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A B S T R A C T

Background: Seasonal influenza causes around 15,000 deaths yearly in the UK. While vaccination is a useful 
prevention measure, uptake is low, related to factors such as deprivation, age, sex, and ethnicity. Liverpool is a 
diverse yet deprived city, with potentially interacting population-level factors which require examination prior to 
targeted intervention development.
Methods: A retrospective cross-sectional analysis of electronic health records in Liverpool used meta-analysis to 
examine associations between vaccine uptake and deprivation, sex, age group, and ethnicity.
Results: Overall prevalence rates for vaccination between September 2022 and March 2023 were 25⋅8 % (95 % 
CI: 23⋅8 % to 28⋅0 %). All factors were associated with uptake, which was lowest in: more deprived General 
Practices (family doctor; primary care physician), males, children aged 0–1, and in people identifying as Any 
Other ethnicity. Individuals identifying as White or Mixed/Multiple ethnic groups were most likely to be 
vaccinated, while those identifying as Black, Black British, Caribbean or African, and Asian or Asian British had 
lower uptake. Similarly, rates were higher in individuals aged 2–3, 4–10, and 65+ than 16–64, while no dif-
ference was found between the latter group and ages 11–15. Deprivation did not interact with age, sex, or 
ethnicity.
Conclusion: These findings support that deprivation, age, sex, and ethnicity influence influenza vaccine uptake, 
and that they do so uniquely in Liverpool. While deprivation did not interact with other characteristics, this may 
be due to the impact of inequality (large deprivation gap between richer and poorer areas) on the whole city, as 
this is as a social stressor that can impair health outcomes for all, not just those in more deprived areas. Future 
work should investigate experiences of people in areas with lower uptake in Liverpool, to understand potential 
barriers and enable targeted intervention.

1. Introduction

Seasonal influenza is an acute respiratory epidemic infection, typi-
cally occurring in colder seasons.1 While primarily respiratory, influenza 
can affect other systems, such as the cardiovascular and nervous sys-
tems, [1] and worldwide there are an estimated yearly one billion cases, 
with respiratory complications alone causing 290,000–650,000 deaths 
[2]. Moreover, in the UK in 2022/2023, influenza activity was higher 
than in 2021/2022 [3]. Influenza-related mortality was estimated to be 
around 15,000 deaths in England during this period, around 200 % 
higher than the average of the previous four years [4]. Estimates by the 
International Longevity Centre – UK, suggest that influenza vaccination 

prevents between 200,000–600,000 cases and 6000–10,000 premature 
deaths yearly in England (primarily those aged 65+, but also those with 
underlying health conditions, and children) [5]. Furthermore, vaccina-
tions protect both the receivers, and support development of herd im-
munity, which was not modelled in the above scenarios, suggesting that 
actual benefits are higher. In the UK, eligible individuals receive the flu 
vaccine for free at various locations including General Practice surgeries 
(GP; local primary healthcare practices/family doctor), pharmacies, 
maternity services, community clinics, and schools. Eligibility and ac-
cess information is communicated by these services through various 
mediums, and via public health campaigns.

While vaccination reduces cases and deaths, low uptake of influenza 
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vaccines, highlighted during the 2009/2010 influenza pandemic, when 
<50 % of the expected uptake was reported globally, is problematic [6]. 
Vaccine hesitance is defined by the World Health Organisation Strategic 
Advisory Group of Experts on Immunisation as refusal or delay in 
acceptance of vaccination, regardless of availability, [7] and its exami-
nation is important to understand (and ultimately reduce) barriers to 
uptake. Prior review-level research indicates vaccine uptake is influ-
enced by various sociodemographic factors such as age, sex, ethnicity, 
pregnancy, employment, and education, as well as contextual factors, 
such as accessibility (including convenience, prioritisation of certain 
groups, knowledge of how to access, time taken to access, and number of 
sites offering the vaccine) and cost [8]. Regarding cost, this review was 
in the context of global healthcare, in which the influenza vaccine is not 
always free. In the UK, the vaccine is free for eligible individuals, though 
there may be indirect costs relating to transportation or time off work 
[9]. Regarding influenza vaccination, analysis of national household 
surveys of 11 European countries between 2001/2002 and 2007/2008 
found that gender, education, household size, household income, and 
population size of living area, all significantly predicted uptake, though 
did so differently across countries [10]. Specifically, within the UK, 
being male, and living in a smaller or low-income household, associated 
with higher likelihood of influenza vaccination. However, inter and 
intra-country differences are not always consistent. For example, in two 
more recent studies in England, one studied health records and found 
Black at-risk patients less likely to receive the vaccine, [11] while 
another examined GP data and found people aged 16–64 in a clinical risk 
group from areas with high “Black or Minority Ethnic” populations were 
more likely to receive the vaccine [12]. Similarly, the health records 
study used an age-stratified analysis (ages 18–64 vs. 65+), and found 
higher vaccination in females (aged 18–64), [11] differing from the 
earlier national household survey study [10].

Inconsistency regarding how sociodemographic factors influence 
vaccine hesitance in the UK may be due to complex interactions between 
factors (intersectionality). Higher vaccination has been found in females 
aged 18–64, though no sex differences in 65+ year olds [11]. In the same 
study, the impact of ethnicity varied between ages, as in 18–64-year-olds 
rates were higher in White compared to Black patients, and highest in 
Asian patients, while rates were lowest across both age groups in Black 
patients [11]. In another study, the gap between sexes was wider in 
minority ethnic populations [13]. Furthermore, vaccination in different 
age groups seems to vary by deprivation of their local area, with lower 
rates in deprived areas for 2–4-year-olds, and 65+ year-olds, but no 
difference between areas in 16–64-year-olds in a clinical risk group [12]. 
This aligns with another finding that in patients aged 65+, greater 
deprivation associates with lower uptake [11]. Overall, these UK find-
ings are consistent with those from the US that intersectionality of fac-
tors such as age, ethnicity, disability, or sexual orientation, impacts 
influenza and COVID-19 vaccination [14].

Crucially, such interactions may exacerbate health inequalities. As 
an example, Indigenous populations in Canada are disproportionately 
likely to experience cardiovascular disease morbidity/mortality, due to 
interactions between factors such as deprivation, higher prevalence of 
mental health and substance use disorders, undermining of a traditional 
healthy lifestyle, and barriers to accessing services, all of which will be 
experienced differently between sexes, ages and groups/geographical 
locations [15]. This suggests that considering uptake and predictors 
across/between entire countries may be somewhat misleading, as it 
could hide variation in localised populations that require intervention. It 
is therefore necessary to look at factors associated with uptake in smaller 
localised populations, enabling targeting of groups with lower uptake to 
investigate barriers/facilitators to vaccination.

The current study is conducted in Liverpool, a diverse city, in which 
22⋅7 % of the population in the 2021 UK Census [16] identified as non- 
White English, Welsh, Scottish, Northern Irish or British (6⋅7 % identi-
fied as Other White, 5⋅8 % as Asian, 3⋅5 % as Black, 3⋅5 % as Mixed/ 
Multiple, and 3⋅3 % as Any Other ethnic group (including Arab)). Of the 

316 local authorities in England, Liverpool is the fourth most income- 
deprived (23⋅5 % of its population in 2019) [17]. Liverpool also has 
the 11th largest deprivation gap between neighbourhoods (50⋅4 per-
centage points between the most and least deprived), therefore likely 
great internal disparities. In the larger geographical area of Merseyside, 
which includes Liverpool, deprivation associated with hospitalisations 
for influenza-associated illnesses (more so in ages 15–39, 40–64, and 
65+) and vaccine uptake [18]. Furthermore, in Manchester, a city 
comparable to Liverpool in diversity and deprivation, [16,17] wide in-
equalities have been found in both COVID-19 and influenza vaccinations 
for most ethnic groups compared to White British individuals, with 
particularly low uptake of COVID-19 vaccine in those identifying as 
Arab, or Black or Black British groups, and of influenza vaccine uptake in 
White and Black Caribbean, or White and Black African groups [13]. 
Interestingly, influenza vaccine uptake in Manchester was highest in 
those identifying as Bangladeshi, or ‘other ethnic group’.

Additionally, pandemics can influence vaccine attitudes, as flu vac-
cine uptake correlates with COVID-19 vaccine attitudes [19]. Indeed, 
the gap in influenza vaccine uptake between the most and least deprived 
areas in Manchester (which has a similar deprivation gap to Liver-
pool)17, has widened since COVID-19 in adults aged 65+ and children 
aged 4–9 (though decreased in children aged 2–3) [20]. Therefore, 
alongside studying local populations, it is important to examine factors 
associated with low influenza vaccine uptake since the COVID-19 
pandemic, as experiences during this could have created a new 
pattern of uptake. The current study aims to identify sociodemographic 
factors associated with lower influenza vaccine uptake in GPs in Liver-
pool during a single UK flu season (September to March), to enable 
targeting for the winter influenza vaccination outreach.

2. Methods

2.1. Study design and setting

A cross-sectional analysis was conducted on anonymised Liverpool 
(UK) GP electronic health records in NHS Cheshire and Merseyside In-
tegrated Care Board (ICB). The data was shared under the Liverpool 
Screening and Immunisation Oversight Group (SIOG) data sharing 
agreement. The Business Intelligence Team for the ICB provided sum-
mary data for routinely collected patient demographic data and influ-
enza vaccination status (had influenza vaccine/did not have influenza 
vaccine) in the 2022–2023 influenza season (September 2022–March 
2023), via data export from Egton Medical Information Systems.

2.2. Participants

Data was aggregated by the Business Intelligence Team according to 
GP surgery. Practices were excluded if they opted out of data sharing (N 
= 3) resulting in data being shared by 81 practices in total. All partici-
pants registered with a GP in Liverpool were included, regardless of age, 
which thus ranged from 0 to 100 years.

2.3. Procedures

After approval by the NHS Liverpool SIOG, which deemed the study 
exempt from requiring consent, anonymised summary data for influenza 
vaccinated and unvaccinated patients from each participating practice 
from 1st September 2022 – 31st March 2023 were extracted by NHS 
Liverpool ICB Business Intelligence Team into 64 separate CSV Microsoft 
Excel files and sent to a secure folder belonging to the principal inves-
tigator (CM). Variables extracted were: Sex; Age; Ethnicity; Postcode of 
registered GP practice; Lower Layer Super Output Area (LSOA) of the 
Indices of Multiple Deprivation (IMD; 2019) for patient residential 
address. The IMD is an overall relative measure of deprivation for small 
geographic areas (LSOAs), combining information from across seven 
broad domains: Income; Employment; Health Deprivation and 
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Disability; Education, Skills Training; Crime; Barriers to Housing and 
Services; Living Environment. LSOAs are ranked from most to least 
deprived, and grouped into deciles, with the 10 % most deprived in 
decile one, and the 10 % least deprived in decile ten. Data was stored on 
a secure server only accessible to the research team and downloaded to a 
password protected network drive at LJMU.

2.4. Statistical analysis

Prevalence meta-analysis was conducted to determine the pooled 
prevalence rates of vaccination status, using the ‘metafor’, ‘tidyverse’ 
and ‘ggplot2’ packages in R Studio [21–23]. When analysing moderation 
by demographic factors, multilevel meta-analysis was used to account 
for variance within GP surgeries, [24] using random effects models with 
a restricted maximum likelihood estimator. Logit transformed pro-
portions were calculated in line with recommendations, [25] before 
back transformation for interpretation. To determine heterogeneity, I2 is 
reported.

Moderation effects were examined by IMD of the GP surgery and 
ethnicity, age, and sex. Ethnicity was recoded according to the UK 2021 
Census categories, though with White collapsed into one category 
(therefore categories assessed were a) Asian, Asian British or Asian 
Welsh, b) Black, Black British, Black Welsh, Caribbean or African, c) 
Mixed or Multiple ethnic groups, d) White, and e) Any Other ethnicity). 
For age, we used ages 0–1; 2–3; 4–10; 11–15; 16–64; 65+, in accordance 
with age groupings recommended for vaccination in the UK, in which 
ages 2–3, 4–10, and ages 65+ were recommended in the 2022–2023 flu 
season. Ages 0–1, 11–15, and 16–64 were also included in the current 
study, to enable comparison in uptake between ages that were and were 
not recommended for vaccination [26].

IMD scores based on GP surgeries ranged from 1 to 8, however a 
large percentage of these scores were 1 (N = 52, 64 %). As such IMD was 
treated as both a continuous and a binary variable (IMD 1 vs. IMD 2–8), 
in line with previous research [27].

2.5. Role of the funding source

The funder of the study had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report.

3. Results

In total, summary data was shared for 553,678 people (282,462 
male). See Table 1 for summary demographic data for participants.

Across 81 GP surgeries, the pooled prevalence rate of vaccination 
was 0⋅258 [95 % CI: 0⋅238 to 0⋅280], I2 = 99 %, tau2 = 0⋅263. The 
largest prevalence rate was 0⋅551 [95 % CI: 0⋅539 to 0⋅564] and the 
smallest was 0⋅031 [95 % CI: 0⋅030; 0⋅033. Removal of either did not 
substantially influence the pooled rate (range 0⋅255 to 0⋅264).

There was a significant association between prevalence rates of 
vaccination and GP IMD scores (B = 0⋅106 [95 % CI: 0⋅040 to 0⋅172], p 
= ⋅002: see Fig. 1), which explained approximately 10⋅2 % of hetero-
geneity in rates (R2 = 10⋅2). Examination of IMD as a binary predictor 
demonstrated that GP surgeries with the highest deprivation (IMD = 1: 
0⋅231 [95 % CI: 0⋅208 to 0⋅256) was associated with significantly lower 
vaccination prevalence than less deprived surgeries (IMD2–8: 0⋅314 [95 
% CI: 0⋅280 to 0⋅351]).

There was a significant difference across age groups (X2 [5] = 5631, 
p < ⋅001). Compared to age 16–64 (0⋅163 [95 % CI: 0⋅152 to 0⋅175]), 
there was a significantly lower prevalence in age 0–1 (0⋅006 [95 % CI: 
0⋅005 to 0⋅008]: p < ⋅001), a significantly higher prevalence in age 2–3 
(0⋅188 [95 % CI: 0⋅170 to 0⋅208]: p < ⋅001), ages 4–10 (0⋅311 [95 % CI: 
0⋅284 to 0⋅339]: p < ⋅001) and age 65+ (0⋅728 [95 % CI: 0⋅712 to 
0⋅744]: p < ⋅001). There was no significant difference for age 11–15 
(0⋅0169 [95 % CI: 0⋅152 to 0⋅187]: p = ⋅306). See Fig. 2.

There were no significant interactions between age group and IMD 

(p > ⋅054).
There was a significant difference in prevalence rates between sexes 

(X2 [1] = 649, p < ⋅001). Males had significantly lower prevalence rates 
(0⋅235 [95 % CI: 0⋅218 to 0⋅253]) than females (0⋅283 [95 % CI: 0⋅264 to 
0⋅302]). See Fig. 3.

There was no interaction between sex and IMD score as either raw 
score or binary (ps > ⋅090).

Prevalence rates were calculated for each ethnic group. There was a 
significant difference in these prevalence rates (X2 [4] = 131⋅24, p <
⋅001). Compared to White ethnicity (0⋅291 [95 % CI: 0⋅271 to 0⋅311]), 
Black, Black British, Caribbean or African ethnicity had significantly 
lower vaccination rates (0.167 [95 % CI: 0⋅154 to 0⋅181]: p < ⋅001). 
Asian or Asian British also had significantly lower vaccination rates 
(0⋅213 [95 % CI: 0⋅194 to 0⋅234]: p < ⋅001) and Other ethnic grouping 

Table 1 
Descriptives of variables of interest: deprivation of GP surgery, and 
patient age, sex, and ethnicity.

Deprivation of GP Surgery* N (%)

IMD 1 52 (65⋅0 %)
IMD 2 8 (10⋅0 %)
IMD 3 2 (2⋅5 %)
IMD 4 6 (7⋅5 %)
IMD 5 11 (13⋅8 %)
IMD 8 1 (1⋅3 %)
Age of patients N (%)
0–1 9846 (1⋅8 %)
2–3 10,628 (1⋅9 %)
4–10 41,415 (7⋅5 %)
11–15 28,943 (5⋅2 %)
16–64 383,410 (69⋅3 %)
65+ 79,156 (14⋅3 %)
Sex of patients N (%)
Male 282,462 (51⋅0 %)
Female 271,216 (49⋅0 %)
Ethnicity of patients N (%)
Asian 46,491 (8⋅6 %)
Black 20,415 (3⋅7 %)
Mixed 61,866 (11⋅1 %)
Other 16,600 (3⋅0 %)
White 333,556 (60⋅2 %)
Unknown 74,808 (13⋅5 %)

* Note – IMD for one GP surgery was not provided.

Fig. 1. Scatter plot showing the relationship between prevalence of flu vacci-
nation in individual GP surgeries against the IMD for that surgery.
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also had significantly lower vaccination rates (0.137 [95 % CI: 0.124 to 
0⋅151]: p < ⋅001). There was no significant difference with Mixed or 
Multiple ethnic groups (0⋅284 [95 % CI: 0⋅231 to 0⋅343], p = ⋅968. 
Black, Black British, Caribbean or African ethnicity (p = ⋅040), Asian or 
Asian British (p < ⋅001) and Mixed or Multiple ethnicity (p < ⋅001) had 
significantly greater prevalence rates than Any Other ethnicities. See 
Fig. 4.

Inclusion of GP surgery IMD as a raw or binary score did not lead to 
any interactions with ethnic groups (ps > ⋅073).

4. Discussion

This paper aimed to identify sociodemographic factors associated 
with lower influenza vaccine uptake in GPs in Liverpool, UK. The pooled 
prevalence rate of vaccination was 25⋅8 %, ranging from 3⋅1 % to 55⋅1 % 
across surgeries, and GP deprivation (IMD) explained 10⋅2 % of the 
overall variance. All factors (deprivation, sex, age, and ethnicity) 
impacted prevalence, which was lowest in: more deprived GPs, males, 
children aged 0–1, and individuals identifying as Any Other ethnicities. 
Individuals identifying as White or Mixed/Multiple ethnic groups were 
most likely to be vaccinated, while those identifying as Black, Black 
British, Caribbean or African, and Asian or Asian British had a lower 
uptake. Rates were higher in individuals aged 2–3, 4–10, and 65+ than 
ages 16–64, while no difference was found between the latter group and 
those aged 11–15. Deprivation did not interact with any other factor.

When compared to national rates during the same influenza season 
for people registered at GPs in England, [28] overall prevalence in 
Liverpool is low (25⋅8 % (95 % CI: 23⋅8 % to 28⋅0 %) compared to 33⋅8 
%). Similarly, compared to national data regarding age (ages 2–3, 
16–64, and 65+), prevalence is also lower in Liverpool, though the same 
overall pattern is found. Specifically, prevalence is highest in 65+ (72⋅8 
% in Liverpool vs. 79⋅9 % nationally), lower in 2–3-year-olds (18⋅8 % in 
Liverpool vs. 43⋅7 % nationally), and lower still for 16–64-year-olds 
(16⋅3 % in Liverpool vs. 20⋅6 % nationally). Additionally, while sex data 
cannot be compared directly due to national data being stratified by age 
and risk, the national data does show higher prevalence in at-risk fe-
males aged 16–64. Likewise, national ethnicity data cannot be directly 
compared, but suggests similar patterns, in which individuals who 
identified as White British had the highest uptake in at-risk 16–64-year- 
olds and those aged 65+, though in pregnant women the highest uptake 
was in “Other ethnic groups – Chinese”. Furthermore, lower than 
average national uptake in at-risk 16–64-year-olds, 65+ year olds and 
pregnant women, was found in individuals identifying within the Black 
and Mixed Black groups, indicating vulnerabilities consistent with the 
current study. Therefore, compared to national influenza vaccination 
uptake, Liverpool demonstrates similar patterns, but lower prevalence, 
possibly due to deprivation being a predictor, in current and previous 
work [10,12,18,20].

Interestingly, these findings both complement and contradict exist-
ing UK literature. For example, lower uptake in males is consistent with 
one previous study, [11] but not another [10]. Lower deprivation- 
related uptake is inconsistent with the prior finding of higher uptake 
in lower income households, [10] but consistent with the finding that 
lower deprivation predicts lower uptake [11,12,18]. Similarly, that 
deprivation explained 10.2 % of variance, but did not interact with age 
is inconsistent with two studies, [11,12] which found deprivation as-
sociates with lower uptake only in certain ages (2–411 and 65+) [11,12]. 
Furthermore, deprivation in these studies was measured similarly to the 
current study, using IMD of practice, therefore would be expected to find 
comparable results, though one also used IMD of patient, which dis-
played the age interaction [11]. Importantly, cost has been previously 
noted as a barrier to vaccination, [8] and while the influenza vaccine is 
free to those eligible, indirect costs (such as transportation or time off 
work) likely contribute to patients’ perceived cost-benefit of the vaccine, 
[9] and thus may relate to the current finding of lower uptake in more 
deprived GP practices.

Furthermore, the finding that individuals who identify as Black, 
Black British, Caribbean or African, had lower uptake (thereby demon-
strating health inequalities in Liverpool relating to influenza) is 
consistent with one previous finding low uptake in Black patients, [11] 
but not with another of higher uptake in 16–64-year-olds in areas with 
larger “Black or Minority Ethnic” populations [12]. Additionally, in the 
current study, White and Mixed/Multiple ethnicity groups had the 
highest uptake, with Asian patients less likely to be vaccinated, while in 
a prior study, Asian patients aged 16–64 had the highest uptake [12]. 
Moreover, that in the current study, Mixed/Multiple ethnicity had high 

Fig. 2. Prevalence of Flu vaccination across GP surgeries by age groups. Size of 
individual points is relative to the size of that sample across surgeries.

Fig. 3. Prevalence of Flu vaccination across GP surgeries by sex. Size of indi-
vidual points is relative to the size of that sample across surgeries.
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uptake, and Any Other ethnicities had the lowest uptake, suggests that 
methods used previously to collapse these two groups together, [11] 
may be problematic. Interestingly, lower uptake here within those 
identifying as Black, Black British, Caribbean or African is generally 
consistent with findings in Manchester, though low uptake here in Any 
Other ethnicities is contradictory [13]. That deprivation did not interact 
with ethnicity was unexpected, given the clear intersectionality 
demonstrated in Manchester [13]. Regarding uptake among age groups 
in the current study, this is generally consistent with expectations, as the 
ages with higher uptake (2–3, 4–10, and 65+) were recommended for 
vaccination during the 2022–2023 influenza season, while those with 
lower uptake, ages 0–1, 11–15, and 16–64, were not (though 11–15- 
year-olds have been added to the 2023–2024 influenza immunisation 
programme) [26].

Overall, these findings support that sociodemographic characteris-
tics have an impact on influenza vaccine uptake, and that their pattern of 
influence is unique to a location. However, it is surprising that there was 
no interaction between deprivation and other factors. One possibility is 
that the characteristics assessed, age, sex, and ethnicity, are such 
entrenched predictors of health behaviours in the Liverpool city region, 
that even the support/advantages of a less deprived area does not reduce 
their impact. Indeed, health outcomes are poorest in societies where 
income differences are largest, possibly driven by these societies not 
only having higher levels of deprivation, but by inequality being socially 
corrosive: lowering trust, social cohesion, involvement in community 
life, and increasing violence, which all in turn impact physiological 
stress and health-related behaviour, at both ends of the social status 
scale [27]. This phenomenon is particularly evident in health outcomes 
that are more prevalent when social status is low, including respiratory 
diseases [29]. Therefore, with deprivation an important predictor in the 
current study, and with Liverpool having such a large deprivation gap, it 
is possible that these results relate to the impact of inequality as expe-
rienced by the whole city.

Regardless, vaccine hesitance is a growing issue across a variety of 
conditions, and in 2019, was listed as one of the top ten global health 
threats [30]. Furthermore, within this, influenza is unique, as it requires 

individuals to undergo repeated, seasonal vaccination. Systematic re-
views of global research find that individuals cite a variety of reasons for 
influenza vaccine hesitance, including concerns about safety and effec-
tiveness, lack of trust in healthcare, misinformation or lack of infor-
mation, and low worry and perceived risk/severity of influenza, [6,8] in 
addition to cultural reasons such as expectations around racial fairness, 
prior experience of discrimination within healthcare settings, trust in 
natural remedies and prayer/God, and concerns about halal status of 
vaccines and impact on fertility [31]. It is possible that individuals with 
the demographic characteristics associated here with lower uptake, may 
be more likely to experience these barriers. For example, individuals 
from areas with higher levels of deprivation may complete fewer years 
of education, thus making them more vulnerable to misinformation 
[32]. Similarly, individuals from ethnically minoritised groups may 
experience discrimination in healthcare settings, leading to lowered 
trust and concerns about racial fairness [33]. Additionally, since the 
COVID-19 pandemic, vaccine fatigue has been demonstrated as 
impacting influenza vaccine intentions, and new drivers of this have 
appeared, such as political affiliation [19]. The current paper identifies 
sociodemographic factors that influence vaccine uptake in Liverpool. 
Future work should investigate reasons for hesitance in Liverpool, as like 
patterns of uptake, experiences/views are likely to be unique to the city, 
with priority ideally given to groups that have been identified as low 
uptake.

The current study was not without limitations. Due to restrictions 
within the data received, it was not possible to specifically examine 
individuals in clinical risk groups (except for age group), so while the 
analysis highlights factors with disproportionate influence on vaccine 
uptake, it is not clear how risk status plays a role. However, higher 
uptake in those aged 65+, indicates that risk status as determined by 
age, did support uptake. Additionally, due to limitations in summary 
data as opposed to individual patient level data, it was not possible to 
examine multilevel modelling of intersectionality between all factors. 
Furthermore, deprivation was measured at the GP level, rather than also 
at the individual level, which is a limitation given prior indications of 
interactions between patient level IMD and age [11]. Moreover, there 

Fig. 4. Prevalence of Flu vaccination across GP surgeries by ethnicity. Size of individual points is relative to the size of that sample across surgeries.
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was extensive variability in the coding of ethnicity in the raw data prior 
to recoding, which reduces the certainty of result interpretation, and 
indicates the importance of action to improve ethnicity data recording at 
the source. Finally, study results may not be generalisable to areas with a 
different demographic distribution. However, England and Wales 
Census data shows that the majority (74⋅4 %) of people identify as White 
British, 6⋅2 % as Other White, 9⋅3 % as Asian, 4⋅0 % as Black, 2⋅9 % as 
Mixed/Multiple and 2⋅1 % as Any Other ethnic group (including Arab), 
so the profile of Liverpool is not dissimilar to elsewhere in the UK [34].

In conclusion, Liverpool is a diverse and multicultural city, with its 
own unique population, and high levels of deprivation and inequality. It 
is unsurprising therefore, that the city has a unique pattern of influenza 
vaccine uptake, which is lower than the national average. Deprivation, 
age, sex, and ethnicity, all associated with uptake, with the lowest up-
take found in GP surgeries with high deprivation, and in patients not 
recommended for a vaccine based on age, or who identified as male, or 
as Any Other ethnicity. The lack of an interaction between deprivation 
and other factors likely reflects the impact of inequality on Liverpool as a 
whole, as a social stressor. Future research should now consider the 
reasons, experiences, and views behind vaccine hesitance/acceptance 
within Liverpool, which likely contribute to these patterns of uptake, 
and could be used to guide intervention.
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