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A B S T R A C T   

Objectives: To examine the correlates of Covid-19 vaccination intentions and subsequent uptake as outlined in an 
extended version of protection motivation theory (PMT). 
Design: A two-wave online survey conducted at the start of the vaccination rollout to 50–64 year olds in the UK 
and three months later. 
Measures: Unvaccinated UK adults (N = 438) aged 50–64 completed baseline measures from PMT (perceived 
vulnerability, perceived severity, maladaptive response rewards, response efficacy, self-efficacy, response costs, 
intention) as well as measures of injunctive and descriptive norms, demographics, Covid-19 experiences, and 
past influenza vaccine uptake. Self-reported uptake of a Covid-19 vaccination was assessed three months later (n 
= 420). 
Results: The extended PMT explained 59% of the variance in Covid-19 vaccination intentions, after controlling for 
demographics, Covid-19 experiences, and past influenza vaccine uptake. All extended PMT variables, with the 
exception of perceived severity and descriptive norms, were significant independent predictors of intention. In 
line with national figures, 94% of the sample reported having received a Covid-19 vaccination at follow-up with 
intention found to be the key predictor of uptake. 
Conclusions: Interventions to increase Covid-19 vaccination uptake need to increase intentions to be vaccinated 
by emphasizing the benefits of vaccination (e.g., in terms of reducing risk) and likely approval from others while 
also addressing the concerns (e.g., safety issues) and common misperceptions (e.g., natural immunity versus 
vaccines) that people might have about Covid-19 vaccines. Future research is needed in countries, and on groups, 
with lower uptake rates.   

1. Introduction 

In March 2020 the World Health Organization (World Health 
Organisation, 2020) declared the coronavirus outbreak to be a global 
pandemic. To date (December 17, 2021), over 270 million confirmed 
cases of Covid-19, including over 5.3 million deaths, have been reported 
worldwide (World Health Organization, 2021). To prevent the spread of 
the SARS-CoV-2 virus that causes Covid-19, governments across the 
world introduced various restrictions to movement and social in-
teractions (e.g., local and national lockdowns, self-quarantining after 
exposure to Covid-19) and recommended or mandated a range of pre-
ventive measures (e.g., frequent hand washing, mask wearing on public 
transport and in shops). These measures have been shown to reduce 
transmission rates (Haug et al., 2020); however, only the widespread 

uptake of Covid-19 vaccines offers the possibility of a return to 
normality and an end to the pandemic (Agarwal and Gopinath, 2021). 

Towards the end of 2020, phase III vaccine trial results were released 
indicating that Covid-19 vaccines are safe and produce a strong immune 
response (Shrotri et al., 2021). The first Covid-19 vaccine was subse-
quently given regulatory approval in the UK on December 2, 2020 
(Shrotri et al., 2021) and, to date (December 17, 2021), three Covid-19 
vaccines have been approved for use in the UK (i.e., the Moderna, 
Oxford-AstraZeneca and Pfizer-BioNTech Covid-19 vaccines) (NHS, 
2021a). Evidence indicates that Covid-19 vaccines reduce the risk of 
symptomatic disease, admission to hospital, and death from Covid-19 
(Hungerford and Cunliffe, 2021; Public Health England, 2021). How-
ever, to achieve herd immunity and thereby bring an end to the 
pandemic, it has been estimated that 70% of the population needs to be 
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vaccinated against Covid-19 (Irwin, 2021). 
In addition to issues of supply and cost, weak intentions to be 

vaccinated and vaccine hesitancy (i.e., “delay in acceptance or refusal of 
vaccination despite availability of vaccination services”, World Health 
Organisation, 2014) represent key barriers to the successful rollout of 
vaccination programmes. For example, vaccine hesitancy has been 
noted in relation to a range of vaccines including those for Human 
Papillomavirus (HPV; Karafillakis et al., 2019), H1N1 influenza (Bish 
et al., 2011) and Covid-19 (Lin et al., 2021). In a review of surveys 
conducted in 2020 before the first Covid-19 vaccine was approved for 
use, Lin et al. (2021) reported that intended uptake ranged from 48% to 
91%. A range of demographic and individual factors were reported to be 
associated with intended uptake of a Covid-19 vaccine, including 
(higher) education, (higher) income and (White) ethnicity as well as a 
range of beliefs about Covid-19 (e.g., perceived risk and severity) and 
Covid-19 vaccines (e.g., perceived effectiveness and safety), and the 
views of others (e.g., family and friends). In addition, those who had 
participated in other vaccination programmes (e.g., had received an 
influenza vaccination) were also reported to be more likely to intend to 
have a Covid-19 vaccine (Lin et al., 2021). 

The research reviewed by Lin et al. (2021) suffered from two limi-
tations. First, all of the surveys focused on intended, rather than actual, 
uptake of a Covid-19 vaccine as they were conducted before Covid-19 
vaccines were approved for use. Second, the surveys failed to draw on 
social cognitive models of health behaviour that outline the proximal 
determinants of health behaviour (Conner and Norman, 2015). It is 
striking that many of the beliefs identified in the Lin et al. (2021) review 
map onto constructs contained in these models. Since the Lin et al. 
(2021) review, a few studies have reported applications of the health 
belief model and the theory of planned behaviour/reasoned action 
approach to explain intentions to receive a Covid-19 vaccine (e.g., Chu 
and Liu, 2021; Guidry et al., 2021; Lin et al., 2020; Lueck and Spiers, 
2020; Salmon et al., 2021; Wong et al., 2021). For example, Guidry et al. 
(2021) reported that a model based on the health belief model and the 
theory of planned behaviour explained 67% of the variance in intended 
uptake of a Covid-19 vaccine. Perceived susceptibility, perceived ben-
efits, perceived barriers, self-efficacy, attitude and subjective norms 
were significant predictors of intention along with education level, 
ethnicity (White > Black) and insurance status. 

The present study draws on protection motivation theory (PMT; 
Rogers, 1983) to examine the determinants of Covid-19 vaccination 
intentions and subsequent uptake. According to PMT, when faced with a 
health threat, such as Covid-19, individuals engage in two appraisal 
processes: threat appraisal and coping appraisal. Threat appraisal fo-
cuses on the source of the health threat. Thus, perceived vulnerability to, 
and the perceived severity of, the health threat are seen to increase the 
likelihood of a protective behaviour, whereas rewards associated with a 
maladaptive response may decrease the likelihood of a protective 
behaviour. Coping appraisal focuses on evaluations of the recommended 
protective behaviour. Thus, response efficacy and self-efficacy are seen 
to increase the likelihood of a protective behaviour, whereas various 
response costs may decrease the likelihood of a protective behaviour. 
Protection motivation (i.e., intention) results from these two appraisal 
processes and is seen to be the sole proximal determinant of protective 
behaviour, mediating the effects of other PMT variables and more distal 
influences (e.g., demographics). 

PMT has been applied to explain a wide range of health behaviours 
(for reviews, see Floyd et al., 2000; Milne et al., 2000; Norman et al., 
2015) including intentions to receive a seasonal influenza vaccine (Ling 
et al., 2019) and adherence to Covid-19 protection behaviours (Scholz 
and Freund, 2021). PMT encompasses many of the beliefs associated 
with intended uptake of a Covid-19 vaccine identified in the Lin et al. 
(2021) review and, since this review, a number of cross-sectional studies 
have used PMT to explain Covid-19 vaccination intentions (Ansar-
i-Moghaddam et al., 2021; Eberhardt and Ling, 2021; Huang et al., 2021; 
Tong et al., 2021) although, to date, no PMT studies have predicted 

subsequent uptake. For example, Eberhardt and Ling (2021) reported 
that PMT explained 68% of the variance in Covid-19 vaccination in-
tentions. Perceived vulnerability, perceived severity, maladaptive 
response rewards and self-efficacy were found to be significant pre-
dictors. One limitation of PMT is that it doesn’t directly consider the 
impact of normative influences on behaviour, as outlined in the 
reasoned action approach (Fishbein and Ajzen, 2010). For example, 
Lueck and Spiers (2020) found that measures of injunctive norms (i.e., 
approval from others) and descriptive norms (i.e., what others are 
doing) were predictive of Covid-19 vaccination intentions, and Scholz 
and Freund (2021) found that a measure of perceived social disapproval 
explained additional variance, over and above that explained by PMT 
variables, in intentions to engage in Covid-19 protection behaviours. 

1.1. The present study 

The present study reports an application of an extended version of 
PMT to explain Covid-19 vaccination intentions and subsequent uptake 
in 50–64 year olds in the UK. In addition to the core PMT variables (i.e., 
perceived vulnerability, perceived severity, maladaptive response re-
wards, response efficacy, self-efficacy, response costs), measures of both 
injunctive and description norms were also included. Lin et al. (2021) 
identified a number of demographic variables that have been associated 
with Covid-19 vaccination intentions that were also assessed in the 
study (i.e., age, sex, ethnicity, deprivation) along with measures of 
Covid-19 experiences (i.e., diagnosis, self-isolation) and previous influ-
enza vaccination uptake. On the basis of previous research (e.g., Lin 
et al., 2021) and in line with the theoretical structure of PMT, it was 
hypothesised that the extended PMT variables would explain significant 
portions of variance in Covid-19 vaccination intentions and subsequent 
uptake over and above the influence of demographic variables, Covid-19 
experiences, and past influenza vaccination behaviour. It was also pre-
dicted that intention would be the key proximal predictor of uptake, 
accounting for the effects of the extended PMT variables and other distal 
factors on uptake. 

The UK vaccination programme began on December 8, 2020 with 
adults being invited to receive a Covid-19 vaccination in order of nine 
priority (i.e., vulnerable) groups based on age, occupation (frontline 
health and social care workers) and underlying health conditions (Joint 
Committee on Vaccination and Immunisation 2021). The baseline sur-
vey was conducted on March 1, 2021, the point at which 50–64 year olds 
in the UK – the last of the priority groups – started to be invited to receive 
a Covid-19 vaccine. The uptake of Covid-19 vaccines in the previous 
priority group (65–69 year olds) in England was 85.4% at this time 
(NHS, 2021b). By April 13, 2021, all UK adults in priority groups 1–9 
had been invited to receive a Covid-19 vaccination (BBC News, 2021). 
The follow-up survey was conducted on May 25, 2021, at which point 
94.9% of 50–64 year olds in England had received a Covid-19 vaccine 
(NHS, 2021b). 

2. Methods 

2.1. Participants and procedure 

A sample of UK adults aged 60–64 years old was recruited via Pro-
lific, a participant recruitment company, to complete an online survey 
hosted on Qualtrics. Only UK nationals who had not already received a 
Covid-19 vaccine (e.g., due to being aged 65 years or older, a health or 
social care worker, or a member of a clinically vulnerable patient group) 
were eligible to participate. The baseline survey was posted Prolific on 
March 1, 2021, the point at 50-64 year-olds started to be invited to 
receive a Covid-19 vaccine. Potential participants who clicked on the 
link to the survey were first presented with an online information sheet 
and consent form. Participants were required to indicate that they 
consented to take part in the study before being able to access the 
baseline survey. The baseline survey included measures of 
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demographics, Covid-19 experiences, previous influenza vaccination 
behaviour, and the extended PMT variables. The follow-up survey was 
sent to participants who had completed the baseline survey by Prolific 
approximately three months later and was open from May 25, 2021 until 
June 30, 2021. The follow-up survey asked whether participants had 
received a Covid-19 vaccination or not. Details of the study items 
included in the baseline and follow-up surveys are provided in Supple-
mentary File 1. Ethical approval for the study was obtained from the 
University of Sheffield Research Ethics Committee (ref. 038158). 

2.2. Measures 

Demographic data on age, sex and ethnicity were provided by Pro-
lific. Participants were also asked to provide their postcodes which were 
linked to Index of Multiple Deprivation (IMD) deciles using databases 
and lookup tables for England (http://imd-by-postcode.opendataco 
mmunities.org/imd/2019), Scotland (https://www.gov.scot/publicat 
ions/scottish-index-of-multiple-deprivation-2020v2-postcode-look-up/ 
), Wales (https://statswales.gov.wales/Catalogue/Community-Safety-a 
nd-Social-Inclusion/Welsh-Index-of-Multiple-Deprivation) and North-
ern Ireland (https://deprivation.nisra.gov.uk/). IMD represents an area- 
level measure of relative deprivation. IMD decile scores range from 1 
(indicating the most deprived 10% of areas nationally) to 10 (indicating 
the least deprived 10% of areas nationally). In addition, participants 
were asked whether they had been diagnosed with Covid-19, had to self- 
isolate due to being in contact with someone who had Covid-19, and 
whether they had received an influenza vaccination earlier in the 
winter. 

The baseline survey also contained measures of variables from PMT 
that were constructed in line with recommendations (Norman et al., 
2015) and previous studies on vaccination behaviour (e.g., Ling et al., 
2019; Martin and Petrie, 2017; Sherman et al., 2021). Measures of 
injunctive and descriptive norms were also included that were worded in 
line with recommendations (Conner and Sparks, 2015) and similar to 
those used in previous research on Covid-19 protection behaviours 
(Schüz et al., 2021). All items were rated on 7-point response scales (e. 
g., “Strong Disagree”–“Strongly Agree”), coded such that high scores 
indicated high levels of the variable of interest (e.g., high perceived 
severity, high response costs). Measures of each variable were con-
structed by taking the mean of relevant items. 

Three items assessed perceived vulnerability (α = 0.84; e.g., 
“Without a Covid-19 vaccine, I am vulnerable to contracting Covid-19”) 
and three items assessed perceived severity (α = 0.63; e.g., “Covid-19 
can be a life-threatening disease”). Six items assessed maladaptive 
response rewards (α = 0.77) that focused on the advantages of not 
receiving a vaccine (e.g., “If I do not get a Covid-19 vaccination, then I 
won’t have to spend time and effort getting vaccinated”) as well as the 
benefits of natural exposure/immunity (“Natural immunity lasts longer 
than a Covid-19 vaccination”). Response efficacy (α = 0.70; e.g., 
“Having a Covid-19 vaccination would stop me from getting Covid-19”) 
and self-efficacy (α = 0.86; e.g., “It would be very easy for me to have a 
Covid-19 vaccination”) were each assessed with three items, and 
response costs were assessed with five items (α = 0.79; e.g., “I would be 
worried about experiencing side effects from a Covid-19 vaccine”). 
Protection motivation (i.e., intention) was assessed with three items (α 
= 0.98; e.g., “I intend to have a Covid-19 vaccination”). In addition to 
the PMT measures, three items assessed injunctive norms (α = 0.95; e.g., 
“People who are important to me would approve of me having a Covid- 
19 vaccine”) and two items assessed descriptive norms (α = 0.68; e.g., 
“Most people I know will have a Covid-19 vaccine”). 

Approximately three months later, participants were asked to report 
whether or not they had received a Covid-19 vaccination (i.e., “Have 
you received a Covid-19 vaccination?“). Participants were instructed to 
answer yes if they had just the first dose or two doses since the first 
survey and no if they had not received a Covid-19 vaccination. 

2.3. Data analysis 

Copies of data files and coding (syntax) for the analyses are openly 
available at https://osf.io/a84sk/. Data were analysed using SPSS 
(version 26) using complete cases for each analysis (i.e., pairwise dele-
tion for bivariate analyses and listwise deletion for multivariate ana-
lyses). The analyses were conducted in three phases. First, descriptive 
statistics were conducted for measures of the study variables (i.e., de-
mographics, Covid-19 experiences, the extended PMT variables, and 
vaccination uptake) (see Tables 1 and 2) and correlations were 
computed between the study variables and Covid-19 vaccination in-
tentions at baseline and Covid-19 vaccine uptake at follow-up (see 
Table 2 and Supplementary File 2). The strength of the correlations were 
interpreted according to Cohen’s (1992) criteria, where rs ≥ 0.10, 0.30 
and 0.50, are considered to be small, medium and large-sized effects, 
respectively. Second, a hierarchical linear regression analysis was con-
ducted in which the independent variables were entered in two blocks to 
explain Covid-19 vaccination intentions (see Table 3). Age, sex, 
ethnicity, IMD decile, Covid-19 diagnosis, self-isolation, and previous 
influenza vaccination were entered in block 1, and the extended PMT 
variables were added in block 2. Third, given the dichotomous nature of 
the measure of vaccination uptake, a hierarchical logistic regression 
analysis was conducted to examine the predictors of Covid-19 vaccina-
tion uptake (see Table 4). Categorical predictors that had cells with very 
small numbers (n < 5) when cross-tabulated with Covid-19 vaccine 
uptake were not included in the logistic regression analysis (i.e., 
ethnicity, Covid-19 diagnosis, self-isolation, and previous influenza 
vaccination). The independent variables were entered in three blocks. 
Age, sex and IMD decile were entered in block 1, followed by the 
extended PMT variables in block 2, and intention in block 3. 

2.4. Missing data 

The amount of missing data was calculated and Little’s MCAR test 
used to test whether the data were missing completely at random. 
Multiple imputation techniques were then used to produce five imputed 
datasets using Missing Values Analysis within SPSS. The correlation and 
regression analyses were rerun in SPSS using these imputed datasets. 
The results for these analyses with pooled data are reported in Supple-
mentary File 3 (Tables 1–3). As recommended by Altman (2009), these 
analyses were conducted as sensitivity analyses to assess the robustness 
of the main findings. In addition, attrition analyses were conducted to 
compare those lost to follow-up with those who completed both surveys 
on the baseline measures. 

3. Results 

3.1. Sample characteristics 

Initially, 536 potential participants accessed the link to the study. Of 

Table 1 
Baseline Sample Characteristics (N = 438).    

M SD N % 

Age  55.61 4.12   
Sex Male   174 39.7 

Female   264 60.3 
Ethnicity White   420 95.9 

Non-white   18 4.1 
IMD Decilea  6.09 2.66   
Covid-19 Diagnosis Yes   14 3.2 

No   424 96.8 
Self-isolated Yes   48 11.0 

No   390 89.0 
Influenza Vaccination Yes   217 49.5 

No   221 50.5 

Note. a n = 437. 
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these, 28 did not provide consent, seven were excluded as they had 
>90% missing data, and 63 were excluded due to having had already 
received a Covid-19 vaccine at baseline. The baseline sample therefore 
comprised 438 participants. The characteristics of the baseline sample 
are reported in Table 1. The follow-up survey was completed by 420 
participants (95.9%), of whom 395 (94.0%) reported that they had been 
vaccinated. A retrospective power analysis indicated that with a baseline 
sample of 438 and a follow-up sample of 420, the study had 80% power 
to detect a small-sized correlation of r = 0.13 with intention and r = 0.14 
with Covid-19 vaccine uptake, with alpha = .05. 

Missing data analyses indicated that there was only one (0.2%) 
missing data point for IMD decile at baseline and 18 (4.1%) missing data 
points for the measure of uptake of a Covid-19 vaccination at follow-up. 

Overall, only 0.2% of data points were missing from the dataset. Little’s 
MCAR test indicated that the data were missing completely at random, χ 
2 (10) = 5.88, p = .83. 

Attrition analyses revealed no significant differences between those 
who did and did not complete the follow-up survey in terms of baseline 
demographics (ps ≥ .12), Covid-19 experiences (ps ≥ .43), previous 
influenza vaccination behaviour (p = .66) or the extended PMT variables 
(ps ≥ .48, with the exception of self-efficacy, p = .07). 

3.2. Associations with Covid-19 vaccination intentions 

Considering the demographic variables, only ethnicity and relative 
deprivation had significant associations with Covid-19 vaccination in-
tentions (see Supplementary File 2), although both correlations were 
small-sized. The direction of the correlations indicated that White 
(versus non-White) participants and those living in less deprived areas 
had stronger Covid-19 vaccination intentions. Age and sex, as well as 
whether or not participants had been diagnosed with Covid-19 or had 
self-isolated, were not significantly associated with Covid-19 vaccina-
tion intentions. Those who had received an influenza vaccination had 
significantly stronger Covid-19 vaccination intentions, although the size 
of the correlation was small. All of the extended PMT variables had 
significant correlations with Covid-19 vaccination intentions (see 
Table 2). Higher levels of perceived vulnerability, perceived severity, 
response efficacy and self-efficacy as well as more positive injunctive 
and descriptive norms were associated with stronger Covid-19 vacci-
nation intentions. In contrast, higher maladaptive response rewards and 
response costs were associated with weaker Covid-19 vaccination in-
tentions. All of the correlations were large-sized, apart from the corre-
lations for perceived severity and response efficacy which were medium- 
sized. The size and significance of the correlations with intention using 
the imputed datasets were virtually identical (see Supplementary File 3, 
Table 1). 

Table 2 
Means, Standard Deviations and Correlations between the Extended Protection Motivation Theory Measures and Covid-19 Vaccination Intentions and Uptake (N = 438).   

M (SD) 2. 3. 4. 5. 6. 7. 8. 9. 10.bc 

1. Perceived Vulnerability 5.43 (1.28) .56*** -.54*** .43*** .42*** -.37*** .57*** .42*** .59*** .40*** 
2. Perceived Severity 5.88 (0.94)  -.38*** .21*** .21*** -.16*** .38*** .29*** .37*** .29*** 
3. Maladaptive Response Rewards 2.67 (1.51)   -.32*** -.45*** .56*** -.54*** -.44*** -.64*** -.45*** 
4. Response Efficacy 4.40 (1.35)    .31*** -.34*** .35*** .30*** .43*** .28*** 
5. Self-Efficacy 6.32 (1.01)     -.54*** .55*** .47*** .62*** .27*** 
6. Response Costs 3.03 (1.75)      -.47*** -.38*** -.58*** -.37*** 
7. Injunctive Norms 6.50 (1.01)       .69*** .73*** .51*** 
8. Descriptive Norms 6.15 (0.98)        .55*** .37*** 
9. Intention 6.44 (1.32)         .68*** 
10. Covid-19 Vaccination Uptakea           

Note. a 0 = No, 1 = Yes. b n = 420. c Point-biserial correlations. ***p < .001. 

Table 3 
Summary of Hierarchical Regression Analysis Predicting Covid-19 Vaccination In-
tentions (N = 437).  

Model B SE β B SE β 

1. Age − 0.01 0.02 -.03 0.003 0.01 .01 
Sexa 0.01 0.13 .002 0.13 0.08 .05 
Ethnicityb 0.73 0.31 .11* 0.25 0.19 .04 
IMD Decile 0.07 0.02 .13** 0.01 0.01 .02 
Covid-19 Diagnosisc − 0.17 0.38 -.02 0.01 0.22 .001 
Self-isolatedc − 0.06 0.21 -.02 − 0.12 0.12 -.03 
Influenza Vaccinationc 0.68 0.12 .26*** 0.13 0.08 .05 

2. Perceived Vulnerability    0.09 0.04 .08* 
Perceived Severity    0.04 0.05 .03 
Maladaptive Response Rewards   − 0.22 0.04 -.19*** 
Response Efficacy    0.09 0.03 .09** 
Self-Efficacy    0.24 0.05 .19*** 
Response Costs    − 0.11 0.04 -.10** 
Injunctive Norms    0.44 0.05 .34*** 
Descriptive Norms    0.08 0.05 .06 

Note. a 0 = Female, 1 = Male. b 0 = Non-White, 1 = White. c 0 = No, 1 = Yes. 
Model 1 R2 = 0.11***. Model 2 R2 = 0.70***. *p < .05. **p < .01. ***p < .001. 

Table 4 
Summary of Hierarchical Logistic Regression Analysis Predicting Covid-19 Vaccination Uptake (N = 419).  

Model B SE OR (95% CI) B SE OR (95% CI) B SE OR (95% CI) 

1. Age 0.003 0.05 1.00 (0.91–1.11) 0.03 0.07 1.04 (0.90–1.20) 0.02 0.08 1.02 (0.87–1.20) 
Sexa 0.21 0.43 1.23 (0.53–2.87) 1.04 0.75 2.83 (0.65–12.33) 0.71 0.82 2.04 (0.41–10.24) 
IMD Decile 0.18 0.08 1.19* (1.02–1.39) 0.02 0.11 1.02 (0.82–1.27) − 0.05 0.13 0.96 (0.75–1.22) 

2. Perceived Vulnerability     0.08 0.30 1.08 (0.60–1.96) 0.12 0.38 1.13 (0.53–2.40) 
Perceived Severity     0.51 0.32 1.66 (0.89–3.12) 0.43 0.37 1.54 (0.75–3.18) 
Maladaptive Response Rewards    − 0.73 0.36 0.48* (0.23–0.98) − 0.15 0.40 0.87 (0.40–1.89) 
Response Efficacy     0.26 0.26 1.29 (0.78–2.14) 0.04 0.29 1.04 (0.59–1.83) 
Self-Efficacy     − 0.43 0.30 0.65 (0.36–1.18) − 0.77 0.36 0.46* (0.23–0.93) 
Response Costs     − 0.83 0.40 0.44* (0.20–0.95) − 0.60 0.44 0.55 (0.23–1.30) 
Injunctive Norms     0.38 0.25 1.47 (0.90–2.39) 0.02 0.31 1.02 (0.55–1.88) 
Descriptive Norms     0.26 0.32 1.30 (0.69–2.44) 0.14 0.38 1.15 (0.55–2.42) 

3. Intention         1.05 0.35 2.86** (1.45–5.62) 

Note. a 0 = Female, 1 = Male. Model 1 χ2(3) = 5.49, p = .14, Naglekerke R2 = 0.04. Model 2 χ2(11) = 100.25, p < .001, Naglekerke R2 = 0.59. Model 3 χ2(12) = 111.91, 
p < .001, Naglekerke R2 = 0.64. *p < .05. **p < .01. 
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3.3. Hierarchical linear regression analysis predicting Covid-19 
vaccination intentions 

As shown in Table 3, the independent variables entered in block 1 (i. 
e., age, sex, ethnicity, IMD decile, Covid-19 diagnosis, self-isolation, and 
previous influenza vaccination) explained 11% of the variance in Covid- 
19 vaccination intentions, R2 = 0.11, F(7,429) = 7.31, p < .001. 
Ethnicity, IMD decile and previous influenza vaccination were the only 
independent variables that significantly contributed to the regression 
model, such that White (versus non-White) participants, those living in 
less deprived areas and those who had received an influenza vaccination 
had stronger Covid-19 vaccination intentions. Adding the extended PMT 
variables in block 2 explained an additional 59% of the variance in 
Covid-19 vaccination intentions, ΔR2 = 0.59, ΔF(8,421) = 104.45, p <
.001. All of the extended PMT variables, with the exception of perceived 
severity and descriptive norms, were significant predictors. Ethnicity, 
IMD decile and previous influenza vaccination were no longer signifi-
cant predictors when the extended PMT variables were added in block 2. 
The final regression model explained 70% of the variance in intention, 
R2 = 0.70, F(15, 421) = 65.71, p < .001. The results of the regression 
analysis indicated that greater perceived vulnerability, response efficacy 
and self-efficacy as well as more positive injunctive norms were asso-
ciated with stronger Covid-19 vaccination intentions, whereas greater 
perceived maladaptive response rewards (of not being vaccinated) and 
response costs (of being vaccinated) were associated with weaker Covid- 
19 vaccination intentions. Of the extended PMT variables, injunction 
norms had the strongest effect on Covid-19 vaccination intentions, fol-
lowed by maladaptive response rewards and self-efficacy. Rerunning the 
regression analysis with the imputed datasets produced virtually iden-
tical results (see Supplementary File 3, Table 2). 

3.4. Associations with Covid-19 vaccination uptake 

Considering the demographic variables, only ethnicity and relative 
deprivation had significant, but small-sized, correlations with self- 
reported receipt of a Covid-19 vaccination at follow-up (see Supple-
mentary File 2), such that White (versus non-White) participants and 
those living in less deprived areas were more likely to have had a Covid- 
19 vaccination. Age and sex had non-significant associations with 
receipt of a Covid-19 vaccination as did whether participants had been 
diagnosed with Covid-19 or had self-isolated. Those who had received 
an influenza vaccination were significantly more likely to also have a 
Covid-19 vaccination, although the size of the effect was small. All of the 
extended PMT variables had significant correlations with self-reported 
receipt of a Covid-19 vaccination at follow-up (see Table 2). The cor-
relations for intention and injunction norms were large-sized, and the 
correlations for perceived vulnerability, maladaptive response rewards, 
response costs and descriptive norms were medium-sized, whereas the 
correlations for perceived severity, response efficacy and self-efficacy 
were small-sized. The direction of the correlations indicated that 
higher levels of perceived vulnerability, perceived severity, response 
efficacy and self-efficacy as well as more positive injunctive and 
descriptive norms were associated with a greater uptake of a Covid-19 
vaccination, whereas higher maladaptive response rewards and 
response costs were associated lower uptake of a Covid-19 vaccination. 
Intention was the strongest correlate of Covid-19 vaccination uptake at 
follow-up. The size and significance of the correlations with Covid-19 
vaccination uptake using the imputed datasets were virtually identical 
(see Supplementary File 3, Table 1). 

3.5. Hierarchical logistic regression analysis predicting Covid-19 
vaccination uptake 

As shown in Table 4, the demographic variables entered in block 1 (i. 
e., age, sex, IMD decile) provided a non-significant prediction of Covid- 
19 vaccination uptake, χ2(3) = 5.49, p = .14, Naglekerke R2 = 0.04, 

although IMD decile was a significant independent predictor of uptake, 
such that participants living in less deprived areas were more likely to 
report being vaccinated. Adding the extended PMT variables in block 2 
produced a significant improvement in the prediction of Covid-19 
vaccination uptake, Δχ2(8) = 94.75, p < .001, ΔNaglekerke R2 =

0.55. The previously significant effect for IMD decile became non- 
significant and maladaptive response rewards and response costs 
emerged as significant independent predictors of Covid-19 vaccination 
uptake, such that perceptions of greater maladaptive response rewards 
and greater response costs were associated with lower uptake. Adding 
intention in block 3 led to a further significant improvement in the 
prediction of Covid-19 vaccination uptake, Δχ2(1) = 11.66, p < .001, 
ΔNaglekerke R2 = 0.06. The previously significant effects for mal-
adaptive response rewards and response costs became non-significant 
and intention was a significant independent predictor of uptake. In 
addition, self-efficacy was found to have a significant negative effect on 
uptake in model 3. However, given that self-efficacy had significant 
positive bivariate association with uptake, the negative effect in the 
regression analysis is likely to be due to a suppressor effect and is 
therefore not interpreted further. Rerunning the regression analysis with 
the imputed datasets produced almost identical results (see Supple-
mentary File 3, Table 3), except that the previously significant effect of 
response costs in model 2 was non-significant in the imputed datasets. 

4. Discussion 

The present study applied an extended version of PMT to explain 
Covid-19 vaccination intentions and uptake in a sample of UK adults 
aged 50–64 years old. The study also considered the influence of de-
mographics, experiences with Covid-19, and past influenza vaccination 
behaviour. Considering the demographic variables, ethnicity and rela-
tive deprivation, but not age and sex, had significant but small-sized 
correlations with both Covid-19 vaccination intentions and subsequent 
uptake. The current findings are in line with previous research that has 
indicated that people from non-White ethnicities are more hesitant to-
wards receiving a Covid-19 vaccine in the UK (Kamal et al., 2021) and 
USA (e.g., Latkin et al., 2021; Salmon et al., 2021). Coupled with the 
higher Covid-19 mortality rates risk experienced by people from 
non-White, versus White, ethnicities (Office for National Statistics, 
2020) and a greater mistrust in healthcare providers (Acharya et al., 
2021; Sze et al., 2020), the current findings indicate that targeted in-
terventions for people from non-White ethnicities are a public health 
priority. In addition, people from more deprived areas of the UK also had 
weaker Covid-19 vaccination intentions and were less likely to have 
been vaccinated at follow-up. While relative deprivation has not been 
examined previously in relation to Covid-19 vaccination intentions and 
uptake, numerous studies have indicated that lower income and edu-
cation are associated with increased hesitancy towards Covid-19 vac-
cines (e.g., Alfageeh et al., 2021; Alley et al., 2021; Freeman et al., 2020; 
Gan et al., 2021; Latkin et al., 2021; Robertson et al., 2021; Ruiz and 
Bell, 2021; Salmon et al., 2021). Again, these findings indicate that there 
may be social and economic inequalities in relation to the uptake of 
Covid-19 vaccines that vaccination programmes need to address. In 
contrast, age and sex were found to have non-significant correlations 
with Covid-19 vaccination intentions and uptake, in line with the 
inconclusive findings reported by the Lin at al. (2021) review. 

Having been diagnosed with Covid-19 or having had to self-isolate as 
a result of a close contact with someone with Covid-19 were not 
significantly correlated with Covid-19 vaccination intentions and up-
take, as also reported by Lin at al. (2021). In contrast, those who had 
received an influenza vaccination had stronger Covid-19 vaccination 
intentions and were more likely to be vaccinated at follow-up. The sig-
nificant effect of previous engagement with vaccination programmes 
was also highlighted by Lin at al. (2021), and suggests that the concerns 
or barriers of those who have previously declined vaccinations need to 
be addressed to maximise the uptake of Covid-19 vaccinations. Such a 
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finding is also consistent with research on health behaviour that in-
dicates that past behaviour is a strong predictor of future behaviour 
(McEachan et al., 2011), although it should be noted that the size of the 
correlations between uptake of an influenza vaccination and Covid-19 
vaccination intentions and subsequent uptake were small in the pre-
sent study. 

All of the extended PMT variables had significant correlations with 
both Covid-19 vaccination intentions and subsequent uptake. The cor-
relations with Covid-19 vaccination intentions were medium- or large- 
sized. Weaker correlations were found with subsequent uptake, 
although the correlations for intention and injunctive norms were large- 
sized and those for perceived vulnerability, maladaptive response re-
wards, response costs and descriptive norms were medium-sized. Thus, 
stronger Covid-19 vaccination intentions and greater uptake were 
associated with higher perceived vulnerability, perceived severity, 
response efficacy and self-efficacy, lower maladaptive response rewards 
and response costs, and more supportive injunctive and descriptive 
norms. 

Together, the extended PMT variables explained 59% of the variance 
in intention after controlling for the effects of demographics, previous 
Covid-19 experiences and past influenza vaccination behaviour. All of 
the extended PMT variables, with the exception of perceived severity 
and descriptive norms, were significant predictors. Moreover, the pre-
viously significant effects for ethnicity, relative deprivation and past 
influenza vaccination behaviour became non-significant when the 
extended PMT variables were entered into the regression analysis, 
consistent with the idea that the beliefs outlined in PMT should mediate 
the effect of more distal predictors (Orbell et al., 2017). Similarly, the 
significant effect of relative deprivation on lower uptake of a Covid-19 
vaccine became non-significant when the extended PMT variables 
were entered into the logistic regression analysis. In turn, the significant 
effects of maladaptive response rewards and response costs on lower 
uptake also became non-significant after controlling for intention, which 
was found to be the key predictor of subsequent uptake of a Covid-19 
vaccine. 

The present findings are in line with the Lin et al. (2021) review 
which reported a range of beliefs about Covid-19 and Covid-19 vaccines 
to have significant correlations with Covid-19 vaccination intentions. 
The current study extends this work by finding that strong Covid-19 
vaccination intentions are associated with greater subsequent uptake 
and account for the effects of other beliefs about Covid-19 and Covid-19 
vaccines as well as the effects of more distal variables such as de-
mographics. Similar findings have recently been reported by Shiloh et al. 
(2021) who found that intention mediated the effects of other beliefs (e. 
g., attitude, anticipated regret, perceived barriers, trust in Covid-19 
vaccines, and social norms) on the uptake of a Covid-19 vaccine in 
Israel. The current findings are also in line with meta-analyses (Floyd 
et al., 2000; Milne et al., 2000) and reviews (Norman et al., 2015) of 
PMT which have noted that coping appraisals are stronger correlates of 
protective intentions than threat appraisals, and that intention is the 
strongest correlate of future behaviour. 

It is possible that some of the impact of response costs (e.g., concerns 
about the safety of Covid-19 vaccines) on intentions to be vaccinated 
may be linked to issues of trust. Lin et al. (2021) highlighted trust as an 
important factor in relation to people’s decisions whether or not to be 
vaccinated, although measures of trust in the state, health care organi-
sations, health care professionals, scientists and manufacturers, typi-
cally have small sized correlations with Covid-19 vaccination intentions 
(Murphy et al., 2021; Salmon et al., 2021; Wong et al., 2021). In 
contrast, Shiloh et al. (2021) found that a more specific measure of trust 
in Covid-19 vaccines had a large sized correlation with Covid-19 
vaccination intentions and was a significant predictor in a regression 
analysis controlling for a range of other variables. 

The current study has a number of strengths. First, the study focused 
on the uptake of Covid-19 vaccines rather solely considering intended 
uptake, which has been the focus of almost all research to date. Second, 

the study also employed a prospective rather than a cross-sectional 
design, thereby providing greater confidence regarding the direction 
of effects. Third, the study considered many of the demographic vari-
ables and beliefs that were highlighted in Lin et al. (2021) review. 
Fourth, the study used an extended version of PMT as a theoretical 
framework to consider the correlates of Covid-19 vaccination intentions 
and behaviour. The study is one of the few to test all six components of 
PMT, as most applications of PMT fail to assess maladaptive response 
rewards and response costs (see Ling et al., 2019, for a recent exception). 
In addition, the study also considered the impact of normative influences 
which are not part of PMT. Interestingly, injunctive norms, rather than 
descriptive norms, were found to be predictive of intentions to receive a 
Covid-19 vaccine. This suggests that perceptions of others’ approval, 
rather than others’ behaviour, have a greater influence on people’s de-
cisions whether or not to be vaccinated. 

The current study has a number of weaknesses that may temper 
conclusions drawn from the findings. First, the study included a self- 
report measure of receipt of a Covid-19 vaccine at follow-up which 
may be open to social desirability effects. Nonetheless, the reported 
uptake rate in the current study (94.0%) was very similar to officially 
recorded vaccination rates (of at least one dose) at the time of the follow- 
up which, for example, was 94.9% for 50–64 year olds in England (NHS, 
2021b). Second, the sample was not representative of the UK population 
of 50–64 year olds which therefore limits the generalizability of the 
findings, although the findings are consistent with previous research on 
the correlates of intend uptake of Covid-19 vaccines (Lin et al., 2021). 
Relatedly, there are likely to be some self-selection biases in the sample 
given the method of recruitment, although it is possible that those with 
very positive or, equally, negative attitudes towards Covid-19 vaccines 
may have been more inclined to participate in the study. Third, there 
was some loss to follow-up which may have further biased the findings, 
although attrition analyses revealed no significant baseline differences 
between those lost to follow-up and those who completed both surveys. 
In addition, missing data analyses indicated that data were missing at 
completely at random and that re-running the main analyses with 
imputed datasets produced almost identical results, therefore pointing 
to the robustness of the findings. Fourth, the study was conducted in a 
country and in an age group with high uptake rates. Future research is 
therefore needed in countries, and on groups, with lower vaccination 
rates. For example, evidence from the UK vaccination programme in-
dicates that younger age groups are less likely to be vaccinated (NHS, 
2021b). Nonetheless, health cognitions outlined in PMT would still be 
expected to be predictive of Covid-19 intentions and uptake, although 
the specific predictors are likely to vary as a function of the population 
examined (Ajzen, 1988). Future research should also focus on the uptake 
of second doses and booster doses over the course of the pandemic. 

Notwithstanding the above limitations, the current findings have 
both theoretical and applied implications. From a theoretical perspec-
tive, the current findings indicate that PMT provides an appropriate 
theoretical framework for considering the determinants of Covid-19 
vaccination intentions and uptake. However, as indicated by the cur-
rent findings, the model could be usefully expanded to consider the role 
of normative influences on behaviour, as also noted by Scholz and 
Freund (2021). One of the strengths of PMT is that it has been subjected 
to many experimental tests which have shown that it is possible to 
manipulate PMT constructs with consequent effects on cognitions, in-
tentions and behaviour (see Norman et al., 2015, for a review). As a 
result, PMT may also provide an appropriate framework for developing 
interventions to increase the uptake of Covid-19 vaccines. Moreover, the 
medium and large sized associations found between the extended PMT 
variables and Covid-19 vaccination intentions and behaviour indicate 
that they are likely to be key variables to target in interventions. The 
current findings suggest that interventions to increase the Covid-19 
vaccination uptake need to first increase intentions to be vaccinated. 
To achieve this, interventions should focus more on beliefs (i.e., benefits 
and costs) about being vaccinated (or unvaccinated) rather than the 
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severity of Covid-19 per se. In particular, interventions need to 
emphasize the benefits of vaccination (e.g., in terms of protecting one-
self) and likely approval from others while also addressing the concerns 
(e.g., safety issues) and common misperceptions (e.g., natural immunity 
versus vaccines) that people might have about Covid-19 vaccines. 
Encouragingly, emerging evidence indicates that providing simple 
written information on the efficacy, benefits and safety of Covid-19 
vaccines can increase intentions to be vaccinated (Davis et al., 2021; 
Freeman et al., 2021). 
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