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Introduction: In relatively wealthy countries, substantial between-country

variability in COVID-19 vaccination coverage occurred. We aimed to identify

influential national-level determinants of COVID-19 vaccine uptake at di�erent

COVID-19 pandemic stages in such countries.

Methods: We considered over 50 macro-level demographic, healthcare

resource, disease burden, political, socio-economic, labor, cultural, life-style

indicators as explanatory factors and coverage with at least one dose by

June 2021, completed initial vaccination protocols by December 2021, and

booster doses by June 2022 as outcomes. Overall, we included 61 European or

Organisation for Economic Co-operation and Development (OECD) countries.

We performed 100 multiple imputations correcting for missing data and partial

least squares regression for each imputed dataset. Regression estimates for the

original covariates were pooled over the 100 results obtained for each outcome.

Specific analyses focusing only on European Union (EU) or OECD countries were

also conducted.

Results: Higher stringency of countermeasures, and proportionately more older

adults, female and urban area residents, were each strongly and consistently

associatedwith higher vaccination rates. Surprisingly, socio-economic indicators

such as gross domestic product (GDP), democracy, and education had limited

explanatory power. Overall and in the OECD, greater perceived corruption

related strongly to lower vaccine uptake. In the OECD, social media played a

noticeable positive role. In the EU, right-wing government ideology exhibited

a consistently negative association, while cultural di�erences had strong

overall influence.

Conclusion: Relationships between country-level factors and COVID-19

vaccination uptake depended on immunization stage and country reference

group. Important determinants include stringency, population age, gender and

urbanization, corruption, government ideology and cultural context.
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1 Introduction

The COVID-19 pandemic had unprecedented effects

worldwide: it disrupted industries bringing economies to the

verge of recession, interrupted social life to a degree harmful to

mental health, and put enormous strain on healthcare systems.

By early May 2023, when the World Health Organization (WHO)

declared the pandemic was over, 700 million confirmed cases and

close to 7 million COVID-19 deaths had been reported (1), which

is estimated at about a third of the actual COVID-19 death toll

based on excess mortality data (2). Changes in demographics with

life-expectancy decreasing after 2020 were observed in almost all

European Union (EU) member states (3), as well as in many other

places around the world (4). Governments implemented non-

pharmaceutical interventions (NPI) to mitigate the COVID-19

disease burden and pressure on healthcare systems, but counted

on vaccine development to build up immunity before these NPIs

could be released. Thus, the rapid development of vaccines became

a necessary, and, fortunately, very effective and cost-effective

public health tool allowing for the gradual release of NPIs (5, 6).

However, mass immunization progressed very unevenly around

the world, arguably due to limited manufacturing capacity, global

inequality in access and distribution, and vaccine demand and

hesitancy (7). Among relatively wealthy countries where vaccine

supply was generally similarly available to governments, vaccine

uptake varied largely as well. Taking an exploratory approach, with

the present study we aimed to investigate potential country-level

determinants that might explain observed differences in national

COVID-19 vaccination rates in relatively wealthy nations.

2 Materials and methods

2.1 Sample

Our selection of 61 countries included all European countries

and Organisation for Economic Co-operation and Development

(OECD) member states. We show country rankings according

to gross national income (GNI) for 2019 in Appendix A. As per

The World Bank (TWB)’s classification by income level (8) from

the 1st of July 2020 (to be applied to 2019 GNI), all but one

country fall either in the “high-income” or the “upper-middle

income” brackets. In addition to performing the statistical analysis

with the full sample of 61 countries, we also repeated it with

less heterogeneous sub-samples of only EU member states (27 in

total) and of only OECD countries (38 in total, 21 of which are

also EU countries). The sub-sample of EU countries focuses not

only on countries that are more alike economically (given EU

regulations on international trade, budget deficit criteria, and the

joint post-Brexit negotiation with the UK), but that also benefitted

equally from large joint COVID-19 vaccine pre-orders of the

EU commission on their behalf (9). The broader sub-sample of

OECD countries does include non-EU European countries, as well

as non-European countries. This allows for other determinants

to dominate in a group that has other common traits than the

EU subgroup, given that despite their diversity, OECD countries

have all been historically accepted as members of the OECD

for economic and geopolitical reasons. These sub-samples allow

us to study how the selection of countries may influence the

identification of influential determinants.

2.2 Outcome variables

Data on COVID-19 vaccination coverage was extracted from

Our World in Data (OWiD)1 database on the 9th of February

2023. Specifically, based on key milestones in the progressive roll-

out of the vaccine programs, we took the following variables’

values 6 months apart, starting with the Y1 variable reflecting 1st

dose coverage measured roughly 6 months after the start of the

international immunization effort (see Figure 1).

Y1 - Total number of people who received at least one vaccine

dose (per 100 people in the total population), as of the 30th of

June 2021;

Y2 - Total number of people who received all doses prescribed

by the initial vaccination protocol (per 100 people in the total

population), as of the 31st of December 2021;

Y3 - Total number of COVID-19 vaccination booster doses

administered (per 100 people in the total population), as of the 30th

of June 2022;

In case of missing values for our particular time-points, we used

linear interpolation between the two closest dates around the time-

points with available data. The remaining missingness was 0% for

Y1, 6.5% for Y2, and 21.3% for Y3.

2.3 Covariates

We considered a broad number of demographic, healthcare

resource, disease burden, political, socio-economic, labor, cultural,

life-style, and other factors in the current study. Table 1 lists all

53 covariates included. Data was collected from a number of well-

known publicly accessible databases. Most data refers to 2019 (the

last pre-pandemic year), with a few noted exceptions due to data

inavailability (e.g., the democracy covariate was obtained from

a project that ended in 2018) or for conceptual reasons (e.g., if

available, we preferred more recent measurements of potentially

volatile non-structural indicators, such as government orientation

or social media audience). Six covariates reflecting COVID-

19 disease burden, healthcare system pressure, and government

response, varied in the covered time-period depending on outcome

(see Table 1, rows 1, 2, 4–7), which resulted in three distinct cross-

sectional datasets of 54 variables in total each-53 covariates and

one outcome. Lastly, and as also noted in Table 1, four covariates

were derived, composite variables, calculated from data provided by

OWiD and the Oxford COVID-19 Government Response Tracker

(OxCGRT) database (10). These four covariates are: intensive

care unit (ICU) occupancy, average government response index

(GRI) for non-vaccinated, average difference between GRI for

non-vaccinated and vaccinated, and number of considered 6-

month time-periods during which a requirement for mandatory

vaccination was in place for at least one occupational group for at

least 1 day.

1 https://github.com/owid/covid-19-data/tree/master/public/data
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FIGURE 1

Vaccination coverage for the three outcomes.

2.4 Statistical analysis

Like many real-life datasets, ours, too, were characterized

by some data missingness and multicollinearity, which limit the

applicability of simple statistical approaches. Overall missingness

varied between 18 and 18.6% in the three datasets (information

per variable is presented in Table 1). For the covariate cumulative

excess mortality, we collected data for the exact same dates

as the outcomes. However, statistics for some countries were

reported only weekly, so whenever necessary we applied linear

interpolation, just like for our outcomes, in order to obtain

estimates for the precise dates that we needed. In order to deal

with the remaining missingness for this and all other variables,

we performed multiple imputation by chained equations (MICE)

in R (11). Multiple imputation (MI) is the current “state-of-the-

art” approach to handling missing data, as it accounts for the

inherent uncertainty when imputing, that gets ignored by single

imputation techniques. Under the missing-at-random (MAR)

assumption, we implemented the MICE algorithm, also known

as fully conditional specification (FCS). MICE does not assume

a multivariate distribution for the data, but instead uses a set of

conditional densities. Imputation is done on a variable-by-variable

basis, iterating over a conditionally specified imputation model for

each incomplete variable. We used the predictive mean matching
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(PMM) method, which entails first calculating predictions for each

entry of the target variable, whether observed or missing. For each

missing entry then, a small number of “candidate donors” among

the observed cases is selected, based on proximity between the

predictions. At the end, one donor from the group is randomly

selected and its observed value is imputed for the missing entry.

Main advantages of thismethod include: it ensures that the imputed

value is always within the plausible range as it is based on observed

data; it has the ability to handle all types of variables (our datasets

contained both continuous and categorical variables); and it is

robust to transformations. In order to facilitate the MI procedure,

we standardized all continuous variables to have a mean of 0 and a

standard deviation of 1. We obtained 100 imputed versions of each

of the three separate incomplete datasets.

Subsequently, we employed partial least squares regression

(PLSR) (12) with each of these imputed datasets individually, using

SAS. With an origin in chemometrics, PLSR has become one of

the most widely used multivariate dimension-reduction techniques

across disciplines. It combines projection and multiple regression

into one, with the advantage of being able to handle a large

(relative to sample size) number of both continuous and categorical

variables exhibiting multicollinearity, which was, indeed, a feature

of our datasets. The core assumption of PLSR is that the process

under study is, in fact, influenced by just a few underlying latent

variables (13) (also sometimes called factors or components), which

constitute orthogonal linear combinations of the original variables,

created in a way as to identify the directions within the predictor-

space (the X-space) that explain as much as possible of the

variance in the response-space (the Y-space) (14). The procedure

also produces regression estimates for the original predictors, or

covariates. In order to identify the country-level indicators most

strongly associated with COVID-19 vaccination rates, we averaged

the PLSR coefficients for each covariate over the 100 imputations

for each of our three datasets separately.

3 Results

Table 2 presents the pooled results for our three outcome

variables (proportion of the population with at least one dose,

proportion fully vaccinated, and booster uptake) for the full

sample of 61 countries, the EU sub-sample, and the OECD sub-

sample. In the table, we have used red coloring to indicate

a positive relationship and blue to indicate a negative one,

with the intensity of the color reflecting the relative magnitude

of the effects. Additional statistics around the mean effects

shown here are presented in Appendix B, according to outcome

and country sample. As a general rule-of-thumb, effects of

more than 0.05 in absolute value can be considered statistically

significant based on 95% confidence intervals (CIs) as reported

in Appendix B.

In the full sample of 61 European or OECD countries, with

regards to Y1, or the vaccination rate with at least one dose, the

covariates with the strongest positive relationship were population

65+ years of age (0.48), GRI for non-vaccinated (0.40), corruption

perception (to be noted that the scale runs from 0 = “highly

corrupt” to 100= “very clean”; coefficient 0.24), female proportion

of population (0.23), and research and development (R&D)

expenditure (0.23). By contrast, mandatory vaccination (−0.45),

hospital beds (−0.39), and economic freedom (−0.20) showed the

strongest negative relation.With regards to Y2, or the proportion of

people who completed the initial vaccination protocol, associations

were overall weaker. Female population showed the strongest

positive effect by a long shot (0.32), while birth rate exhibited a

relatively strong negative effect (−0.29). With regards to Y3, or

booster vaccination rate, less perceived corruption showed again

a very strong positive relationship (coefficient 0.41), followed by,

again, female population (0.32), GRI for non-vaccinated (0.30),

health and social employment (0.22), and the Gini coefficient of

inequality (0.20). The strongest negative associations were found

with excess mortality (−0.26), population size (−0.22), and alcohol

consumption (−0.21).

Looking at the results from the EU sub-sample, we observe

somewhat weaker effects overall, when compared to those from the

full sample. The top 3 covariates positively associated with Y1 were

the culture indicators individualism (0.19), uncertainty avoidance

(0.17), and masculinity (0.15); with respect to Y2, these were female

proportion of population (0.25), GRI for non-vaccinated (0.21),

and economic freedom (0.20); and with respect to Y3—uncertainty

avoidance (0.17), proportion of urban population (0.16), and nurses

andmidwives density (0.13). On the other hand, the Gini inequality

coefficient (−0.19), birth rate (−0.14), and right-wing government

(−0.12) for Y1, power distance (−0.20), right-wing government

(−0.14), and excess mortality (−0.11) for Y2, and population

growth (−0.21), excess mortality (−0.19), and average education

(−0.14) for Y3 were the factors with the most pronounced negative

association observed within the EU.

Lastly, in the sub-sample of OECD countries, we see many

larger effects, both positive and negative. GRI for non-vaccinated

(0.40), Facebook audience (0.39), total deaths (0.33), corruption

perception (0.32; reminder that scale goes from 0 = “highly

corrupt” to 100 = “very clean”), urban population (0.32), and

psychiatrists density (0.31), followed by a few others, exhibited

noteworthy positive relationship with Y1, while indulgent culture

(−0.39), mandatory vaccination (−0.39), and diphtheria toxoid,

pertussis, and tetanus toxoid (DPT) immunization (−0.35) were

the indicators with the strongest negative relation. With regards

to Y2, female population (0.34), Facebook audience (0.32), urban

population (0.26), and economic freedom (0.25) showed the

strongest positive effects, while birth rate (−0.28), female labor

(−0.22), and population density (−0.20) were the top 3 negatively

associated factors. Variations in Y3 in the OECD context were best

explained by its positive relations with the Gini (0.47), proportion

of urban population (0.40), health and social employment (0.34),

corruption perception (0.31; to be interpreted inversely, as the

scale runs from 0 = “highly corrupt” to 100 = “very clean”),

GRI for non-vaccinated (0.27), pharmacists density (0.23), and

hospital beds (0.21), as well as its negative relations with birth

rate (−0.38), excess mortality (−0.34), political stability and lack

of violence/terrorism (−0.29), population size (−0.27), long-term

oriented culture (−0.24), hospital density (−0.22), gross domestic

product (GDP; coeficient of −0.21), immunization with the first

dose of measles-containing vaccines (MCV1; estimate of −0.20),

and female labor participation (−0.20).
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TABLE 1 Covariates considered in the study.

Variable Time period Possible
values

Missing
data (%)

Source Last
accessed

1 Total deaths attributed to COVID-19 per
1,000,000 people

30 Jun 21/31 Dec 21/30 Jun 22 Numeric 0 OWiDa 09.02.2023

2 Excess mortality (cumulative difference between
the reported number of deaths since 1 January
2020 and the projected number of deaths for the
same period based on previous years, per million
people)

30 Jun 21/31 Dec 21/30 Jun 22 Numeric 3.3/3.3/9.8 OWiDa 09.02.2023

3 Hospital beds (per 1,000 people) Most recent year available
since 2010

Numeric 3.3 OWiDa 09.02.2023

4 ICU occupancy (proportion of time the ratio ICU
patients/ICU beds > 0.60)∗

1 Jan 20–30 Jun 21/1 Jan
20–31 Dec 21/1 Jan 20–30 Jun
22 (ICU beds data for 2020 or
latest available)

Numeric (0 to 1) 57.4 OWiDb 25.02.2023

5 Average government response index (GRI) for
non-vaccinated∗

1 Jan 20–30 Jun 21/1 Jan
20–31 Dec 21/1 Jan 20–30 Jun
22

Numeric (0–100) 4.9 OxCGRTc 03.03.2023

6 Average difference between government response
index (GRI) for non-vaccinated and vaccinated∗

1 Jan 21–30 Jun 21/1 Jan
21–31 Dec 21/1 Jan 21–30 Jun
22

Numeric (0–100) 4.9 OxCGRTc 03.03.2023

7 Mandatory vaccination (duration of a policy
requirement to be vaccinated in order to work in a
specific occupation, or for a specific group to be
vaccinated)∗

1 Jan 21–30 Jun 21/1 Jan
21–31 Dec 21/1 Jan 21–30 Jun
22

Numeric (0/1;
0/1/2; 0/1/2/3)

4.9 OxCGRTc 25.02.2023

8 Facebook audience (as % of the population aged
13+)

2021 Numeric (0–100) 0 DataReportald 17.02.2023

9 Twitter audience (as % of the population aged
13+)

2021 Numeric (0–100) 0 DataReportald 17.02.2023

10 Birth rate, crude (per 1,000 people) 2019 Numeric 1.6 TWBe 09.02.2023

11 Current health expenditure (% of GDP) 2019 Numeric (0–100) 4.9 TWBe 09.02.2023

12 GDP per capita, PPP (current international $) 2019 Numeric 4.9 TWBe 09.02.2023

13 DPT immunization (% of children ages 12–23
months)

2019 Numeric (0–100) 3.3 TWBe 09.02.2023

14 Measles immunization (% of children ages 12-23
months)

2019 Numeric (0–100) 3.3 TWBe 09.02.2023

15 Labor force, female (% total labor force) 2019 Numeric (0–100) 8.2 TWBe 09.02.2023

16 Population ages 15–64 (% of total) 2019 Numeric (0–100) 0 TWBe 09.02.2023

17 Population ages 65 and above (% of total) 2019 Numeric (0–100) 0 TWBe 09.02.2023

18 Population density (people per sq. km of land
area)

2019 Numeric 1.6 TWBe 09.02.2023

19 Population growth (annual %) 2019 Numeric (0–100) 0 TWBe 09.02.2023

20 Population, female (% of total population) 2019 Numeric (0–100) 0 TWBe 09.02.2023

21 Population, total 2019 Numeric 0 TWBe 09.02.2023

22 Poverty headcount ratio at national poverty lines
(% of population)

2019 Numeric (0–100) 34.4 TWBe 09.02.2023

23 Research and development (R&D; gross domestic
expenditures, % of GDP)

2019 numeric (0 to 100) 11.5 TWBe 09.02.2023

24 Surface area (sq. km) 2019 Numeric 1.6 TWBe 09.02.2023

25 Unemployment, total (% of total labor force;
modeled ILO estimate)

2019 Numeric (0–100) 8.2 TWBe 09.02.2023

26 Urban population (% of total) 2019 Numeric (0–100) 1.6 TWBe 09.02.2023

(Continued)
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TABLE 1 (Continued)

Variable Time period Possible
values

Missing
data (%)

Source Last
accessed

27 Political stability and absence of
violence/terrorism

2019 Numeric (−2.5 to
2.5)

0 TWBf 08.02.2023

28 Democracy (Polity2 index: revised combined
Polity score= Institutionalized Democracy score
– Institutionalized Autocracy score)

2018 Numeric (−10 to
10)

11.5 Center for
Systemic
Peaceg

16.02.2023

29 Government composition: % cabinet posts of
right-wings parties

2020 Numeric (0–100) 41.0 Comparative
Political Data
Set
1960–2020h

15.02.2023

30 Economic freedom (the degree to which the
policies and institutions of countries are
supportive of economic freedom)

2019 Numeric (0–10) 8.2 Fraser
Institutei

08.02.2023

31 Gini index of income inequality 2019 Numeric (0–100) 0 UN
University
UNU-
WIDERj

14.02.2023

32 Education (average number of completed years of
education of a country’s population aged 25 years
and older, excluding years spent repeating
individual grades)

2019 Numeric 63.9 UNESCOk 14.02.2023

33 Disability-adjusted life years (DALYs; per 100,000
people)

2019 Numeric 3.3 Institute for
Health
Metrics and
Evaluationl

14.02.2023

34 Corruption perception index (CPI) 2019 Numeric (0 to 100) 6.5 Transparency
Internationalm

14.02.2023

35 Alcohol consumption (in liters of pure alcohol;
total per capita, age 15+)

2019 Numeric 6.5 WHOn 14.02.2023

36 Nurses and midwives (per 10,000 people) 2019 Numeric 42.6 WHOn 14.02.2023

37 Medical doctors (per 10,000 people) 2019 Numeric 32.8 WHOn 14.02.2023

38 Pharmacists (per 10,000 people) 2019 numeric 45.9 WHOn 14.02.2023

39 Regular daily smokers (% of in the population, age
15+)

2019 Numeric (0–100) 42.6 WHO#o;

OECDp
13.02.2023

40 Social expenditure (% of GDP; total for the main
social policy areas: old age, survivors,
Incapacity-related benefits, family, active labor
market programmes, unemployment, housing,
and other social policy areas)

2019 Numeric (0–100) 37.3 OECDp 16.02.2023

41 Total health care coverage; government/social
health insurance (% of population)

2019 Numeric (0–100) 39.3 OECDp 13.02.2023

42 Total health and social employment density (per
1,000 people)

2019 Numeric 39.3 OECDp 13.02.2023

43 Psychiatrists density (per 1,000 people) 2019 Numeric 45.9 OECDp 13.02.2023

44 Surgical group of specialists density (per 1,000
people)

2019 Numeric 45.9 OECDp 13.02.2023

45 Total hospital employment density (per 1,000
people)

2019 Numeric 55.7 OECDp 13.02.2023

46 Hospitals (per 1,000,000 people) 2019 Numeric 42.6 OECDp 13.02.2023

47 Long-term care (LTC) recipients in institutions
(other than hospitals; % of total population aged
65+)

Time-invariant Numeric (0–100) 55.7 OECDp 20.02.2023

48 Power distance (“the degree to which the less
powerful members of a society accept and expect
that power is distributed unequally”)

Time-invariant Numeric (0–100) 29.5 Hofstede 6-D
model of
national
cultureq

15.02.2023

(Continued)
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TABLE 1 (Continued)

Variable Time period Possible
values

Missing
data (%)

Source Last
accessed

49 Individualism (v collectivism; “a preference for a
loosely-knit social framework in which individuals
are expected to take care of only themselves and
their immediate families”)

Time-invariant Numeric (0–100) 29.5 Hofstede 6-D
model of
national
cultureq

15.02.2023

50 Masculinity (v femininity; “a preference in society
for achievement, heroism, assertiveness, and
material rewards for success”)

Time-invariant Numeric (0–100) 29.5 Hofstede 6-D
model of
national
cultureq

15.02.2023

51 Uncertainty avoidance (“the degree to which the
members of a society feel uncomfortable with
uncertainty and ambiguity”)

Time-invariant Numeric (0–100) 29.5 Hofstede 6-D
model of
national
cultureq

15.02.2023

52 Long-term orientation (v short-term orientation;
the degree to which society holds the notion that
the world “is in flux, and preparing for the future
is always needed” as opposed to the view that “the
world is essentially as it was created, so that the
past provides a moral compass”)

Time-invariant Numeric (0–100) 13.1 Hofstede 6-D
model of
national
cultureq

15.02.2023

53 Indulgence (v restraint; the extent to which society
“allows relatively free gratification of basic and
natural human drives related to enjoying life and
having fun”)

Time-invariant Numeric (0–100) 13.1 Hofstede 6-D
model of
national
cultureq

15.02.2023

∗Composite variable derived from own calculations (see Section 2.3).
#Primary source.

OWiD, Our World in Data; OxCGRT, Oxford COVID-19 Government Response Tracker; TWB, The World Bank; UN, United Nations; UNESCO, United Nations Educational, Scientific and

Cultural Organization; OECD, Organisation for Economic Co-operation and Development; WHO, World Health Organization.
ahttps://github.com/owid/covid-19-data/tree/master/public/data
bhttps://ourworldindata.org/covid-hospitalizations
chttps://github.com/OxCGRT/covid-policy-tracker
dhttps://datareportal.com/library
ehttps://databank.worldbank.org/source/world-development-indicators
fhttp://info.worldbank.org/governance/wgi/
ghttps://systemicpeace.org/inscr/p5v2018.xls
hhttps://www.cpds-data.org/index.php/data
ihttps://www.fraserinstitute.org/economic-freedom/dataset?geozone=world&page=dataset&min-year=1970&max-year=2018&filter=1&date-type=range
jhttps://www.wider.unu.edu/database/world-income-inequality-database-wiid
khttp://data.uis.unesco.org/#
lhttps://vizhub.healthdata.org/gbd-results/
mhttps://www.transparency.org/en/cpi/2019
nhttps://apps.who.int/gho/data/view.main.UHCHRHv
ohttps://gateway.euro.who.int/en/datasets/european-health-for-all-database/
phttps://stats.oecd.org/#
qhttps://geerthofstede.com/research-and-vsm/dimension-data-matrix/

4 Discussion

Using a data-driven approach, with the present study we

aimed to identify the most important country-level determinants

explaining variations in COVID-19 vaccine uptake among

relatively wealthy countries. Scarce research to-date (and

referenced below) has generally used a larger and more

contextually diverse mix of countries while focusing on a

relatively small number of determinants. Our results paint

a very dynamic picture, both in terms of magnitude of the

covariates’ influence as well as direction of relationships. Based

on the obtained 53 covariates’ MI-PLSR estimates, we can say

that the driving forces behind vaccination success depended

on: (1) the phase of the immunization effort, the progression

of which we tried to capture by using these specific outcome

variables at those specific points in time; and (2) the sample

of countries considered—despite a huge overlap between our

two sub-samples of EU and OECD countries, the results were

markedly different, with many more pronounced effects in

the latter. Nevertheless, a number of determinants can be

acknowledged as indisputably important, and certain patterns can

be discerned.

First and foremost, the overall strongest effect observed in

our analysis was the positive one of proportion of the population

65+ years of age for Y1 in the full sample. As the older adults

were recognized as the most at-risk group and given priority for

vaccination against COVID-19, it makes sense that their proportion

in a nation’s population was one of the propelling forces at the start

of the vaccination campaign. However, this was only visible in the

full, most diverse, sample of countries, while in the OECD context

and especially in the EU the effect was negligible. To our knowledge,

there are just two other studies, one with a sample of 89 countries

(73) and another investigating vaccination at the state level in the

US (16), that found a similar positive effect for that covariate.
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TABLE 2 Mean partial least squares regression (PLSR) e�ects in the full sample of 61 European and OECD countries, in EU countries only, and in OECD

countries only, over 100 imputed datasets for each outcome (color intensity reflects e�ect strength, red for positive and blue for negative direction of

the relationship).

All 61 countries EU OECD

Y1 Y2 Y3 Y1 Y2 Y3 Y1 Y2 Y3

Alcohol consumption −0.044 0.053 −0.211 0.027 0.091 −0.020 −0.073 0.138 0.085

Area 0.045 −0.068 −0.160 −0.051 −0.008 0.027 0.120 −0.026 −0.189

Birth rate −0.053 −0.289 −0.098 −0.137 −0.056 0.049 −0.176 −0.281 −0.379

Corruption perception∗ 0.240 0.116 0.415 0.070 0.023 −0.038 0.320 0.095 0.313

DALYs −0.188 −0.152 −0.157 −0.112 −0.090 −0.029 −0.008 −0.175 −0.140

Democracy −0.166 −0.049 0.036 0.076 −0.093 −0.021 0.022 −0.022 −0.031

Difference in GRI −0.034 0.034 0.000 −0.042 −0.020 −0.044 −0.047 0.084 0.066

DPT immunization −0.032 0.085 −0.063 −0.018 0.026 0.002 −0.351 −0.093 −0.098

Economic freedom −0.200 0.112 0.058 0.097 0.204 0.070 −0.262 0.247 −0.079

Education −0.007 −0.012 −0.093 −0.045 −0.012 −0.141 −0.027 −0.005 −0.176

Excess mortality 0.004 −0.197 −0.258 −0.094 −0.110 −0.194 −0.004 −0.057 −0.345

Facebook audience 0.169 0.063 −0.098 0.126 0.068 0.081 0.395 0.323 0.146

Female labor −0.102 −0.116 −0.179 0.010 0.093 −0.088 −0.085 −0.220 −0.203

Female pop 0.235 0.320 0.320 0.102 0.246 0.080 0.260 0.345 0.138

GDP 0.054 −0.037 −0.158 0.000 −0.010 0.105 0.001 0.060 −0.210

Gini −0.081 0.051 0.203 −0.189 −0.073 0.002 −0.105 0.072 0.469

GRInon-vaccinated 0.403 0.185 0.300 0.075 0.209 0.112 0.403 0.089 0.271

Health and social employment 0.051 −0.056 0.220 −0.014 −0.053 0.108 0.077 −0.028 0.337

Health expenditure −0.105 −0.071 0.017 0.020 0.078 −0.021 −0.098 0.139 0.018

Hospital beds −0.386 −0.081 0.127 −0.011 0.009 0.011 −0.156 0.053 0.213

Hospital density −0.097 0.028 −0.143 −0.018 −0.017 −0.048 −0.174 −0.010 −0.216

Hospital employment −0.010 −0.050 −0.109 −0.024 0.005 0.061 0.056 −0.030 −0.113

ICU occupancy −0.048 0.012 −0.047 0.049 0.000 0.083 −0.075 −0.013 −0.008

Individualism 0.049 −0.003 −0.011 0.192 0.159 −0.009 −0.091 −0.114 −0.087

Indulgence −0.108 0.049 0.106 0.014 −0.044 0.012 −0.394 −0.082 −0.171

Long-term care residents 0.048 0.028 −0.058 0.043 −0.050 −0.059 −0.074 −0.084 −0.084

Long-term orientation −0.008 −0.064 −0.166 0.010 −0.070 −0.054 −0.056 −0.150 −0.240

Mandatory vaccination −0.449 0.092 0.053 0.012 0.040 0.032 −0.387 0.030 −0.003

Masculinity −0.030 −0.089 −0.155 0.148 0.012 0.092 −0.008 −0.060 −0.047

MCV1 immunization −0.029 −0.083 0.011 0.002 0.053 −0.088 0.246 0.166 −0.205

MDs density −0.118 −0.054 0.037 −0.012 −0.038 −0.003 −0.064 −0.046 −0.006

Nurses and midwives density −0.029 0.076 0.119 0.000 0.039 0.129 −0.033 0.094 0.143

Pharmacists density 0.022 0.075 0.133 −0.008 0.040 0.038 0.042 0.109 0.231

Political stability and lack of violence/terrorism 0.183 0.051 −0.182 0.055 0.015 −0.007 −0.146 −0.126 −0.289

Population 15–64 yrs 0.106 0.021 0.118 0.040 −0.039 −0.081 0.169 0.100 0.062

Population 65+ 0.481 0.121 0.140 0.081 0.047 0.001 0.156 0.064 0.117

Population density 0.053 −0.137 −0.071 −0.006 0.033 −0.015 −0.237 −0.200 0.068

Population growth 0.133 0.167 −0.054 0.019 0.105 −0.213 0.059 −0.114 −0.075

Population size −0.023 0.106 −0.218 −0.002 −0.059 0.065 −0.092 −0.034 −0.268

All 61 countries EU OECD

Y1 Y2 Y3 Y1 Y2 Y3 Y1 Y2 Y3

Alcohol consumption −0.044 0.053 −0.211 0.027 0.091 −0.020 −0.073 0.138 0.085

Area 0.045 −0.068 −0.160 −0.051 −0.008 0.027 0.120 −0.026 −0.189

Birth rate −0.053 −0.289 −0.098 −0.137 −0.056 0.049 −0.176 −0.281 −0.379

Corruption perception∗ 0.240 0.116 0.415 0.070 0.023 −0.038 0.320 0.095 0.313

DALYs −0.188 −0.152 −0.157 −0.112 −0.090 −0.029 −0.008 −0.175 −0.140

Democracy −0.166 −0.049 0.036 0.076 −0.093 −0.021 0.022 −0.022 −0.031

Difference in GRI −0.034 0.034 0.000 −0.042 −0.020 −0.044 −0.047 0.084 0.066

DPT immunization −0.032 0.085 −0.063 −0.018 0.026 0.002 −0.351 −0.093 −0.098

Economic freedom −0.200 0.112 0.058 0.097 0.204 0.070 −0.262 0.247 −0.079

Education −0.007 −0.012 −0.093 −0.045 −0.012 −0.141 −0.027 −0.005 −0.176

Excess mortality 0.004 −0.197 −0.258 −0.094 −0.110 −0.194 −0.004 −0.057 −0.345

Facebook audience 0.169 0.063 −0.098 0.126 0.068 0.081 0.395 0.323 0.146

Female labor −0.102 −0.116 −0.179 0.010 0.093 −0.088 −0.085 −0.220 −0.203

Female pop 0.235 0.320 0.320 0.102 0.246 0.080 0.260 0.345 0.138

GDP 0.054 −0.037 −0.158 0.000 −0.010 0.105 0.001 0.060 −0.210

Gini −0.081 0.051 0.203 −0.189 −0.073 0.002 −0.105 0.072 0.469

GRInon-vaccinated 0.403 0.185 0.300 0.075 0.209 0.112 0.403 0.089 0.271

Health and social employment 0.051 −0.056 0.220 −0.014 −0.053 0.108 0.077 −0.028 0.337

Health expenditure −0.105 −0.071 0.017 0.020 0.078 −0.021 −0.098 0.139 0.018

Hospital beds −0.386 −0.081 0.127 −0.011 0.009 0.011 −0.156 0.053 0.213

Hospital density −0.097 0.028 −0.143 −0.018 −0.017 −0.048 −0.174 −0.010 −0.216

Hospital employment −0.010 −0.050 −0.109 −0.024 0.005 0.061 0.056 −0.030 −0.113

ICU occupancy −0.048 0.012 −0.047 0.049 0.000 0.083 −0.075 −0.013 −0.008

Individualism 0.049 −0.003 −0.011 0.192 0.159 −0.009 −0.091 −0.114 −0.087

Indulgence −0.108 0.049 0.106 0.014 −0.044 0.012 −0.394 −0.082 −0.171

Long-term care residents 0.048 0.028 −0.058 0.043 −0.050 −0.059 −0.074 −0.084 −0.084

Long-term orientation −0.008 −0.064 −0.166 0.010 −0.070 −0.054 −0.056 −0.150 −0.240

Mandatory vaccination −0.449 0.092 0.053 0.012 0.040 0.032 −0.387 0.030 −0.003

Masculinity −0.030 −0.089 −0.155 0.148 0.012 0.092 −0.008 −0.060 −0.047

MCV1 immunization −0.029 −0.083 0.011 0.002 0.053 −0.088 0.246 0.166 −0.205

MDs density −0.118 −0.054 0.037 −0.012 −0.038 −0.003 −0.064 −0.046 −0.006

Nurses and midwives density −0.029 0.076 0.119 0.000 0.039 0.129 −0.033 0.094 0.143

Pharmacists density 0.022 0.075 0.133 −0.008 0.040 0.038 0.042 0.109 0.231

Political stability and lack of violence/terrorism 0.183 0.051 −0.182 0.055 0.015 −0.007 −0.146 −0.126 −0.289

Population 15–64 yrs 0.106 0.021 0.118 0.040 −0.039 −0.081 0.169 0.100 0.062

Population 65+ 0.481 0.121 0.140 0.081 0.047 0.001 0.156 0.064 0.117

Population density 0.053 −0.137 −0.071 −0.006 0.033 −0.015 −0.237 −0.200 0.068

Population growth 0.133 0.167 −0.054 0.019 0.105 −0.213 0.059 −0.114 −0.075

Population size −0.023 0.106 −0.218 −0.002 −0.059 0.065 −0.092 −0.034 −0.268

(Continued)
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TABLE 2 (Continued)

All 61 countries EU OECD

Y1 Y2 Y3 Y1 Y2 Y3 Y1 Y2 Y3

Poverty −0.020 −0.064 −0.122 −0.061 0.000 0.040 −0.047 −0.050 −0.188

Power distance −0.082 −0.094 0.074 −0.102 −0.200 −0.126 −0.130 −0.106 0.006

Psychiatrists density 0.087 −0.042 −0.009 −0.008 −0.072 0.023 0.311 −0.049 0.052

R&D expenditure 0.226 0.073 −0.023 0.033 0.001 0.119 0.278 0.067 0.014

Right-wing in government −0.032 −0.031 −0.063 −0.118 −0.139 −0.114 −0.074 0.000 0.006

Smoking prevalence 0.024 −0.025 −0.019 −0.037 −0.052 −0.050 −0.025 −0.037 −0.089

Social expenditure 0.002 −0.020 −0.152 0.078 0.076 0.037 0.006 −0.046 −0.188

Surgeons density 0.067 0.069 0.129 0.026 0.056 0.079 −0.005 0.028 0.113

Total deaths 0.121 −0.136 0.158 0.012 −0.092 −0.052 0.333 −0.090 0.160

Total healthcare coverage −0.161 0.032 −0.163 0.005 0.051 0.016 −0.071 0.153 −0.123

Twitter audience 0.042 0.049 0.111 0.032 0.052 0.026 0.276 0.129 0.043

Uncertainty avoidance 0.099 0.122 0.095 0.169 0.170 0.167 −0.040 0.078 −0.053

Unemployment rate −0.168 −0.128 −0.147 −0.022 0.037 0.008 −0.125 −0.079 −0.185

Urban population 0.114 0.106 0.137 0.130 0.119 0.163 0.316 0.258 0.398

All 61 countries EU OECD

Y1 Y2 Y3 Y1 Y2 Y3 Y1 Y2 Y3

Poverty −0.020 −0.064 −0.122 −0.061 0.000 0.040 −0.047 −0.050 −0.188

Power distance −0.082 −0.094 0.074 −0.102 −0.200 −0.126 −0.130 −0.106 0.006

Psychiatrists density 0.087 −0.042 −0.009 −0.008 −0.072 0.023 0.311 −0.049 0.052

R&D expenditure 0.226 0.073 −0.023 0.033 0.001 0.119 0.278 0.067 0.014

Right-wing in government −0.032 −0.031 −0.063 −0.118 −0.139 −0.114 −0.074 0.000 0.006

Smoking prevalence 0.024 −0.025 −0.019 −0.037 −0.052 −0.050 −0.025 −0.037 −0.089

Social expenditure 0.002 −0.020 −0.152 0.078 0.076 0.037 0.006 −0.046 −0.188

Surgeons density 0.067 0.069 0.129 0.026 0.056 0.079 −0.005 0.028 0.113

Total deaths 0.121 −0.136 0.158 0.012 −0.092 −0.052 0.333 −0.090 0.160

Total healthcare coverage −0.161 0.032 −0.163 0.005 0.051 0.016 −0.071 0.153 −0.123

Twitter audience 0.042 0.049 0.111 0.032 0.052 0.026 0.276 0.129 0.043

Uncertainty avoidance 0.099 0.122 0.095 0.169 0.170 0.167 −0.040 0.078 −0.053

Unemployment rate −0.168 −0.128 −0.147 −0.022 0.037 0.008 −0.125 −0.079 −0.185

Urban population 0.114 0.106 0.137 0.130 0.119 0.163 0.316 0.258 0.398

∗The corruption perception index (CPI) scale runs from 0= “highly corrupt” to 100= “very clean”.

Next, we want to draw attention to the three covariates of

which the effects remained significant (in terms of size) and

positive over time and across samples. Proportion of females in

the population turned out to be consistently influential in the full

sample of 61 countries, exhibiting the largest effect for Y1 in the

OECD, and showing a more variable impact in the EU sub-sample,

but still with one of the strongest effects for Y2. Individual-level

research provides a few plausible explanations for the positive

relationship observed here. To start with, females are known to

utilize preventive care more often than males (17). They also have

higher general (18) as well as COVID-specific risk perception

(19, 20), and tend to see COVID-19 as a serious health problem

to a larger extent than their male counterparts (21). Starting

early on in the pandemic, research conducted in EU and OECD

countries established that women hold more positive views of and

exhibit greater compliance with NPIs such as social distancing,

face-covering, and hygiene (19–27). It has been hypothesized that

this relationship between gender and compliance is moderated

by conscientiousness and agreeableness (24)—two of the Big Five

personality traits that have already been connected to compliance

in their own right (20, 28–32).

The second factor with consistent beneficial effect on COVID-

19 vaccine uptake in our analysis was proportion of the population

living in urban areas. While some previous studies have failed to

find a relationship (33, 34), our results showed that urbanicity

was one of the strongest and most stable influences. A possible

explanation for this could be that the perception of crowdedness

in urban settings promotes higher COVID-19 risk-perception

and consequent willingness to vaccinate against it. In addition,

vaccination logistics are easier to manage in more urbanized

countries, irrespective of how vaccines were predominantly

delivered—e.g., at large vaccination centers, general practitioner

(GPs) offices, pharmacies, via mobile outreach, etc. This seems

especially relevant later in the vaccination campaign, with the

booster dose (our Y3), when we can assume general risk-perception

and urgency to vaccinate may have subsided.

The third consistently positive and very important determinant

we discovered was the GRI—a summary measure, based on policies

and restrictions for non-vaccinated individuals in a country. We

note that a related composite variable we used, expressing the

difference in GRI between vaccinated and non-vaccinated persons,

did not emerge as being important. That is, while restricting

the liberties of people was influential, the extent to which these

restrictions depended on vaccination status alone was not. The

GRI effect was especially pronounced in the initial stage of

vaccination in the full sample and the OECD sub-sample, while

its strongest influence in the EU was observed at completing the

initial vaccination protocol (or Y2). Extant literature has studied

the relationship between COVID-19 vaccination coverage and

stringency (35, 73) and vaccine passes (36) to mixed results. Based

on our findings, however, we conclude that restrictive policies were,

indeed, effective in incentivizing people to vaccinate. In connection

to that, the strongest negative association for Y1 in the full

and OECD samples was exhibited by our mandatory vaccination

variable—another composite index reflecting whether and for how

many 6-month periods, as defined by our outcome time-points,

a policy requirement for mandatory vaccination for at least one

occupational group was in place. The negative direction of this

nexus can be explained by reverse causality, as such requirements

were typically mandated as a response to low vaccine uptake

during the initial phase of the vaccination campaign. Indeed, later

on the effect of this covariate lessened in magnitude significantly

and changed signs to positive, or just disappeared (in the EU

context, it was always non-existent). Such reverse causality is also

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2024.1466858
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Varbanova et al. 10.3389/fpubh.2024.1466858

suspected with regards to the excess mortality determinant, whose

negative relation with vaccination coverage increased in all three

country groups as vaccination efforts progressed (i.e., the negative

association became stronger moving from Y1 to Y2 to Y3).

As a reaction to government imposed NPIs and mandates for

mandatory vaccination, there were numerous voices expressing

grievances that these measures were in breach of civil liberties,

which are considered “a hallmark feature of liberal democracies”

(35). There have also been suggestions that countries with

authoritarian political regimes are at an advantage in handling

the pandemic, as their governments could act more decisively

without fearing electoral consequences (37, 38). Empirical support

for this statement can be potentially found in studies regarding

EU and high-income countries, where higher democracy levels

were linked to more COVID-related deaths early in the pandemic

(39, 40). However, when the relationship with vaccination coverage

is tested, previous research shows conflicting results with regards

to civil liberties (35, 73) and no effect of democracy itself (33,

34). Our results using the Polity2 index to capture democracy

levels seem to largely agree: in our sample of relatively wealthy

countries, democracy had a somewhat small negative effect on Y1

in the full sample, negligible and inconsistent in terms of direction

association in the EU sub-sample, and practically no influence in

the OECD.

Among the other political climate factors we included in the

analysis, proportion of right-wing politicians in the government

exhibited small to non-existent effects in the full sample of 61

countries and the OECD sub-sample, but consistent negative

influence of moderate strength, relatively speaking, in the EU

context. We cannot speculate whether governments with higher

number of right-wing members are just less efficient, or, perhaps,

less able or willing to organize and execute a successful vaccination

campaign in the middle of a pandemic. However, this finding

seems to be complementary to results from another EU study

where average political orientation of the population to the right

was associated with greater resistance to COVID-19 vaccination

(41). Furthermore, the variable of political stability and absence

of violence/terrorism showed an effect swinging from positive at

Y1 to the exact same negative equivalent at Y3 in the full sample,

very small influence in the EU, and a consistently negative, at

Y3 even noticeably strong, effect in OECD countries. A number

of previous studies attempting to investigate the relationship

between political stability and COVID-19 vaccination coverage

around the world have discovered a positive connection (34, 42–

45), which only makes sense, given that “the political stability

of a country is crucial for regulating the vaccination campaign,

communicating the content congruent with government action to

citizens, and effectively organizing mass vaccination” (45). Still,

what we observed in our results could perhaps be explained by the

fact that our sample consists of predominantly strong democracies

that are characterized by stability and lack of violence.

One of the most interesting and important factors to discuss

in the context of COVID-19 vaccination and, in fact, the

whole pandemic, is corruption. Healthcare is considered a sector

particularly susceptible to corrupt practices (46) and corruption in

general has been shown to have detrimental effects on population

health (47, 48). Channels via which corruption could affect the

vaccination process have been identified in the literature (37),

but there is somewhat mixed empirical evidence of the possible

impact corruption perception and corruption control might have

had on vaccine uptake (15, 33, 34, 42). In the present study,

we used the Transparency International’s Corruption perception

index (CPI)—a principal corruption indicator covering corruption

manifestations such as bribery, nepotism, and diversion of public

funds (49). In our results, the effect is displayed as positive;

however, it must be kept in mind that the index scale goes from

0= “highly corrupt” to 100= “very clean”. Thus, we see that while

corruption perception was not an important factor for EU-only

vaccination, in our full sample as well as in the OECD sub-sample,

and for Y1 and Y3 in particular, countries perceived by their citizens

as “clean” to a greater degree had higher numbers of vaccinated

people, all else held constant. We endorse the assertion (33) that

at least part of that effect is mediated via social and political trust,

shown to be eroded by corruption (50, 51). We can thus conjecture,

that these factors were especially pertinent at the beginning of the

vaccination process (at Y1), when uncertainy about the so-quickly

developed vaccines was high, as well as at the time the booster dose

was being administered (at Y3). By Y3, steep pandemic waves of

severe disease and death had largely disappeared and the urgency

for vaccination had declined, leaving room for attitudes such as

trust in the government, science, or, indeed, conspiracy theories

[all of which have been linked to willingness to vaccinate (41), and

for which we could not account directly] to play a bigger role. In

addition, we must aknowledge that corruption is a known threat

to data integrity, and intentional underreporting of COVID-related

indicators is almost certain to have occurred in some places (43).

In addition to the older adult and female population, the role

of other demographic covariates needs some reflection. While

relatively strong associations were spotted sporadically, it is overall

hard to identify any of these factors as categorically significant

drivers of COVID-19 vaccine uptake, especially since depending

on the phase of the vaccination effort and sample of countries,

these associations changed sign as well. Population size showed

a relatively big negative effect for the booster dose, Y3, in the

full sample and OECD sub-sample [to mixed previous evidence

(34, 35, 42, 45)]. Population growth had a remarkable negative

effect for Y3 in the EU—in fact, the largest effect for the EU sub-

sample regardless of outcome. Population growth can be viewed as

the combined effect of the difference between births and deaths, and

that between emigration and immigration, the latter stimulating

population growth directly and also indirectly, with their offspring.

There is evidence in the literature that, indeed, immigrant groups

in the EU have lower routine vaccination coverage (52) as well

as lower COVID-19 vaccine uptake (53–55). Furthermore in this

“demographics” group of covariates, population density was a

relatively strong negative influence for Y1 and Y2 in OECD

countries (while it was found non-significant in previous studies on

COVID-19 vaccination (16, 34, 35, 45), proportion of 15–64 year-

olds exhibited a small positive relation with all outcome variables in

the full sample and OECD sub-sample, and birth rate had negative

associations in all samples, but growing in magnitude over time to

notable levels in the OECD at Y3.

We can also make some interesting observations regarding

socio-economic determinants. At the start of vaccination (Y1),
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economic freedom had a negative relation that changed to positive

at the time of full vaccination protocol (Y2) in the full and

OECD-only samples, while this covariate had always a positive

effect in the EU, strongest at Y2. Female labor participation

and unemployment rate exhibited similar patterns, where they

had negative associations of moderate strength with almost all

outcomes in the full and OECD samples [confirming previous

evidence (56)], while practically very little to no influence in the

EU context. GDP per capita, a factor previously recognized as

crucial for general population health (57, 58), routine childhood

(59) and COVID-19 vaccination uptake (42, 45, 60, 73), showed to

be virtually immaterial for explaining between country differences

in our analysis (except, perhaps, at Y3 in the full and OECD

samples, where we observed a negative relation of about moderate

strength). On the other hand, again, for the full and OECD samples,

the Gini coefficient started as a slightly negative influence at Y1,

but turned into one of the important positive factors by Y3;

in fact, the most important for the OECD, with an effect size

surpassing all others but one when looking at all samples and

outcomes. A previous study finding a similar positive effect of the

Gini coefficient argued that the free availability of the vaccines

promoted uptake in the countries high on income inequality (45).

This hypothesis was not supported by our EU-only results where

we observed a very different dynamic: the Gini started at Y1

as a very strong negative effect, but quickly diminished to non-

existent. This means that countries within the EU with higher

levels of income inequality had a less successful, or perhaps slower,

start of the vaccination campaign, but quickly managed to catch

up. A conceptually connected covariate, poverty was overall not

important [as in previous research (16)], until Y3 in the full

and OECD samples when it showed a somewhat small negative

association. Lastly here, we want to mention education. While

other studies have discovered a positive relation (15, 73), our

investigation yielded only non-significant or relatively small to

moderate negative associations (mostly for the booster dose, Y3,

and in the separate EU and OECD sub-samples) between average

years of schooling and vaccine uptake. We speculate that the nexus

between education and COVID-19 immunization rates may also

depend on economic development, as these other studies did not

focus on wealthy nations like we did. Our results of this slightly

negative impact of education on COVID-19 vaccination find some

support in evidence from previous EU research on the individual

level as well (41). This slight negative effect, in particular on

the booster dose, may also be explained by younger and higher

educated populations on average feeling less inclined to take the

booster dose, also in part because many had incurred SARS-CoV-

2 infection in the period between Y2 and Y3, and in that case the

marginal benefits of a booster dose were negligible. Furthermore,

the Y3 booster dose was recommended most strongly for the older

and frailer/unhealthier of any age, traits which are often found to

be associated with lower education in individual level analyses.

Throughout the pandemic, there has been a “mountain” of both

qualitative and quantitative research using social media data for

the purpose of answering all sorts of questions, many of which

connected to attitudes toward the virus and government measures,

the spread of misinformation, and social media’s role in the

“infodemic”. In the context of our study, we used national audience

on Facebook and Twitter measured by number of accounts divided

by the total population. Of course, these were imperfect variables,

as accounts on these platforms do not necessarily belong to an

individual, one individual can have multiple accounts, accounts of

deceased people remain, and so on. Still, we found them acceptable

proxies for levels of connectedness and freedom of speech in

society, which is a positive interpretation. This view on social

media involvement was supported by our results, even if effect

sizes were notably large only at certain times in certain samples

of countries. Precisely, Twitter involvement was not a significant

factor in the EU, or even in the full sample of 61 European

and OECD countries, but it exhibited a relatively strong positive

association with vaccination at the initial stage of the campaign

in OECD countries only. Of the two, Facebook was the social

media with more significant impact overall, and, again, this was

most pronounced in the OECD sub-sample, where for both Y1

and Y2, or roughly the first year after the introduction of COVID-

19 vaccines, Facebook audience was the second strongest positive

factor (second strongest overall as well, taking negative associations

into account, too).

With regards to the broad category of health-related covariates,

we need to state right up front that those had minimal significance

in the EU overall; so unless otherwise specified, the reader is to

assume the patterns and relationships discussed here were found

in the full and OECD samples. First, we focus on number of

hospital beds relative to population size. This determinant had

a particularly strong negative effect at Y1 in the full sample,

which, we hypothesize, may have been mediated by (perception

of) healthcare system pressure—the more hospital beds available,

the greater the theoretical ability of the system to handle a given

COVID-19 burden (61). Therefore, residents may feel greater

need for immunization in order to minimize the burden on

more pressurized systems, on the one hand, and to minimize

their own risk of needing to rely for care on an overburdened

system, on the other hand. By Y3 though, the relation between

hospital beds and vaccination turned positive. At this later point

in the pandemic, this variable could also be seen as a proxy for

healthcare system organization—a possible explanation for the

positive effect. Hospital density though, just like total healthcare

coverage, exhibited negative association for Y1 and Y3 in particular.

Somewhat surprising, proportion of the time (in the respective

time-periods) that ICU occupancy by COVID-19 patients was 60%

or more was largely ignorable as a possible reason for between

country differences in vaccine uptake. We would presume this

determinant would also act via perception of disease burden, just

like total deaths as well—a factor with, indeed, positive connection

with vaccination rates at Y1 and Y3, but a perplexing (smaller)

negative one for Y2—the outcome in-between. Disability-adjusted

life years (DALYs), a combined indicator of overall morbidity and

mortality in the population, maintained a consistently negative

association with COVID-19 vaccination levels—over time and

across samples, which we interpret as showing vaccination to be

a main determinant of DALYs, rather than the other way around.

In terms of density of medical personnel, our results rule out

number of medical doctors (MDs) relative to population size as

an important factor, against the background of previous research

that has found a positive relation (44, 45). It has been argued
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that GPs in particular were instrumental for vaccine acceptance

through “counseling and building local community trust” (45).

According to our analysis, perhaps this important role was assumed

by other medical staff such as nurses and midwives, pharmacists,

and even surgeons, all of whom had a positive influence on

vaccine uptake that increased with time. Number of nurses and

midwives specifically has received a lot of research attention to

mostly positive results (15, 33, 73). A remarkable finding was

the very strong positive relation of psychiatrists density on Y1 in

OECD countries. The more general variable of total health and

social employment also showed a strong positive effect, but only

for Y3. While routine childhood vaccination has been found to

be itself negatively impacted by the pandemic in many places

around the world (62), we were interested in whether pre-pandemic

inoculation levels were related to COVID-19 vaccination. The

answer was “not much” in our full sample as well as the EU

[results consistent with some previous research (34, 60)]. We

reason the novelty of the COVID-19 disease and vaccines triggered

largely different societal mechanisms when compared with routine

childhood immunization. However, for the OECD sub-sample

and Y1 in particular, we found a strong negative relation of

DPT coverage rate and a strong positive one of the MCV1—

effects we currently cannot explain. With regards to expenditure

indicators, despite previous evidence of the beneficial effect of

health expenditure on COVID-19 vaccination (16, 34, 73), neither

this covariate (values for 2019 considered here) nor the one

reflecting social expenditure could be named among the important

determinants in our analysis, lest for a small to moderate negative

effect of the latter on Y3 in the full and OECD samples. It

may be that in European and OECD countries on the whole,

general wealth and health and social funding have reached a

level at which additional increases make less of a difference over

a relatively short time period. R&D expenditure though clearly

showed a positive influence at the start of the vaccination effort,

perhaps reflecting forward-thinking and a strive for and embrace

of innovation.

Last but not least, we turn to culture. In our analysis, the six

Hofstede indices that we considered, collectively, turned out to be

the strongest influence on COVID-19 vaccine uptake in the EU

sub-sample, although this was certainly not the case for the full-

country and the OECD samples. Starting with individualism (v

collectivism), we found this to be the strongest positive determinant

for Y1 in the EU, with the effect remaining relatively high for Y2,

but disappearing for the booster dose (Y3). This seems counter-

intuitive, as one would expect collectivistic societies to be the

ones to prioritize common goals such as population health, and

indeed, for OECD countries, even if relatively weak, we see a

negative association between individualism and vaccination rates

throughout the time period under investigation. However, a state-

wise study in the US (60) and another multi-country study

(63) both found the same results as our EU findings, when

considering vaccination with at least one dose (our Y1) around

the same time we measured it—individualism was a positive

influence on vaccination rate, at least at the beginning of the

campaign. On this individualism-collectivism divide, the literature

provides less surprising evidence (especially from the first few

months of the pandemic) when it comes to compliance with

and support for protective measures, where higher national level

individualism was found to be negatively related (64) and higher

collectivism—positively (65, 66). Following logically, in terms

of other COVID-19 outcomes such as cases and deaths, more

individualistic cultures were found to have higher numbers of

both (67, 68). Previous research is less in agreement on the role

of indulgence though, which was linked to higher numbers of

COVID-19 cases (67), but also better social distancing behavior

(69). Indulgent nations put value on following one’s impulses

with regards to having fun and enjoying freedom, which does

not seem very compatible with voluntary vaccination—a generally

unpleasant and inconvenient activity with no immediate, relatively

uncertain gratification. Therefore, the negative association we

found between this cultural index and Y1 in the full sample,

but especially in the OECD sub-sample (in fact, the strongest

overall effect for Y1 in OECD countries) seems to makes sense.

This relationship lessens in magnitude for OECD countries, but

it remains negative, while it actually changes sign for Y3 in the

full sample, to a relatively small positive value. This might be

explained by the older and more vulnerable population—the prime

target of booster campaigns captured in our Y3 outcome by June

2022—being more eager to receive booster vaccination to protect

themselves in nations where the rest of the population is returning

quicker to pre-pandemic social mixing after they have received a

primary series of vaccination. Interestingly, a positive association

between indulgence levels and vaccination with at least one dose

was found in other research (56, 63), where it was hypothesized

that “indulgent societies might have a greater desire to restore

normalcy. . . and are therefore more likely to get vaccinated”

(56). The national culture aspect of uncertainty avoidance is

another relevant factor. Given the overarching uncertainty and

potential long-term economic and political instability the pandemic

stirred, it could be expected that societies characterized by higher

uncertainty avoidance tendencies would do the necessary to end

the pandemic sooner—hence, embrace vaccination. Our results

certainly tell this story for EU countries, and, to a lesser degree

for all 61 relatively wealthy nations we included in the analysis

(however, this index was not a significant factor for OECD

vaccination). There is some support in the literature to our finding

of a positive influence of uncertainty avoidance on vaccine uptake

(63), while its relation to other COVID-19 outcomes and NPIs

is less clear (64, 70, 71). Furthermore, the long-term orientation

covariate provided another set of surprising results, as one would

think countries high on this national culture trait are invested in

ensuring the future wellbeing of the nation and its people. Although

the effect in our results was quite small, in relative terms, we see

a definite negative relation between this index and vaccination.

This counter-intuitive finding though goes hand in hand with

existing evidence that long-term orientation is associated with

lower support for NPIs and higher COVID-19 cases and deaths

(64, 69, 70). Power distance, or the acceptance of the unequal

distribution of power, showed a somewhat consistent negative

effect throughout the vaccination effort, especially noticeable in

the EU-only part of the analysis. This is another hard-to-explain

relationship that warrants further investigation into the subtle

cultural influences in times of health crises. Finally, masculinity was

the least significant cultural trait in our analysis, with a relatively
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weak negative association to vaccination in the full sample, a

relatively weak positive one in the EU, and nearly no influence in

the OECD sub-sample.

5 Limitations and conclusions

The main limitation our study faces stems from questionable

data quality and reliability for some of the investigated covariates.

Unfortunately, not all countries in our selection have up-to-date

data on two very important healthcare indicators in the context of

the pandemic—ICU and hospital bed counts. We had to rely on

what was available and sometimes these were values recorded as far

back as 10 years prior. With regards to tracking COVID-19 disease

burden and mortality, different countries employed different (and

sometimes changing) reporting schedules—daily, weekly, weekdays

only, Monday-Wednesday-Friday, seemingly random days, etc..

This necessitated our use of linear interpolation to obtain more

precise estimates and in the case of the ICU occupancy covariate

it meant that our calculations were based on varying amounts

of information depending on country. Lastly, a large number of

missing longitudinal data records was problematic for the devising

of the “mandatory vaccination” variable. We reckoned it may be a

very important one to consider though, so we resorted to making

the assumption that missing data signified a value of “0”, or that

no requirement for vaccination was in place on that particular day

(indeed, for a lot of countries only values of “1” were occasionally

recorded and no “0”’s at all).

In order to be able to work with so many variables with

moderate levels of missing data, we needed to re-scale all

continuous variables, which prevents us from having a direct

quantitative interpretation of the size of the effects we have

discovered. On the other hand, we are now able to judge

strength and importance of each factor in relation to others.

We employed the PLSR technique that is often used in order

to uncover underlying latent variables. However, as most of

our covariates measured very tangible national characteristics,

we were not so much concerned with this “classical” part

of the output, where resulting latent variables were practically

impossible to interpret in a meaningful way. We were, instead,

interested in the regression estimates for our original (albeit,

standardized) covariates, in order to identify the key country-

level factors related to COVID-19 vaccination rates. As PLSR

does not produce standard errors for its regression coefficients

though, it was technically impossible to formally apply Rubin’s

rules (72) for pooling the results after MI. We have used 95%

confidence intervals around the estimated means over the 100

imputations in order to judge statistical significance (as shown in

Appendix B). In practice, all mean estimates of more than 0.05

absolute value can be considered statistically significant based on

this criterion.

On a topic with huge implications for the handling of possible

future pandemics, with relatively limited research conducted as

yet, we investigated a large number of macro-level determinants

using statistically sound methods in order to identify the most

important drivers behind national COVID-19 vaccination success

in relatively wealthy countries. Considering results from all three

separate analyses we performed, we can point to the stringency

of restrictive measures, higher proportion of older adults, females,

and residents living in urban areas as consistently contributing

toward higher vaccination rates, while the majority of other factors

varied in importance depending on the stage of the vaccination

campaign and sample of countries. Overall, results from the full

sample of 61 European and OECD countries, and those from the

OECD-only sample were more similar, while the EU-only analysis

yielded considerably different patterns of influence. While the

positive role of healthcare factors (including work force, material

base, expenditure, and coverage) was much less prominent in the

EU, cultural factors were found to be particularly important for

COVID-19 vaccine uptake in this sub-sample. For policy makers,

our work provides a thorough basis for understanding between-

country differences in evolving uptake of vaccine doses during

the COVID-19 pandemic, and can, therefore, serve as a basis

to understand the strengths and limitations of specific policies

to stimulate uptake during future pandemics. When thinking

about pandemic management, high and timely vaccine uptake can

be considered as an indicator of success of such management.

We showed that slowly evolving demographic and socio-cultural

country contexts have important explanatory value for observed

vaccine uptake over different pandemic stages. It is in this country

context that policy should be formulated during a crisis and

evaluated after it.
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