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ABSTRACT
[bookmark: _Hlk76997553]The coronavirus disease 2019 (COVID-19) has been shown to have more severe health outcomes in older people specifically in relation to mortality and disability. Vaccination seems to be efficacious and safe for preventing the negative consequences of COVID-19, but vaccine hesitancy seems to be high also in older adults. We therefore aimed to investigate the prevalence of unwillingness and the uncertainty to vaccinate against COVID-19 in older people and the factors that can be associated with the unwillingness to vaccinate. For this work, we searched several databases until 18th June 2021 for studies reporting the prevalence of unwillingness and the uncertainty to vaccinate against COVID-19 in people aged > 60 years. A meta-analysis of the prevalence, with the correspondent 95% confidence intervals (CIs), was proposed. Factors that can be associated with the unwillingness to vaccinate against COVID-19 were explored through multivariable analyses and reported as odds ratios (ORs). Among 662 papers initially screened, we included 15 studies for a total of 9,753 older adults. The prevalence of unwillingness to vaccinate against COVID-19 in older people was 27.03% (95%CI: 15.10-38.95%), whilst the correspondent figure of uncertainty was 19.33% (95%CI: 12.28-26.39). The risk of being unvaccinated was significantly higher in Hispanics (OR=1.197; 95%CI: 1.010-1.418) and in case of low education (OR=1.678; 95%CI: 1.170-2.408) and low income (OR=1.287; 95%CI: 1.127-1.469). In conclusion, the hesitancy for COVID-19 vaccination is a relevant problem in older people, particularly in those with a low income, a low level of education, and in Hispanics living in the United States.
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INTRODUCTION
In March 2020, the World Health Organization (WHO) declared the coronavirus disease 2019 (COVID-19) outbreak a global pandemic.(Jebril, 2020) During 2020, more than 83 million people were affected by COVID-19, with approximately two million associated deaths.(Organization, 2021) It could be hypothesised that COVID-19 is a geriatric syndrome since epidemiological data have clearly indicated that the mortality rates are extremely high in older persons and that the prevalence of COVID-19 is more elevated in older compared to younger persons.(Onder et al., 2020) Moreover, in settings dedicated to the older people, such as nursing homes, the highest mortality rate has been observed.(Veronese and Barbagallo, 2021) 

However, vaccine acceptance in the general population is associated with several factors, such as the perceived risk of an infection and concern regarding its side effects. For example, studies on the uptake of seasonal flu vaccination have shown that the perceived risk of getting flu and belief in the efficacy of the vaccine are the main drivers towards vaccine acceptance whilst fear of adverse effects is the main deterrent.(Troiano and Nardi, 2021) In the United States, as of May 2021, the Centers for Disease Control and Prevention (CDC) reported 84.0% of adults 65 and older have received at least their first COVID-19 vaccine dose and 71.9% have been fully vaccinated, but the rates of fully vaccinated older adults significantly vary across states, from 57.6% in Utah to 87.0% in Vermont.(Coustasse et al., 2021) Since the effectiveness of a vaccination program is also dependent on wide vaccine uptake particularly in people that can be more compromised, it is important to understand the prevalence and the  various factors that may modify an older person’s willingness to get vaccinated in order to establish effective public health strategies during a pandemic. 

Given this background, we aimed to investigate the prevalence of unwillingness and the uncertainty to vaccinate against COVID-19 in older people and the factors that can affect the unwillingness to vaccinate.

METHODS
This systematic review adhered to the PRISMA statement (Liberati et al., 2009) and followed a pre-planned, but unpublished protocol that can be requested by contacting the corresponding author. 

Data sources and Searches
Two investigators (NV and CS) independently conducted a literature search using several databases without language restriction, until 18th June 2021, with the following keywords for Pubmed: “(vaccin* or immunis* or immuniz*) AND (anxiety or attitude* or awareness or behavior or behaviour or belief* or criticis* or doubt* or distrust or dropout* or exemption* or fear* or hesitanc* or trust or mistrust or perception* or refus or rejection or rumor* or intent* or controvers* or misconception* or misinformation or opposition or delay or dilemma* or objector* or uptake or barrier* or choice* or mandatory or compulsory or concern* or accepta* or anti-vaccin* or antivaccin*) AND ("covid 19"[MeSH Terms] OR "covid 19"[All Fields] OR "covid19"[All Fields] OR "covid 19"[All Fields] OR "covid 19"[MeSH Terms] OR "covid 19 vaccines"[All Fields] OR "covid 19 vaccines"[MeSH Terms] OR "covid 19 serotherapy"[All Fields] OR "covid 19 serotherapy"[Supplementary Concept] OR "covid 19 nucleic acid testing"[All Fields] OR "covid 19 nucleic acid testing"[MeSH Terms] OR "covid 19 serological testing"[All Fields] OR "covid 19 serological testing"[MeSH Terms] OR "covid 19 testing"[All Fields] OR "covid 19 testing"[MeSH Terms] OR "sars cov 2"[All Fields] OR "sars cov 2"[MeSH Terms] OR "severe acute respiratory syndrome coronavirus 2"[All Fields] OR "ncov"[All Fields] OR "2019 ncov"[All Fields] OR "coronavirus"[MeSH Terms] OR "coronavirus"[All Fields] OR "cov"[All Fields]) AND (older* OR elderly OR older adult OR aged)”. The searches for the single database are reported in Supplementary Table 1. Any inconsistencies were resolved by consensus, with a third author (JD). 



Study selection
[bookmark: _Hlk79405131]Inclusion criteria for this meta-analysis were: (i) made in older adults (age > 60 years); (ii) reporting data on COVID-19 vaccination hesitancy. Studies were excluded if: (i) did not include humans; (ii) were conference abstracts.

Data extraction
Two independent investigators (NV and CS) extracted key data from the included articles in a standardized Excel spread sheet and a third independent investigator (MB) checked these data for the accuracy. For each article, we extracted data on authors, year of publication, country, the outcomes of interest and the data regarding multivariable analysis, taking unwillingness to get vaccinated or uncertainty as the outcome. 
After verifying that the possible eligible article contains at least one part of older people, if specific data regarding COVID-19 vaccine hesitancy in older people were not reported in the original studies or other data were missing, first and/or corresponding authors of the original article were contacted once, given approximately 4 weeks to respond for obtaining unpublished data and additional elaborations.

Outcomes
[bookmark: _Hlk79407620]The primary outcome of our investigation was to explore the prevalence of vaccine hesitancy against COVID-19 in older people, defined by the World Health Organization Strategic Advisory Group of Experts (WHO SAGE) working group as the “delay of acceptance or refusal of vaccination despite availability of vaccination services”. (Domek et al., 2018) Vaccine hesitancy was explored using as estimates the prevalence of unwillingness and the uncertainty to vaccinate.

Data synthesis and analysis
All analyses were performed using STATA version 14.0 (StataCorp). 
The primary analysis reported the prevalence of unwillingness and the uncertainty to vaccinate against COVID-19 in older people (in percentage) with their 95% confidence intervals (CIs), applying a random-effect model. (DerSimonian and Laird, 1986) Heterogeneity across studies was assessed by the I2 metric and χ2 statistics, taking an I2 ⩾50% (p<0.05) as a significant heterogeneity. 

Publication bias was assessed by visually inspecting funnel plots and using the Egger bias test.(Egger et al., 1997) Then, in case of publication bias, the trim-and-fill method was used, based on the assumption that the effect sizes of all the studies are normally distributed around the center of a funnel plot; in the event of asymmetries, it adjusts for the potential effect of unpublished (trimmed) studies.(Duval and Tweedie, 2000)

[bookmark: _Hlk79404146]Moreover, we investigated factors associated with the unwillingness to vaccinate against COVID-19 in older people. To achieve this, analyses were conducted by the research team (in the case of freely accessible data) or the corresponding authors of the included articles were contacted. Since data from multivariable analyses already run in the original studies are the most appropriate for determining factors associated with the outcome of interest (i.e., the unwillingness to vaccinate against COVID-19), we took for every study having these data the most adjusted model and we extracted the ORs for common factors across the studies. In this way, we analyzed several factors potentially associated to the unwillingness to vaccinate, such as presence of any comorbidity, women (vs. men), Hispanic and black ethnicity (vs. whites), low education, low income, rural area, being married and being employed. 

For all analyses, a p-value less than 0.05 was considered statistically significant.


RESULTS
Search results
Supplementary figure 1 shows the PRISMA flow-chart. Overall, among 662 papers initially included, we reviewed the full texts of 29 articles. Of them, 15 were eligible (Abedin et al., 2021; Al-Qerem and Jarab, 2021; Alqudeimat et al., 2021; Bogart et al., 2021; Daly and Robinson, 2020; Gagneux-Brunon et al., 2021; Kourlaba et al., 2021; Latkin et al., 2021; Lazarus et al., 2020; Machida et al., 2021; Malesza and Wittmann, 2021; Oliveira et al., 2021; Petravic et al., 2021; Salmon et al., 2021; Yoda and Katsuyama, 2021), whilst other 14 were excluded mainly because data regarding older people were not reported (n=12) (full list of references in Supplementary Table 2). 

Study and patient characteristics
Supplementary Table 3 reports the main descriptive findings of the studies included. Overall, the 15 independent studies gave a total sample size of 9,753 older people, with five studies carried out in Europe, five in Asia and five in North/South America.

Prevalence of unwillingness and uncertainty to vaccinate against COVID-19 in older people
Figure 1 reports the prevalence of the unwillingness to vaccinate against COVID-19 in older people. Overall, the prevalence was 27.03% (95%CI: 15.10-38.95%) with a range between 6.01% (95%CI: 4.52-7.81) to 79.88% (95%CI: 77.68-81.97), across the 15 studies included. This outcome was characterized by a high heterogeneity (I2=99.6%), but not by publication bias (Egger’s test=1.77± 8.59; p=0.84). The prevalence was similar across the continents (p for the interaction=0.83).

A similar analysis was run for the prevalence of uncertainty to vaccinate against COVID-19. For this outcome, the overall prevalence was 19.33% (95%CI: 12.28-26.39) (Figure 2), with data from nine different studies. The prevalence of the uncertainty ranged from 5.98% to 32.95%. This outcome was characterized by a high heterogeneity (I2=97.6%) and a marginal statistically significant publication bias (Egger’s test=6.76± 2.84; p=0.052). After trimming two studies at the left of the mean, the re-calculated prevalence was 16.3% (95%CI: 10.1-22.6%).  The prevalence of uncertainty to vaccinate against COVID-19 was significantly higher in American countries (25.57%; 95%CI: 15.86-35.28) compared to Europe (11.62%; 95%CI: 6.07-17.18) (p for interaction=0.001). 

Factors associated with the unwillingness to vaccinate against COVID-19 in older people
Table 1 shows factors associated with the unwillingness to vaccinate against COVID-19 derived from the multivariable analyses available in eight studies.(Abedin et al., 2021; Alqudeimat et al., 2021; Daly and Robinson, 2020; Latkin et al., 2021; Machida et al., 2021; Oliveira et al., 2021; Petravic et al., 2021; Yoda and Katsuyama, 2021) Overall, in multivariable analyses, Hispanic people in North American studies were more likely not to get vaccinated than the other ethnicities (n=2 studies; OR=1.197; 95%CI: 1.010-1.418; p=0.038; I2=0%), as well as those with a lower level of education (compared with higher level of education) (n=4 studies; OR=1.678; 95%CI: 1.170-2.408; p=0.005; I2=52.3%) and those with less wealth (compared to higher levels) (n=2 studies; OR=1.287; 95%CI: 1.127-1.469; p<0.0001; I2=0%). 



DISCUSSION
In this systematic review and meta-analysis including 9,753 older people from different continents, we found that (i) the prevalence of unwillingness to vaccinate affects 27.03% older adults and (ii) that about 19.33% of older adults are undecided on whether to be vaccinated or not. Moreover, the risk of being unvaccinated was significantly higher in Hispanics and in case of low education and low income. 

The present meta-analysis suggests that a consistent part of older people included will not or is undecided whether to get the vaccination against COVID-19, indicating that it is important to encourage and promote vaccination to older people. 

We believe that the findings of our meta-analysis in relation to vaccine hesitancy may be justified through several explanations. First, scare mongering on social media has played a role in determining the high hesitancy rate among older people for uptake of the COVID-19 vaccination.(Malik et al., 2020) However, it should be noted that the role of social media in determining vaccine hesitancy in older people is probably limited.(Puri et al., 2020) Second, as shown in some studies included in this systematic review and meta-analysis, the risk of side effects and the fear of death are among the most important barriers for vaccination in older people. Since 2021, high awareness to side effects was present among older persons, it is therefore possible that this factor could have negatively affected the propensity of older people to get vaccinated. 

Moreover, our work indicates that low socio-economic status (SES), represented by low educational level and low income, is an important risk factor of unwillingness to get the COVID-19 vaccination in older people. Of importance, some studies have reported that before the availability of these vaccines, low SES was an independent risk factor for hospitalization, due to severe forms of COVID-19.(Hawkins et al., 2020) At the same time, these people seem to be afraid of getting vaccination. One possible explanation is reported using the 3C model (confidence, complacency, convenience) that, briefly, indicates that the attitude of people in getting vaccinated is determined not only by the confidence (e.g., the vaccination is safe), but also by complacency (e.g., the role of COVID-19 on quality of life) and convenience (e.g., to have the vaccination against COVID-19 is physically difficult). (Domek et al., 2018) In this regard, people with low SES may have a limited access   to correct information about the role of vaccines in preventing the disease. To the contrary, people with higher educational achievement were less likely to be vaccine hesitant because of better education and access to health services. Another possible problem could be the trust issue, i.e. fear of betrayal, abandonment, and manipulation that is particularly present in people with low SES.(Holt, 2008) At the same time, it is also possible that low income may prevent vaccination via other avenues in addition to hesitancy such as via lower accessibility to transportation or that caregivers have less free time for bringing older people to vaccinations’ points. (Bertoncello et al., 2020) 

Finally, even if limited to only two studies carried out in the U.S,. our meta-analysis indicated that Hispanic people do not want to be vaccinated against COVID-19, compared to Caucasians. In support data reported by the Centers for Disease Control and Prevention (CDC), showed that the prevalence rate of Hispanic people vaccinated is among the lowest.(Hughes et al., 2021) A high rate of hesitancy and a low prevalence of vaccination may be explained via several reasons. First, a higher confluence of factors associated with COVID-19 vaccination hesitancy in Hispanics (e.g., lower education with a consequent higher ​vulnerability to myths and misinformation; lower income often indicating a ​greater perceived barriers for obtaining COVID-19 vaccines; and higher personal experience of discrimination ​often associated with a ​greater medical mistrust) could be present. (Khubchandani and Macias, 2021) Moreover, some recent documents have also indicated that minority-dominated socially deprived communities in the U.S. were not receiving adequate resources for COVID-19 vaccines or had lower coverage. In this sense, lower allocation is another issues present in Hispanic people that may decrease mass vaccination with COVID-19 vaccines and increase vaccine hesitancy.(Khubchandani and Macias, 2021) At the same time, we believe that COVID-19 vaccination hesitancy in Hispanics should not be considered as impossible to overcome and specific interventions for these people (e.g., material written in Spanish rather than in English) should be prepared, with a particular attention to older people and their necessities. However, these findings can be applied only in an U.S. context, whilst the generalization of these findings in other contexts is practically impossible. 

We believe that our findings could be important in order to conduct empirical studies in areas with high vaccine unwillingness for better understanding the specific barriers present and, finally for developing tailored interventions for older persons. First, correct education regarding COVID-19 vaccination is an essential step. This intervention could be implemented using accessible and culturally adequate information, and trusted sources specific for older adults. Second, it seems mandatory to reach caregivers and social and health professionals involved in the care of older people, who are in the position of being advocates of vaccinations. Unfortunately, however, they often are not getting themselves the vaccination against COVID-19.(Goldman et al., 2020) Finally, older people can have more frequently than younger counterparts mobility problems and need of assistance to go to the health centers; therefore, administering vaccines at home or in small group settings (e.g., residential facilities) would make it easier and it could decrease the hesitancy to the vaccination. 

The findings of our work should be interpreted within its limitations. First, the data collected ranged across different periods of 2020 and 2021 and this could affect the results since in the early 2020 the hesitancy against COVID-19 vaccination was low, but significantly increased thereafter. In one study assessing the willingness to get vaccinated during 2020 the percentage of older people that did not want the vaccine increased from 14.1% during the first semester to 24.0% in October.(Daly and Robinson, 2020) Second, information regarding hesitancy were collected using self-administered questionnaires and this could have limited the applicability of our results to people not able to complete them, such as those affected by severe sensory impairments, serious health conditions,   or dementia, further under-representing older people or including only the healthier subjects. (Batty et al., 2021) Finally, twelve possible eligible articles were not included: even if we tried to reach these authors for having specific data on older people, they unfortunately did not answer to our invitation. However, how these missing data can affect our results is hard to determine. 

In conclusion, our systematic review with meta-analysis has reported that hesitancy for COVID-19 vaccination is a relevant problem in older people, particularly in those with a low level of income, education and are of a Hispanic ethnicity.  Since older people are among those most affected by the negative consequences of COVID-19, future tailored strategies are needed for increasing the vaccination coverage.
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Table 1
Factors associated in the multivariable analyses to the unwillingness to vaccinate against COVID-19 in older people. 

	Factor
	Number of studies
	OR (95%CI)
	p-value
	I2

	Presence of any comorbidity
	5
	0.899
(0.627-1.288)
	0.561
	72.2

	Female gender
	7
	1.000
(0.728-1.374)
	0.99
	79.5

	Hispanic
	2
	1.197
(1.010-1.418)
	0.038
	0

	Black
	2
	1.192
(0.843-1.686)
	0.319
	0

	Low education
	4
	1.678
(1.170-2.408)
	0.005
	52.3

	Low income
	2
	1.287
(1.127-1.469)
	<0.0001
	0

	Rural area
	3
	0.798
(0.502-1.268)
	0.339
	26.0

	Married
	3
	0.652
(0.401-1.059)
	0.084
	0

	Employed
	2
	1.192
(0.843-1.686)
	0.319
	0



Abbreviations. OR: odds ratio; CI: confidence intervals. 

FIGURE LEGENDS
Figure 1
Meta-analysis of the prevalence of the unwillingness to vaccinate against COVID-19 in older people. 
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Figure 2
Meta-analysis of the prevalence of the uncertainty  to vaccinate against COVID-19 in older people. 
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Supplementary Figure 1. PRISMA flow-chart
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Supplementary Table 1. Search strategies
	Database
	Search 

	Pubmed (651 hits)
	(vaccin* or immunis* or immuniz*) AND (anxiety or attitude* or awareness or behavior or behaviour or belief* or criticis* or doubt* or distrust or dropout* or exemption* or fear* or hesitanc* or trust or mistrust or perception* or refus or rejection or rumor* or intent* or controvers* or misconception* or misinformation or opposition or delay or dilemma* or objector* or uptake or barrier* or choice* or mandatory or compulsory or concern* or accepta* or anti-vaccin* or antivaccin*) AND ("covid 19"[MeSH Terms] OR "covid 19"[All Fields] OR "covid19"[All Fields] OR "covid 19"[All Fields] OR "covid 19"[MeSH Terms] OR "covid 19 vaccines"[All Fields] OR "covid 19 vaccines"[MeSH Terms] OR "covid 19 serotherapy"[All Fields] OR "covid 19 serotherapy"[Supplementary Concept] OR "covid 19 nucleic acid testing"[All Fields] OR "covid 19 nucleic acid testing"[MeSH Terms] OR "covid 19 serological testing"[All Fields] OR "covid 19 serological testing"[MeSH Terms] OR "covid 19 testing"[All Fields] OR "covid 19 testing"[MeSH Terms] OR "sars cov 2"[All Fields] OR "sars cov 2"[MeSH Terms] OR "severe acute respiratory syndrome coronavirus 2"[All Fields] OR "ncov"[All Fields] OR "2019 ncov"[All Fields] OR "coronavirus"[MeSH Terms] OR "coronavirus"[All Fields] OR "cov"[All Fields]) AND (older* OR elderly OR older adult OR aged)

	Cinahl via EBSCOHost (43 hits)
	('covid 19' or 'covid 19 vaccine' or 'covid 19 sero* or 'covid 19 nucleic acid testing' or ncov or '2019 ncov' or 'severe acute respiratory syndrome coronavirus 2' or 'sars cov 2' or or 'covid 19 testing' or coronavirus or cov) AND (anxiety OR attitude* OR awareness OR behavior OR behaviour OR belief* OR criticis* OR doubt* OR distrust OR dropout* OR exemption* OR fear* OR hesitanc* OR trust OR mistrust OR perception* OR refus OR rejection OR rumor* OR intent* OR controvers* OR misconception* OR misinformation OR opposition OR delay OR dilemma* OR objector* OR uptake OR barrier* OR choice* OR mandatory OR compulsory OR concern* OR accepta* OR anti-vaccin* OR antivaccin*) AND (vaccin* OR immunis* OR immuniz*) AND (older* OR elderly OR older adult OR aged)

	Psycinfo via EBSCOHost (16 hits)
	('covid 19' or 'covid 19 vaccine' or 'covid 19 sero* or 'covid 19 nucleic acid testing' or ncov or '2019 ncov' or 'severe acute respiratory syndrome coronavirus 2' or 'sars cov 2' or or 'covid 19 testing' or coronavirus or cov) AND (anxiety OR attitude* OR awareness OR behavior OR behaviour OR belief* OR criticis* OR doubt* OR distrust OR dropout* OR exemption* OR fear* OR hesitanc* OR trust OR mistrust OR perception* OR refus OR rejection OR rumor* OR intent* OR controvers* OR misconception* OR misinformation OR opposition OR delay OR dilemma* OR objector* OR uptake OR barrier* OR choice* OR mandatory OR compulsory OR concern* OR accepta* OR anti-vaccin* OR antivaccin*) AND (vaccin* OR immunis* OR immuniz*) AND (older* OR elderly OR older adult OR aged)




Supplementary Table 2. Descriptive characteristics of the studies included
	Study, year
	Country
	Continent
	Sample size

	Abedin, 2021
	Bangladesh
	Asia
	267

	Al-Qerem, 2021
	Jordanian
	Asia
	52

	Alqudeimat, 2021
	Kuwait
	Asia
	49

	Alves de Oliveira, 2021
	Brazil
	South America
	1217

	Bogart, 2021
	Los Angeles
	North America
	22

	Daly, 2021
	UK
	Europe
	1387

	Gagneux-Brunon, 2021
	French
	Europe
	64

	Kourlaba, 2021
	Greece
	Europe
	232

	Latkin, 2021
	USA
	North America
	452

	Lazarus, 2020
	Multicentric
	Multicentric
	2101

	Machida, 2021
	Japan
	Asia
	779

	Malesza, 2021
	Germany
	Europe
	1037

	Petravic, 2021
	Slovenia
	Europe
	944

	Salmon, 2021
	USA
	North America
	865

	Yoda, 2021
	Japan
	Asia
	285
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