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a b s t r a c t

Background: Understanding COVID-19 vaccine uptake among individuals who self-harm or with mental 
health conditions is critical to addressing health inequalities and guiding public health strategies/pandemic 
preparedness. Evidence on temporal trends and sociodemographic factors shaping vaccine uptake within 
these populations remains limited.
Methods: We linked Wales Immunisation System data to demographic and healthcare records for 2.2 
million individuals. Using modified Poisson regressions and growth models, we explored the association 
between self-harm, neurodevelopmental disorders, mental health conditions, and vaccine uptake from 8 
December 2020–8 December 2023. Models were adjusted for age, sex, deprivation, ethnicity, and physical 
comorbidities.
Findings: Attention Deficit Hyperactivity Disorder (ADHD), conduct disorder, drug use, and, to a lesser 
extent, self-harm were associated with lower incidence of vaccination. Conversely, those with autism 
spectrum disorder, or learning difficulty had slightly higher incidence of vaccination. Individuals with se
vere mental illness (SMI: schizophrenia, bipolar disorder and other psychotic disorders) exhibited a steeper 
initial increase and earlier peak in uptake, but their final coverage was lower. Belonging to an ethnic 
minority group and, to a lesser extent, being male, younger, or leaving in highly deprived areas were also 
associated with reduced uptake.
Interpretation: Disparities in vaccine uptake exist among individuals with self-harm and mental health 
conditions, driven by intersecting health and social factors. Tailored interventions, effective communication, 
and trust-building strategies are critical to reducing these inequities. Underserved groups including those 
with SMI, ADHD, and self-harm, should be prioritised in future vaccination campaigns to improve equity.
© 2025 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/ 

4.0/).
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Research in context 
Evidence before this study 
We searched PubMed and Medline for the terms: (COVID- 

19 vaccine) AND (mental health OR self-harm OR ASD OR 
ADHD OR depression OR anxiety OR schizophrenia OR bi
polar disorder OR (alcohol AND misuse) OR (drugs AND 
misuse) OR (learning AND difficulties) OR (conduct AND 
disorder)) NOT (meta-analysis OR systematic review OR re
view) NOT (vaccine efficacy) NOT (adverse events) 
NOT(infection) NOT (side effects OR complication) NOT 
(vaccine-induced) NOT (psychopharmacology) NOT (trans
mission) NOT (serological) NOT (wastage) NOT (stroke OR 
myocarditis) NOT (hospitalization) NOT (children OR child OR 
childhood) NOT (safety OR sequelae) AND (electronic records 
OR population data) on the 9th of July 2024. Seven articles 
were found in Medline and 32 articles were found in PubMed 
initially. We subsequently excluded six articles from low- 
quality/’predatory’ journals, and another fifteen as not re
levant after initial screening. The final selection included 18 
original research papers. Overall, most evidence before this 
study showed a positive association between mental health 
disorders and COVID-19 vaccine hesitancy. The majority were 
cross-sectional and/or based on self-report, and therefore did 
not actually assess actual rates of COVID-19 vaccination up
take, nor it’s trajectory over time. Few studies have system
atically examined COVID-19 vaccination uptake at the 
population level. The available evidence suggests an overall 
negative association between mental health conditions and 
vaccination uptake. Notable exceptions are a potential posi
tive association between people with severe mental illness 
(SMI) being more likely to be vaccinated against COVID-19 
than people without SMI in the Greater Manchester area in 
the UK, and a higher vaccination uptake by the population 
with mental disorders noted in a nationwide South Korean 
study. 

Added value of this study 
This study offers a comprehensive, population-based 

analysis of COVID-19 vaccine uptake patterns among in
dividuals with self-harm, neurodevelopmental disorders and 
mental health conditions. By linking individual-level data 
from the Wales Immunisation System with detailed demo
graphic and healthcare records, it analyses a large, re
presentative population, enabling robust and nuanced 
insights. The use of advanced growth models allows for an 
in-depth examination of temporal trends in vaccine uptake, 
capturing differences in progression, delays, and peak levels 
across various mental health conditions. 

The study identifies distinct trajectories for specific 
groups, such as individuals with self-harm, Severe Mental 
Illness (SMI), and Attention Deficit Hyperactivity Disorder 
(ADHD), highlighting patterns of under-vaccination, slower 
growth in uptake, and lower final uptake. These findings 
move beyond static associations, presenting dynamic trends 
that reveal the unique challenges and disparities experienced 
by these populations. For instance, individuals with SMI ex
hibited accelerated growth of vaccine uptake during a short 
period of time, a trend likely driven by prioritisation policies. 

Additionally, the study evaluates how sociodemographic 
factors—including sex, age, deprivation, and ethnici
ty—intersect with mental health conditions to shape vacci
nation outcomes. By integrating these dimensions, the 
research underscores the role of overlapping vulnerabilities 
in exacerbating health inequalities, providing actionable in
sights for targeted public health interventions and equitable 
vaccine strategies. 

Implications of all the available evidence 
The evidence highlights the critical need for targeted 

public health strategies in future pandemics to address in
equalities in vaccine uptake among vulnerable populations, 
particularly individuals with self-harm, ADHD, and mental 
health conditions (e.g. SMI). These groups require sustained 
and tailored interventions to improve vaccine acceptance and 
coverage. Effective strategies should include prioritising 
high-risk groups, implementing condition-specific and cultu
rally competent communication campaigns, and actively 
combating misinformation. 

Our findings also demonstrate the significant influence of 
sociodemographic factors- such as being male, younger, 
living in deprived areas, and belonging to ethnic minority 
groups - on vaccination uptake trajectories. This underscores 
the necessity of integrated policies that address both health 
and social inequities. Policymakers must consider the inter
play between mental health and sociodemographic factors to 
design inclusive vaccination campaigns that promote equi
table healthcare access and outcomes. While prioritisation of 
individuals with SMI has shown some success, their lower 
final vaccine uptake indicates that additional and sustained 
efforts are required to mitigate barriers and ensure compre
hensive coverage for all vulnerable groups. 

Introduction

Prioritising COVID-19 vaccination for individuals with mental 
health conditions, particularly those with severe mental illness 
(SMI), is crucial for reducing disproportionate health risks and pre
paring for future pandemics. Evidence from past health crises has 
shown that individuals with SMI face increased infection rates, 
hospitalisation, and mortality [1–3]. Such vulnerabilities stem from 
not only pre-existing health disparities but also barriers in health
care access, which can delay protective interventions like vaccina
tion [4]. The elevated mortality and morbidity risks among this 
group underscore the importance of an inclusive and adaptive public 
health approach that integrates mental health in its response stra
tegies.

The COVID-19 vaccination programme in Wales, initiated on 8 
December 2020, included SMI and neurodevelopmental conditions 
among its priority groups. The Joint Committee on Vaccination and 
Immunisation (JCVI) categorised people with SMI, learning difficul
ties, and Autism Spectrum Disorder (ASD) in Priority Group 6, re
cognising them as highly vulnerable populations due to their 
compounded health risks [5]. The UK’s decision to elevate in
dividuals with mental health conditions within its priority frame
work was progressive, making it one of very few countries in Europe 
to prioritise this group early [6]. This decision sets a precedent for 
addressing health inequities in pandemic preparedness and re
sponse.

This is because research demonstrates that individuals with 
mental health conditions, including self-harm, depression, bipolar 
disorder, and schizophrenia, are at significantly higher risk of severe 
outcomes from COVID-19, such as hospitalisation and mortality, 
compared to the general population [1–3,7]. Moreover, disparities 
linked to socioeconomic status, ethnic minority background, and 
healthcare accessibility further intensify these risks, making tar
geted vaccination strategies essential [8]. By ensuring timely vaccine 
access for these populations, future public health initiatives can 
better mitigate the impact of emerging health threats and enhance 
resilience among high-risk groups. Understanding how vaccination 
uptake changes over time is crucial for policy development. Identi
fying periods of stagnation or decline enables timely, targeted 
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interventions to improve coverage, particularly among vulnerable 
populations.

Despite growing evidence on COVID-19 vaccine uptake, research 
on population-level trends remains limited, particularly in the con
text of mental health conditions. Existing studies often focus on 
cross-sectional analyses or specific subgroups, lacking a systematic 
examination of temporal trends. This study addresses this gap by 
analysing comprehensive population data to assess how different 
mental health conditions influence vaccine uptake over time. In this 
study we examined the association between having a diagnostic 
record of self-harm, attention deficit hyperactivity disorder (ADHD), 
ASD, learning difficulty, conduct disorder, depression, anxiety, eating 
disorder, bipolar disorder, schizophrenia, other psychotic disorders, 
alcohol or drugs use, and COVID-19 vaccine uptake in the Welsh 
population aged 16 and above. We adjusted for sex, age, physical 
comorbidities, ethnicity, and socioeconomic deprivation. We also 
analysed the progress of COVID-19 vaccine uptake by studying the 
cumulative uptake over the first year of the roll-out. This analysis 
aims to inform and improve public health strategies for vulnerable 
populations in future pandemics.

Methods

Study design and participants

The index date was set on the 8th December 2020 [9] which 
corresponds to the start of the vaccination programme in the UK. In 
this nationwide, retrospective, electronic cohort study, we derived 
our cohort from 3,620,119 individuals in the Wales immunization 
system (WIS - A national, patient-level vaccination register) to in
clude all individuals aged 16 years and over who were alive and 
living in Wales at the index date, and who had linked sex (male or 
female), age, deprivation, and were registered to a GP providing data 
to the Secure Anonymised Information Linkage (SAIL) databank 
(www.saildatabank.com) for at least one year before the index date 
(Supplementary figure 1). Ethical approval was granted from the 
Secure Anonymized Information Linkage (SAIL) Information Gov
ernance Review Panel (an independent body consisting of a range of 
independent government, regulatory, and professional agencies, in 
line with ethical permissions already granted to the analysis of data 
in the SAIL Databank) – approval number 1537. The SAIL Databank is 
a secure, remotely accessible, privacy-protecting trusted research 
environment that curates linked de-identified data from multiple 
sources at individual, household and geographical levels for the 
population of Wales. All data within SAIL is treated in accordance 
with the Data Protection Act 2018 and is compliant with the General 
Data Protection Regulation. Under permissions granted to the SAIL 
Databank, individuals’ informed consent was not necessary. Results 
were requested out of the SAIL gateway and reviewed independently 
to ensure they comply with its information governance po
licies [10,11].

Procedures

We linked data on an individual level using a unique anonymised 
linkage field that replaces any identifiable information, such as 
names and addresses within the SAIL databank. Datasets used were 
Covid Vaccination Dataset (CVVD), Welsh Demographic Service 
Dataset (WDSD), Annual District Death Extract (ADDE), ONS 2011 
Census Wales (CENW), Welsh Longitudinal General Practice Dataset 
(WLGP), Patient Episode Dataset for Wales (PEDW), and Emergency 
Department Dataset (EDDS). Full details and references in supple
mentary table 1.

We queried primary care (WLGP), hospital admission (PEDW), 
and emergency services (EDDS) data within the SAIL Databank to 
identify records of self-harm, neurodevelopmental disorders (ASD, 

and ADHD), and mental health conditions (depression, anxiety, 
eating disorder, bipolar disorder, schizophrenia, alcohol use disorder, 
and drug use disorder) at any time point prior to 8 December 2020. 
Diagnoses were identified using validated clinical code lists and al
gorithms, based on clinical coding systems Read code (Version 2) for 
primary care, ICD-10 codes for hospital admissions, and both ICD-10 
and NHS Wales Data Dictionary (www.datadictionary.wales.nhs.uk) 
for emergency services. The full definition, method of development, 
validation details are openly accessible in the Adolescent Mental 
Health Data Platform – Concept Library (https://conceptlibrary. 
saildatabank.com/ADP/phenotypes/), with further details are pro
vided in Supplementary Table 2.

Outcomes were binary variables indicating whether a person had 
been vaccinated with one dose or more (1+ dose: 0/1), and vacci
nated with at least three doses including potential booster doses (3+ 
doses: 0/1) on weekly basis from the index date (8th of December 
2020) up to one-year follow-up (8th December 2021), and to the end 
of three-year follow-up (8th of December 2023).

Covariates included: sex (male or female); age on the 8th of 
December 2020 as a categorical variable that included young people 
(16–24 years), adults (25–64 years), and older adults (65 years and 
over). Given that vaccination uptake was not linearly associated with 
age but instead driven by policy-defined priority groups, a catego
rical approach for age was deemed most appropriate, and the se
lected age bands are in line with mental health research practices 
[7]. We used Welsh Index of Multiple Deprivation (an official mea
sure of small area, approximately 1500 individuals, deprivation in 
Wales) quintiles, as a categorical variable from 1 (least deprived) to 5 
(most deprived) [12], ethnicity (White, Black, Asian, Other, or Un
known), Charlson Comorbidity Index (CCI) as a categorical variable 
representing 0, 1, or 2 and more comorbidities from primary and 
secondary care data [13,14].

Analyses

Main analysis
We queried data within the SAIL Databank using IBM DB2 9·7 

SQL. All statistical analyses were conducted in R (version 4·3·3) with 
R-Studio (version 2022·04·0) and Stata 18·0. Unless otherwise stated, 
the level of significance was set at p = 0·05, with 95 % confidence 
intervals (CIs). We used descriptive statistics and binomial prob
abilities with Wilson continuity correction [15] to summarize the 
characteristics of the cohort. We used modified Poisson regression 
with robust standard error to calculate the incidence rate ratios of 
being vaccinated (1 + dose: 0/1) after one year of follow-up ac
counting for sex (M/F), deprivation quintile (from 1 – least deprived, 
to 5 – most deprived), age (16–24, 25–64, and 65 + years old), ethnic 
category (White, Black, Asian, Other, Unknown), Charlson Co
morbidity Index (0, 1, or 2 and more physical comorbidities), and 
records of self-harm, ADHD, ASD, learning difficulty, conduct dis
order, depression, anxiety, eating disorder, schizophrenia, bipolar 
disorder, other psychotic disorders, alcohol use, and drugs use.

Confounders were selected a priori based on existing literature 
and expert consensus. The final models adjusted for age, sex, so
cioeconomic deprivation (measured using the Welsh Index of 
Multiple Deprivation), ethnicity, and comorbid physical health con
ditions. Mental health-related exposures (self-harm, neurodevelop
mental disorders, and mental health conditions) were included 
separately in the models. We initially explored stepwise regression 
to refine model selection [16], but since results were consistent with 
the pre-specified approach, we proceeded with the original con
founder selection and removed the stepwise regression step. We also 
conducted sensitivity analyses to assess the incidence of being vac
cinated (3 + doses: 0/1) after three years of follow-up yielding si
milar results.
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Cumulative vaccine uptake over the first year
To examine the uptake of the first dose of the COVID-19 vaccine 

over the first year, we calculated and modelled weekly cumulative 
vaccine uptake (%) using logistic growth functions (LGFs) with 
nonlinear least-squares (NLS) [17,18] (Fig. 1). We assumed a static 
population and used the total population at the start of the vaccine 
roll-out as the denominator. We estimated three parameters: ku 

(growth rate in % points per week), Ti (time of maximum growth, in 
weeks), and A0 (maximum uptake, in %). These parameters respec
tively represent the relative maximum uptake growth, the timing of 
peak growth, and the maximum possible uptake over time (Fig. 1A). 
Separate models were run for each exposure variable, including 
combining schizophrenia, bipolar disorder, and other psychotic 
disorders as severe mental illness (SMI) to increase statistical power, 
resulting in 11 models. Each model included three specifications 
(unadjusted, main-effects-only adjusted, and fully adjusted). Ad
justments were made by adding linear terms to ku, Ti, and A0 to 
account for covariates and interactions (detailed in Supplementary 
Methods). Unadjusted and main-effects-only adjusted models esti
mated changes (Δku, ΔTi, ΔA0) between reference and non-reference 
groups (Fig. 1A). Covariates in the main-effects-only adjusted models 
included sex, age group, deprivation (WIMD), ethnicity, CCI, and the 
number of comorbidities from the 11 studied exposures, excluding 
the main exposure. Variables like WIMD, ethnicity, and CCI were 
recoded for model convergence (see Supplementary Methods for 
details).

We defined under-vaccination in the non-reference group as 
having a negative Δku (slower growth rate in percent per week), a 
positive ΔTi (delayed peak uptake in weeks), and a negative ΔA0 

(lower final uptake in cumulative percentage).
Weekly cumulative percentages, exposures, and other covariates 

were input into NLS models using the ’nlsur’ function in Stata 18·0. 
Initial values ensured model convergence, and aggregated data were 
weighted by their denominators. Model fit was assessed using 
Akaike and Bayesian information criteria, unadjusted r², and residual 
analysis. Coefficients with confidence intervals (CIs) and robust 
standard errors (clustered within LAs) were reported.

We plotted marginal uptake predictions over time for exposed 
and non-exposed groups, alongside observed trends (Fig. 1B-1L). P- 
values and CIs corresponded to an uncorrected significance level 
(p = 0·05, 95 % CIs), but Šidák-adjusted p-values (p = 0·0016) were 
also reported for 33 comparisons (11 exposures across three model 
specifications).

Results

We identified a population of 3,620,119 individuals from WIS. Of 
these 2,216,859 were older than 16 years at the start of the vacci
nation programme in Wales on the 8th December 2020 (index date – 
see Table 1), with a valid Welsh address, deprivation data, registered 
with a GP providing data to SAIL at the index date, with at least 1 
year of GP follow-up before the index date, and with a recorded sex: 
male or female (Supplementary figure 1). The final cohort included 
1,097,462 (49·5 % of 2,216,859) females, with 557,241 (25·1 %) aged 
65 years or more, 1400,233 (63·2 %) aged 25–64 years old, and 
259,935 (11·7 %) aged 16–24 years (Table 1). 1,954,951 (88·2 %) in
dividuals had received at least one dose of COVID-19 vaccine by the 
end of the three-year follow-up period, and 1,660,473 (74·9 %) had at 

least three doses of COVID-19 vaccine at the end of follow-up (see 
Table 1 for further details).

Vaccinated (1+ dose) at one year of follow-up

Adjusted results (Table 2) showed that individuals with a record 
of ADHD, conduct disorder, and drugs use had lower incidence of 
vaccination after one year of follow-up. Those with recorded self- 
harm or schizophrenia showed a similar but weaker signal, Con
versely, individuals with a record of ASD or learning difficulty had 
slightly higher incidence of vaccination. No relevant differences 
were found in the incidence of being vaccinated for the remaining 
conditions (95 % CIs including or very close to 1). Other factors as
sociated with lower incidence of being vaccinated included be
longing to an ethnic minority group, and, to a lesser extent, being 
male (versus female), from more deprived areas, and younger. 
Having at least one physical comorbidity was associated with 
slightly higher incidence of being vaccinated. Full details in Table 2, 
with unadjusted results available in supplementary table 3. The 
sensitivity analysis accounting for a minimum of three doses of 
vaccination at three-year follow-up yielded similar results 
(supplementary table 4).

Vaccinated (1+ dose) at one year of follow-up stratified by age

The results of the modified Poisson regression accounting for 
vaccination (1 + dose) at one year follow-up stratified by age (65 + 
years, 25–64 years, and 16–24 years) showed some age differences 
but with no consistent pattern (Table 3). Factors associated with 
lower incidence of being vaccinated included belonging to an ethnic 
minority group and, to a lesser extent, being male (versus female), 
younger, and living in more deprived areas. Having at least one 
physical comorbidity (CCI) was associated with higher incidence of 
being vaccinated (Table 3).

Cumulative uptake of the initial dose of COVID-19 vaccine

In the general population, vaccine uptake increased rapidly, 
peaking at approximately 6·0 % per week around mid-March 2021 
(14 weeks after rollout) and stabilising at approximately 85·0 % by 
week 52. After adjusting for covariates (Fig. 2), distinct patterns of 
under-vaccination were observed for specific groups compared to 
their ‘non-exposed’ counterparts. Individuals with a history of self- 
harm demonstrated slower uptake growth (-0·9 % per week), a de
layed peak uptake (+0·8 weeks), and lower final uptake (-4·6 %). 
Those with ADHD showed reduced growth (-0·7 % per week), a de
layed peak uptake (+2·3 weeks), and substantially lower final uptake 
(-10·1 %). Drug use was associated with slower growth (-1·0 % per 
week), delayed peak uptake (+0·9 weeks), and the lowest final up
take (-12·4 %). For individuals with conduct disorder, the peak uptake 
was delayed by 3·0 weeks, and the final uptake was lower (-11·9 %), 
although growth rates were not significantly affected. People with 
severe mental illness (SMI) exhibited higher growth (+2·3 % per 
week) and an earlier peak uptake (-0·6 weeks) compared to their 
counterparts, but their final uptake remained lower (-4·2 %). In 
contrast, individuals with depression and anxiety experienced only 
slight reductions in growth (∼0.2 % per week), minor delays in peak 
uptake (∼0·1 weeks), and slightly elevated final uptake (+0·5 to 

Fig. 1. (A) Schematic illustration of the three-parameter nonlinear least squares (NLS) using unified-logistic function to fit the uptake (%) of the first dose of COVID-19 vaccine over 
time (t) for individuals with each of the 11 conditions/behaviours in this study (V2) and the respective remaining population who were eligible to vaccination (V1). The model 
estimates the relative maximum growth of uptake (ku), time at maximum growth (Ti), maximum possible uptake (A0), as well as the difference of these estimates between the two 
populations (∆ku, ∆Ti, ∆A0). (B-L) Weekly cumulative uptake (%) of the first dose of COVID-19 vaccine within 52 weeks from the vaccine roll-out date in Wales (8 December 2020) 
for all studied conditions/behaviours (red, see legend title) and the remaining general population (grey). ADHD: attention deficit hyperactivity disorder; ASD: autism spectrum 
disorders; SMI: severe mental illness. Thin lines: uptake for the 22 Welsh local authorities (LAs); bold lines: model fitted (‘fitted’) uptake by NLS. T1: priority group (PG) 1 
vaccinated; T2: PG1-4 vaccinated, PG5-6 eligible; T3: PG5 vaccinated, PG7-9 eligible; T4: PG1-9 vaccinated, PG10 eligible; T5: 18–29 years eligible; T6: 16–17 years eligible.
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+1·0 %). Individuals with learning difficulty exhibited slightly faster 
and earlier vaccine uptake, while those with alcohol use showed 
growth and timing similar to the general population, with slightly 
higher final uptake (+1·0 %).

From the analysis of all 11 NLS models (Supplementary Table 5), 
males showed higher but slower peak vaccine uptake growth and 
lower final uptake compared to females. Younger individuals were 
clearly under-vaccinated, with slower uptake growth (about 19 
percentage points less per week for those aged 16–24 compared to 
the 65 + age group), a delay of about 15·6 weeks, and lower final 
uptake (12 percentage points lower). Living in deprived areas and 
belonging to an ethnic minority (‘non-White’) were also significant 
factors for under-vaccination. Individuals with physical comorbid
ities (measured by CCI) experienced faster, though not higher, up
take growth and higher final vaccine uptake. Further analysis 
showing the main effect only adjusted models, fully adjusted 
models, and models fit are available in supplementary tables 6-8, 
and yielded similar results.

Discussion

Our analysis of over 2.2 million individuals in Wales revealed 
significant disparities in COVID-19 vaccine uptake among people 
with mental health conditions. Lower incidence of vaccination were 

observed among individuals with recorded ADHD, conduct disorder, 
and drug use, and, to a lesser extent, self-harm. Conversely, those 
with autism spectrum disorder and learning difficulties showed a 
higher uptake. Notably, individuals with SMI experienced a faster 
and earlier uptake trajectory, likely due to prioritisation policies, but 
still had lower final vaccination rates. Under-vaccination pat
terns—characterised by slower growth, delayed peak uptake, and 
lower final coverage—were especially marked in those with self- 
harm, ADHD, and drug use. Sociodemographic disparities persisted, 
with lower uptake consistently associated with being male, younger, 
from more deprived areas, and belonging to ethnic minority groups. 
These findings underscore the compounded impact of mental health 
and social vulnerabilities on vaccine uptake.

There was a clear pattern of under-vaccination (characterised by 
delayed uptake (in weeks), reduced uptake growth (in % per week), and 
lower final uptake (in cumulative %)) among individuals with records of 
self-harm, ADHD, conduct disorder and drug use. The lower vaccine 
uptake and presence of hesitancy with COVID-19 vaccines have been 
reported in ADHD [19] and drug use [20] but our findings on self-harm 
are novel and concerning. The pattern of under-vaccination was not 
observed among other conditions/behaviours.

People with a recorded severe mental illness (SMI) exhibited 
higher growth (+2.3 % per week) and an earlier peak uptake (-0.6 
weeks) compared to their counterparts, but their final uptake re
mained lower (-4.2 %). This increased higher growth and earlier peak 
uptake could be attributed to the strategy by the JVCI and the Welsh 
government to include individuals with SMI as priority group 6 for 
COVID-19 vaccines at the beginning of the vaccination programme 
[21]. Our findings are nevertheless consistent with the results from 
the UK [22] and Canada [20], suggesting that individuals with SMI 
did not show a decrease in uptake but still showed higher likelihood 
of declining vaccination [22, 23]. We did not find under-vaccination 
for those with learning difficulty, likely due to the inclusion of 
learning disability as a priority group in the vaccination pro
gramme [24].

We cannot fully disentangle the underlying reasons for the varied 
vaccine trends observed among different mental disorders. However, 
differences may be partly explained by how integrated these po
pulations are into healthcare systems (due, in part, to prioritization 
schemes). In addition, the inherent nature of certain conditions may 
shape individuals’ attitudes toward healthcare. For example, in
dividuals with a history of self-harm might display impulsivity that 
contributes to higher vaccine hesitancy or inconsistent follow-up, 
while those with more severe symptoms may face challenges that 
hinder accessibility and adherence.

For sociodemographic factors, we found that being male, from 
more deprived areas, younger, and ethnic minority groups were 
associated with lower incidence of being vaccinated. Older adults 
(aged 65 and over) had a higher baseline probability of being vac
cinated against COVID-19 compared to younger age groups. Across 
all age groups, self-harm, conduct disorder, and drug use were 
consistently associated with lower incidence of being vaccinated. 
These findings were in tight agreement with previous research using 
the same data source, showing poorer vaccine uptake for male, 
young age, residence in deprived areas, ethnic minorities, and lower 
number of physical comorbidities, a strong indication of inequality 
[25, 26]. Our data not only provide evidence on vaccine inequality, 
but also demonstrate additional role of sociodemographic factors in 
COVID-19 vaccine uptake for individuals who had previous history of 
self-harm, neurodevelopmental conditions, conduct disorder, 
learning difficulty, mental health problems, and substance use.

Strengths and limitations

The novelty of the analysis of the temporal trends of COVID-19 
vaccine uptake lies in multiple areas. The ability to compare trends 

Table 2 
Modified Poisson regression accounting for COVID-19 vaccination (1 + dose) at 1-year 
follow-up. 

VACCINATED (on 08/12/2021)

Variable Reference Levels Incidence 
Rate 
Ratios

CI p

(Intercept) 0.99 0.99 – 0.99 < 0.001
Sex Female Male 0.97 0.97 – 0.97 < 0.001
Deprivation: 

WIMD
1: Less 
deprived

2 0.98 0.98 – 0.99 < 0.001

3 0.98 0.98 – 0.98 < 0.001
4 0.97 0.97 – 0.97 < 0.001
5: Most 
deprived

0.94 0.94 – 0.94 < 0.001

Age group 65 + yr. 25–64 yr. 0.95 0.95 – 0.96 < 0.001
16–24 yr. 0.9 0.90 – 0.90 < 0.001

Ethnicity White Black 0.89 0.88 – 0.90 < 0.001
Asian 0.99 0.98 – 0.99 < 0.001
Other 0.92 0.92 – 0.92 < 0.001
Unknown 0.51 0.51 – 0.51 < 0.001

CCI 0 1 1.03 1.03 – 1.03 < 0.001
2 + 1.04 1.04 – 1.04 < 0.001

Self-harm No Yes 0.96 0.96 – 0.96 < 0.001
ADHD No Yes 0.89 0.88 – 0.90 < 0.001
ASD No Yes 1.02 1.01 – 1.02 < 0.001
Learning 

difficulties
No Yes 1.04 1.03 – 1.05 < 0.001

Conduct 
disorder

No Yes 0.89 0.88 – 0.90 < 0.001

Depression No Yes 1 1.00 – 1.00 < 0.001
Anxiety No Yes 0.99 0.99 – 1.00 < 0.001
Eating 

disorder
No Yes 0.99 0.98 – 1.00 0.009

Schizophrenia No Yes 0.97 0.97 – 0.98 < 0.001
Bipolar 

disorder
No Yes 1 1.00 – 1.01 0.477

Other 
psychotic 
disorder

No Yes 1.01 1.00 – 1.02 0.002

Alcohol use No Yes 1 1.00 – 1.00 0.087
Drugs use No Yes 0.89 0.88 – 0.89 < 0.001
Observations 2,216,859

ADHD: Attention Deficit Hyperactivity Disorder
ASD: Autism Spectrum Disorder
* Different background colours used for the intercept, covariate and exposure vari
ables
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of uptake for a wide range of conditions/behaviours related to self- 
harm, mental health, neurodiversity and substance use is important. 
Using three sets of parameters, we were able to examine long
itudinal uptake, from the rapid growth in uptake to the stages where 
uptake leveled off, using well-known growth function [17]. We 
compared these parameters for those with and without the con
sidered mental health-related conditions while controlling for so
ciodemographic and clinical factors that are known determinants of 
(COVID-19) vaccine uptake [27].

Concerning limitations on interpreting the findings of uptake 
trajectories, the use of LGF to fit vaccine uptake was a purely 
data-driven approach. Further research using theoretically based 
methodologies, e.g., based on disease transmission and beha
viour change dynamics [28] could help explore plausible me
chanisms of change in vaccine uptake and how these 
mechanisms relate to growth/uptake. Due to limitations of 
structured routinely collected data, we could not explore the 
reasons behind individuals’ vaccine hesitancy (e.g., stigma, 
worries about effectiveness and side effects of vaccines) [19]. 
Nonetheless, our models adequately fit to the observed data and 
thus the assumption of logistic growth of COVID-19 vaccine up
take appears to be valid. Some key relevant information was 
unavailable, such as accurate information on priority groups as
signed to each individual. Our mental health measurements were 
limited to those recorded in structured form in primary and 
secondary care routinely collected data. Several categorical 
variables were processed to reduce number of categories and 
make the analysis tenable. Due to model convergence issues, we 
could not investigate effect modifications by age and ethnicity in 
the associations between vaccine uptake and ASD, learning dif
ficulty, conduct disorder, and eating disorder.

Implications for policy and practice

Our findings highlight significant disparities in COVID-19 vaccine 
uptake among people with mental health conditions—especially 
those with ADHD, conduct disorders, drug use, and, to a lesser ex
tent, self-harm—calling for targeted interventions to improve access 
and acceptance. These underscore the value of monitoring uptake 
trends to guide timely public health interventions. Identifying de
clines allows for targeted outreach and communication strategies to 
improve vaccination rates.

Several policies tried to close the observed gap. Individuals with 
SMI, ASD, and learning difficulties were included in Priority Group 6 
[5]. The Welsh Government also adopted an inclusive identification 
strategy that extended beyond electronic health records, encoura
ging collaboration between Health Boards, general practitioners, 
local authorities, and third-sector organizations. Clinical discretion 
was promoted to facilitate the inclusion of individuals in Priority 
Group 6 where appropriate. In addition, dedicated vaccination 
clinics were established to accommodate the specific needs of in
dividuals with mental health issues, offering quieter environments 
and support from experienced mental health nurse vaccinators [29]. 
While these policies were a positive initial step that accelerated 
early uptake, they did not fully overcome persistent access difficul
ties and vaccine hesitancy.

We recommend that future vaccination programmes explicitly 
include other high-risk groups like those with ADHD, conduct dis
order, drug use, and self-harm. Additionally, public health campaigns 
should partner with mental health services and community orga
nisations to deliver culturally sensitive, condition-specific messaging 
that addresses stigma and misinformation [30]. Equity-driven ap
proaches—such as mobile clinics, outreach to ethnic minority 

Table 3 
COVID-19 vaccination (1 + dose) at 1-year follow-up stratified by age groups (65 +, 25–64, 16–24 years old). 

VACCINATED 65 + yr. VACCINATED 25–64 yr. VACCINATED 16–54 yr.

Variable Reference Levels Incidence 
Rate Ratios

CI p Incidence 
Rate Ratios

CI p Incidence 
Rate Ratios

CI p

(Intercept) 33.82 32.57 – 35.11 < 0.001 15.59 15.35 – 15.84 < 0.001 11.08 10.73 – 11.44 < 0.001
Sex Female Male 0.89 0.86 – 0.91 < 0.001 0.72 0.71 – 0.72 < 0.001 0.75 0.73 – 0.76 < 0.001
Deprivation: 

WIMD
1: Less 
deprived

2 0.91 0.87 – 0.95 < 0.001 0.8 0.79 – 0.82 < 0.001 0.82 0.79 – 0.85 < 0.001

3 0.83 0.79 – 0.86 < 0.001 0.74 0.73 – 0.75 < 0.001 0.67 0.65 – 0.69 < 0.001
4 0.73 0.70 – 0.76 < 0.001 0.7 0.68 – 0.71 < 0.001 0.56 0.54 – 0.58 < 0.001
5: Most 
deprived

0.61 0.59 – 0.64 < 0.001 0.57 0.56 – 0.58 < 0.001 0.42 0.40 – 0.43 < 0.001

Ethnicity White Black 0.28 0.23 – 0.34 < 0.001 0.45 0.42 – 0.47 < 0.001 0.44 0.40 – 0.49 < 0.001
Asian 0.49 0.43 – 0.56 < 0.001 0.84 0.81 – 0.87 < 0.001 1.1 1.02 – 1.18 0.009
Other 0.41 0.35 – 0.48 < 0.001 0.54 0.52 – 0.56 < 0.001 0.52 0.49 – 0.55 < 0.001
Unknown 0.05 0.05 – 0.05 < 0.001 0.08 0.08 – 0.08 < 0.001 0.11 0.11 – 0.12 < 0.001

CCI 0 1 1.59 1.54 – 1.65 < 0.001 1.34 1.32 – 1.36 < 0.001 1.21 1.18 – 1.24 < 0.001
2 + 1.24 1.20 – 1.28 < 0.001 2.5 2.43 – 2.57 < 0.001 1.78 1.55 – 2.04 < 0.001

Self-harm No Yes 0.78 0.70 – 0.87 < 0.001 0.76 0.74 – 0.78 < 0.001 0.71 0.68 – 0.74 < 0.001
ADHD No Yes 1.46 0.79 – 2.70 0.227 0.51 0.48 – 0.54 < 0.001 0.69 0.65 – 0.74 < 0.001
ASD No Yes 0.74 0.41 – 1.35 0.327 0.98 0.90 – 1.07 0.608 1.23 1.14 – 1.32 < 0.001
Learning 

difficulties
No Yes 0.94 0.74 – 1.20 0.644 1.43 1.33 – 1.55 < 0.001 1.42 1.30 – 1.56 < 0.001

Conduct disorder No Yes 0.47 0.30 – 0.75 0.002 0.54 0.50 – 0.58 < 0.001 0.62 0.58 – 0.67 < 0.001
Depression No Yes 1.04 1.00 – 1.08 0.03 1.03 1.02 – 1.04 < 0.001 0.88 0.86 – 0.91 < 0.001
Anxiety No Yes 1.01 0.97 – 1.05 0.626 0.93 0.91 – 0.94 < 0.001 0.93 0.90 – 0.96 < 0.001
Eating disorder No Yes 1.17 0.61 – 2.23 0.637 0.8 0.75 – 0.86 < 0.001 1.14 1.02 – 1.28 0.02
Schizophrenia No Yes 0.49 0.42 – 0.58 < 0.001 0.88 0.83 – 0.93 < 0.001 0.93 0.75 – 1.14 0.485
Bipolar disorder No Yes 0.91 0.75 – 1.12 0.376 0.95 0.89 – 1.02 0.159 1.34 1.03 – 1.75 0.028
Other psychotic 

disorder
No Yes 0.81 0.69 – 0.95 0.008 1.08 1.02 – 1.15 0.015 1.23 0.99 – 1.52 0.063

Alcohol use No Yes 0.96 0.90 – 1.02 0.166 1.01 0.99 – 1.03 0.48 0.8 0.75 – 0.85 < 0.001
Drugs use No Yes 0.65 0.59 – 0.73 < 0.001 0.47 0.46 – 0.48 < 0.001 0.5 0.47 – 0.53 < 0.001
Observations 557241 1400223 259395

ADHD: Attention Deficit Hyperactivity Disorder
ASD: Autism Spectrum Disorder
* Different background colours used for the intercept, covariate and exposure variables
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groups, and targeted strategies for young people—are critical to 
address the observed, broader systemic inequalities that often dis
proportionately affect those with mental health issues [31].

Integrating mental health services into vaccination efforts can 
also embed mental health screening and support within public 
health responses, ensuring individuals with complex needs are not 
overlooked. The novel finding of under-vaccination in those who 
self-harm reinforces the value of condition-specific data in shaping 
policy. Ongoing monitoring and analysis of health and vaccination 
data should inform timely, adaptive responses to address the unique 
barriers faced by high-risk groups. By adopting these measures, 
policymakers can reduce health inequities, boost vaccine uptake, 
and strengthen public health resilience in future emergencies.
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