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Abstract 

Introduction Vaccines against coronavirus disease (COVID-19) are being developed and supplied at an unprec-

edented rate. However, disparities in income levels among countries has influenced the supply and vaccination rate. 

This imbalance poses a potential risk factor, especially if vaccine-resistant variants emerge and the pandemic persists. 

To effectively combat a global pandemic such as COVID-19, understanding the key factors that influence vaccina-

tion rates worldwide is essential. This study utilizes cross-country panel regression to examine the factors associated 

with vaccination rates in countries at different income levels.

Methods We analyzed weekly vaccination rates in relation to several COVID-related variables, including government 

suppression policies, vaccination coverage, and search trends from Google Trends. The data consistently spanned 

from March 2021 to February 2022. Random-effects panel regression models were employed to identify factors linked 

to weekly vaccination rates by income level. Independent variables included disease status, country characteristics, 

policy variables, and search trends.

Results Significant disparities in weekly vaccination rates were observed between income-level groups. High-

income countries experienced considerable fluctuations during outbreaks, whereas, low- and lower-middle-income 

countries demonstrated steady increase over time. The random-effects model, stratified by income level, showed 

that the vaccination coverage and search trend for “COVID-19 vaccine” were commonly associated with higher vac-

cination rates across all income groups. However, other factors varied based on income level, and gross domestic 

product per capita was not significant in the regression based on income level.

Conclusion Vaccination rate and their associated factors differed across income levels. There is no universal strategy 

for boosting vaccination rates during a pandemic. Consequently, country specific approaches, including promotional 

programs to raise awareness and interest in vaccination, are essential for preparing for future pandemics.

Key messages 

What is already known on this topic

The economic status of a country is a key factor associated with its COVID-19 vaccination rate.
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Introduction
The coronavirus disease (COVID-19) pandemic, which 

began in early 2020, has led to significant global pub-

lic health and economic crises [1, 2]. In response, many 

countries implemented various political measures, 

including strict lockdowns, social distancing, and vac-

cination campaigns, to control the outbreak of the pan-

demic and minimize its impact [3–7]. According to the 

World Health Organization (WHO), 11 vaccines have 

been developed and employed since Pfizer’s vaccine was 

first approved in December 2020, 9  months after the 

WHO declared COVID-19 a pandemic [8]. Vaccine dis-

tribution has generally been faster in high-income, and 

developed countries than in other countries [9]. Substan-

tial differences in the vaccine distribution and vaccination 

rates have been observed across countries. This inequity 

in vaccine distribution is a potential barrier to ending 

the pandemic, affecting economic recovery because of 

the risk of vaccine-resistant variants emerging in coun-

tries with lower vaccination rates [9, 10]. The WHO, 

have described these vaccination disparities or inequi-

ties as threats to global health [11, 12]. It emphasized that 

achieving vaccine equity, particularly by accelerating vac-

cination efforts in low- or lower-middle-income coun-

tries (LMIC) with relatively lower vaccine distribution 

and inoculation, could expedite the end of the pandemic. 

Vaccine equity would increase the immunized popula-

tion, protect health systems, enhance economic recovery, 

and reduce the risk of new variants [13, 14].

Over the past four years, vaccination has been the 

cornerstone of efforts to control COVID-19. Numerous 

studies have explored factors associated with vaccination 

rates across different countries throughout the COVID-

19 pandemic. A previous systematic review on vaccine 

inequity summarized both macro- and micro-factors 

influencing COVID-19 vaccination [9]. Macroscopic 

studies included reviews focused on economic status, 

such as gross domestic product (GDP) or the human 

development index, and consistently reported a strong 

relationship between income and vaccine distribution. 

However, previous studies have mainly been conducted 

in developed countries, where vaccination has reasonably 

met global standards because of easy data accessibility. In 

addition, studies focusing on noneconomic factors, such 

as individual interests, policy stringency, or vaccination 

coverage, by grouping countries with relatively similar 

economic statuses, are lacking. Moreover, owing to the 

cross-sectional design of previous studies, most only 

showed the factors associated with vaccine distribution 

and vaccination at specific time points [15–19]. However, 

COVID-19 has revealed a highly complex history with 

several outbreaks in the past 3  years of the pandemic, 

implying a potential dynamic variation in the vaccination 

rate.

The COVID-19 pandemic has highlighted the need 

for coordinated global efforts to effectively control the 

emergence of new variants. Considering possible future 

pandemics, establishing a policy approach that facilitates 

rapid vaccination for protection from fatal variants dur-

ing the early stages of a pandemic is crucial. To address 

this, we evaluated the impact of various factors on vac-

cination rates by employing panel data regression across 

countries with different income levels by combining 

global vaccination data, Google Trends data, and infor-

mation on the characteristics of each country.

Material and methods
A framework for panel data

We constructed a balanced panel dataset from March 

2021 to February 2022, using weekly analysis units. A 

total of 153 countries were included in this study. The 

study period captured the peak outbreak of the delta 

variant, which was classified as a health concern by 

the Center for Disease Control and Prevention in June 

2021. Additionally, we accounted for the authorization 

What this study adds

Individual interest in COVID-19 vaccination and vaccination coverage-related policies were positively associated 

with higher vaccination rates across all income levels. The stringency of COVID-19 mitigation strategies and actual 

vaccination rates were significantly associated with vaccination rates in high-income countries. In contrast, the Cor-

ruption Perceptions Index was significantly associated with vaccination rates in low- and lower-middle-income 

countries.

How this study might affect research, practice, or policy

An individual’s interest in vaccination and disease can predict vaccination rates regardless of income level. Factors 

associated with vaccination rates vary according to the country’s income level. The policy approach should be consid-

ered differently depending on the country’s income level.

Keywords Public health, Communicable disease control, COVID-19
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of booster shots by the United States Food and Drug 

Administration in September 2021 [20, 21].

Our main focus, the vaccination rate, reflects the 

instantaneous vaccination status of a specific population. 

Therefore, it changes instantaneously based on medical 

needs, compared to the monotonically increasing pro-

portion of the vaccinated population. We sourced vac-

cination rate from Our World in Data, which collects 

and integrates multiple data sources worldwide, includ-

ing Johns Hopkins University, Oxford University, and the 

World Bank [22]. This platform provides comprehensive 

data on COVID-19 status, suppression policy, and demo-

graphic attributes by country, such as GDP or population 

size. To evaluate the factors influencing vaccination rate, 

we categorized variables into four categories of variables: 

individual interest, disease, socioeconomic status, and 

policy (Table 1).

We incorporated data from Google Trends to represent 

factors of individual interest. Google Trends provides 

relative search volumes for specific keywords in selected 

countries and sub-regions [23, 24], which we used as a 

proxy variable for population interest [25, 26]. The rela-

tive search volume is scaled from 0–100, depending on 

the popularity of specific search terms in a given region. 

Additionally, Google Trends offers both cross-sectional 

comparisons of relative search volume between countries 

during a given period and weekly volume trends within 

individual countries, showings the change in interest 

over time. The relative search volume for each keyword 

is influenced by the search language, which may cause 

a bias in countries with two or more official languages. 

Therefore, we used the relative search volume of pre-

specified “Topic” to solve the linguistic limitations, which 

is validated for various languages by the Google Trends 

team. Consequently, there are two Google Trends Top-

ics included as a predictor: “COVID-19 Vaccines” and 

“COVID-19 Diagnosis.”

We considered the stringency index and vaccination 

coverage as policy-related factors. The Oxford Coronavi-

rus Government Response Tracker project provides the 

stringency index, a composite measure of nine subitems, 

including school closures, workplace closures, cancel-

lation of public events, restriction on gathering, closure 

of public transport, stay-at-home requirements, public 

information campaigns, restrictions on internal move-

ment, and international travel controls [27]. A higher 

index value indicates stricter mitigation policy at a given 

time in a country. Vaccination coverage is summarized 

based on the eligibility for vaccination for three essential 

groups: key workers, the clinically vulnerable, and the 

elderly.

Weekly COVID-19 deaths were considered and 

obtained from Our World in Data. According to a 

previous systematic review, high willingness to vaccinate 

is associated with sociodemographic factors and risk per-

ceptions [28]. Weekly deaths varied by country, and the 

COVID-19 variants reflected the severity of the outbreak, 

indicating the need for vaccination. We used GDP per 

capita, population, population density, the proportion of 

the population aged ≥ 65 years, and the Corruption Per-

ceptions Index (CPI) as socioeconomic factors. The pro-

portion of the population aged ≥ 65 years was included to 

control for the association between the proportion of the 

older population, who had been prioritized for vaccina-

tion in most countries, and the vaccination rate. The CPI 

reflects the perceived levels of public-sector corruption 

in each country and is introduced as a proxy variable for 

a country’s efficiency of governance [29]. In addition, the 

proportion of essential vaccine administration was con-

sidered an index of the perception of vaccination among 

the population.

Countries were divided into three groups based on the 

World Bank income level classification: low- and lower-

middle-income (low), upper-middle-income (mid), and 

high-income (high) [30]. We used ISO country codes 

to the data and excluded regions and countries with-

out matching ISO codes. In addition, countries without 

key input variables such as GDP or population, those 

with < 80% of Google’s reported market share, and those 

with omitted data during the 52 weeks were excluded.

Data analysis

We employed a panel data regression model that consid-

ered both longitudinal and cross-sectional associations 

to investigate the association between various factors 

and COVID-19 vaccination rates across countries with 

different income levels. We performed the Im, Pesaran, 

and Shin (IPS) test or the Harris-Tzavalis test, depend-

ing on the number of entities and periods, to ensure data 

stationarity for the panel regression [31, 32]. A regression 

model was used to account for differences in income lev-

els, which significantly affected the vaccination rate. We 

performed the growth curve model fitting for the panel 

regression to capture the different slopes of the variables 

among the 153 countries. Although the Hausman test 

preferred the use of a fixed effects model, we performed a 

growth curve model fitting (a random effects model; see 

Supplementary Materials) to capture the different inter-

cepts and slopes of responses according to population 

interests. In addition, model fitting was performed to 

ensure that country-level variables including population 

and GDP, which are highly correlated with vaccine dis-

tribution, were not omitted [33]. Moreover, we included 

weekly new deaths by dividing them into within- and 

between-country variations because they could vary with 

both the country and timing (overall standard deviation 
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Table 1 Description of variables and sources of data

Type Name Description Source

Dependent variable Weekly COVID-19 new vaccination rate The seven-day average number of daily 
doses administered per 10,000 individuals

Our World in Data

Independent variable: Indi-
vidual interest in COVID-19

COVID-19 diagnosis among countries The relative search volume of Google 
Trends Topic “COVID-19 Diagnosis” searched 
by region from March 2021 to February 2022

Google Trends

COVID-19 vaccine among countries The relative search volume of Google Trends 
Topic “COVID-19 Vaccine” searched by region 
from March 2021 to February 2022

COVID-19 Vaccine-related adverse events 
among countries

The related search term in Google Trends 
Topic “COVID-19 Vaccine” searched by region 
from March 2021 to February 2022, which 
means that people searched for “adverse 
event” immediately after searching 
for “COVID-19 Vaccine”

COVID-19 Diagnosis within a country The output of Google Trends Topic “COVID-
19 Diagnosis” searched by time for the spe-
cific country from March 2021 to February 
2022

COVID-19 Vaccine within a country The output of Google Trends Topic “COVID-
19 Vaccine” searched by time for the specific 
country from March 2021 to February 2022

Independent variable: Mitigat-
ing policy factors

Stringency index The Oxford Coronavirus Government 
Response Tracker (OxCGRT) calculates 
a stringency index, a composite measure 
of nine of the response metrics (0 ~ 100): 
school closures, workplace closures, cancel-
lation of public events, restrictions on public 
gatherings, closures of public transport, stay-
at-home requirements, public information 
campaigns, restrictions on internal move-
ments, and international travel controls

Our World in Data

Vaccination coverage Countries are coded into six categories:
No availability, availability of one to three 
of the following: key workers/clinically 
vulnerable groups/elderly groups, availability 
for all three groups plus partial additional 
availability (select broad groups/ages), 
and universal availability
(range: 0–5)

Time from first vaccination Time from the first dose administered 
in a specific country (day)

Independent variable: Dis-
ease-related factor

Weekly new deaths per 100,000 individuals The seven-day average number of daily con-
firmed deaths from COVID-19 per 100,000 
people

 Our World in Data

Independent variable: Socio-
economic factor

Population Population of a specific country (log-trans-
formed in the model)

 Our World in Data

Population density Population per square kilometers

GDP per capita The gross domestic product (GDP) per capita 
in U.S. dollars (log-transformed in the model)

The proportion of those aged ≥ 65 years The proportion of the total population 
aged ≥ 65 years in a specific country

Corruption perceptions index The index that scores and ranks countries 
by their perceived levels of public sector 
corruption (range: 0–100)

Transparency International

Essential vaccination rate The proportion of children of the relevant 
age category who receive the seven key 
vaccines (DPT3, measles, polio, Hep3B, Hae-
mophilus influenzae type b, pneumococcal 
conjugate vaccines, and rotavirus vaccine), 
conditional on inclusion in the national vac-
cine schedules

Our World in Data
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(SD) 0.34; between SD 0.21; within SD 0.27). This study 

accounted for rapid variations in the disease status of 

each country by dividing the number of new deaths 

per week into within- and between estimators to inter-

pret the coefficients. Consistent with previous studies 

on COVID-19 that introduced a 7-day lag to reflect the 

incubation period of the disease, this study also intro-

duced a 7-day lag in the vaccination model because fac-

tors such as population behavior or suppression policies 

may not immediately affect vaccination decisions [34]. 

For instance, many countries use reservation systems 

for vaccinations rather than walk-in vaccinations. We 

analyzed the sensitivity of the lag time with no lag and a 

4-week lag to consider the potential differences in policy 

responses and behavior by country. We used the Stata 

software (version 17.0; StataCorp LP, College Station, TX, 

USA).

Results
The panel analysis included data from 153 countries. 

The panel demographics at baseline (March 2021) are 

presented in Table  2. There were 67 countries in the 

low- and lower-middle-income groups, 35 in the upper-

middle-income group, and 51 in the high-income group. 

The dependent variables for each subgroup remained 

stationary throughout the study period. In March 2021, 

0.33% and 1.43% of the total population were vaccinated 

in low- or lower-middle-income and upper-middle-

income countries, respectively, compared to 9.09% in 

high-income countries were vaccinated during the same 

period. Figure  1 shows the geographical disparities in 

individual interests, stringency index of mitigation policy, 

and vaccine coverage as of March 2021. Figure 1A indi-

cates that people in higher-income countries are more 

likely to be interested in COVID-19 vaccines than those 

in low- and lower-middle-income countries. Figure  1B 

indicates the level of stringency of COVID-19 mitigation 

strategies in suppressing the disease, with high-income 

countries implementing stricter policies such as work 

and school lockdowns than lower-income countries. 

Finally, Fig. 1C depicts vaccine coverage in March 2021, 

demonstrating higher coverage in high-income coun-

tries to low- or lower-middle-income and upper-middle-

income countries.

Figure 2 shows the changes in the weekly average num-

ber of vaccinated people per million population over 

time across income levels of the countries. High-income 

countries had the highest vaccination rates and showed 

rapid changes over time, as shown in Fig.  2. Their vac-

cination rates increased until July 2021, decreased from 

Table 2 Panel demographics at the baseline in March 2021

GDP gross domestic product

Variables (Mean, SD) Low- and lower-middle-
income countries (N = 67)

Upper middle-income 
countries (N = 35)

High-income 
countries 
(N = 51)

New vaccination per week per 10,000 individuals 2.26 (5.52) 9.97 (18.72) 30.87 (21.36)

Percentage of the total population vaccinated 0.33 (1.35) 1.43 (4.37) 9.09 (11.23)

Disease factor

 Weekly new deaths per 100,000 individuals 0.04 (0.11) 0.31 (0.42) 0.31 (0.38)

Socio-economic factors

 Population (10 million) 58.4 (174) 22.9 (43) 21.3 (48.9)

 Population density per  km2 129.15 (190.11) 142.90 (260.72) 354.27 (1,132.28)

 GDP per capita (1,000 USD) 4.63 (3.79) 13.88 (4.69) 40.92 (19.70)

 The proportion of individuals aged ≥ 65 years (%) 4.27 (2.31) 8.13 (3.80) 14.99 (5.88)

 Corruption Perceptions Index 31.10 (9.81) 41.17 (10.46) 63.96 (14.37)

 Essential vaccination rate (%) 83.69 (14.50) 92.70 (7.37) 94.40 (5.56)

Mitigating policy factors

 Stringency index (range: 0–100) 47.33 (21.28) 51.50 (26.94) 64.26 (14.42)

 Vaccination coverage 0.84 (1.12) 1.27 (1.35) 2.52 (0.99)

 Time from first vaccination to panel entry (days) 10.03 (18.27) 22.03 (22.86) 59.70 (24.85)

Individual interest

 COVID-19 Diagnosis among countries 5.42 (4.26) 10.14 (7.29) 31.29 (24.85)

 COVID-19 Vaccine among countries 13.62 (15.41) 20.69 (14.40) 28.95 (19.29)

 COVID-19 Vaccine-related adverse events among countries 0.84 (1.19) 0.94 (1.73) 1.21 (1.29)

 COVID-19 Diagnosis within a country 24.46 (21.65) 22.31 (14.29) 32.16 (21.99)

 COVID-19 Vaccine within a country 24.95 (21.49) 31.49 (23.04) 43.69 (26.11)
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Fig. 1 Baseline characteristics by geographical region in March 2021
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July to November 2021, and increased rapidly from 

November 2021 to January 2022. By contrast, low- and 

lower-middle-income countries showed fewer fluctua-

tions without a prominent peak during the panel period. 

Supplementary Fig.  1 shows the changes in the strin-

gency of COVID-19 mitigation strategies over time, with 

high-income countries initially having higher stringency 

levels, but decreasing to levels similar to those of other 

countries by the end of the follow-up period. Concern-

ing population interest, the relative search volume for 

COVID-19 vaccines increased slightly until the middle of 

2021, then consistently decreased (Supplementary Fig. 2).

Table 3 presents the impact of various factors on vacci-

nation rates across countries with different income levels 

as estimated from the panel analysis. A positive associa-

tion was observed between searching for COVID-19 vac-

cines within the country was observed across all income 

groups. This indicates that countries with higher indi-

vidual interests had higher vaccination rates, and more 

intensive searches led to higher vaccination rates. The 

association between vaccination rate and searching for 

“COVID-19 vaccine” increased by income level (0.341 in 

low- and lower-middle-income countries, 0.564 in upper-

middle-income countries, and 0.678 in high-income 

countries). Adverse events were associated with a lower 

vaccination rate only in high-income countries. The coef-

ficient of COVID-19 diagnosis within a country showed a 

positive association in high-income countries (0.1); how-

ever, it was negative in upper-middle-income countries 

(− 0.131). The between-country estimator of COVID-19 

diagnosis was negatively associated with the vaccination 

rate only in high-income countries (− 0.202).

Stringent mitigation policies were associated with 

higher vaccination rates only in high-income countries 

(0.369). However, wider vaccination coverage was con-

sistently related to a high vaccination rate, and the mag-

nitude of the impact increased by the income group 

(1.459, 2.553, and 6.330 in the low-income, upper-mid-

dle-income, and high-income groups, respectively). 

Among the disease factors, countries with higher weekly 

deaths were likely to have lower vaccination rates than 

the other countries in the high-income group (− 20.90). 

However, no such tendency was observed in the other 

income groups. In contrast, more people were admin-

istered the vaccine in a specific high-income country 

when more patients died (4.270). The same tendency, 

but with a higher coefficient magnitude within a country, 

was observed in low- or lower-middle-income countries 

(14.880). Only high-income member countries of the 

Organization for Economic Co-operation and Devel-

opment (OECD) were likely to have higher vaccination 

rates than the non-OECD countries (13.570). Popula-

tion and GDP were not associated with vaccination rates, 

whereas population density was associated with higher 

Fig. 2 Weekly average vaccinations per 10,000 individuals
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vaccination rates in upper-middle-income countries. 

Moreover, in low-income and lower-middle-income 

countries, higher CPI, which indicates less perceived cor-

ruption in the public sector, was associated with higher 

vaccination rates.

From the sensitivity analyses using all countries in a 

single model adjusting for income level as a categorical 

variable, searching for the COVID-19 vaccine both within 

and between countries was still associated with higher 

vaccination rates (Supplementary Table 1). Moreover, the 

stringency of mitigation policies, vaccination coverage, 

and elapsed time since vaccination were also significantly 

associated with higher vaccination rates. Additionally, 

the proportion of individuals aged ≥ 65  years and the 

essential vaccination rate were associated with higher 

vaccination rates in the overall model, which remained 

non-significant in separate models fitted to each income 

group. The CPI, which was only significant in the LMIC 

model, was found to be associated with the vaccination 

rate in the overall model. Supplementary Tables  2 and 

3 show the sensitivity analyses using lag times of 0 and 

4  weeks for Google Trends, which generally remained 

consistent with the initial findings regarding the direc-

tion and magnitude of the coefficients.

Discussion
In this study, we assessed the impact of various factors 

on vaccination rates using panel regression models based 

on income level. Each income level group showed notice-

able differences in vaccination patterns. Our regression 

Table 3 Factors associated with the new vaccination rate by income level

GDP gross domestic product, OECD Organization for Economic Co-operation and Development

* P-value < 0.1 

** P-value < 0.05

*** P-value < 0.01

Variables Coefficient (standard error)

Low- and lower-middle-income 
countries (N = 67)

Upper middle-income 
countries (N = 35)

High-income 
countries 
(N = 51)

Individual interest

 COVID-19 Vaccines

  Within a country 0.341*** (0.030) 0.564*** (0.028) 0.678*** (0.028)

  Among countries 0.157 (0.118) 0.328** (0.156) 0.045 (0.090)

  Adverse events among countries  − 0.967 (1.422)  − 0.368 (1.608)  − 2.246** (1.142)

 COVID-19 Diagnosis

  Within a country  − 0.043 (0.027)  − 0.131*** (0.025) 0.102*** (0.027)

  Among countries  − 0.546 (0.476)  − 0.564 (0.396)  − 0.202*** (0.056)

Mitigating policy factors

 Stringency index 0.023 (0.052) 0.022 (0.045) 0.358*** (0.046)

 Vaccination coverage 1.459** (0.594) 2.553*** (0.558) 6.330*** (0.776)

 Time from first vaccination 0.064*** (0.008) 0.044*** (0.007)  − 0.031*** (0.007)

Disease-related factors

 Weekly new deaths per 100,000

 Within a country 14.880*** (5.752) 1.249 (1.156) 4.270** (1.773)

 Among countries 0.570 (27.830)  − 6.009 (11.010)  − 20.90*** (7.827)

Socio-economic factors

 OECD (ref. non-OECD country)  − 3.895 (8.627) 13.570*** (4.006)

 Population  − 0.926 (1.125) 2.412 (1.476)  − 0.749 (0.886)

 Population density 0.016 (0.011) 0.024** (0.010) 0.001 (0.001)

 GDP per capita 0.291 (1.302) 3.906 (5.933) 2.785 (4.336)

 The proportion of those aged ≥ 65 years 1.398 (1.316) 0.470 (0.655) 0.305 (0.315)

 Corruption Perceptions Index 0.536*** (0.201) 0.301 (0.255) 0.0474 (0.132)

 Essential vaccination rate 0.201 (0.126) 0.322 (0.296) 0.266 (0.233)

Constant  − 32.69 (21.94)  − 122.8** (61.12)  − 64.18 (49.91)

Rho 0.106 0.209 0.0757
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model included individual interests, mitigating policy 

factors, disease-related factors (e.g., weekly new death), 

and socio-economic factors. The results showed that the 

directions of the relationship were consistent across the 

income-level groups in general. However, it is impor-

tant to note discrepancies in contributing factors across 

the income groups. For example, CPI was significant 

only in LMICs, which indicated that the more corrup-

tion regarding governance perceived in LMICs, the fewer 

people would be vaccinated.

On the other hand, the stringency index showed posi-

tive association only in high-income countries, meaning 

more strict mitigation policies associated with higher 

vaccination rates, which might indicate that there could 

be underlying needs for governance or the healthcare sys-

tem to implement the stringent mitigation policies suc-

cessfully. Consequently, these findings suggest that there 

have been different structural barriers across the income 

group of countries, which require implementing differ-

ent approaches. Despite discrepancies in other contrib-

uting factors, individual-level interest, and vaccination 

coverage consistently showed a positive relationship with 

vaccination rates in all income groups of countries. This 

implies that increasing public awareness and expanding 

vaccination coverage could be a universal approach to 

promoting vaccination rates.

Previous systematic reviews have reported that 

increasing knowledge, perceived risk of COVID-19, and 

perceived severity are key factors that boost vaccine 

acceptance [35]. Another umbrella review of systematic 

review found that vaccine hesitancy underscored the 

need for tailored interventions and credible informa-

tion to promote acceptance [36]. Some studies have used 

Google Trends to identify the association between inter-

ests quantified by relative search volume and COVID-

19-related research topics [37–39]. Maugery et  al. [38] 

suggested that Google Trends provides insights into 

fears and concerns regarding vaccination. Maugeri et al. 

reported moderate-to-strong correlations between the 

search volume of vaccine-related terms and COVID-19 

vaccination in Italy [38], consistent with our finding that 

individuals’ interest in vaccination within a country was 

associated with vaccination, regardless of income level. 

This finding suggests that public awareness campaigns 

regarding vaccines could be helpful as a universal tool to 

increase vaccination rates within a country. Interestingly, 

the search volume for adverse events and diagnoses was 

associated with vaccination rates in high-income coun-

tries. In other words, a country with a higher search vol-

ume has a lower vaccination rate.

Bayati et al. [9] reviewed several studies on the macro 

determinants of inequality in COVID-19 vaccine 

distribution and consistently reported GDP as the pri-

mary determinant of vaccine distribution [15–18]. Gen-

erally, the income level of a country is a well-known 

facilitator of vaccine distribution and vaccination. As 

shown in Fig.  2, a relatively rapid increase in vaccina-

tion rate was observed in high-income countries during 

increased temporary demand in the study period, such 

as during the outbreak of delta variants or the authoriza-

tion of booster shots, based on relatively sufficient medi-

cal resources and a smooth supply of vaccines. Pronkina 

et  al. [40] reported a gap in the vaccination rate among 

European countries and insisted that this gap was affected 

by lower social capital rather than the first wave of the 

pandemic or general exposure to vaccines. Although 

GDP per capita was not significant in our analysis, our 

analysis showed the CPI was significant in LMIC, which 

reflects the efficiency of a country’s governance [29], and 

whether the country is a member of OECD was also sig-

nificant in high-income countries. Furthermore, accord-

ing to the results from the overall model (Supplementary 

Table 1), after adjusting for income level, GDP per capita 

remained non-significant, whereas CPI was associated 

with a higher vaccination rate. This indicates that the 

population’s willingness to be vaccinated can vary based 

on their general perception or trust in the public sector. 

This is consistent with previous findings on vaccine hesi-

tancy due to the development process of the COVID-19 

vaccine, which has been developed and approved much 

faster with minimal evidence than any other vaccine [41, 

42]. Therefore, our findings could have supported previ-

ous findings regarding social capital by including CPI in 

our model.

Although there was no homogeneous definition of 

death from COVID-19, particularly death ‘with’ or ‘due 

to’ COVID-19 [43, 44], several studies have reported 

correlations between the stringency of COVID-19 miti-

gation strategies and COVID-19 outcomes, such as 

mortality and the number of confirmed cases [45–49]. 

Our results indicate a significant association between 

vaccination rates and the stringency of COVID-19 

mitigation strategies, but only in high-income coun-

tries. This can be attributed to several factors, includ-

ing better healthcare systems, infrastructure, and 

vaccine availability, all of which enable the success-

ful implementation of stringent policies. For example, 

high-income countries have better capability to imple-

ment vaccine passports in combination with stringent 

mitigation policies due to relatively higher vaccine 

availability and vaccinated population than other coun-

tries, which may strengthen the association between 

stringency index and vaccination rate in high-income 

countries [50–53]. Furthermore, populations in these 
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countries generally have a higher level of trust in gov-

ernment than populations in LMICs, as shown in CPI, 

making them more likely to adhere to strict mitigation 

policies such as lockdowns, social distancing, and vac-

cine mandates because they trust the government [54].

During the global pandemic, several studies on the fac-

tors associated with COVID-19 vaccination were pub-

lished. Nonetheless, our study has distinct strengths 

owing to its design. Along with several outbreaks by dif-

ferent variants of COVID-19, vaccines have been intro-

duced sequentially, and recommendations were changed 

over time. Therefore, it was necessary to use a panel 

regression approach that could be generalized rather 

than the correlation at a specific point of observation to 

assess the factors associated with the dynamically chang-

ing COVID-19 vaccines.

Despite these advantages, some limitations require 

caution when interpreting our findings. First, since only 

commonly observed and reported variables across vari-

ous countries were analyzed, some relevant variables may 

have been omitted. In addition, several countries, includ-

ing China, Japan, and Russia, were excluded because 

either the variables were not reported or the individual 

level interest factors were not generalizable, owing to 

the low market share of data sources. Additionally, the 

factors specific to Google and those associated with 

these countries may also have been excluded. However, 

because our study included most of the major variables 

of previous studies analyzed at the country level and 

most of the cultural regions, the impact of the omitted 

variables or excluded countries is expected to be limited. 

Second, there are limitations regarding the variables and 

regression model. Although we included a 1-week lag in 

Google Trends data to capture the relationship between 

search trends and vaccination rates, this cannot be inter-

preted as causality because the model was not designed 

for causal inference. Additionally, the varying time gaps 

between web bookings and actual vaccinations across 

countries make it difficult to determine an appropriate 

lag time. However, our model still demonstrated a strong 

association between search trends and vaccination rates 

across different lag times in sensitivity analyses. Third, 

time-varying factors may have influenced this associa-

tion throughout the pandemic. While we included new 

weekly deaths as a proxy for changing pandemic condi-

tions, we could not fully capture the evolving contrib-

uting factors to guide policy adjustments to improve 

vaccination rates; this warrants further research. Fourth, 

despite evidence indicating that Google Trends reflects 

the interests of the population, there may be bias as it 

is a proxy variable for interest. To minimize this bias, 

we assessed countries where Google’s market share was 

greater than 80% of all search engines so that Google 

search users were representative of that country’s popu-

lation. Finally, the stringency index, which was used as 

a variable for overall quarantine policies such as social 

distancing, is an aggregated variable that summarizes the 

stringency of the policy. While this index captures the 

broader policy environment and facilitates standardized 

comparisons across countries, certain policies that signif-

icantly influence vaccination rates may not be fully rep-

resented. For example, studies from individual countries 

or regions (e.g., Israel, Hong Kong, Poland and Lithuania) 

suggest that policies like vaccine passports, which restrict 

access to public spaces for unvaccinated individuals, may 

have substantially impacted vaccination rates [51–53]. 

However, the stringency index used in our study does not 

explicitly account for implementing vaccine passports. 

Nonetheless, their impact may be indirectly captured by 

the index because the effectiveness of vaccine passports 

is closely tied to restricting unvaccinated individuals’ 

access to public spaces—an aspect aligned with stringent 

mitigation strategies. Although we believe the potential 

bias from this limitation is likely minimal, the aggregated 

nature of the stringency index posed challenges in isolat-

ing the effects of specific policies, which remains a limi-

tation of our study. Future research aiming to evaluate 

the impact of individual policies may benefit from more 

granular policy data, and developing standardized data-

sets on specific policies will be essential for assessing mit-

igation strategies and improving preparedness for future 

pandemics.

Conclusion
Simultaneous identification of the factors associated with 

vaccination rates by income class is essential to increase 

global vaccination rates. This study demonstrated that 

the factors associated with vaccination rates varied 

according to the income level. Unlike all other groups, 

governance contributed to the vaccination rate in low- 

or lower-middle-income countries, but the policy strin-

gency was insignificant. This finding suggests the need 

for a tailored approach to increase vaccination rates 

to overcome future pandemics rapidly. Concurrently, 

our study showed that expanding vaccination coverage 

through a rapid supply and promotion of public aware-

ness through public campaigns could be a universal 

approach, regardless of the country’s income level. Nev-

ertheless, the determinants of vaccination rates remain 

unknown, and further research on the differences in the 

factors associated with vaccination rates among coun-

tries is needed from an equity perspective.
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