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REVIEW

COVID-19 vaccination intention among nursing, medical, and dental students: 
A systematic review and meta-regression analysis
Jongrim Choi a and Jae Geum Ryu b

aCollege of Nursing, Keimyung University, Daegu, Republic of Korea; bCollege of Nursing, Chodang University, Muan, Republic of Korea

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%). 
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.
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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.1–4 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,5 especially for urgent pan-
demic vaccine development, distribution, and vaccination.6 

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.7

Vaccination intention (VI) has been reported to be strongly 
related to actual vaccine uptake.8 Regarding COVID-19 vac-
cine uptake, VI predicted future COVID-19 vaccine uptake, 
with a mediation effect between predisposing factors and vac-
cine uptake.9 Notwithstanding this finding, COVID-19 vac-
cine coverage varies greatly across continents and countries 
from 8% to 70%.10,11 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 studies12,13 have 
previously investigated VI simultaneously among MS, NS, and 
DS. In 2022, Geng et al.14 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.15 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 NS16,17 and DS12,13 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.14,18–23 In 2023, Yenew et al.24 conducted 
a systematic review and meta-analysis based on the health 
belief model,24 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.25 In a qualitative study conducted in 2023, Ngaybe et al.26 

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.12 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 
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a role in teaching and recommending that patients receive 
vaccines against infectious diseases.14–16 Particularly, NS are 
destined to work in direct and close contact with infectious 
patients during their nursing practice.13 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.21 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.15

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”).27 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).21

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 
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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.28 Socioeconomic data were also collected regard-
ing country, income, and region classified from the World 
Bank group.29 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.30

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.31,32 

Heterogeneity was tested using an I2 statistic (high heteroge-
neity when it was over 75%).33,34 Subgroup analysis and meta- 
regression (conducted when the number of studies was over 
10) were conducted to investigate the heterogeneity.35 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).34

Results

Identification and selection of studies

The literature screening process was conducted according to the 
PRISMA 2020 statement36 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 

continents; 2 in Africa,37,38 10 in America,13,39–47 18 in Europe 
and Eastern Mediterranean,12,16,48–63 and 10 in South-East Asia 
and Western Pacific.17,64–72 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 I2 = 99.21%, p < .001). The pooled percentage of 
having VI was 63.85% for NS (95% CI = 55.02 ~ 72.24, hetero-
geneity I2 = 98.52%, p < .001), 72.30% for MS (95% CI = 61.47 ~  
81.95, heterogeneity I2 = 99.42%, p < .001), and 56.71% for DS 
(95% CI = 45.88 ~ 67.23, heterogeneity I2 = 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 (≥1,000 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 
(≥10,000 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).35 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% CI: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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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,50 tenth,45 and thirteenth 
studies12 were omitted. For MS, the pooled proportion increased 
by 1% points, if the third,49 sixteenth,57 and seventeenth58 were 
omitted. For DS, the pooled proportion increased by 5% points 
if the sixth12 study was omitted. Pooled proportion decreased by 
2% points if three low-quality studies40,44,73 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 

Figure 1. Flow chart depicting the literature screening process according to PRISMA 2020 statement.
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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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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.74 Egger’s test for NS, 
MS, and DS showed no publication bias (p = .917, p = .604, 
p = .330, respectively).

Discussion

This systematic review and meta-regression analysis was con-
ducted to evaluate COVID-19 VI and the factors influencing it 

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 

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.

Variables

Total NS MS

Univariate Multivariate Univariate Multivariate Univariate Multivariate
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Concurrent 
survey

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)*
Acceptance +  

Intention
Reference

Year of data 
collection

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)
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 & 

Western Pacific
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)

Europe & Eastern 
Mediterranean

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)

Africa Reference
Country 

income
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)**
Low & middle Reference

Daily new 
COVID-19 
cases

≥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)
<10,000 Reference

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; CI = confidence interval; COVID-19 = coronavirus disease 2019. 
*<.05; **<.01; ***<.001.

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.
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higher than that of Swiss university students (49%) in 
January 2021,75 similar to that of German students (67.8%) 
from June to August 2021,76 and lower than that of Italian 
students (81.5%)60 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.14 Higher trust in the efficacy and safety of the 
COVID-19 vaccine was observed among healthcare students 
compared to non-healthcare students,77 which would have 
contributed to their willingness and intention to receive the 
COVID-19 vaccine.51,76,78 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.75,79 Wismans et al.25 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.25,80 These were 
found to be related to the willingness to accept to be vaccinated 
among university students.60

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.21 In one study,21 physicians had 
the highest VI level (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%).15

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.14 It 
was similar to the results of a previous study presenting high 
VI levels (73.1%) among physicians compared to nurses 
(22.2%).51 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.14,21,39,81–84 Disagreement with beliefs stemming 
from conspiracy theories regarding COVID-19 was reported 
to be related to COVID-19 vaccination acceptance among 
MS.81 Belief in conspiracy theories was associated with high 
anxiety about COVID-19, leading to a low willingness to be 
vaccinated against COVID-19.85 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.11

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% CIs applying the leave-one-out-method.
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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.14 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.15 

This result was similar to that of a study on influenza, which 
showed that NS had a 4.75 times higher intention than DS.86 

DS had a reduced risk perception of COVID-1946 and pre-
sented a lack of trust in health authorities and the safety of the 
vaccine52,73 This result was also similar to those of previous 
studies for papillomavirus,87,88 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,15 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.86 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.89 In high-income countries, people seemed less 
concerned about vaccine effectiveness and safety, displaying 
high confidence in the COVID-19 vaccine.90 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,89 leading to strong confidence in vaccine safety 
and effectiveness.91

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 

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.
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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.92,93 A study94 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.93

The unprecedented rapid pace of the COVID-19 vaccine 
development and distribution during the ongoing pandemic95 

had led to socioeconomic and geographical inequities in secur-
ing sufficient doses of the vaccine.96 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, 2021.97,98 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.99 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.6

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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