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Objectives: Despite availability of vaccines proven to prevent severe illness, 
hospitalization, and death from COVID-19, a significant portion of the population 
remains hesitant to get vaccinated. This study examined the association between 
the proximity to vaccination sites and COVID-19 vaccine uptake and the role of 
gender and vaccine distrust in this relationship.

Methods: We used data from the COVID-19 Exposure, Prevention, and Impact 
Study in Upstate South Carolina of the United  States which was a cross-
sectional survey conducted from March 2022 to August 2022 using address-
based probability sampling for a mail-to-web survey. The analysis included 255 
respondents (86 men and 169 women).

Results: About 75% of respondents were vaccinated. Men were more likely to 
be  vaccinated than women (84% vs. 71%). Having 1 to 9 pharmacies nearby 
increased vaccination odds by 4.64 times; having 10 or more increased these 
odds by 3.46 times (compared to no pharmacies). Each additional kilometer 
to the nearest pharmacy decreased vaccination odds by 8%. Women showed 
weaker associations between proximity to vaccination sites and vaccine 
uptake compared to men. Including vaccine distrust in the model rendered 
the interaction term of gender and proximity to vaccination sites insignificant, 
highlighting distrust as a dominant factor. Further analysis showed that the 
effect of proximity to vaccination sites on reducing COVID-19 vaccine distrust 
was weaker for women.

Conclusion: These findings underscore the complex interplay between access, 
trust, and demographic factors in determining vaccine uptake. Addressing 
vaccine hesitancy requires a multifaceted approach. Strategies should focus 
on improving access, building trust through transparent communication, and 
tailoring interventions to demographic-specific barriers.
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1 Introduction

The COVID-19 pandemic caused devastating global health, 
economic, and societal impacts, with nearly 777 million confirmed 
cases and more than 7.1 million deaths worldwide by October 2024 
(1). Despite the availability of vaccines proven to prevent severe 
illness, hospitalization, and death from COVID-19, a significant 
portion of the population remains hesitant to get vaccinated (2, 3). In 
the United States, despite widespread vaccine availability, only 69.5% 
of the population completed their primary vaccination series as of 
May 2023 when the World Health Organization (WHO) declared an 
end to the global Public Health Emergency for COVID-19 (4). Even 
fewer individuals received booster shots. Vaccine hesitancy, to delay 
or even reject vaccination despite its availability, has been a significant 
barrier to controlling the pandemic (5). There has been extensive 
research on the risk factors for vaccine hesitancy and vaccine hesitancy 
in the U.S. is often linked to political polarization, misinformation, 
and concerns over side effects (6). More hesitant populations include 
younger adults, racial minorities, and people living in rural 
areas (7–11).

Research into vaccine behavior often uses models such as the 
Health Belief Model, which suggests that people’s decisions to 
vaccinate are influenced by factors like perceived susceptibility to the 
disease, the severity of potential illness, and perceived barriers to 
vaccination (12). The proximity to vaccination sites has been identified 
as a critical factor influencing COVID-19 vaccine uptake. Research 
indicates that individuals living closer to vaccination centers are more 
likely to receive the vaccine. For instance, research using geospatial 
methods in California and Chicago found that longer distances to 
vaccination sites were tied to reduced vaccine uptake (California) and 
that vaccination in an area increased once a nearby vaccination site 
opened (Chicago) (13). These findings align with evidence from other 
regions, such as, Pakistan, Iran and India, where proximity to 
healthcare facilities has been shown to enhance immunization 
rates (14).

Although the relationship between proximity to vaccination sites 
and vaccine uptake has been studied in the past, research on gender 
difference in this relationship is limited. To be sure, gender difference 
in COVID-19 vaccine uptake has been a significant area of research 
and the evidence is mixed. Several studies have found that women are 
less likely to accept or receive the COVID-19 vaccine compared to 
men (15–19). Other studies have reported no significant gender 
differences in COVID-19 vaccine acceptance (20–22). In the 
United States, while women had higher COVID-19 vaccination rates 
than men during the initial vaccine rollout, the difference lessened 
over time (23). These studies suggest that the relationship between 
gender and vaccine acceptance can vary depending on the specific 
population or setting. In addition, risk factors for vaccine hesitancy 
may vary by gender. Our study extends previous research by 
examining whether there is a gender difference in the effects of 
proximity to vaccination sites on vaccine uptake.

We also investigate whether distrust in the safety and effectiveness 
of the COVID-19 vaccine helps explain the connections between 
proximity to vaccination sites and vaccine uptake. Strong evidence 
suggests that lower vaccine uptake is linked to distrust in the 
COVID-19 vaccine (24–29). Additionally, research indicates that 
being closer to vaccination sites can boost vaccine trust by improving 
accessibility, fostering community engagement, and building trusted 

relationships with healthcare providers (30–33). However, few studies 
have explored whether vaccine distrust accounts for the relationship 
between proximity to vaccination sites and vaccine uptake.

This study focuses on distance versus proximity as one of the 
structural barriers to COVID-19 vaccine uptake. Our research 
questions are: (1) whether there is a positive relationship between 
proximity to COVID-19 vaccination sites and COVID-19 vaccine 
uptake; (2) whether the relationship between proximity to 
vaccination sites and vaccine uptake varies by gender; and (3) 
whether the relationship between proximity to vaccination sites and 
vaccine uptake is explained by trust in the safety and effectiveness of 
COVID-19 vaccines. Studying COVID-19 vaccine uptake is crucial 
for understanding vaccination trends, addressing barriers like 
hesitancy or access issues, and promoting equitable healthcare. It 
helps inform public health campaigns, improve vaccine distribution, 
and guide policies to ensure widespread coverage, reducing 
transmission, severe illness, and healthcare strain. By identifying 
disparities and tailoring interventions, such research supports 
vulnerable populations and enhances preparedness for future 
pandemics, ultimately contributing to more resilient and inclusive 
healthcare systems.

2 Methods

2.1 Participants

We used data from the COVID-19 Exposure, Prevention, and 
Impact Study in Upstate South Carolina. According to the 2020 U.S 
Census, the four Upstate South Carolina counties included in this 
study had 412,511 housing units in 2020 (Anderson: 89,123; 
Greenville: 226,215; Oconee: 40,788; Pickens: 56,385) and as of 
2022, these counties had an estimated civilian, non-institutionalized 
population of 753,247 (Anderson: 161,979; Greenville: 417,463; 
Oconee: 64,972; Pickens: 108,833) (34). The four counties form a 
vital part of Upstate South Carolina which have thriving industrial 
sectors, with strong contributions from manufacturing, 
automotive, and advanced materials industries, while still 
maintaining expansive rural areas where agriculture and natural 
scenic landscapes play a vital role. In addition, these counties are 
a significant part of the core of the most populous region of South 
Carolina (the Greenville-Spartanburg, Anderson Combined 
Statistical Area) and not particularly unique in terms of population 
characteristics, economic structure, and social and political 
attitudes compared to the wider foothills region of the Southern 
Appalachian Mountains, which also includes parts of Virginia, 
Tennessee, North Carolina, and Georgia. According to the 
Appalachian Regional Commission (35), the Southern Appalachian 
Region in 2022 was the most populous (8,762,878) (p. 21, Table 3.1) 
and the fastest growing (+11.8% since July 1st, 2010; p. 8, Table 1.1) 
subregion of the Appalachian Region overall.

During the pandemic, both the South Carolina Department of 
Health and Environmental Control (DHEC) and the Centers for 
Disease Control and Prevention (CDC) strongly recommended 
that individuals aged 6 months and older receive the COVID-19 
vaccine to protect themselves and others (36). However, COVID-19 
vaccinations were not mandated. Employers implementing vaccine 
requirements must accommodate valid religious and medical 
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exemptions, ensuring compliance with state laws designed to 
protect individual rights (37).

This cross-sectional survey was conducted by Clemson 
University. Data were collected from March 2022 to August 2022 
using an address-based sampling mail-to-web survey. A random 
sample of 1,500 household addresses in the four counties were 
initially selected and the adult (age 18 or over) in the household 
who had the most recent birthday was asked to complete the 
survey. A recruitment letter was mailed to these addresses, and the 
respondents were instructed to complete the survey on the web. 
Two follow-up letters were mailed, and for those who still had not 
responded, a fourth mailing included a paper questionnaire for the 
respondent to complete and return. Upon completion of the 
survey, respondents received a $20 gift card via mail or email. 
Among 1,402 valid addresses, 302 completed the survey (213 web 
surveys and 89 mail surveys), with a response rate of 21.4%. 
Although our response rate was low, it was similar to other surveys 
conducted during the pandemic. For example, the US General 
Social Survey conducted by the National Opinion Research Center 
also used web and mail mixed mode survey in 2021 and had a 
response rate of 17.4% (38). Female (66.2%), White (87.2%), and 
older adults (65 and older) (32.6%) were over-represented in our 
sample compared to the 2020 Census Bureau’s estimates (52.1, 
76.1, 23.1% respectively) (34). The study was approved by the 
Institutional Review Board at Clemson University and all 
respondents have consented to participate in the survey. After list-
wise deletion of missing cases, the analytic sample included 255 
respondents with 86 men and 169 women. We used spatial network 
analysis from the respondents’ addresses to operationalize the 
variables measuring the proximity to vaccination sites, including 
the number of pharmacies within a 10-min driving distance from 
the respondent’s home and the distance to the closest pharmacy.

2.2 Measures

2.2.1 COVID-19 vaccine uptake
Respondents were asked whether they have been fully vaccinated, 

partially vaccinated, or have not been vaccinated for COVID-19. A 
dummy variable was created to indicate vaccination status with those 
who have been fully or partially vaccinated coded 1.

2.2.2 Proximity to vaccination sites
The number of pharmacies within a 10-min driving distance from 

the respondent’s home and the distance of the closest pharmacy from 
the respondent’s home were calculated to indicate the proximity to 
vaccination sites. Because the number of pharmacies within 10 min was 
highly skewed with a range of 0 to 49, we recoded it into three categories: 
none, 1–9 pharmacies, and 10 or more pharmacies. This cut-point was 
chosen to ensure there is a sufficient number of respondents in the 
analysis of the interaction effect of gender and the proximity measures.

2.2.3 Vaccine distrust
Respondents were asked to what extent they agree with the 

following statements: (i) COVID vaccine safety data is often 
fabricated; (ii) people are deceived about COVID-19 vaccine efficacy; 
(iii) vaccine efficacy data is often fabricated; and (iv) people are 
deceived about vaccine safety. The 5-point response options ranged 

from strongly disagree to strongly agree. A vaccine distrust scale was 
calculated by averaging respondents’ answers to the four statements. 
It ranged from 1 to 5 with higher values associated with greater levels 
of distrust (Cronbach’s alpha = 0.96).

2.2.4 Demographic covariates
Sociodemographic covariates include age in years, gender, 

LGBTQ++ identity, race (White, Black and other races), marital status 
(married, divorced/separated, widowed, and never married), presence 
of children under 18 in household, education level (ranging from 1 “8th 
grade or less” to 9 “graduate/professional degree”), household income 
level (ranging from 1 “Less than $10,000” to 11 “$100,000 or more”), 
employment status, political ideology (liberal, moderate, conservative), 
religion (Protestant, Catholic, Other religion, and no religion), 
respondent’s number of chronic conditions (top-coded to 4 when there 
were more than 4 conditions), and whether any household member had 
medical conditions that increased their risk for COVID-19 infection.

2.3 Statistical analysis

We first calculated descriptive statistics for all respondents and 
then separately for men and women. T-test or Chi-square tests were 
used to test the significance of gender differences. We then used 
binary logistic regression to examine the relationship between 
proximity to vaccination sites and COVID-19 vaccine uptake. 
We  estimated three models for each measure of proximity to 
vaccination sites, described above. The first model included one 
proximity measure and all sociodemographic covariates, the second 
model added the interaction term between gender and that 
proximity measure to see whether the relationship between 
proximity to vaccination sites and vaccine uptake varied by gender, 
and the third model added the vaccine distrust scale to see whether 
vaccine distrust explained the effect of proximity to vaccination 
sites and the interaction effect of gender and proximity to 
vaccination sites. In the next set of analysis, we  examined the 
association between proximity to vaccination sites and vaccine 
distrust using ordinary least squares regression (OLS). We estimated 
two models for each measure of proximity. The first model included 
one proximity measure and all sociodemographic covariates, and 
the second model added the interaction term between gender and 
that proximity measure to see whether the relationship between the 
proximity measure and vaccine distrust varied by gender. In 
addition, we  assessed the adequacy of our sample size for 
these analyses.

3 Results

3.1 Descriptive statistics

About 75% of respondents have been vaccinated. About 17% had 
no pharmacies within 10 min, 41% had 1 to 9 pharmacies, and 42% 
had 10 or more pharmacies. On average, the distance to the closest 
pharmacy was about 6 kilometers. On a scale from 1 to 5, the vaccine 
distrust scale had a mean of 2.87. Men were more likely to have been 
vaccinated than women (84% versus 71%, p < 0.05). In our sample, 
men were older, had a lower proportion with young children in the 
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household, had higher household income, had a higher proportion 
being conservative and a lower proportion being moderate, and had 
more chronic conditions than women (Table 1).

3.2 Proximity to vaccination sites and 
vaccine uptake

The results from binary logistic regression on vaccination 
status showed that proximity to vaccination sites was significantly 

associated with vaccine uptake controlling for sociodemographic 
covariates (Table  2, Model 1). Respondents who had 1–9 
pharmacies located within 10 min from their home were 4.64 
times (p < 0.01) and respondents who had 10 or more pharmacies 
within 10 min from their home were 3.46 times (p < 0.05) more 
likely to have been vaccinated, compared to respondents who had 
no pharmacy located within 10 min from their home. Living 
one-kilometer longer distance from the closest pharmacy was 
associated with 8% (p < 0.05) decrease in the odds of 
being vaccinated.

TABLE 1 Descriptive statistics for all respondents and by gender.

Variables All (N = 255) Men (N = 86) Women (N = 169) P of gender difference

Mean (std)/% Mean (std)/% Mean (std)/%

Vaccinated 75.3 83.7 71.0 *

# Pharmacies within 10 min

None 17.3 22.1 14.8

1–9 40.8 32.6 45.0

10+ 42.0 45.3 40.2

Distance to closest pharmacy (km) 5.87 (4.93) 6.09 (4.93) 5.75 (4.93)

Vaccine distrust scale 2.87 (1.27) 2.84 (1.24) 2.88 (1.28)

Age 52.89 (18.61) 57.24 (18.06) 50.69 (18.51) **

Race

White 87.4 88.4 87.0

Black 5.9 2.3 7.7

Other race 6.7 9.3 5.3

LGBTQ++ 5.9 5.8 5.9

Marital status

Married 68.6 73.3 66.3

Divorced/separated 11.8 9.3 13.0

Widowed 5.9 3.5 7.1

Never married 13.7 14.0 13.6

Kids under 18 in HH 32.2 22.1 37.3 *

Education level 6.73 (2.01) 6.87 (1.93) 6.66 (2.04)

HH income level 7.07 (3.38) 7.87 (3.19) 6.66 (3.41) **

Working 55.7 58.1 54.4

Political ideology **

Liberal 24.7 26.7 23.7

Moderate 25.9 12.8 32.5

Conservative 49.4 60.5 43.8

Religion

Protestant 66.7 65.1 67.5

Catholic 11.4 11.6 11.2

Other religion 4.3 4.7 4.1

No religion 17.6 18.6 17.2

# Chronic conditions before COVID 0.89 (1.11) 1.07 (1.18) 0.79 (1.07) +

HH member having COVID risk 

conditions

35.7 31.4 37.9

T-test was used for continuous variables and Chi-square test was used for categorical variables to test the significance of gender differences. ** p < 0.01, * p < 0.05, + p < 0.1 (two-tailed tests).
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When the interaction term between gender and the proximity 
measure was added in Model 2, the interaction term between female 
gender and 10 or more pharmacies was significant and indicated that 
the association between number of pharmacies nearby and vaccination 
status was weaker for women than for men, especially when they had 
10 or more pharmacies nearly (OR for interaction term = 0.11, 
p < 0.05). A marginally significant interaction term between female 
gender and distance to the closest pharmacy indicated a weaker effect 

of distance to the closest pharmacy on vaccination status for women 
than for men.

When the vaccine distrust scale was added in Model 3, vaccine 
distrust had a strong negative association with vaccine uptake. With 
one unit increase on the distrust scale, the odds of vaccine uptake 
decreased by more than 85% (p < 0.05). It is also interesting to see that 
the interaction terms between gender and measures of the proximity 
to vaccination sites were no longer significant.

TABLE 2 Odds ratios from binary logistic regressions of measures of proximity to vaccination sites, interactions between gender and proximity 
measures, and vaccine distrust scale on vaccination status (Vaccinated = 1; Not vaccinated = 0).

VARIABLES Model 1a Model 1b Model 2a Mode 2b Model 3a Model 3b

# Pharmacies within 10 min (ref = 0)

1–9 4.64** 13.15** 8.78*

10+ 3.46* 13.74** 13.59*

Distance to closest 

pharmacy (km)

0.92* 0.82** 0.82*

Female X # Pharmacies within 10 min

1–9 0.18 0.25

10+ 0.11* 0.24

Female X Distance to 

closest pharmacy

1.18+ 1.09

Vaccine distrust scale 0.14** 0.13**

Age 1.04* 1.04* 1.04* 1.04* 1.07** 1.07**

Female 0.51 0.57 2.29 0.19* 2.09 0.43

Race (ref = White)

Black 0.61 0.57 0.71 0.66 0.41 0.35

Other race 10.98+ 11.32+ 11.48+ 12.15+ 12.61+ 9.90+

LGBTQ++ 8.91+ 11.37+ 8.58+ 10.36+ 3.87 3.45

Marital status (ref = Married)

Divorced/separated 2.17 1.85 2.00 1.81 1.46 1.35

Widowed 0.70 0.72 0.67 0.74 0.42 0.54

Never married 1.07 0.97 1.25 1.12 0.56 0.59

Kids under 18 in HH 0.63 0.68 0.62 0.66 0.59 0.63

Education level 1.11 1.13 1.10 1.11 0.99 1.01

HH income level 1.19* 1.16* 1.19* 1.16* 1.12 1.13

Working 1.08 1.17 1.00 1.11 1.91 1.81

Political ideology (ref = Conservative)

Moderate 3.49* 3.24* 3.47* 3.41* 1.01 1.02

Liberal 9.93** 9.36** 9.36** 8.94** 1.31 1.38

Religion (ref = Protestant)

Catholic 10.29* 10.01* 10.89* 10.26* 10.27* 9.69+

Other religion 0.23 0.18+ 0.21 0.16+ 0.21 0.20

No religion 0.37 0.43 0.37 0.41 0.46 0.52

# Chronic conditions before 

COVID

0.98 0.98 0.97 0.98 1.06 1.03

HH member has COVID 

risk conditions

2.11 2.19+ 2.22+ 2.17+ 1.12 1.30

Constant 0.01** 0.07* 0.01** 0.15 8.05 168.31*

N = 255. ** p < 0.01, * p < 0.05, + p < 0.1 (two-tailed tests).
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3.3 Proximity to vaccine sites and vaccine 
distrust

The results from OLS regression on vaccine distrust scale showed 
that controlling for sociodemographic covariates, respondents who had 
1 or more pharmacies nearby had a lower level of vaccine distrust 
although only marginally significance was detected between those with 
and without 1 to 9 pharmacies nearby (Table  3, Model 1). The 
association between distance to closest pharmacy was positive, but not 
significant. When the interaction terms between gender and measures 

of the proximity to vaccination sites were added, the main effects of the 
proximity measure remained the same directions but became significant 
while the interaction terms were significant. The main effects indicate 
that for men, having 1 to 9 pharmacies within 10 min was associated 
with 0.6 point decrease on vaccine distrust scale (p < 0.1), and 10 or 
more pharmacies within 10 min was associated with 0.86 point decrease 
in vaccine distrust scale (p < 0.01), while 1 km longer distance to the 
closest pharmacy was associated 0.6 points increase in vaccine distrust 
scale (p < 0.05). For the number of pharmacies nearby, the coefficients 
for the interaction terms were positive indicating its effect was weaker 

TABLE 3 Unstandardized regression coefficients from OLS regressions of measures of proximity to vaccination sites and interactions between gender 
and proximity measures on vaccine distrust scale.

Variables Model 1a Model 1b Model 2a Model 2b

# Pharmacies within 10 min (ref = 0)

1–9 −0.35+ −0.60+

10+ −0.26 −0.86**

Distance to closest pharmacy (km) 0.01 0.06*

Female X # Pharmacies within 10 min

1–9 0.45

10+ 1.00**

Female X Distance to closest pharmacy −0.07*

Age −0.00 −0.00 −0.00 −0.00

Female 0.13 0.11 −0.46 0.53*

Race (ref = White)

Black −0.12 −0.13 −0.19 −0.19

Other race −0.47+ −0.51+ −0.47+ −0.53*

LGBTQ++ −0.14 −0.16 −0.08 −0.10

Marital status (ref = Married)

Divorced/separated −0.25 −0.23 −0.25 −0.23

Widowed 0.00 −0.00 0.01 −0.03

Never married −0.24 −0.21 −0.31 −0.31

Kids under 18 in HH −0.02 −0.02 −0.02 −0.01

Education level −0.09* −0.09* −0.08* −0.08*

HH income level −0.07** −0.06** −0.07** −0.07**

Working 0.36* 0.34* 0.39** 0.37*

Political ideology (ref = Conservative)

Moderate −0.97** −0.96** −1.02** −0.99**

Liberal −1.69** −1.67** −1.72** −1.68**

Religion (ref = Protestant)

Catholic −0.26 −0.26 −0.27 −0.26

Other religion 0.23 0.26 0.31 0.32

No religion 0.21 0.18 0.26 0.20

# Chronic conditions before COVID 0.00 0.00 −0.00 −0.00

HH member has COVID risk 

conditions

−0.37* −0.36* −0.37* −0.35*

Constant 4.94** 4.63** 5.32** 4.38**

R square 0.43 0.43 0.45 0.44

N = 255. ** p < 0.01, * p < 0.05, + p < 0.1 (two-tailed tests).
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for women than for men. For distance to the closest pharmacy, the 
coefficient for the interaction term was negative, also indicating a 
weaker effect of distance to closest pharmacy for women than for men.

3.4 Sample size analysis

In order to assess the adequacy of our sample size, we conducted 
a post hoc power analysis using Stata. For linear regression on vaccine 
distrust, assuming a 5% significance level and 80% power, with 23 
covariates, a sample of 255 respondents has the power of 17.6% to 
detect a small effect (R square = 0.02), 96.9% to detect a medium effect 
(R square = 0.13), and 100% to detect a large effect (R square = 0.26). 
To detect a medium effect with 23 predictors, the minimum sample 
size required is 167 respondents. Power analysis on the main effects 
and measures of proximity to vaccination sites and their interactions 
with gender showed that our sample has 86% power to detect 3% 
increase in the R square when these variables were added to the 
models. There is less consensus on sample size for logistic regression 
to obtain stable estimates in the literature. Scott (39) suggests that 
sample sizes of less than 100 should be  avoided and that 500 
observations should be adequate for almost any situation. Our power 
analysis for the logistic regressions on vaccine uptake showed that for 
the model on the number of pharmacies within 10 min driving, our 
sample had 60% power and for the model on distance to the closest 
pharmacy, our sample had over 90% power.

We also ran additional analysis to test the robustness of our 
findings. First, we estimated OLS regression models for the vaccine 
uptake variable. Second, we removed some of the variables which were 
not significant in the models. Both approaches produced consistent 
results, with the main effects of proximity to vaccination sites and the 
interaction effects of gender and proximity measures remaining 
statistically significant.

4 Discussion

This study examined the relationship between proximity to 
COVID-19 vaccination sites and COVID-19 vaccine uptake. The 
findings underscore the complex interplay between access, trust, and 
demographic factors in determining vaccine uptake as the results 
show that while lack of proximity to pharmacies significantly 
influenced vaccination rates, their effects were modulated by gender 
and vaccine distrust.

Consistent with the Health Belief Model and previous research, 
this study found that a greater number of nearby pharmacies and 
shorter travel distance to pharmacies were associated with higher odds 
of vaccine uptake. Studies have demonstrated that reducing travel 
distances to vaccination sites can mitigate barriers to vaccine uptake 
by decreasing social and physical discomforts related to accessing 
healthcare during the pandemic, especially for populations at higher 
risk of severe COVID-19 outcomes (13, 40). Findings from these 
studies support public health initiatives aimed at improving access to 
vaccination information and sites, such as on-site vaccination services, 
mobile vaccination units, and pop-up clinics (41, 42). These initiatives 
can provide vaccines in community settings, thereby reducing the 
need for individuals to travel long distances. Such strategies are 
particularly beneficial in addressing the needs of populations with 

limited mobility or those living in areas with few healthcare resources 
(42, 43).

Our finding that women were less likely to be vaccinated than 
men is consistent with the majority of previous studies (15–18, 23). 
Women’s lower vaccination rate could be attributed to several reasons, 
including women being more affected by COVID-19 misinformation 
(16), having lower risk perception of the disease (17, 44), potentially 
being more sceptical about vaccine safety and effectiveness (15, 45, 
46), and greater caregiving responsibilities (47, 48). It should be noted 
that the gender difference was not statistically significant in our 
multivariate regression models, suggesting that other factors may have 
stronger and more direct effects on vaccine uptake.

Previous research suggests that proximity to vaccination sites may 
impact women more strongly due to caregiving responsibilities, time 
constraints, and limited transportation access (47–49). Women often 
balance work and family duties, making distant sites challenging to 
reach. Interestingly, contrary to such expectations, the association 
between proximity to vaccination sites and vaccine uptake was weaker 
for women than for men in our data. This finding may suggest that 
distance to vaccination sites alone does not seem to be  a major 
deterrence factor in women’s vaccination decision for COVID-19. 
Perhaps having more children in the household and the normative 
childcare expectations for women help explain why distance to nearest 
pharmacy is less of a deterrent to women’s vaccine uptake. It is also 
possible that men encounter other challenges, such as inflexible work 
hours in male-biased industries, such as construction. Additionally, 
men may prioritize convenience and ease, making proximity an 
important factor for encouraging their vaccination (50). Our finding 
suggests that convenient vaccination sites near workplaces or 
recreational areas may be key for improving men’s access. Furthermore, 
our analysis shows that the association between proximity to 
pharmacies and vaccine distrust was weaker for women than for men 
which may also contribute to the weaker effects of proximity to 
vaccination sites on vaccine uptake for women.

Vaccine distrust emerged as a critical determinant of vaccination 
behavior in our data. It also helps explain some of the effects of 
proximity to vaccination sites. This is consistent with previous 
research. There is strong evidence that distrust in COVID-19 vaccine 
is associated with lower vaccine uptake (24–27). This distrust appears 
to be driven by a variety of factors, including concerns about vaccine 
side effects and long-term safety, lack of confidence and trust in health 
authorities, medical institutions, and scientific experts developing and 
administering the vaccines, exposure to vaccine misinformation and 
conspiracy theories, and perceptions of lower COVID-19 severity and 
personal risk. These issues are especially prominent among certain 
demographic groups, such as Black, Hispanic, and Indigenous 
populations, as well as individuals with lower socioeconomic status 
(28). The spread of misinformation on social media has further fueled 
these concerns, leading to increased skepticism and delay in vaccine 
uptake (29).

Proximity to vaccination sites can enhance vaccine trust through 
increased accessibility, community engagement, and the establishment 
of trusted relationships with healthcare providers. When vaccination 
sites are easily accessible, individuals can engage directly with healthcare 
professionals, fostering familiarity and confidence in the vaccination 
process (30). Community engagement, particularly through local 
influencers sharing positive vaccination experiences, can further 
reinforce trust (31). Additionally, proximity allows for the dissemination 
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of accurate information, countering misinformation that may breed 
distrust (32). The presence of trusted healthcare providers at nearby sites 
can facilitate open discussions about vaccine safety, enhancing 
individuals’ confidence in the vaccines offered (33). Overall, when 
vaccination sites are integrated into the community, they create an 
environment conducive to building trust in vaccines and the healthcare 
system, ultimately promoting higher vaccine uptake.

The strong negative correlation between distrust and uptake 
highlights the need for targeted efforts to build trust in vaccines. 
Interventions should address concerns about vaccine safety and 
efficacy while considering gendered differences in how access barriers 
impact vaccination decisions. To address vaccine hesitancy, public 
health campaigns such as the U.S. Department of Health and Human 
Services’ “We Can Do This” initiative have been launched (51). These 
campaigns rely on behavioral science to counter misinformation, 
promote the benefits of vaccination, and increase access (52). 
However, overcoming vaccine hesitancy remains a challenge, 
especially in politically polarized environments and areas with high 
levels of misinformation (29). Successful interventions will need to 
focus on understanding the social, psychological, and demographic 
factors influencing vaccine decisions and tailor public health messages 
accordingly to increase vaccine uptake (7).

This study has several limitations. First, the data used in this study 
were cross-sectional which limits our ability to establish causal 
directions of the relationships. Whether some of the relationships 
observed in this study were due to other proxy factors, such as 
population density, needs further investigation in future research. 
Second, our study used data collected in four counties in Upstate 
South Carolina. Because the four counties are not particularly unique 
in terms of population characteristics, economic structure, and social 
and political attitudes compared to the wider foothills region of the 
Southern Appalachian Mountains, our findings may be generalized to 
the wider foothills region of the Southern Appalachian Mountains. 
However, more research using data collected from other regions is 
needed. Third, the measures of proximity to vaccination sites did not 
include health clinics without a pharmacy and mobile vaccination 
sites. Fourth, the sample size is small for detailed analysis of gender 
specific risk factors and other subgroup differences. Future research 
using data from large samples collected during the pandemic and 
from other areas is also needed to verify the gender differences 
reported in this study. Fifth, although we used probability sampling 
method, White, female and older adults were overrepresented in our 
final sample.

In conclusion, this study highlights the intricate relationship between 
proximity to COVID-19 vaccination sites, demographic factors, and 
vaccine distrust in shaping vaccine uptake. While closer access to 
pharmacies was generally associated with higher vaccination rates, the 
effect was nuanced by gender and trust in vaccines. Women’s vaccination 
behavior appeared less influenced by distance to the vaccination sites, 
suggesting that broader systemic factors, including misinformation, 
caregiving responsibilities, and scepticism, may play a larger role. In 
contrast, men’s vaccination decisions seemed more contingent on 
convenience and accessibility, underlining the importance of workplace 
or community-based vaccination initiatives. Additionally, the critical role 
of vaccine distrust underscores the need for trust-building measures, 
such as targeted public health campaigns and localized outreach efforts, 
to address misinformation and promote vaccine confidence. Tailored, 
multifaceted strategies that consider the interplay of physical, social, and 

psychological factors will be essential to improving vaccine equity and 
ensuring effective public health interventions.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Clemson 
University’s Institutional Review Board [Clemson IRB Number: 
IRB2021-0685]. The studies were conducted in accordance with the 
local legislation and institutional requirements. The participants 
provided their written informed consent to participate in this study.

Author contributions

YL: Conceptualization, Data curation, Formal analysis, 
Methodology, Supervision, Writing  – original draft. PC-D: 
Conceptualization, Data curation, Methodology, Writing – review & 
editing. ML: Conceptualization, Methodology, Writing – review & 
editing. WH: Conceptualization, Methodology, Writing – review & 
editing. Y-BW: Conceptualization, Methodology, Writing – review & 
editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. The study was supported by 
Clemson University School of Health Research COVID Research 
Launch Grant.

Acknowledgments

The authors would like to thank Savannah Grace Jones for her 
work on the data collection for the COVID-19 Exposure, Prevention, 
and Impact Study. We also thank all other staff that involved in the 
data collection. In addition, we thank all respondents of the survey.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

https://doi.org/10.3389/fpubh.2025.1569280
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Luo et al. 10.3389/fpubh.2025.1569280

Frontiers in Public Health 09 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
 1. World Health Organization. Who coronavirus disease (COVID-19) dashboard. 

Available online at: https://covid19.who.int (Accessed November 11, 2024).

 2. Feleszko W, Lewulis P, Czarnecki A, Waszkiewicz P. Flattening the curve of 
COVID-19 vaccine rejection: an international overview. Vaccine. (2021) 9:44. doi: 
10.3390/vaccines9010044

 3. Kafadar AH, Tekeli GG, Jones KA, Stephan B, Dening T. Determinants for 
COVID-19 vaccine hesitancy in the general population: a systematic review of reviews. 
J Public Health. (2023) 31:1829–45. doi: 10.1007/s10389-022-01753-9

 4. Kranzler EC, Luchman JN, Margolis KA, Ihongbe TO, Kim JEC, Denison B, et al. 
Association between vaccination beliefs and COVID-19 vaccine uptake in a longitudinal 
panel survey of adults in the United States, 2021–2022. Vaccine X. (2024) 17:100458. doi: 
10.1016/j.jvacx.2024.100458

 5. Roy A. Determinants of COVID-19 vaccination: evidence from the us pulse survey. 
PLOS Glob Public Health. (2023) 3:e0001927. doi: 10.1371/journal.pgph.0001927

 6. Romer D, Jamieson KH. Conspiracy theories as barriers to controlling the spread 
of COVID-19  in the U.S. Soc Sci Med. (2020) 263:113356. doi: 
10.1016/j.socscimed.2020.113356

 7. Cockerill R, Horney JA, Penta SC, Silver A, Clay L. Factors associated with 
COVID-19 vaccination or intent to be vaccinated across three U.S states. Vaccine. (2024) 
42:126457. doi: 10.1016/j.vaccine.2024.126457

 8. Bonner KE, Vashist K, Abad NS, Kriss JL, Meng L, Lee JT, et al. Behavioral and 
social drivers of COVID-19 vaccination in the United States, august–November 2021. 
Am J Prev Med. (2023) 64:865–76. doi: 10.1016/j.amepre.2023.01.014

 9. Abad N, Bonner KE, Huang Q, Baack B, Petrin R, Das D, et al. Behavioral and social 
drivers of COVID-19 vaccination initiation in the us: a longitudinal study march─ 
October 2021. J Behav Med. (2024) 47:422–33. doi: 10.1007/s10865-024-00487-1

 10. McCabe SD, Hammershaimb EA, Cheng D, Shi A, Shyr D, Shen S, et al. Unraveling 
attributes of COVID-19 vaccine acceptance and uptake in the U.S.: a large Nationwide 
study. Sci Rep. (2023) 13:8360. doi: 10.1038/s41598-023-34340-3

 11. Soorapanth S, Cheung R, Zhang X, Mokdad AH, Mensah GA. Rural–urban 
differences in vaccination and hesitancy rates and trust: us COVID-19 trends and 
impact survey on a social media platform, may 2021–April 2022. Am J Public Health. 
(2023) 113:680–8. doi: 10.2105/ajph.2023.307274

 12. Limbu YB, Gautam RK, Pham L. The health belief model applied to COVID-19 
vaccine hesitancy: a systematic review. Vaccine. (2022) 10:973. doi: 
10.3390/vaccines10060973

 13. Mazar A, Jaro D, Tomaino G, Carmon Z, Wood W. Distance to vaccine sites is tied 
to decreased COVID-19 vaccine uptake. PNAS Nexus. (2023) 2:pgad411. doi: 
10.1093/pnasnexus/pgad411

 14. Kazmi T, Abdullah M, Khan AA, Safdar RM, Afzal S, Khan A. COVID-19 
vaccination acceptance in underserved urban areas of Islamabad and Rawalpindi: results 
from a cross-sectional survey. BMC Public Health. (2022) 22:2299. doi: 
10.1186/s12889-022-14553-3

 15. Fares S, Elmnyer MM, Mohamed SS, Elsayed R. COVID-19 vaccination perception 
and attitude among healthcare workers in Egypt. J Prim Care Community Health. (2021) 
12:21501327211013303. doi: 10.1177/21501327211013303

 16. Ahmed MAM, Colebunders R, Gele AA, Farah AA, Osman S, Guled IA, et al. 
COVID-19 vaccine acceptability and adherence to preventive measures in Somalia: 
results of an online survey. Vaccine. (2021) 9:543. doi: 10.3390/vaccines9060543

 17. Kabamba Nzaji M, Kabamba Ngombe L, Ngoie Mwamba G, Banza Ndala DB, 
Mbidi Miema J, Luhata Lungoyo C, et al. Acceptability of vaccination against COVID-19 
among healthcare workers in the democratic Republic of the Congo. Pragmat Obs Res. 
(2020) 11:103–9. doi: 10.2147/POR.S271096

 18. Ishimaru T, Okawara M, Ando H, Hino A, Nagata T, Tateishi S, et al. Gender 
differences in the determinants of willingness to get the COVID-19 vaccine among the 
working-age population in Japan. Hum Vaccin Immunother. (2021) 17:3975–81. doi: 
10.1080/21645515.2021.1947098

 19. Toshkov D. Explaining the gender gap in COVID-19 vaccination attitudes. Eur J 
Pub Health. (2023) 33:490–5. doi: 10.1093/eurpub/ckad052

 20. Yazdani Y, Pai P, Sayfi S, Mohammadi A, Perdes S, Spitzer D, et al. Predictors of 
COVID-19 vaccine acceptability among refugees and other migrant populations: a 
systematic scoping review. PLoS One. (2024) 19:e0292143. doi: 10.1371/journal.pone.0292143

 21. Dambadarjaa D, Altankhuyag G-E, Chandaga U, Khuyag S-O, Batkhorol B, 
Khaidav N, et al. Factors associated with COVID-19 vaccine hesitancy in Mongolia: a 

web-based cross-sectional survey. Int J Environ Res Public Health. (2021) 18:12903. doi: 
10.3390/ijerph182412903

 22. Liga AD, Jabir YN, Bacha RH. COVID-19 vaccine acceptance and adherence to 
non-pharmaceutical interventions among employees of public transportations company 
in Addis Ababa, Ethiopia. Hum Vaccin Immunother. (2023) 19:2184759. doi: 
10.1080/21645515.2023.2184759

 23. Sileo KM, Hirani IM, Luttinen RL, Hayward M, Fleming PJ. A scoping review on 
gender/sex differences in COVID-19 vaccine intentions and uptake in the United States. 
Am J Health Promot. (2024) 38:242–74. doi: 10.1177/08901171231200778

 24. Bogart LM, Dong L, Gandhi P, Klein DJ, Smith TL, Ryan S, et al. COVID-19 
vaccine intentions and mistrust in a National Sample of Black Americans. J Natl Med 
Assoc. (2022) 113:599–611. doi: 10.1016/j.jnma.2021.05.011

 25. Cooper S, van Rooyen H, Wiysonge CS. COVID-19 vaccine hesitancy in 
South Africa: how can we maximize uptake of COVID-19 vaccines? Expert Rev Vaccines. 
(2021) 20:921–33. doi: 10.1080/14760584.2021.1949291

 26. Minaya C, McKay D, Benton H, Blanc J, Seixas AA. Medical mistrust, COVID-19 
stress, and intent to vaccinate in racial-ethnic minorities. Behav Sci. (2022) 12:186. doi: 
10.3390/bs12060186

 27. Thompson HS, Manning M, Mitchell J, Kim S, Harper FWK, Cresswell S, et al. 
Factors associated with racial/ethnic group-based medical mistrust and perspectives on 
COVID-19 vaccine trial participation and vaccine uptake in the US. JAMA Netw Open. 
(2021) 4:e2111629. doi: 10.1001/jamanetworkopen.2021.11629

 28. Bongomin F, Olum R, Andia-Biraro I, Nakwagala FN, Hassan KH, Nassozi DR, 
et al. COVID-19 vaccine acceptance among high-risk populations in Uganda. Ther Adv 
Infect Dis. (2021) 8:20499361211024376. doi: 10.1177/20499361211024376

 29. Loomba S, de Figueiredo A, Piatek SJ, de Graaf K, Larson HJ. Measuring the 
impact of COVID-19 vaccine misinformation on vaccination intent in the UK and USA. 
Nat Hum Behav. (2021) 5:337–48. doi: 10.1038/s41562-021-01056-1

 30. Adhikari B, Yeong Cheah P, von Seidlein L. Trust is the common denominator for 
COVID-19 vaccine acceptance: a literature review. Vaccine X. (2022) 12:100213. doi: 
10.1016/j.jvacx.2022.100213

 31. Purvis RS, Moore R, Rojo MO, Riklon S, Alik E, Alik D, et al. COVID-19 vaccine 
hesitancy among Marshallese in Northwest Arkansas (USA). J Public Health Res. (2024) 
13:22799036241231549. doi: 10.1177/22799036241231549

 32. Alzahrani SH. The impact of health beliefs and Trust in Health Information 
Sources on Sars-Cov-2 vaccine uptake. Front Public Health. (2024) 12:12. doi: 
10.3389/fpubh.2024.1340614

 33. Szilagyi PG, Thomas K, Shah MD, Vizueta N, Cui Y, Vangala S, et al. The role of 
Trust in the Likelihood of receiving a COVID-19 vaccine: results from a National 
Survey. Prev Med. (2021) 153:106727. doi: 10.1016/j.ypmed.2021.106727

 34. United States Census Bureau. Tables. Available online at: https://data.census.gov/
table (Accessed October 9, 2024).

 35. Srygley S, Khairunnisa N, Elliott D. The Appalachian region: a data overview from the 
2018-2022 American community survey Chartbook: Appalachian Regional Commission 
(2024). Available online at: https://www.arc.gov/report/the-appalachian-region-a-data-
overview-from-the-2018-2022-american-community-survey/ (Accessed March 1, 2025).

 36. South Carolina Department of Public Health. COVID-19 Vaccine. Available online 
at: https://dph.sc.gov/diseases-conditions/infectious-diseases/covid-19/covid-19-
vaccine (Accessed March 1, 2025).

 37. South Carolina Legislature. 2021-2022 Bill 3126: Vaccine Mandates. Available 
online at: https://www.scstatehouse.gov/sess124_2021-2022/bills/3126.htm (Accessed 
March 1, 2025).

 38. Tanenbaum E, Geistwhite B, Wells BM. A nonresponse bias analysis of the 2021 general 
social survey. Available online at: https://www.norc.org/content/dam/norc-org/pdf2023/
jsm-2023-gss-nonresponse-bias-analysis-final-clean.pdf (Accessed March 1, 2025).

 39. Scott LJ. Regression models for categorical and limited dependent variables. 
Thousand Oaks, CA: Sage Publications (1997).

 40. Guhlincozzi AR, Lotfata A. Travel distance to flu and COVID-19 vaccination sites 
for people with disabilities and age 65 and older, Chicago metropolitan area. J Health 
Res. (2022) 36:859–66. doi: 10.1108/JHR-03-2021-0196

 41. Ryerson AB. Disparities in COVID-19 vaccination status, intent, and perceived 
access for noninstitutionalized adults, by disability status—National Immunization 
Survey Adult COVID Module, United States, may 30–June 26, 2021. MMWR Morb 
Mortal Wkly Rep. (2021) 70:1365–71. doi: 10.15585/mmwr.mm7039a2

https://doi.org/10.3389/fpubh.2025.1569280
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://covid19.who.int
https://doi.org/10.3390/vaccines9010044
https://doi.org/10.1007/s10389-022-01753-9
https://doi.org/10.1016/j.jvacx.2024.100458
https://doi.org/10.1371/journal.pgph.0001927
https://doi.org/10.1016/j.socscimed.2020.113356
https://doi.org/10.1016/j.vaccine.2024.126457
https://doi.org/10.1016/j.amepre.2023.01.014
https://doi.org/10.1007/s10865-024-00487-1
https://doi.org/10.1038/s41598-023-34340-3
https://doi.org/10.2105/ajph.2023.307274
https://doi.org/10.3390/vaccines10060973
https://doi.org/10.1093/pnasnexus/pgad411
https://doi.org/10.1186/s12889-022-14553-3
https://doi.org/10.1177/21501327211013303
https://doi.org/10.3390/vaccines9060543
https://doi.org/10.2147/POR.S271096
https://doi.org/10.1080/21645515.2021.1947098
https://doi.org/10.1093/eurpub/ckad052
https://doi.org/10.1371/journal.pone.0292143
https://doi.org/10.3390/ijerph182412903
https://doi.org/10.1080/21645515.2023.2184759
https://doi.org/10.1177/08901171231200778
https://doi.org/10.1016/j.jnma.2021.05.011
https://doi.org/10.1080/14760584.2021.1949291
https://doi.org/10.3390/bs12060186
https://doi.org/10.1001/jamanetworkopen.2021.11629
https://doi.org/10.1177/20499361211024376
https://doi.org/10.1038/s41562-021-01056-1
https://doi.org/10.1016/j.jvacx.2022.100213
https://doi.org/10.1177/22799036241231549
https://doi.org/10.3389/fpubh.2024.1340614
https://doi.org/10.1016/j.ypmed.2021.106727
https://data.census.gov/table
https://data.census.gov/table
https://www.arc.gov/report/the-appalachian-region-a-data-overview-from-the-2018-2022-american-community-survey/
https://www.arc.gov/report/the-appalachian-region-a-data-overview-from-the-2018-2022-american-community-survey/
https://dph.sc.gov/diseases-conditions/infectious-diseases/covid-19/covid-19-vaccine
https://dph.sc.gov/diseases-conditions/infectious-diseases/covid-19/covid-19-vaccine
https://www.scstatehouse.gov/sess124_2021-2022/bills/3126.htm
https://www.norc.org/content/dam/norc-org/pdf2023/jsm-2023-gss-nonresponse-bias-analysis-final-clean.pdf
https://www.norc.org/content/dam/norc-org/pdf2023/jsm-2023-gss-nonresponse-bias-analysis-final-clean.pdf
https://doi.org/10.1108/JHR-03-2021-0196
https://doi.org/10.15585/mmwr.mm7039a2


Luo et al. 10.3389/fpubh.2025.1569280

Frontiers in Public Health 10 frontiersin.org

 42. Ma L, Han X, Ma Y, Yang Y, Xu Y, Liu D, et al. Decreased influenza vaccination 
coverage among Chinese healthcare workers during the COVID-19 pandemic. Infect 
Dis Poverty. (2022) 11:105–73. doi: 10.1186/s40249-022-01029-0

 43. Myburgh N, Mulaudzi M, Tshabalala G, Beta N, Gutu K, Vermaak S, et al. A 
qualitative study exploring motivators and barriers to COVID-19 vaccine uptake among 
adults in South  Africa and Zimbabwe. Vaccine. (2023) 11:729. doi: 
10.3390/vaccines11040729

 44. Galanis P, Vraka I, Siskou O, Konstantakopoulou O, Katsiroumpa A, Kaitelidou D. 
Predictors of COVID-19 vaccination uptake and reasons for decline of vaccination: a 
systematic review. Int J Caring Sci. (2023) 16:14–30.

 45. Wang Y, Liu Y. Multilevel determinants of COVID-19 vaccination hesitancy in the 
United  States: a rapid systematic review. Prev Med Rep. (2022) 25:101673. doi: 
10.1016/j.pmedr.2021.101673

 46. Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of COVID-19 
vaccine acceptance in the US. eClinicalMedicine. (2020) 26:26. doi: 
10.1016/j.eclinm.2020.100495

 47. Widdice LE, Hoagland R, Callahan ST, Kahn JA, Harrison CJ, Pahud BA, et al. 
Caregiver and adolescent factors associated with delayed completion of the three-dose 

human papillomavirus vaccination series. Vaccine. (2018) 36:1491–9. doi: 
10.1016/j.vaccine.2017.12.060

 48. Merten S, Martin Hilber A, Biaggi C, Secula F, Bosch-Capblanch X, Namgyal P, 
et al. Gender determinants of vaccination status in children: evidence from a meta-
ethnographic systematic review. PLoS One. (2015) 10:e0135222. doi: 
10.1371/journal.pone.0135222

 49. Galanis P, Vraka I, Siskou O, Konstantakopoulou O, Katsiroumpa A, Kaitelidou D. 
Uptake of COVID-19 vaccines among pregnant women: a systematic review and Meta-
analysis. Vaccine. (2022) 10:766. doi: 10.3390/vaccines10050766

 50. Macdonald JA, Mansour KA, Wynter K, Francis LM, Rogers A, Angeles MR, et al. 
Men’s and boys’ barriers to health system access. A Literature Review. Canberra: 
Australian Government Department of Health (2022).

 51. US Department of Health and Human Services. Public education campaign: “we 
can do this.” (2022). Available online at: https://www.covid.gov/be-informed/about 
(Accessed November 13, 2024).

 52. Fernández-Sánchez H, Zahoui Z, Jones J, Marfo EA. Access, acceptability, and 
uptake of the COVID-19 vaccine among global migrants: a rapid review. PLoS One. 
(2023) 18:e0287884. doi: 10.1371/journal.pone.0287884

https://doi.org/10.3389/fpubh.2025.1569280
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s40249-022-01029-0
https://doi.org/10.3390/vaccines11040729
https://doi.org/10.1016/j.pmedr.2021.101673
https://doi.org/10.1016/j.eclinm.2020.100495
https://doi.org/10.1016/j.vaccine.2017.12.060
https://doi.org/10.1371/journal.pone.0135222
https://doi.org/10.3390/vaccines10050766
https://www.covid.gov/be-informed/about
https://doi.org/10.1371/journal.pone.0287884

	Proximity to COVID-19 vaccination sites and vaccine uptake: the role of gender and vaccine distrust
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Measures
	2.2.1 COVID-19 vaccine uptake
	2.2.2 Proximity to vaccination sites
	2.2.3 Vaccine distrust
	2.2.4 Demographic covariates
	2.3 Statistical analysis

	3 Results
	3.1 Descriptive statistics
	3.2 Proximity to vaccination sites and vaccine uptake
	3.3 Proximity to vaccine sites and vaccine distrust
	3.4 Sample size analysis

	4 Discussion

	References

