terms]
OR “universities”[All Fields] OR “university”[All Fields] OR
“university s”[All Fields]) OR “student”[All Fields]). Citation

searches were performed and websites such as Google Scholar
were used for a comprehensive search. We did not restrict the
language to English, although we used only English search terms
(see Table S1 for details).

Study selection and inclusion criteria

Two researchers independently performed the study selection
process based on the inclusion and exclusion criteria. The inclu-
sion criteria were 1) quantitative study designs, including cross-
sectional and cohort studies; 2) studies conducted face-to-face
or remotely, such as through telephone-based surveys or online
surveys; 3) studies that investigated NS, MS, and DS in college or
university; 4) studies providing sufficient proportional data of
having an intention of COVID-19 vaccination when it became/
was available; and 5) studies concerning participants who were
not vaccinated during the survey period. The following studies
were excluded: 1) conference abstracts, editorials, opinions,
letters, and reports published solely as abstracts from conference
proceedings and trial protocols; 2) any review including sys-
tematic reviews, scoping reviews, and meta-analyses; 3) qualita-
tive studies; 4) studies with unavailable data on numerators and
denominators regarding VI for COVID-19; 5) studies that did
not provide specific data for the indented participants; 6) studies
focused on HCW or faculty; and 7) studies investigating actual
uptake or coverage rate of COVID-19. When discrepancies were
discovered, the researchers checked and discussed them to reach
an agreement (see Table S2 for details).

Quality assessment

According to the PRISMA guideline, two researchers indepen-
dently assessed the quality of the included studies using the
Joanna Briggs Institute (JBI)’s Critical Appraisal Checklist for
Analytical Cross-Sectional Studies with eight questions and
four possible answers (“yes =1,” “no =0,” “unclear,” and “not
applicable”).”” We checked for and discussed discrepancies
while reviewing the papers in great detail. Finally, we reached
a consensus without engaging a third party moderator. We
summarized the quality score and categorized it into three
groups: a score of less than three points indicated poor quality,
a score between four and six points indicated moderate quality,
and a score over seven points indicated good quality (see Table
S3 for details).?!

» <«

Data extraction

For each included study, two reviewers independently
extracted information using a data extraction matrix and
cross-checked the data. Data on the first author,
publication year, country, study period (year and month),
target population, study setting, sampling method, response
rate, type of sample (NS, MS, or DS), effective sample size,
measurements of VI and results, and demographic character-
istics (sex and age) were extracted. Responses for COVID-19
VI were binary (yes or no) or multiple-choice (scored on
a four, five, or eleven points Likert scale for agreement),
which were categorized as having an intention to agree or
strongly agree. The COVID-19 vaccine acceptance rate was



assessed to evaluate the introduction of the COVID-19 vacci-
nation program. Additionally, we collected data regarding
COVID-19 cases, such as the daily average numbers of new,
cumulative, new death, and cumulative death cases during the
survey period for all studies from the WHO COVID-19
dashboard.”® Socioeconomic data were also collected regard-
ing country, income, and region classified from the World
Bank group.”” We used the four country income groups clas-
sified by the World Bank: low, lower-middle, upper-middle,
and high income. Additionally, we combined the seven coun-
try regions on the WHO COVID-19 dashboard into four
country regions: America, Africa, Europe and the Eastern
Mediterranean, and South-East Asia and Western Pacific.*

Statistical analysis

A meta-analysis was conducted to evaluate the overall preva-
lence of the intention to administer the COVID-19 vaccine
when it became available to MS, NS and DS. Pooled prevalence
and the 95% confidence interval were estimated from each
study using a random effects model using the metaprop Stata
command. This was done owing the presumed high hetero-
geneity because of variations in country, region, availability of
COVID-19 vaccines, medical system, adoption of mandatory
vaccination program, and miscellaneous reasons.’"*>
Heterogeneity was tested using an I” statistic (high heteroge-
neity when it was over 75%).>*** Subgroup analysis and meta-
regression (conducted when the number of studies was over
10) were conducted to investigate the heterogeneity.”” The
leave-one-out method was used for a sensitivity test. Funnel
plots, trim and fill, and Egger’s tests were used to assess pub-
lication bias. We used Stata 17.0 (StataCorp, Texas, US) for all
meta-analyses. Two-tailed significance was tested statistically
(<.05 for pooled prevalence and <.10 for heterogeneity).**

Results
Identification and selection of studies

The literature screening process was conducted according to the
PRISMA 2020 statement™® which is presented in Figure 1. A total
of 19,640 records were identified at the initial literature review and
11,549 records were screened after removing 8103 duplicates.
A total of 319 full-text articles were reviewed, and 278 articles
were excluded because they did not include relevant participants
(such as HCW or the general population), did not specify the
discipline of participants or related data, and did not include
relevant study types (such as editorial, commentary, and confer-
ence proceedings). Finally, 41 studies met the selection criteria and
were included in the systematic review and meta-analysis.

Characteristics of the included studies

The major characteristics of the 41 included studies are sum-
marized in Table 1. In total, 29,563 participants were included in
this systematic review. The number of participants and articles
of NS, MS, and DS were 8601 participants in 14 articles, 13,066
participants in 29 articles, and 7896 participants in 6 articles,
respectively. In total, 40 studies were conducted in specific

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 3

continents; 2 in Africa,””*® 10 in America,">**"*" 18 in Europe
and Eastern Mediterranean,'>'**"** and 10 in South-East Asia
and Western Pacific.'”**""> One study was conducted in various
countries. The quality scores of the 41 included studies varied
from 2 to 8 (M = SD =6.13 + 1.57). Of these, 17 studies were of
good quality, 21 were of moderate quality, and 3 were of poor
quality (Table 1, Table S3). Twenty-nine studies were published
in 2021 and the rest in 2022, of which 15 studies were surveyed
in 2020 and the rest in 2021.

The percentage of participants who were willing to get vac-
cinated when the COVID-19 vaccine became available varied
from 14.25% to 93.35%. The pooled percentages of NS, MS, and
DS VI for COVID-19 VI ranged from 41.13% to 83.55, 14.25%
to 93.35%, and 27.73% to 80.85%, respectively (Table 1).

Meta-analysis of vaccination intention

Regarding VI of NS, MS, and DS who were willing to administer
the vaccine when available currently or in near future, the pooled
percentage was estimated as 68.11% (95% CI=61.76 ~ 74.14,
heterogeneity I’ =99.21%, p <.001). The pooled percentage of
having VI was 63.85% for NS (95% CI =55.02 ~ 72.24, hetero-
geneity I = 98.52%, p < .001), 72.30% for MS (95% CI = 61.47 ~

81.95, heterogeneity I* = 99.42%, p <.001), and 56.71% for DS
(95% CI=45.88 ~67.23, heterogeneity I?=96.91%, p<.001)
(Figure 2).

Subgroup analysis and meta-regression

Owing to considerable heterogeneity in the estimation of the
pooled percentages, subgroup analysis and meta-regression
were performed. Subgroup analysis was conducted by sample
size (21,000 vs <1,000), study quality (good, moderate, and
poor), concurrent survey of COVID-19 vaccine acceptance
(acceptance + intention vs intention only), year of data collec-
tion (2021 vs 2020), region (Africa, America, Europe and
Eastern Mediterranean, South-East Asia and Western
Pacific), country income (high, middle, low-middle, and
low), and daily new COVID-19 cases during survey period
(210,000 vs <10,000) (Figure 3).

For MS, country income (Q statistics =25.49, p <.001),
region (Q statistics =12.29, p=.001), concurrent survey (Q
statistics = 5.13, p =.002), and year of data collection (Q statis-
tics = 4.64, p = .03) were statistically significant. For DS, study
quality (Q statistics = 6.43, p =.01) was statistically significant.
There were no statistically significant differences in the sub-
group analysis of NS.

Meta-regression was performed on studies for NS and
MS in which the number of included studies was over 10
following the recommendations of the Cochrane handbook
(Table 2).* The univariate analysis revealed that the pooled
proportion of participants was significantly higher in high
income countries than low and middle-income countries
(OR=1.24, 95% CIL:1.11 ~ 1.39, p<.001) and higher in sur-
veying intention only than surveying concurrently with
acceptance and intention (OR=1.33, 95% CI:1.12~1.57, p
=.001). There were no statistically significant differences in
the pooled proportions of participants among the NS, MS,
and DS groups in the univariate analysis.
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Identification of studies via databases and registers ‘ Identification of studies via other methods
19,640 records identified from
PubMed (n :_7’964) 12 additional records identified from:
EMBASE (n = 10,527) : _
- CINAHL (n = 251) Websites (n = 1)
S Cochrane (n = 648) Citation searching (n =11)
8 KMBASE (n = 252) (Korean)
=
o
3
Records removed before
»| Screening:
Duplicate records removed
— (n=8103)
o
11,231 records excluded
11,549 records screened > 10,335 by title
891 by abstract
5 not available full-text
[=]
£ A
o
o 319 full-text articles assessed for | 278 full-text articles excluded:
,‘;,’ eligibility = 146 healthcare workers
60 not specified discipline
32 not specified data
18 editorial, commentary etc
12 already vaccinated
T general population
3 not relevant topic
o
o
ES
E 41 studies included in review
| S

Figure 1. Flow chart depicting the literature screening process according to PRISMA 2020 statement.

The multivariate analysis showed that the pooled proportions
of participants between NS, MS, and DS were significantly
higher in NS than DS (OR = 1.24, 95% CI:1.04 ~ 1.47, p = .018)
but not in MS. The pooled proportion of participants was
significantly higher in high-income countries than low and
middle-income countries (OR=1.32, 95% CI:1.16 ~ 1.49,
p <.001), and also higher in South-East Asia and Western
Pacific (OR=1.42, 95% CI:1.16 ~ 1.81, p=.006) than Africa.
For MS, country income was significant in univariate
(OR = 1.36, 95% CI:1.17 ~ 1.57, p<.001) and multivariate
(OR=1.34, 95% CI:1.14~1.59, p=0.001) analyses.
Additionally, surveying intention only was significant in the
univariate (OR =1.48, 95% CI:1.19 ~ 1.83, p =.001) and multi-
variate (OR=1.28, 95% CI:1.04 ~1.58, p=.024) analyses
(Table 2).

Sensitivity analysis

For sensitivity analysis, the leave-one-out forest plot was
checked for considerable heterogeneity in the estimation of the
pooled proportion (Figure 4). For NS, the pooled proportion

increased by 2% points if the fourth,” tenth,” and thirteenth
studies'” were omitted. For MS, the pooled proportion increased
by 1% points, if the third,* sixteenth,”” and seventeenth®® were
omitted. For DS, the pooled proportion increased by 5% points
if the sixth'? study was omitted. Pooled proportion decreased by
2% points if three low-quality studies****”* were omitted, which
were two for MS and one for DS.

Publication bias

Publication bias was checked using a funnel plot, trim-and-
fill analysis, and Egger’s test (Figure 5). The funnel plot
showed that omitted publications were suspected in the
area of lower VI for MS and in the area of upper VI for
DS. Trim-and-fill analysis revealed that 11 virtual values of
low intention of COVID-19 vaccination for MS were
imputed, while two values of high intention for DS and
one for NS were imputed. For MS, the difference in the
pooled proportion decreased by 16.12% points, accounting
for 22.87% of the initial pooled proportion after missing-
value imputation, indicating a suspicious publication bias



HUMAN VACCINES & IMMUNOTHERAPEUTICS ‘ 5

(panupuod)
Kanins paseq
-gam ‘a3es asuodsal
sa (Kisi A1sn (8°08) 9L 6 %0°0€ ‘493U
(08'52) SW 01 Ajyj1jun A1an) (0£°06) €9€ [4v4 [eJIpaw diwapese
8 €60'66L  LT0'L dN VN SN 3jeds U1 wuiod-§  (40'LL) LSL Lze UN Ue 1B SUSpNIs 6EY'E 00T 19qWd3g vsn 7ot }950H L
(sok Ajpuuyap A3nns aujjuo ‘ayel
(LE€L) 0} ou A]P3uyap) Huydwes asuodsas podal Jou 2310
S 1€9 vl dN VN SN 3jeds uayI7 Jutod-g  (48'Z8) vl 691 ddUBIUSAUO) ‘aba|j0> e U_o\%mz 691 Lz0z |udy yinos Lzoz uey oL
anINs
duljuo ‘a3es asuodsal
1odal ou ‘sjendsoy
Ajsianiun g 0202 JaqwianoN
(00°0) (Le-61) 40 SW %8 s|euoissajoid 0}
8 ¥8L'0L 0 €T uesy VN SW 2Ins 10U/0U/sIA  (LL'0L) 691 6€C 4N [edIpaw 6Ly  0ZOT Joquiaidas puejod Lzoc 2}SMoyd015 6
A3AINS duljuo ‘djewdy
(sok Ajpuuysp 2%8°06 ‘91eJ dsuodsal
payidads (CLL) 0} ou Aja)uyap) %6'9L ‘SaNISIBAIUN 120z |udy
L 69L'LL 10N payidads JoN €64/T19 SN 3jeds w17 Jutod-g  (86°L) 89 413 4N Cljo m\mz 00L% 01 120T Yaiew puejod Leoc qipos 8
anINS
duljuo ‘a3es dsuodsal
(Aj9nuyap ‘sak 01 Huydwes %/°6C ‘ANSIaAlUN ©
payads S lou Ajuiensd ‘ou) (16°€8) 76T 8yE Aupgeqoud Jo syuapnis 120z f1eniga4
9 9L 10N payidads JoN VN SN 3jeds U1 ulod-§  (L0°€9) 601 €LL -UoN aledyyeay /g6y 03 LZ0T Atenuer sduely  7ZOT Jannen L
A3AIns duljuo ‘sjewsy
%t'79 ‘918 dsuodsal vsn
payidads %E€°1T "looyds Lzoz |udy ‘uslieepy
9 - 10N payidads JoN VN SW ou/ssA  (S€°08) 8L 6CC N [eJIpSw e 1@ SSIN SE/'L 01 LZ0T YdJely wis - zeoz een 9
poylaw
(#'8) 59 Sik +0¢ paJojiey s,uewiq
8c1) buisn Aanins
66 SIK67-1C uonudlul ou au||uo ‘a3e4 dsuodsal
(95°£8) (8'82) /uonualul K1epuodas 9%/€ ‘sjooyas buisinu
8 €60'661 9/9 809 sihgz-8l VN SN Juonuaul Alewd  (S5°€8) 79 UL UN G SS0MDB SSN S$80'C  0T0T 12quiadag vsn Lzoz jousuoy S
Aanins uojuido
au||uo ‘d3e4 dsuodsal
(08'85)  (09'€8) 60T buijdwes Hodal jou ‘elpaw 120z Asenuer o3
[4 S8Y'ov a4l sIKST ~8L VN SW aIns J0u/ou/saA  (00'+8) 01T 0S¢ llegmous |e120s eIA SSIN 0ST  070T 4equiade( eig Lzoz SaAeYD ¥
A3nns auljuo ‘ayel
(50°82) (€07 Huydwes asuodsai 1odal Jou
8 8101 619 4N 888/8L SW ou/sdp  (L8'TT) 66L 0.8 Anunuoddo ‘Ausianlun e jo sSIN 888 LZOT YdIew uesyyezey  1Z0¢ Aoje|og €
A3nns aujjuo
‘a1eJ asuodsas odal 020z 19qwiadaQg
(Z9'¥S) Huydwes 10U ‘S31UISIDAIUN 0} eiqely
8 8¢ 6€9 88'L F0€°LT VN SN 2Ins J0U/OU/SIA  (06'SS) YS9 OLL'L 9dUslUdAU0) 0L JOSSN O/L'L  0TOT J9qwianoN Ipnes  zzoc Kiyaysyy 4
(50°€) 9 :sov
(19°2) S1 :SOE (93468 Buoss 0y Aanins jlew-a
(£8°LS) (0€°£8) daibes|p buons) Huydwes ‘34 dsuodsal 94 |
L ¥85'8S vlL TLL S0 YN S 3eds uayuod-g  (£9%) 88 161 Ayunuoddp  ‘9b3)j0d e Jo SSW 0/£'L  0ZOT 429010 vsn o Lzoz Iqeuer |y L
21025 ,Sdsed (%)u (%UuI0aSFW (%) 9dA] uonualul uopeUDIeA (%) u u ‘azis poylaw buimas pouad £13unod 1eak Joyine 3s| "ON
Aendp 6l ‘Slewa 2by 9oue1daddy 6L-AINOD ‘uonualul  9jdwes Huijdwes pue syuedpiued Apnig Aaning paysiignd
-aIN0D aupdeA JO JUBWIAINSEI uoleudeA
mau 61-AINOD
Ajreg

"SJUSPNIS [EIUSP pue ‘[edipaw ‘buisinu buowe uofUIUI UoIRUIEA 61-JIA0D Buipiebal saipnis papnpul jo soisualdeley) *L d|qel



6 J. CHOI AND J. G. RYU

(panunuo)d)

A3nns aujjuo
‘looyds yijeay e g

payi>ads (8°€) Buydwes AJSISAIUN |edIpaW B
9 8¢ 10N payidads JoN 961'7/€8 SN papi>apun/ou/ssA  (9£6S) S¥8  vlv'L 9dUBIUdAUO) jo Scmvmﬁ 91T 120z Yiew eulyd Lzoz 1z
QAINS
duljuo ‘a3es dsuodsal
(urenad Aj@Injosqe %128 ‘Ausianiun e
payi>ads 0} duou) JO syuapnis
8 69y 10N payiads 10N VN SW 3jeds paxI7 ulod-§  (6£°94) LOE 76€ UN 92U3Ids yijeay 0v0’L LZ0Z |udy Weulaln Lzoz uy 91 0¢
Aanins suiuo
‘31eJ asuodsal 9%1°16
payiads ‘lesnyai/Aoueyisay Buydwes ‘969|102 |edIpaW B 170z dunf
8 SL 10N payiads 10N VN SN /dueydaddy  (56'87) 08L 144 9DU3IU3AUO) Jo sjuspnls 000°L 03 LZOT Y24 weupIpn - 7eoe Ca 6L
Aanins
auljuo ‘a1el asuodsal
S %8L ‘(SW)
(92168 A|Buons 01 %¥E ‘S|ooyds |ejuap 020 Jaqwiadeg
sq  9albesip A|buons) (01°6S) S€1L Sye Burdwes € 19 |00Yds |edIpawW e 01 0Z0T J9qWIAON
S £50°0% UN dN VN SW 3jeds uyI7 ulod-y  (0€°££) 9TL €91 Ayunuoddo  jo ssa L8yl ﬁNmE ¥6¥ 070T +29quiaidas vsn Lzot Iey9y 8l
anINS
auljuo ‘a1el asuodsal
(8£°£5) %t G Ausianun e
9 8€6'L LTy 89'CF0T'LT VN SW 1UeYISAY/0U/SIA  (80°09) Vi 6€L N JOSSIN 086  0Z0Z Arenigay Aouny Lzoz ekey /Al
(0091) 85 €2<
(00°z€)
€Ll €C-tc
(00°L6) Aanins
L€L 1Z2-0T au||uo ‘d3e4 dsuodsal
(18'65) (00°s1) %L°T6 'l0oYds
4 LLVLL €1T S 61-81L VN SW aqAew/ou/sap  (£1°€8) £6C 9s¢€ 4N |edipaw e %Mms_ G8¢ LzoZ Ainr elpuy| Lzoz lesney 9l
SAINS
au||uo ‘d3e4 dsuodsal
(#5°19) yodai 1ou ‘jooyds
S 60L'C ¥9 T'6¢ dbesany VN SW ou/sap  (SE°L6) 56 0L 4N |edipawl e 4o SSIN 0L 0T0T JequisdsQ [oels]  Zzoe z1ey Gl
A3nns aujjuo
(6°€1)8S ik zz< (99468 A|Buons 0y ‘9)eJ dsuodsal 9%6°L |
(rL0z) (1'98) aubesip Ajbuous) “J10miau [e1>0s LZ0T Yoep
9 LT5°L S6¢ 65¢€ i zes VN sd 3jeds w1 utod-g  (6£°£5) L¥T yAR4 N $96310> ¢ 40 550 005€ 03 LZ0Z A1enigaq aulssjed Lzoe qo93e) 4
(¢69) €01
€z(0z9l)
LyC Tt
(66°€7) £S€
12(6961)
€6C 0C
(16°'12) 9z¢€ Buidwes A3nns sujjuo
61(56°01) payness ‘1) dsuodsal podas
(LT¥8) €91 8L (€€°€8) ‘Buljduwes JoU ‘S3RISIBAIUN [udy
L [§3 ¥ST'L (r€0) s 81> VN SN 2l03s g ~ | ove'L 88Y'L 3DUBIUSAUO)  [BIPAW T JO SSN ZLS'L 03 LZ0Z Alenigad eulyd Lzot Buerr €l
A3nns aujjuo
‘1) dsuodsal podas
Huydwes ou ‘w3sAs ylomiau L¢0C Ysrew
S 78L'€T UN dN VN SW 3INS J0U/OU/SIA  (81°0L) 99T 6.L€ llegmous [B120S BIA SSIA 890°L 03 LZ0T A1enigay elpy| 120t uter Cl
21025 £S95BD (%)u  (%)uI0oaSFW (%) 9dA] uonualul uoneUDILA (%) u u ‘9z1s poyiaw bumas pouad A1uno) Jeak Joyine 1s| ‘'ON
Ayjend 6l CIEEN ‘3by dueydadndy 61-AINOD ‘uonuaiul  3dwes Huydwes pue syuedpied Apnig Aanng paysiiqnd
-aIN0D aupdeA JO JUBWIAINSEI uolleulddeA
mau 61-AINOD

Alea

‘(Panunu0d) *L 3|qeL



HUMAN VACCINES & IMMUNOTHERAPEUTICS ‘ 7

(panunuop)

9

661'L

€88'LL

96L'€S

€697

vLLLL

0Ly

96L'€S

qe8'sl

102’6

payads
10N

(0€'%9)
Lzl

(96°£89)
wl

(£0°£8)
968

(51'88)

6Ll

(08'99)
743

(6895)
S6

(€5°€9)
€4S

4N

YIFEILT

yLE SIk6L-91

payidads 10N ¥N

sIk6/'ST payads
abelany 10N

8EFEIC VN

(6°1¢€)

6LE 19n0 L€
(1'69) 0LL
$S3| pue Og VN

(6°07)
¥9¢€/9L

(189)

GeT Ik ST-0T

(€€l)
018/801

(5°£9)

dN VN

(9z-¢¢

HOl) Ik T
abe ueipapy VN

dN VN

SW

SN

SW

Sd

SN

SW

SW

SW

SW

SW

OU/SIA

(Bupm K1
0} JueN|al AISNA)
3[eds uayI7 ulod-g

(9316e A|Buoss 0}
daibesip A|buons)
3[eds Ui Julod-

MOUS| 3,UOP/OU/SDA

JUSSUOD
Juonenyis ay}
Buriojuowy/jesnyay

payiads 10N

2a1be = s

MOUY| 1,U0p |/OU/SA

uonewIoul SJ0W
I3}4e UOISIDAP/OU/SIA

(9L°0%) 6
(EL'LY) LS

(LE°€6)
L

(15'59) 9€1

(61°S¥) SOV

(96'7T) LE

(Szvl) o0l

(S¥'sz) 9L

(S€°€6) TV8

(98'9£) 69

44"

14}

668'L

174

620'L

Gel

0L

/91

€06

0S¢

Buidwes
wopues 3jdwis

N

N

N

N

4N

4N

Huydwes
3DUIIUIAUOD)

N

Apnis
3UI| o paJalsiuiwpe
-J|9s ‘a1el asuodsal
%001 ‘@Uua1ds yijeay
pue aupIpaw Jo
969)(0> ‘Aysianiun e
JO SU3PNMIS OTH
Kanins paseq-pnojd
‘1) dsuodsal podas
10U ‘S|ooYs [edIpaw
TLT JO SS ST0'T
AanIns
auljuo ‘a3es asuodsal 9,
8l ‘sa1els
€ Wolj sjooyds
[e3USp WO} sSA L8Y'L
anbiuyday
Aanuns s,uewig
‘SN 10} %0/ pue
sollndey 10} %9'Sy
JO s93es dsuodsal
‘AjIsianun e
JO SSN 73 senynde} 1/8’L
AaAIns 19ua1Ul
‘1) dsuodsal
1odai Jou ‘Ausiaalun
[ed1uyday e g
AMSI9AIUN [eJIpaW B
JO SJUIPNIS $9E
eIpawW
|e120s elA Adnns
aujjuo ‘a1es asuodsal
odal jou ‘963)|0d
[edlpaw e Jo SSW 018
Aanns
aujjuo ‘a1es asuodsal
%¥€ ‘looyds
[edlpaw e Jo SSW 61
poylaw
MIIAIRIUI gOM
passisse Jandwod
‘a1el asuodsal
%985 ‘Ausianun e
JO SS ¥85°L
A3Anns auljuo ‘a1el
asuodsai ou ‘uoneu
ul sjeuoissajoid
13 Sjuspnis 9/61

L2oz Yrew

120z Yaiew
03 1707 Ateniga4

0coz

0207 13quia1das
01 0Z0T 1snbny

L¢0oz aunf

Lzoc

0coz

LZ0Z A1eniga4 0}
020T J9qWIdA0N

020¢ 1°qui=da(

eidoiyyg

vsn

vsn

vsn

eissny

bey

vsn

Ajey

puejod

[44V14

Leot

Lcot

Leot

Leoe

[44v4

Lzoc

[44V]4

[44v4

9SO 0€

uefep 67

seyuaJedsepy 8T

Bujuuepy Va4

uibAjepy 9z

IPYew 14

epnNT 4T

ooy €7

22|Mopmed
-Bupu] e

910DS
Aujend

45358
6l

-dInoD
Mau

Alea

(%) u
‘3)ewa

() uoas+w (%)

2by 2oue1daddy
audeA

61-dINOD

9dA] uonualul uoneUNILA

61-dINOD
JO JUSWIAINSEI

(%) u
‘uonuaul
uoneuNIeA

u ‘azls
d)dwes

poyaw
Buydwes

Bumes
pue syuedpied Apnig

pouad
Aaning

AiunodH

Jeak
paystignd

joyine is| ‘ON

“(panuRUO) °| 3|qe]



8 J. CHOI AND J. G. RYU

(panunuop)

Kanns auijuo ‘sel

sa (€10 1L 967 asuodsas Lodal Jou
payidads SW (89'v€) 905 6SY'L Buijdwes ‘sanissaAuN dljgnd
9 876 10N payads JoN VN SN N (St'Zb) O€1L k4 9DUSIUBAUOD) ZJoswapnis gL/'/7  Lzog Aenuer 1d4A63 1202 pales L€
A3anns aujjuo
‘3)e4 asuodsai 1odal
Jou ‘(syudwpiedap
(91°09)191 (9316e A|Buoss 0} Jlwapede
(lLgg)  €€€F90'8C SW  oauBesip A|buons)  (91'88) €8T LZE buiidwes  |esanss) elpsw [eos  0Z0Z Jaquisldas
8 €SL'T LST YLEFHOOC WN SN deds uayuod-9  (zz'9s) vET  LO€E Auunpoddo BIA SSN B SSW 879 01 0Z0 Ishbny [seJS|  120T [eauasoy  of
SN
pue ‘Aoxin
‘eisiuny
‘uepng
‘e1ssny
‘lebnyiog
‘aunsajed
‘ueisiyed
‘ledaN
‘eiskejely
‘ejuenyi
‘uoueqa
‘einje ‘Ajey
‘bey
‘uel|
‘eISAUOPU|
‘eluoysy
(05°9¢€) AanIns ‘Jopend3
LZ¥'T S Op-€C (9346e £|R20) au|uo ‘d3e4 dsuodsal ‘e3eos)
(¢s0s)  (05°99)8LTY 01 da16esIp A|je01) (95°€9) Jodai Jou ‘sauunod ‘epeue)
€ - 789 sIkzz-L1 VN NG 3]eds LI Jutod-g o'y 6€9'9 4N 77 40550 089'9  LZ0T Arenigad ‘elueq|y Lzoz pery 13
(08'52)9S < Aanuns auuo
(26°€9) (ozvL) Buydwes ‘31el asuodsal 98/ Lzoz AInf
L Lt L11 9L v VN SW dN (9£'99) LTl L1z wopuel djdwis ‘AusiaAun m“_oMms_ Ly 03 LZOT aunf uepns  7zoT efey 143
SAINS
aujjuo ‘a1es asuodsal
payidads %8/ ‘Ausianiun e 0zoz Ainf
9 8¢€C 10N paypads 10N VN SW dN (0£26) ¥5T |Z/X4 4N jo Ecm\w:u 655 010¢0T aunf Ajey Lzoz oulolsed 33
SAINS
dUI| Yo palalsiujwpe
-J|9s ‘a1el asuodsal
% 8% ‘AlsIdAlUN e
payiads Huydwes JESTET
9 1l 10N payads JoN VN SW OU/SIA (87'18) 81 61T 9DUSIUBAUOD) 92U3DS Y1[eay 058 1207 udy Weulalpn 1202 uafAnbN 143
A3nns aujjuo
‘31e4 asuodsai 1odal
payi>ads jou ‘A)IsIaAlUN @ 1z0z ey eiqesy
8 v/8 10N paypads 10N VN SW OU/SBA (9£48) TLL 9%l UN Jo syuspnis zee 01 LZOT Yaie pnes  zzoc yeleqniy LE
21025 £S95RD (%)u (ulodsSFW (%) 9dA| uonusjul uoreUIRA (%) u u ‘azI1s poylaw bumas pouad AiunodH Jeak Joyine 15| ‘'ON
Ayjend 6l CIEEN 3by 9dueydaddy 61-AINOD ‘uonuaiul  3dwes Buydwes pue syuedpied Apnig Aanng paysiignd
-aIN0D aupdeA JO JUBWIAINSEI| uoneuIeA
mau 61-AINOD
freg

“(panuRUO) °| 3|qe]



“paeoqyseq (6L-AIAOD) SNIABUOIOD OHM WO PIALISP eleq,,
*s1eak = SIA ‘610 9SeISIP SNIIARUOIOD = 6 |-JIAQD “JUSPNIS [RIUSP = S ‘IUSPNIS BuISINU = GN JUSPNIS [eIIPAW = SIA ‘PaHIodal JoU = YN

HUMAN VACCINES & IMMUNOTHERAPEUTICS ‘ 9

[WESTIRSEINEYVE]

01 A|9yj1jun
(51°Z8) A|awaaxa) A3Mnns aujjuo
8 ogl 6.8 68'L F /86l VN SN 9eds wayyIulod-1L  (£8°19) §S§  0L0°L 4N ‘S|ooyds 71 JOSSN 0£0°L 10T Ksenuer eulyd Lz0t noyz (R4
Aanins sujuo
‘91e4 asuodsai 1odal
jou ‘ANsIaAIUN 7
(LL9) (yz-02) JO sjuapnis [ed1paw
9 102’6 %4 LT uelpaly YN SW  MOUY L,UOp |/OU/S3A  (66'L6) TE9 89 dN -uou 73 _S%ws LL6'L  0T0T J2quadaq puejod  1Z0T pAwzs  op
anINs
auljuo ‘s1es asuodsal
(S5°12) (1) 9%L°€T ‘SANISIDAIUN
S 98 6vC 4N 877'1/088 SW 4N (L0'£8) €08 8vE dN €40 mw_\,_ vIE'S  LTOT YR BIUSAOIS 10T BAOJINOS 6
anINs
duljuo ‘a1es asuodsal
(z8%7) %L°€6 ‘looyds
L 07s'TlL 89 SLFI6L YN SW OU/S3A (rros) 61 wLT 4N [P2Ip3W e JO SSW 0ZE  LZ0T Aueniged elpul 1207 yeys  gg
2I0DS  ,S95ED (%) U  (B)UIoaSFW (%) 9dA| uonuajul uoneuIeA (%) u u ‘azls poyiaw bumes pousd £1nuno) Jeak  Joyine sy ‘ON
Aujend 6l CIEEN 3by dueydadndy 61-AINOD ‘uonuajul  3jdwes Buidwes pue syueddiyed Apnig Aamng paysiignd
-dINn0D auIdeA JO JUBWIAINSEI| UOIBUIDIRA
mau 61-QINOD
Ajrea

“(panunRuOD) °| 3|qe]



10 J. CHOI AND J. G. RYU

o

Study ES (95% CI) Weight
NS :
Alshehry (2022) * | 0.56 (0.53, 0.59) 207
Fontenot (2021) L o* 0.84 (0.81, 0.86) 2,06
Gautier (2022} — 0.63 (0.56, 0.70) 2.02
Gotlib (2021) —— : 0.42 {0.35, 0.50) 2.02
Han (2021) | - 0.83 {0.76, 0.88) 202
Hosek (2022) : 0.71 (0.65, 0.77) 2,03
Jiang (2021) . 0.83 (0.81, 0.85) 207
Le (2022) | - 0.79 (0.73, 0.84) 2.03
Li (2021) * 0.60 {0.57, 0.62) 207
Manning (2021) &*> | 0.45 (0.42, 0.48) 207
Mase (2022) —— : 0.41 (0.33, 0.50) 2,00
Rosental (2021) | - 0.76 (0.71, 0.81) 2.04
Saied (2021) —— : 0.47 (0.42, 0.53) 2.04
Zhou (2021) * 0.52 (0.49, 0.55) 207
Subtotal (12 = 98.52%, p = 0.00) <} 0.64 (0.55, 0.72) 28.61

I
Mms i
Al Janabi (2021) e : 0.45 (0.38, 0.52) 2.03
Bolatov (2021) Y i 0.23 (0.20, 0.26) 2.06
Chaves (2021) T 0.84 (0.79, 0.88) 2,04
Gala (2022) | - 0.80 (0.75, 0.85) 203
Gautier (2022} : -+ 0.84 (0.80, 0.87) 2,05
Grochowska (2021) —— 0.71 {0.65, 0.76) 2.04
Hosek (2022) I #  0090(0.87,093) 2.05
Jain (2021) -'0- 0.70 (0.65, 0.75) 205
Katz (2021) I —#  0.91(0.84, 0.95) 1,99
Kausar (2021) : - 0.83 (0.79, 0.87) 2,05
Kaya (2021) - 0.60 {0.57, 0.64) 2.06
Kelekar (2021) : —— 0.77 (0.70, 0.83) 202
Le An (2021) | - 0.77 (0.72, 0.81) 2,05
Lindner-Pawlowic (2022) | - 0.77 (0.72, 0.81) 2,05
Lo Moro (2022) : # 0.93(0.92 0.95) 2.06
Lueia (2021) —— 0.75 {0.68, 0.81) 2.02
Mahdi (2021) < : 0.14 (0.12,0.17) 2,06
Malygin (2021) —— i 0.23 (0.17, 0.31) 2.01
Mayan (2021} : # 0.93(0.92 0.94) 207
Mose (2022) —— ! 0.40 (0.32, 0.49) 2.00
Mubarak (2022) : — 0.88 {0.82, 0.92) 203
Nguyen (2021) e 0.81 (0.76, 0.86) 2,03
Pastorine (2021) ! - 0.93 (0.89, 0.95) 204
Raja (2022} - 0.56 (0.49, 0.62) 2.03
Rosental (2021) I - 0.88 (0.84, 0.91) 2.05
Saied (2021) E : 0.35 (0.32, 0.37) 207
Shah (2021) — 0.70 (0.65, 0.76) 2,04
Sovicova (2021) : - 0.87 (0.83, 0.90) 2,05
Szmyd (2021) ' #  0.92(0.90,0.94) 2.06
Subtotal (12 = 99.42%, p = 0.00) -:F}- 0.72 (0.61, 0.82) 59.18

I
ns I
Hosek (2022) | —— 0.81(0.72, 0.88) 1,98
Kateeb (2021) - 0.58 {0.53, 0.62) 2.05
Kelekar (2021) - | 0.55 (0.49, 0.61) 2.04
Mascarenhas (2021) - 0.56 (0.49, 0.62) 2,04
Riad (2021} . 0.64 (0.62, 0.65) 207
Saied (2021) - ' 0.28 (0.23, 0.34) 2.04
Subtotal (12 = 96.91%, p = 0.00) {}-: 0.57 {0.46, 0.67) 12.22
Heterogeneity between groups: p = 0.128 :
Overall (12 = 99.21%, p = 0.00); < 0.68 (0.62, 0.74) 100,00

l

T I T T I
1] 25 ) T3 1
Proportion

Figure 2. Forest-plot of COVID-19 vaccination intention of nursing, medical, and dental students (output generated by the Stata procedure metaprop, random effect
model) (NS = nursing students; MS = medical student; DS = dental student; COVID-19 = coronavirus disease 2019).
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Figure 3. Subgroup analysis of COVID-19 vaccination intention of nursing, medical, dental students by study characteristics, socio-economic status, and daily new
COVID-19 cases.

Table 2. Univariate & multivariate meta-regression analysis of COVID-19 vaccination intention among nursing and medical students by study characteristics, socio-

economic status, and COVID-19 daily new cases.

Total NS MS
Univariate Multivariate Univariate Multivariate Univariate Multivariate
Variables OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Concurrent Intention only 1.33 (1.12-1.57)** 1.21 (1.04-1.40)* 1.14 (0.88-1.49) 1.14 (0.77-1.69)  1.48 (1.19-1.83)** 1.28 (1.04-1.58)*
survey Acceptance + Reference
Intention
Year of data 2021 0.89 (0.79-1.00) 1.06 (0.95-1.19) 0.96 (0.78-1.17)  1.03 (0.76-1.36)  0.85 (0.71-1.02) 1.04 (0.88-1.24)
collection 2020 Reference
Region America 1.30 (0.98-1.72) 1.19 (0.90-1.58) 1.19 (0.83-1.98)  1.20 (0.56-2.60)  1.35 (0.91-2.01) 1.17 (0.78-1.71)
South-East Asia &  1.32 (0.99-1.76) 1.42 (1.16-1.81)** 1.34 (0.89-2.04) 1.38 (0.80-2.36) 1.33 (0.88-2.01) 1.36 (0.95-1.94)
Western Pacific
Europe & Eastern 1.19 (0.91-1.55) 1.11 (0.87-1.40) 1.17 (0.77-1.78)  1.11 (0.61-2.02)  1.22 (0.83-1.77) 1.12 (0.81-1.55)
Mediterranean
Africa Reference
Country High 1.24 (1.11-1.39)***  1.32 (1.16-1.49)***  1.04 (0.86-1.26) 1.15 (0.81-1.65)  1.36 (1.17-1.57)***  1.34 (1.14-1.59)**
income Low & middle Reference
Daily new >10,000 1.07 (0.94-1.21) 0.92 (0.81-1.04) 0.97 (0.80-1.19)  0.94 (0.59-1.51)  1.07 (0.87-1.31) 0.93 (0.86-1.72)
COovID-19 <10,000 Reference
cases
Discipline MS 1.15 (0.87-1.32) 1.09 (0.90-1.31)
NS 1.07 (0.86-1.32) 1.24 (1.04-1.47)*
DS Reference

NS = nursing student; MS = medical student; DS = dental student; OR = odds ratio; C| = confidence interval; COVID-19 = coronavirus disease 2019.
*<.05; ¥*<.01; ***<.,001.

problem. The increase by 7.31% points for DS (accounting
for 13.04% of the initial pooled proportion) and 1.40%
points for NS (2.22%) after missing-value imputation, indi-
cated the absence of publication bias.”* Egger’s test for NS,
MS, and DS showed no publication bias (p=.917, p =.604,
p =.330, respectively).

among NS, MS, and DS. Forty-one studies were eligible for inclu-
sion and 29,563 participants were included in this meta-analysis.
In particular, we assessed the estimated pooled proportion by
health science discipline (nursing, medicine, and dentistry) and
conducted subgroup analysis (sample size, year of data collection,
study quality, region, country income, daily new COVID-19 cases
during the study period), meta-regression, and tested for publica-
tion bias using various methods (funnel plot, trim-and-fill, and
Egger’s test) owing to considerable heterogeneity.

In our study, the pooled proportion of VI for COVID-19
was estimated to be of moderate level (68.11%), which was

Discussion

This systematic review and meta-regression analysis was con-
ducted to evaluate COVID-19 VI and the factors influencing it
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Figure 4. Leave-one-out method in sensitivity analysis. The three vertical dotted lines denote the pooled random effect of prevalence of vaccination intention among
nursing, medical, and dental students. The horizontal lines and the circles indicate the pooled effect size and 95% Cls applying the leave-one-out-method.

higher than that of Swiss university students (49%) in
January 2021,” similar to that of German students (67.8%)
from June to August 2021,”° and lower than that of Italian
students (81.5%)° from June to July 2020 during the lockdown
in Italy. Healthcare students such as NS, MS, and DS were
reported to have a 2.75 times higher intention than non-health
science students."* Higher trust in the efficacy and safety of the
COVID-19 vaccine was observed among healthcare students
compared to non-healthcare students,”” which would have
contributed to their willingness and intention to receive the
COVID-19 vaccine.’”’®7® As future HCW, healthcare stu-
dents tend to express more collective responsibility than
non-healthcare students, which may result in them being
more willing to be vaccinated against COVID-19 to protect
their families or the public.””” Wismans et al.>> explained
students’ VI for COVID-19 using a 5C model consisting of
five constructs: confidence, calculation, complacency, con-
straints, and collective responsibility, in which confidence
and collective responsibility were mediating factors in the
relationship between VI and preconditions (perceived effec-
tiveness, perceived risk, trust in government and health autho-
rities, altruism, and need to belong). Confidence refers to the
trust in the efficacy and safety of vaccines and the system that
delivers it, and collective responsibility is defined as the will-
ingness to protect others by one’s vaccination.”>*” These were
found to be related to the willingness to accept to be vaccinated
among university students.*’

The pooled proportion (68.11%) of VI for COVID-19 of
healthcare students was lower than that (77.3%) of HCW
reported in the meta-analysis.*' In one study,”" physicians had
the highest VIlevel (83.6%) followed by nurses (77.4%). Another
study found the pooled prevalence of VI for COVID-19 among
dental professionals to be significantly higher (81.1%)."?

In the subgroup analysis, the level of VI for COVID-19 was
the highest in the MS (72.30%) group, followed by the NS
(63.85%) and DS (56.71%) groups, although this difference
was not statistically significant. This finding aligns with the
levels reported for MS (74%) and NS (60%), but not the level
reported for DS (60%), in a previous meta-analysis study.'* It
was similar to the results of a previous study presenting high
VI levels (73.1%) among physicians compared to nurses
(22.2%).”" In general, MS have the highest level of knowledge,
trust, and confidence in vaccine efficacy and safety against
COVID-19 among health science students, similar to
physicians.'*?"**1"%* Disagreement with beliefs stemming
from conspiracy theories regarding COVID-19 was reported
to be related to COVID-19 vaccination acceptance among
MS.*" Belief in conspiracy theories was associated with high
anxiety about COVID-19, leading to a low willingness to be
vaccinated against COVID-19.% Using a conceptual model
constructed by a Canadian research group, belief in conspiracy
theories was found to share similarity with denialism typically
advocated by anti-vaccination activists in the domain of com-
munication and media."'
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Figure 5. Funnel plot for prevalence of vaccination intention. The upper three display funnel plots by nursing, medical, dental students. The lower three show the non-
parametric trim and fill analysis of publication bias. The gray lines are pseudo 95% confidence limits. The x-axis represents the prevalence of vaccination intention,

while the y-axis points the standard error of prevalence.

In the multivariate meta-regression, surprisingly, the level
of VI for COVID-19 of NS was higher than that of DS; how-
ever, that of MS was not different from that of DS, even though
the level of VI for COVID-19 of NS, MS, and DS did not differ
in the univariate meta-regression. These results were obtained
after controlling for presumed confounding or influencing
factors such as the year of data collection, region, country
income, daily new COVID-19 cases, and concurrent surveys
of intention and acceptance. This suggests that the influencing
factors should be considered concurrently when assessing the
level of VI among health science students."* It was not antici-
pated that DS would have a low level of VI for COVID-19,
although dental practitioners were reported to have a high
level (81.1%) of VI for COVID-19 in the meta-analysis."?
This result was similar to that of a study on influenza, which
showed that NS had a 4.75 times higher intention than DS.*
DS had a reduced risk perception of COVID-19*® and pre-
sented a lack of trust in health authorities and the safety of the
vaccine®”? This result was also similar to those of previous
studies for papillomavirus,®”*® reporting the lowest knowledge
related to lower vaccine uptake among DS. Since the dental
procedures can generate considerable amounts of aerosols
leading to a high risk of exposure to pathogens,'® the educa-
tional programs should be developed to improve the knowl-
edge and the positive perception toward health authorities and
vaccine safety against COVID-19 in DS during their clinical
training courses.®® It was also unexpected that the pooled
proportion of VI for COVID-19 of MS did not significantly
differ from that of DS. This finding may be attributed to
several factors, including the high heterogeneity (99.42%),

the issue of publication bias and widely ranging levels of VI
(13.33-93.35%) for COVID-19 among MS.

In the multivariate meta-regression, factors such as region,
country income, and concurrent surveys of acceptance and
intention were found to impact VI for COVID-19 among
MS, NS, and DS. For MS in particular, high-income countries,
South-East Asia and Western Pacific area, and concurrent
surveys on acceptance and intention were identified as related
factors, presenting that those located in high-income countries
and those located in South-East Asia and Western Pacific
exhibited better VI. These findings align with the highest
vaccine acceptance rate in the South-East Asia (94.3% for
HCW and 93.3% for the general population), in a previous
meta-analysis.*” In high-income countries, people seemed less
concerned about vaccine effectiveness and safety, displaying
high confidence in the COVID-19 vaccine.”® Similarly, the
high VI observed in South-East Asia could be attributed to
the region being among the first hit by the COVID-19
pandemic,®” leading to strong confidence in vaccine safety
and effectiveness.”!

Regarding MS, regional disproportions may have contrib-
uted to the fact that country income and concurrent surveys of
acceptance and intention affected VI. Nearly 17 out of 29
(60%) studies for MS were conducted in high income coun-
tries, and 25 (86%) studies surveyed intention only, showing
an estimated pooled prevalence with an extremely narrow 95%
confidence interval of pooled prevalence in the subgroup ana-
lysis (Figure 3). While Egger’s test did not demonstrate
a publication bias for MS, the funnel plot was empty on the
left side of the vertical line, indicating a scarcity of studies
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focusing on the low level of VI for COVID-19 (Figure 5).
These results imply that studies on MS are predominantly
conducted in areas of high COVID-19 VI, and studies on
healthcare students primarily centered around MS and indi-
cated a high interest in high-income countries.

In our study, VI was low in the case of concurrent survey
acceptance and intention compared to surveys focused solely
on intention. These findings support the two global meta-
analyses targeting the general population, revealing decreased
VI over time and following the approval of the COVID-19
vaccine.”>” A study” conducted in the USA has shown that
VI has decreased rapidly between April 2020 (71%) and
October 2020 (53.6%), with the public concerns over the safety
of vaccine potentially contributing to the decline in VI
Therefore, addressing public acceptability, trust, and concerns
regarding vaccine safety and benefits becomes crucial.”

The unprecedented rapid pace of the COVID-19 vaccine
development and distribution during the ongoing pandemic”
had led to socioeconomic and geographical inequities in secur-
ing sufficient doses of the vaccine.”® The first emergency use of
the Pfizer COVID-19 vaccine took place on December 31,
2020, followed by the Astra-Zeneca vaccine on February 16,
2021, Johnson & Johnson on March 12, 2021, and Moderna on
April 30, 2021.°7*® To overcome socioeconomic and geogra-
phical inequities, COVAX, coordinated by the WHO, Gavi:
The Vaccine Alliance, and the Coalition for Epidemic
Preparedness Innovations, aims to support the development
of the COVID-19 vaccine and negotiate pricing to benefit low-
and middle-income countries.” These findings highlight the
importance of global health authorities working toward emer-
gency preparedness for potential future pandemics while
implementing strategies to mitigate geographical and socio-
economic inequities in vaccine distribution.®

Despite its strengths, this study also has certain limitations.
First, we investigated studies that focused on VI rather than
acceptance rate. Consequently, we did not analyze studies on
vaccine acceptance or its influencing factors. Our research
aimed to reveal the VI of healthcare students as a predictor
and mediator of vaccination behavior when a novel vaccine
was introduced during the future pandemic. Second, a high
overall heterogeneity was observed, and despite conducting
subgroup analyses and meta-regression, the origin of hetero-
geneity remains unidentified. Future research should explore
more variables that affect VI to mitigate heterogeneity. Third,
we did not consider various pandemic situations such as out-
break waves and the timing of vaccine introduction. Instead,
we considered daily new COVID-19 cases in our analysis as
a confounding factor. Future research should incorporate
these factors, as well as other influencing, controlling, and
confounding variables to assess VI, more comprehensively.

Conclusion

The level of VI for COVID-19 among NS, MS, and DS varied
widely in various studies, but the pooled level of VI was highest
in MS, followed by NS and DS. The pooled level of VI for NS
was significantly higher than that of DS, but that of MS was
not. MS in high-income countries displayed a higher VI com-
pared to those in low- and middle-income countries.

Moreover, MS from South-East and Western Pacific exhibit
higher VI when compared to their African counterparts. Our
findings provide confirmative information for healthcare pro-
fessionals and vaccine policy-makers. We suggest that an
increased effort is needed to improve the level of VI of DS
globally, and of MS outside of high-income countries. As the
VI was affected by a number of factors, multifaceted and
multivariate analysis is recommended to investigate the rele-
vant factors. Finally, we suggest conducting further research
that compare the levels of VI and uptake rate among health-
care students, and explore the factors which influence the level
of VI and uptake rate.
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