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ABSTRACT

OBJECTIVES
To identify the effective components of interventions 
to increase vaccine uptake and to explore variations 
in effectiveness by population group and in relation to 
the covid-19 pandemic.
DESIGN
Component network meta-analysis.
SETTING
Systematic review of randomised controlled trials in 
high and upper middle income countries.
PARTICIPANTS
237 studies with 570 intervention arms and 4 361 717 
participants.
INTERVENTIONS
Any intervention targeting vaccine recipients or their 
caregivers aiming to increase demand for, or access 
to, vaccinations on the UK immunisation schedule. 
Key content and delivery features of interventions 
were identified using a bespoke coding framework co-
developed with stakeholders.
MAIN OUTCOME MEASURES
The outcome of interest was vaccine uptake. Bayesian 
component level meta-regression estimated relative 
effects of intervention components as ratios of odds 
ratios with 95% credible intervals (CrIs).

RESULTS
Of the included studies, 110 were at low risk of bias, 
96 had some concerns, and 31 were at high risk. 
40% (n=1 744 686) of the participants were male. For 
children, there was evidence of beneficial effects for 
payments to cover costs (ratio of odds ratios 3.01, 
95% CrI 1.49 to 6.06) and decision aids (2.73, 1.14 to 
7.06), and some evidence for extended opportunities 
(1.37, 0.98 to 1.95) and social factors (1.27, 0.99 
to 1.65). For adolescents and young adults, there 
were beneficial effects for personal delivery formats 
(2.13, 1.09 to 4.40), delivery by community members 
alongside healthcare professionals (6.42, 1.94 to 
25.62), and social factors (2.62, 1.45 to 5.04), and 
negative effects for decision aids (0.43, 0.18 to 0.98) 
and human versus non-human interaction (0.47, 
0.21 to 1.02). For adults, beneficial effects were 
shown for human interaction (1.86, 1.42 to 2.45), 
extended opportunities (1.63, 1.35 to 2.00), help 
with appointment scheduling (1.38, 1.06 to 1.78), 
payments to cover costs (1.47, 1.03 to 2.16), and 
motivational interviewing (1.79, 1.21 to 2.64), and 
there was some evidence for financial incentives 
(1.15, 0.99 to 1.35) and information on vaccine 
safety and/or efficacy (1.15, 0.99 to 1.32). For adults, 
evidence also showed a negative effect of non-human 
interaction versus no interaction (0.72, 0.57 to 0.92). 
Subgroup analyses showed variation for underserved 
populations and in relation to the covid-19 pandemic 
(before 2020 and 2020 onwards).
CONCLUSION
Overall, extended opportunities, appointment 
scheduling help, financial incentives, payments 
to cover costs, and motivational interviewing were 
effective content components of interventions 
to increase vaccine uptake. Effective delivery 
components overall were human interaction and 
delivery by community members alongside healthcare 
professionals. However, effective components varied 
by age group, for underserved populations, and in 
analyses investigating the impact of the covid-19 
pandemic. These findings have important implications 
for designing, optimising, and implementing targeted 
interventions, highlighting which components are 
effective across different populations and contexts. 
Consideration of the economic data on interventions 
should further support resource informed decision 
making.

Introduction
The global decline in vaccine uptake along with 
the increase in outbreaks of preventable infectious 

WHAT IS ALREADY KNOWN ON THIS TOPIC
A range of broad intervention types (eg, improving access and affordability) have 
proven effective in increasing vaccine uptake; however, they are often complex 
and involve multiple components
Identifying which intervention components are effective is key to inform the 
development, optimisation, and implementation of interventions to increase 
vaccine uptake
No existing reviews assess the effectiveness of individual components using a 
component network meta-analysis approach across different populations and 
contexts

WHAT THIS STUDY ADDS
In this component network meta-analysis, effective intervention content 
components for increasing vaccine uptake overall were extended opportunities, 
appointment scheduling help, financial incentives, payments to cover costs, and 
motivational interviewing
Effective intervention delivery components overall were human interaction and 
delivery by community members alongside healthcare professionals
Effective components varied by age group, for underserved populations, and in 
analyses investigating the impact of the covid-19 pandemic
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diseases, underscores the critical need to identify 
and address gaps in vaccination coverage.1 A wide 
range of strategies aimed at vaccine recipients or their 
caregivers have been implemented aiming to increase 
vaccine uptake by addressing barriers such as lack of 
awareness about vaccine recommendations, efficacy, 
side effects, accessibility, distrust, misinformation, 
and time and cost related obstacles.2 3

Interventions to improve vaccine uptake are typically 
multifaceted, involving a range of strategies (content 
components) that can be delivered in various formats 
(delivery components). Existing reviews tend to group 
these interventions into broad categories and assess 
their effect compared with control groups.4 5 Although 
these analyses offer a broad perspective of the overall 
effectiveness of strategies, in complex interventions 
the individual intervention components could work 
independently or in combination to influence the effect 
of the intervention.6 Understanding the effectiveness 
of the different components and how that might vary 
across different population groups and contexts, is vital 
to inform decision making around which interventions 
to implement given limited resources. Such nuanced 
insights can also inform the development and 
optimisation of new interventions.

Component network meta-analysis is one approach 
for examining the constituent parts of complex 

interventions.7 It is an enhanced form of network 
meta-analysis that helps to unravel the effects of 
various components or combinations of components 
within complex interventions, and it has been used 
in several areas, such as mental health,8 smoking 
cessation,9 and falls prevention.10 As yet, component 
network meta-analysis has not been applied to 
vaccine uptake interventions. In component network 
meta-analysis, integral components of interventions 
are systematically coded using a coding framework, 
and then all direct and indirect evidence for these 
components are compared in a single analysis.

We aimed to address the current gap in understanding 
of the effectiveness of different components of recipient 
focused vaccine uptake interventions. We developed 
and applied a bespoke intervention coding framework, 
using this to code components of interventions 
included in a set of trials from a systematic review of 
interventions to increase vaccine uptake. We then 
conducted a component network meta-analysis.

Methods
Our component network meta-analysis was 
embedded in a comprehensive systematic review of 
268 randomised controlled trials of interventions to 
increase vaccine uptake.11 The review was registered 
with PROSPERO (CRD42022369139) and the National 

Box 1: Eligibility criteria for systematic review

Study design
•	Randomised controlled trials
•	Trials that randomised at least 100 participants*
•	Cluster randomised controlled trials with at least three clusters in each arm
•	Publication between January 2000 and April 2024
•	Conducted in high and upper middle income countries, as defined by the World Bank in July 2022†
Participants
•	Participants from all population groups living in the community and eligible for vaccination (or caregivers of those eligible for vaccination), 

including parents of young children, adolescents, and adults
•	Exclusions: studies targeting hospital inpatients, prisoners, and residents of care or nursing homes; studies focused on healthcare workers; and 

studies focused on specific clinical risk groups
Vaccinations‡
•	All routine and selective or targeted vaccinations on the UK immunisation schedule, including seasonal vaccinations
Interventions
•	Eligible interventions targeted the vaccine recipients or their caregivers aiming to increase demand for, or access to, vaccination
•	Exclusions: interventions aimed at the provider or healthcare system (eg, provider training or provider incentives); and those aimed at both the 

intended vaccine recipients and the providers or healthcare systems, unless effectiveness data were available for the component targeting the 
intended recipients of vaccines alone

Comparators
•	Eligible studies used comparator groups of no intervention, usual care, waitlist, attention placebo, or an alternative eligible intervention.
Outcome
•	Studies reporting data on vaccine uptake. Uptake could be reported as single vaccinations or completion of a full vaccination course, or both, 

documented in medical records or through self-report
*Restricted to large randomised controlled trials—the most robust evidence on intervention effectiveness—because of the substantial number of large primary studies conducted on this topic area.
†Lower income countries were excluded as vaccine programmes differ between higher and lower income countries on several dimensions, including infrastructure, funding, accessibility, disease 
focus, and public trust.
‡A large overlap exists between international (eg, WHO) and UK immunisation recommendations. Immunisations on the WHO schedule but not the UK schedule are those for diseases typically 
occurring in low income settings (eg, cholera). The only other exception was the varicella vaccine, which was not included on the UK immunisation schedule at the time of this review. Varicella was, 
however, included in this review as several high income countries routinely offer this vaccination to children.
WHO=World Health Organization.
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Institute for Health and Care Research.12 Box 1 
shows the eligibility criteria for the review, which 
are published in full elsewhere.11 The review was 
conducted in accordance with Cochrane methods,13 
with risk of bias assessed at the outcome level for each 
study using the Cochrane risk of bias 2 tool.14 The 237 
randomised controlled trials eligible for inclusion in 
the component network meta-analysis were those for 
which we had usable outcome data, and were able to 
code the intervention components using our bespoke 
coding framework (fig 1).

Intervention level coding
To identify components for analysis, we developed 
a bespoke coding framework, enabling important 
intervention characteristics (including what is done 
and how it is done) to be systematically recorded for 
each intervention. Working with public contributors 
and professional stakeholders, we followed an 
iterative approach. Firstly, we identified two existing 
vaccination taxonomies from the literature and used 
them to pilot code several different broad intervention 
types, assessing whether the taxonomies could 
adequately capture key aspects of the interventions.15 16 
The 5As taxonomy (access, affordability, awareness, 
acceptance, and activation) for determinants of vaccine 
uptake was the most suitable, as it was able to capture 
important aspects of a wide range of interventions. 
This taxonomy was used as the foundation of our 
coding framework.16

We then extended and adapted the 5As through a 
multi-pronged approach. As we coded interventions 
using the taxonomy, we found several codes that were 
not applicable or were not possible to extract from the 
studies—for example, individual characteristics such 
as attitude to vaccines. We also highlighted emerging 
themes that were not captured by the 5As. These themes 
were documented and discussed with stakeholders, 
including behavioural scientists and immunisation 
specialists, before deciding to adapt the framework 
(see supplemental material A for an abridged version 
of the fieldwork diary we kept as a record of these 
changes). The resulting coding framework comprised 
codes for both content and delivery (see figure 1 for a 
summary of codes that were entered into the analysis 
model, and supplemental material B for our full coding 
framework with definitions).

Pairs of researchers (SRD, ZAT, EA, IA, or CEF) 
independently coded all constituent content and 
delivery components for each intervention arm, 
iteratively adapting the coding framework—especially 
in the early stages. Discrepancies were resolved 
through discussion, including with the wider project 
team as needed. Coding was conducted using all 
available information from the publications, with 
inquiries to the trialists when needed.

Trial level codes
Trial features such as participant characteristics 
and setting could impact the effectiveness of the 
intervention (see initial logic model in supplemental 

material C). Each trial was coded for the trial level 
characteristics shown in the coding framework (see 
figure 1). We also extracted information on ethnicity, 
education, religion, and socioeconomic status. 
However, this information was incomplete and lacked 
consistency, so we could not meaningfully include it in 
our analyses.

Statistical analyses
Our prespecified analysis plan is available.17 We used 
a bespoke component level meta-regression model 
based on a previously described model.18 The content, 
delivery, and trial level codes reported in figure 1 were 
incorporated in the model as indicator variables and 
covariates defined on two levels: trial and intervention. 
Each categorical variable was coded by a set of dummy 
binary variables, treating one category as the reference 
group. We also included one continuous variable 
describing the proportion of male participants in 
the trial. The model assumes additive effects of all 
indicators and includes an intercept to capture the 
effect, relative to control, of an intervention, the 
indicators of which are all equal to zero.

We assumed a binomial likelihood for the number 
of events and modelled relative intervention effects 
as log odds ratios. Based on the specification of the 
model described in supplemental material D (and 
elsewhere18), we defined all regression coefficients 
with reference to a control arm.

In our primary model we included random effects 
to capture variation in intervention effects between 
trials. We assumed a single between trial heterogeneity 
variance across the whole analysis, which corresponds 
to the amount of heterogeneity among trials with 
an identical set of intervention components in both 
arms, irrespective of what those components are. 
Correlations due to multi-arm trials were modelled by 
specifying a multivariate normal distribution for the 
relative treatment effects (both within and between 
trials). Supplemental material D provides further 
mathematical details of our model.

We implemented the models in a bayesian framework 
using the Markov chain Monte Carlo sampler JAGS,19 
with non-informative prior distributions on all 
parameters. For all regression coefficients we specified 
a normal distribution centred on zero with a standard 
deviation of 100. For the heterogeneity standard 
deviation, we used a half normal distribution with 
a standard deviation of 2.5. To aid convergence, we 
centred all indicators about their mean.

Subgroup analyses
To explore how the effects of different intervention 
components vary, we conducted subgroup analyses 
informed by discussions with our stakeholders. 
These analyses investigated the effect of age group, 
social inequalities, and the covid-19 pandemic. For 
age group, we split the data into three categories: 
adults, adolescents (adolescents and young adults), 
and children. We explored the use of more granular 
categories (children categorised as young children 
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a. Delivery codes - for each intervention one of the bold items had to be selected from
each set of options (eg, for delivery format each intervention was coded as either
personal or non-personal). The only exception was intervention type, which was

only coded for interventions when interaction was coded as a) interaction

Delivery format Delivered by Interaction Interaction type Intensity

a) Personal
Phone calls
Text messages
Letter
Postcard
Email
Face-to-face
b) Non-personal
Online: including 
social media, 
apps, pop-ups
Electronic device
Online 
information 
exchange
Multi-media 
campaigns
Printed materials
TV advertising
Radio campaigns
Posters
Videos

a) Trusted 
community 
members
Teachers
Social workers
Religious leaders
Community 
leaders
Peers
b) Health 
practitioners
Health visitors
Nurses
General 
practitioners
Midwives
Pharmacists
Practitioners
Researchers

a) Interaction
Any interactive 
aspects - human 
or automated
b) No 
interaction

a) Human
b) Non-human

a) Low
1 contact
b) Medium
2-4 contacts
c) High
5 contacts or 
more

b. Content codes - For each intervention any number of items may be selected.
An intervention may have multiple codes selected within each box, or they may have none

Access Affordability Acceptance Activation

a) Extended 
opportunities
Vaccination clinics in 
community settings
Dedicated clinics
Extended hours clinics
Outreach or mobile 
clinics
Opportunistic 
vaccinations
b) Appointment 
scheduling - help
c) Appointment 
scheduling - online
d) Accelerated 
dosing schedules

a) Financial 
incentives
b) Payments to 
cover costs

a) Vaccine safety 
and/or efficacy
b) Disease - 
perceived severity 
and risk
c) Social factors - 
influence from 
peers, social 
responsibility
d) Decision aids
e) Motivational 
interviewing

a) Prompts and 
reminders

c. Trial level codes - For each trial one of the bold items had to be selected from each set of options

Covid-19 Age group Setting Underserved
population

a) Pre-2020
b) 2020 onwards

a) Young children 
(routine 
vaccinations)†
b) Children (seasonal 
vaccinations)
c) Adolescents and 
young adults
d) Adults
e) Pregnant 
individuals
f) Older adults

a) Education
b) Healthcare
c) Community
d) Online

a) Underserved 
population*
b) Not an 
underserved 
population

*Includes vulnerable migrants, Gypsy, Roma, or travelling communities, people experiencing homelessness, people 
with substance use disorder, sex workers, minority ethnic groups, socially economically deprived groups, and other
†Includes vaccines that might be selectively offered to certain individuals (eg, infants with a parent born in a high 
prevalence country)

Fig 1 | Coding framework used to systematically identify delivery and content components of interventions to increase 
vaccine uptake
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- routine vaccinations and children - seasonal 
vaccination; adults categorised as adults, older 
adults, and pregnant individuals; and adolescents 
categorised according to whether the intervention 
targeted them or their parents or caregivers), but 
data were insufficient for the models to converge. 
To explore the impact of the covid-19 pandemic, 
we grouped trials into those conducted before 
2020 and those conducted from 2020 onwards. 
Finally, to explore which components work best for 
the most vulnerable populations, we restricted the 
data to trials that specially targeted underserved 

populations. In each subgroup, we inspected the 
counts associated with each indicator and excluded 
from the model any indicator variable with no 
associated observations (ie, all interventions coded 
as zero or all coded as one).

Sensitivity analyses
To check the robustness of our results, we conducted 
a series of planned sensitivity analyses: a fixed effects 
analysis; excluding studies judged to be at high risk of 
bias; excluding studies with strongly outlying results; 
and investigating the effect of adjusting for clustering 
(see supplemental material E). We also conducted a 
post hoc sensitivity analysis to explore the robustness 
of our results excluding studies conducted in the US.

Patient and public involvement
We engaged closely with a diverse group of 12 
public contributors from underserved communities 
throughout this work, particularly in developing the 
coding framework. We held eight meetings during 
which we facilitated small group activities that had 
several tangible effects on the framework. For example, 
we asked participants working in three small groups 
to divide the list of all delivery formats extracted from 
studies into binary categories that could be used in 
our regression model. All three groups created almost 
identical categories, and we adopted these in our 
framework. Full details of our public involvement 
work, including the focus of the meetings, have been 
published elsewhere.20

Results
We analysed data from 237 studies with a total of 
4 361 717 participants. Table 1 provides a summary of 
the study characteristics (see supplemental material 
F for full details). Studies included between 100 and 
964 870 participants.

Thirty eight studies were conducted on routine 
vaccinations aimed at young children, 25 on seasonal 
vaccinations for children (most, n=24, were on 
influenza vaccination), 57 at adolescents and young 
adults (n=47 on human papillomavirus vaccination), 
71 at adults (n=24 on influenza vaccination, n=20 
on covid-19), 11 at pregnant individuals (n=10 
on influenza), and 35 at older adults (n=28 on 
influenza). Supplemental material H provides data on 
socioeconomic group, education, and religion.

The 237 studies included 570 arms, 362 of which 
were active intervention arms. The most common 
content components in active intervention arms were 
activation (prompts and reminders, 223 arms), vaccine 
safety and/or efficacy (155 arms), perceived disease 
risk (140 arms), social factors (80 arms), and extended 
opportunities (37 arms). Supplemental material 
section G provides full intervention coding by study.

Using the Cochrane risk of bias 2 tool, we judged 
110 studies to be at low risk of bias, 96 to have some 
concerns, and 31 to be at high risk of bias, mainly due 
to issues with randomisation and measurement of the 
outcome (eg, self-reported vaccination status). See 

Table 1 | Characteristics of studies included in component network meta-analysis
Characteristics No (%) of studies (n=237)
Study type
Individually randomised controlled trials 181 (76.4)
Cluster randomised controlled trials 56 (23.6)
Country income level*
High income: 222 (93.7)
  Australia 10 (4.2)
  Canada 3 (1.3)
  European countries 38 (16.0)
  Hong Kong Special Administrative Region, China 7 (3.0)
  Israel 1 (0.4)
  Japan 4 (1.7)
  New Zealand 1 (0.4)
  Singapore 2 (0.8)
  Taiwan, China 1 (0.4)
  USA 155 (65.4)
Upper middle income: 15 (6.3)
  Brazil 1 (0.4)
  China 12 (5.0)
  Georgia 1 (0.4)
  Guatemala 1 (0.4)
Age group
Young children - routine vaccinations 38 (16.0)
Children - seasonal vaccinations 25 (10.5)
Adolescents and young adults 57 (24.0)
Adults 71 (30.0)
Pregnant individuals 11 (4.6)
Older adults 35 (14.8)
Setting
Healthcare 156 (65.8)
Community or other 33 (13.9)
Education 25 (10.5)
Online 23 (9.7)
Outcome
Series completion 62 (26.2)
Up-to-date vaccination 8 (3.4)
First dose 13 (5.4)
Any dose 154 (65.0)
Time period†
Pre-2020 175 (73.8)
2020 onwards 62 (26.1)
Underserved populations (n=63)
Socially economically deprived populations 18 (7.6)
Minority ethnic groups 12 (5.1)
Socially economically deprived, minority ethnic groups 14 (5.9)
People with substance use disorders 11 (4.6)
Vulnerable migrants 1 (0.4)
Minority ethnic groups and vulnerable migrants 1 (0.4)
People experiencing homelessness 1 (0.4)
Sex workers 1 (0.4)
Other underserved populations 4 (1.7)
*As defined by the World Bank, July 2022.
†In relation to the covid-19 pandemic.
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Fig 2 | Parameter estimates from main (random effects) analysis. Estimates of each regression coefficient are presented as ratios of odds ratios with 
corresponding 95% CrI. An interactive version of this graphic is available at https://public.flourish.studio/visualisation/28205005/
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supplemental material I for summary plots of risk of 
bias judgements.

Main analysis
Figure 2 shows the forest plot for our primary analysis 
(random effects model). We present the estimate of 
each model coefficient as a ratio of odds ratios with 
the corresponding 95% credible interval (CrI). For a 
particular indicator, the ratio of odds ratios represents 

the additional effect (expressed as a ratio) of an 
intervention with indicator value 1 compared with an 
indicator value 0, conditional on the two interventions 
sharing the same values of all other indicators. 
Therefore, a ratio of odds ratios >1 indicates that an 
intervention with indicator value equal to 1 is more 
beneficial than an otherwise identical intervention 
with that indicator equal to 0. For example, in figure 
2, appointment scheduling help has a ratio of odds 

Ratio of odds ratios (95% CrI)

Overall Children Adolescents Adults

1.08 (0.94 to 1.24) 1.00 (0.78 to 1.28) 2.13 (1.09 to 4.40) 0.99 (0.84 to 1.18)

0.89 (0.75 to 1.07) 0.90 (0.66 to 1.25) 1.43 (0.83 to 2.39) 0.72 (0.57 to 0.92)

1.31 (1.06 to 1.63) 1.17 (0.83 to 1.65) 0.47 (0.21 to 1.02) 1.86 (1.42 to 2.45)

1.11 (0.87 to 1.43) 0.76 (0.30 to 1.92) 1.85 (0.92 to 3.90) 0.92 (0.68 to 1.26)

1.49 (1.06 to 2.12) 0.82 (0.38 to 1.77) 6.42 (1.94 to 25.62) 1.12 (0.69 to 1.85)

0.90 (0.81 to 1.01) 0.94 (0.79 to 1.13) 1.13 (0.70 to 1.79) 0.87 (0.77 to 0.99)

1.07 (0.95 to 1.21) 1.03 (0.85 to 1.25) 1.39 (0.88 to 2.22) 1.05 (0.90 to 1.24)

1.49 (1.26 to 1.77) 1.37 (0.98 to 1.95) 1.39 (0.61 to 3.27) 1.63 (1.35 to 2.00)

1.24 (1.01 to 1.52) 1.20 (0.80 to 1.81) 1.60 (0.80 to 3.32) 1.38 (1.06 to 1.78)

1.09 (0.84 to 1.40) 2.96 (0.69 to 13.78) 0.84 (0.33 to 2.02) 1.04 (0.79 to 1.37)

1.27 (0.86 to 1.89) No data No data 1.09 (0.73 to 1.63)

1.26 (1.06 to 1.50) No data 1.75 (0.55 to 5.61) 1.15 (0.99 to 1.35)

1.47 (1.12 to 1.94) 3.01 (1.49 to 6.06) 1.46 (0.71 to 3.17) 1.47 (1.03 to 2.16)

1.09 (0.97 to 1.22) 1.08 (0.85 to 1.37) 0.72 (0.49 to 1.09) 1.15 (0.99 to 1.32)

0.94 (0.83 to 1.07) 0.83 (0.65 to 1.06) 1.20 (0.69 to 2.14) 0.92 (0.79 to 1.06)

1.08 (0.96 to 1.22) 1.27 (0.99 to 1.65) 2.62 (1.45 to 5.04) 0.97 (0.86 to 1.10)

0.84 (0.60 to 1.20) 2.73 (1.14 to 7.06) 0.43 (0.18 to 0.98) 0.70 (0.33 to 1.45)

1.57 (1.10 to 2.26) No data 1.25 (0.29 to 5.37) 1.79 (1.21 to 2.64)

1.06 (0.9 to 1.20) 0.92 (0.73 to 1.16) 0.84 (0.44 to 1.52) 1.08 (0.93 to 1.25)

1.00 (0.89 to 1.14) 0.92 (0.70 to 1.21) 1.06 (0.68 to 1.65) 0.92 (0.79 to 1.07)

0.88 (0.72 to 1.07) 0.79 (0.57 to 1.09) 0.82 (0.45 to 1.43) 1.62 (0.97 to 2.67)

1.13 (0.91 to 1.38) 0.79 (0.56 to 1.10) 0.87 (0.36 to 2.01) 1.29 (0.94 to 1.72)

1.00 (0.81 to 1.22) 0.78 (0.51 to 1.18) 1.31 (0.60 to 2.73) 1.12 (0.87 to 1.45)

1.03 (0.80 to 1.34) 0.84 (0.50 to 1.46) 0.95 (0.45 to 1.99) 1.04 (0.69 to 1.62)

Intervention level indicators

Delivery format

Interaction

Delivered by

Intensity

Access

Affordability

Acceptance

Activation

Trial level indicators�

Time period

Setting

Sex

Underserved population

Comparison

Personal v non-personal

Non-human v none

Human v non-human 

Community member v HCP

HCP and community member v
HCP alone

Medium v low

High v low

Extended opportunities: Yes v no

Appointment scheduling help:
Yes v no

Appointment scheduling online:
Yes v no

Accelerated dosing schedule:
Yes v no

Financial incentives: Yes v no

Payment to cover costs: Yes v no

Vaccine safety/efficacy: Yes v no

Disease (perceived risk): Yes v no

Social factors: Yes v no

Decision aids: Yes v no

Motivational interviewing: Yes v no

Prompts/reminders: Yes v no

2020 onwards v pre-2020

Education v healthcare

Community/other v healthcare

Online v healthcare

Proportion of males

Yes v no 1.02 (0.89 to 1.17) 1.07 (0.87 to 1.32) 0.91 (0.60 to 1.38) 1.12 (0.88 to 1.46)

Evidence of positive effect (≥97.5% of Markov chain Monte Carlo samples were >1)

Some evidence of positive effect (≥95% and <97.5% of samples >1)

Suggestive evidence of positive effect (≥90% and <95% of samples were >1)

Evidence of negative effect (≥97.5% of samples were <1)

Some evidence of negative effect (≥95% and <97.5% of samples were <1)

Suggestive evidence of negative effect (≥90% and <95% of samples were <1)

Age group was also entered into the overall model as a trial level 
indicator; however, as subgroup analyses were also conducted by 
age group, the age group trial level indicator is not presented

Fig 3 | Results of main analysis and subgroup analyses by age group, expressed as ratios of odds ratios with 95% CrIs. Colour coding reflects the 
proportion of samples falling either side of 1 during Markov chain Monte Carlo sampling. CrI=credible interval; HCP=healthcare professional
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ratios of 1.24 indicating that interventions that include 
appointment scheduling are more effective than 
interventions that do not but are otherwise identical. 
Conversely, a ratio of odds ratios <1 implies that setting 
that indicator to 1 rather than 0 makes the intervention 
less beneficial with respect to an otherwise identical 
intervention. Figure 3 and figure 4 present colour coded 
results where the colouring reflects the proportion 
of samples falling either side of 1 during the Markov 
chain Monte Carlo process. When ≥97.5% of Markov 

chain Monte Carlo samples were >1 we interpret this 
as evidence of a positive effect, ≥95% and <97.5% of 
samples >1 as some evidence, and ≥90% and <95% of 
samples >1 as suggestive evidence.

Figure 3 shows overall evidence of beneficial effects 
for the content components: extended opportunities 
(ratio of odds ratios 1.49, 95% Crl 1.26 to 1.77), 
appointment scheduling help (1.24, 1.01 to 1.52), 
financial incentives (1.26, 1.06 to 1.50), payments 
to cover costs (1.47, 1.12 to 1.94), and motivational 

Evidence of positive effect (≥97.5% of Markov chain Monte Carlo samples were >1)

Some evidence of positive effect (≥95% and <97.5% of samples >1)

Suggestive evidence of positive effect (≥90% and <95% of samples were >1)

Evidence of negative effect (≥97.5% of samples were <1)

Some evidence of negative effect (≥95% and <97.5% of samples were <1)

Suggestive evidence of negative effect (≥90% and <95% of samples were <1)

Ratio of odds ratios (95% CrI)

Underserved populations Pre-2020Comparison 2020 onwards

1.30 (0.61 to 2.74) 1.08 (0.89 to 1.31) 1.07 (0.85 to 1.36)

0.81 (0.41 to 1.62) 0.75 (0.60 to 0.92) 1.64 (1.12 to 2.55)

1.40 (0.60 to 3.25) 1.53 (1.20 to 1.96) 0.81 (0.49 to 1.31)

1.25 (0.51 to 3.08) 1.11 (0.82 to 1.51) -

2.30 (0.96 to 5.77) 1.08 (0.75 to 1.58) -

0.94 (0.57 to 1.53) 0.85 (0.74 to 0.97) 0.94 (0.76 to 1.15)

1.10 (0.67 to 1.80) 0.99 (0.86 to 1.15) 1.20 (0.93 to 1.63)

6.15 (2.36 to 16.26) 1.63 (1.34 to 1.99) 1.20 (0.83 to 1.82)

0.91 (0.45 to 1.78) 1.31 (1.03 to 1.68) 1.06 (0.67 to 1.57)

1.58 (0.15 to 16.86) 1.17 (0.72 to 1.93) 1.07 (0.79 to 1.44)

1.58 (0.64 to 4.09) 1.17 (0.74 to 1.85) 0.57 (0.21 to 1.44)

6.39 (1.49 to 27.83) 1.44 (1.12 to 1.86) 1.08 (0.84 to 1.41)

1.13 (0.45 to 2.81) 1.55 (1.12 to 2.16) 1.28 (0.77 to 2.41)

1.06 (0.59 to 1.90) 1.08 (0.94 to 1.24) 0.84 (0.63 to 1.10)

1.38 (0.70 to 2.77) 0.88 (0.76 to 1.02) 1.36 (0.98 to 1.85)�

1.53 (0.93 to 2.52) 1.10 (0.95 to 1.28) 1.06 (0.85 to 1.35)

0.97 (0.30 to 3.12) 0.99 (0.65 to 1.49) -

1.11 (0.58 to 2.09) 1.80 (1.19 to 2.75) 0.76 (0.35 to 1.60)

2.02 (0.98 to 4.07) 1.01 (0.87 to 1.18) 1.08 (0.83 to 1.40)

1.52 (0.80 to 2.94) - -

0.90 (0.37 to 2.27) 1.02 (0.81 to 1.29) 0.63 (0.28 to 1.32)

0.97 (0.37 to 2.27) 1.09 (0.86 to 1.37) 1.02 (0.73 to 1.43)

1.16 (0.48 to 2.82) 1.11 (0.90 to 1.37) 1.30 (1.00 to 1.75)

0.54 (0.14 to 2.03) 1.02 (0.81 to 1.27) 0.86 (0.62 to 1.21)

0.69 (0.16 to 2.87) 1.28 (0.90 to 1.83) -

0.52 (0.16 to 2.87) 0.76 (0.61 to 0.96) 0.99 (0.58 to 1.63)

1.43 (0.66 to 2.99) 1.18 (0.94 to 1.49) 0.92 (0.52 to 1.61)

1.96 (0.20 to 27.33) 0.96 (0.73 to 1.25) 1.08 (0.72 to 1.55)

Intervention level indicators

Delivery format

Interaction

Delivered by

Intensity

Access

Affordability

Acceptance

Activation

Trial level indicators

Time period

Age group

Setting

Sex

Personal v non-personal

Non-human v none

Human v non-human

Community member v HCP

HCP and community member v HCP alone

Medium v low

High v low

Extended opportunities: Yes v no

Appointment scheduling help: Yes v no

Appointment scheduling online: Yes v no

Accelerated dosing schedule: Yes v no

Financial incentives: Yes v no

Payment to cover costs: Yes v no

Vaccine safety/efficacy: Yes v no

Disease (perceived risk): Yes v no

Social factors: Yes v no

Decision aids: Yes v no

Motivational interviewing: Yes v no

Prompts/reminders: Yes v no

2020 onwards v pre-2020

Young children (routine vaccinations) v adults

Children (seasonal vaccinations) v adults

Adolescents v adults

Older adults v adults

Pregnant women v adults

Education v healthcare

Community/other v healthcare

Online v healthcare

Proportion of males 0.83 (0.35 to 1.96) 1.13 (0.84 to 1.53) 0.69 (0.34 to 1.29) 

The regression model was applied to the subgroups of trials conducted before 
the covid-19 pandemic in 2020 and from 2020 onwards using all covariates. In 
the 2020 onwards subgroup, however, the model failed to converge for the 
delivered by variables (both HCP and community member) due to high 
correlation. Similarly, the model did not converge for decision aids and pregnant 
individuals because both variables had only one observation. These variables 
were therefore excluded from the model for the 2020 onwards subgroup

Fig 4 | Results of subgroup analyses on covid-19 and underserved populations, expressed as ROR with 95% CrI. Colour coding reflects the proportion 
of samples falling either side of 1 during Markov chain Monte Carlo sampling. CrI=credible interval; HCP=healthcare professional; ROR=ratio of 
odds ratios

8� doi: 10.1136/bmj-2025-087578 | BMJ 2026;393:e087578 | the bmj



RESEARCHRESEARCH

interviewing (1.57, 1.10 to 2.26). For delivery 
components we observed evidence of beneficial 
effects for human interaction (1.31, 1.06 to 1.63), 
and delivery by community members alongside 
healthcare professionals (1.49, 1.06 to 2.12). There 
was also suggestive evidence of beneficial effects of 
providing information or education on vaccine safety 
and/or efficacy (1.09, 0.97 to 1.22), and social factors 
(1.08, 0.96 to 1.22). There was some evidence of a 
negative effect of medium intensity compared with 
low intensity interventions (0.90, 0.81 to 1.01). For 
trial level indicators, there was suggestive evidence 
that interventions delivered in educational settings 
were less effective that those delivered in healthcare 
(0.88, 0.72 to 1.07). Supplemental materials C 
provides a refined logic model incorporating our 
findings.

To aid interpretation of the component effects, we 
provide two examples to illustrate their impact on 
vaccine uptake. In a previous analysis of this dataset, 
we found that a typical education intervention was 
associated with an odds ratio of 1.33,11 which would 
increase an uptake rate of 80% to 84% (or from 20% to 
25% in a low uptake population). Introducing extended 
opportunities to the intervention (ratio of odds 
ratios=1.49, fig 2) would alter this impact such that 
the intervention would increase an uptake rate of 80% 
to 89% (or 20% to 33% in a low uptake population). 
Alternatively, including instead a financial incentive 
as part of the intervention (ratio of odds ratios=1.26, 
fig 2) would alter the intervention’s impact such that it 
would increase an uptake rate of 80% to 87% (or from 
20% to 30% in a low uptake population).

Subgroup analyses
Age groups
See figure 3 for age group analyses and supplemental 
material J for corresponding forest plots. For parents or 
caregivers of children, no clear effects were seen for any 
of the delivery components. For adolescents, personal 
delivery formats showed evidence of beneficial effects. 
There was some evidence that delivery by community 
members alone and in combination with a healthcare 
professional are both more effective than delivery by 
a healthcare professional alone (although only two 
arms were coded as delivered by a community member 
alongside a healthcare professional). There was also 
suggestive evidence of a positive effect of high intensity 
interventions and those with a non-human interactive 
component compared with no interaction, and some 
evidence of a negative effect of human interaction 
(ie, human interactions are less beneficial than non-
human interactions). For adults, the interaction 
components showed effects contradictory to those in 
adolescents. Interventions involving a non-human 
interactive element were less beneficial than identical 
interventions involving no interaction and human 
interaction was more beneficial than non-human 
interaction. Lastly, for adults, we found evidence 
of a negative effect of medium versus low intensity 
interventions.

For content components, we observed beneficial 
effects of extended opportunities in adults and some 
evidence of a positive effect in children, but not in 
adolescents. Appointment scheduling help had a 
beneficial effect in adults and there was suggestive 
evidence of an effect in adolescents. Financial incentives 
may be beneficial in adults but not in adolescents, and 
there were no data for children. Payments to cover costs 
were effective in children and in adults. Social factors 
had a beneficial effect in adolescents, and there was 
some evidence of an effect in children but not in adults. 
For decision aids the effects were contradictory, with 
beneficial effects shown in children but negative effects 
observed in adolescents. We found some evidence of a 
beneficial effect of information and/or education on 
vaccine safety and/or efficacy in adults, but suggestive 
evidence of a negative effect in adolescents. There was 
suggestive evidence that information on disease risk 
had a negative effect in children and no clear effect 
in adolescents and adults. Motivational interviewing 
showed evidence of a beneficial effect in adults but not 
in adolescents, and there were no data for children. 
Activation (prompts and reminders) had no clear effect 
in any of the age subgroups.

Underserved populations
For underserved populations we observed evidence 
of beneficial effects of extended opportunities and 
financial incentives (fig 4). We also found some 
evidence of a beneficial effect of delivery by both a 
community member and a healthcare professional, 
information and/or education about social factors, and 
activation (prompts and reminders).

Covid-19
Results for the pre-2020 period, before the covid-19 
pandemic, were similar to the overall results, with 
evidence of beneficial effects for the components 
human interaction, extended opportunities, 
appointment scheduling help, financial incentives, 
payments to cover costs, and motivational 
interviewing. Non-human interaction and medium 
intensity interventions showed evidence of a negative 
effect, and providing information about the risk of 
disease showed some indication of a negative effect. 
Fewer trials contributed to the 2020 onwards period, 
with fewer effects observed. For two components 
we observed an opposite effect to that before 2020—
both non-human interaction and perceived risk of 
disease showed beneficial effects from 2020 onwards 
compared with negative effects before 2020. There 
was also suggestive evidence of a negative effect of 
information or education on vaccine safety and/or 
efficacy (fig 4).

Sensitivity analyses
For forest plots of sensitivity analyses, see 
supplemental material K. The results of the fixed 
effects model exhibited a much poorer fit to the data 
(a deviance information criterion of 2062 compared 
with 843 for the random effects model), providing 
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evidence for heterogeneity between components. 
When we excluded studies at high risk of bias, the 
results were similar to those in the main analysis, 
with all components displaying the same direction of 
effects. After the removal of 13 studies that were strong 
outliers, a similar pattern of results was seen for most 
components, although the effects were mostly smaller, 
and more CrIs crossed the line of no effect. Findings 
from sensitivity analyses exploring assumed values 
for intraclass correlation coefficients showed a similar 
pattern of effects both without cluster adjustment and 
with large intraclass correlation coefficients. Findings 
from our post hoc sensitivity analysis to examine 
country context by excluding the 155 US based 
studies, indicated that some effects were no longer 
observed and some were more uncertain. This is partly 
due to the reduced number of studies (82 trials with 
185 arms compared with 237 studies with 570 arms) 
and the resulting wider CrIs. However, positive effects 
of extended opportunities and payments to cover costs 
remained.

Discussion
This component network meta-analysis investigated 
the comparative effectiveness of different content and 
delivery components of vaccine uptake interventions 
targeting recipients or their caregivers. Our analyses by 
age group explored which components work best for 
each group, allowing for targeted optimisation of age 
specific vaccination programmes.

For childhood vaccinations, interventions that target 
the barrier of affordability by providing payments 
to cover costs seemed to work, as did decision 
aids. There was some evidence that approaches to 
increase accessibility by extending opportunities for 
vaccination were effective. These strategies are likely 
to be particularly useful for busy parents, especially 
those with several children, for whom scheduling 
and attending appointments might be challenging 
even when they have no particular concerns about 
vaccination. Ensuring accurate real time recording of 
children’s immunisation status is also fundamental 
to effectively targeting interventions.21 Our findings 
support a recent UK Royal College of Paediatrics and 
Child Health commissioned report that recommends 
expanding service capacity, implementing flexible 
booking systems, and improving outreach initiatives 
as necessary solutions.22 We also found some evidence 
that providing information or education about social 
factors such as social responsibility might increase 
uptake. While the components vaccine safety and/
or efficacy and risk of disease did not seem to be as 
important as other components in our analyses, wider 
literature highlights the prevalence of misinformation 
around vaccines and the importance of challenging 
it.23  24 However, simple messaging about risks and 
benefits of vaccination may be insufficient.25

Among adolescents and young adults (where 
interventions could be aimed at the young person, 
their caregiver, or both) the negative effect of human 
interaction compared with non-human interaction 

supports some previous findings that dialogue based 
interventions are not as effective for adolescents as 
other groups.26 This highlights the need to co-develop 
effective methods of communication for this group (eg, 
using new interactive technologies). Building trust 
and long term confidence in immunisations among 
adolescents and young adults is important for creating 
positive attitudes towards immunisation that they 
can carry forward when making decisions for their 
own children. For content components, providing 
information about social factors such as social 
responsibility and peer support appeared particularly 
effective for adolescents, adding to the evidence 
base on the important role of social norms in vaccine 
uptake in adolescents.27 28 The suggestive evidence of 
a negative effect of information about vaccine safety 
and/or efficacy was counterintuitive—a key focus of 
vaccination programmes for adolescents includes 
targeted education on vaccines in school settings.29 
This finding should be interpreted cautiously and 
warrants further investigation.

For adults, targeting access barriers by providing 
extended opportunities for vaccination, help with 
scheduling appointments, and payments to cover 
vaccination costs had positive effects. These findings 
complement and extend those provided in two recent 
reviews that both reported that interventions to 
increase access and affordability were effective.30  31 
Providing information or education on vaccine safety 
and/or efficacy was effective as was motivational 
interviewing. Notably a recent review found 
comparable efficacy of motivational approaches and 
educational interventions, although there were issues 
with study quality and more research is needed.32 
Adults also seemed to benefit from having human 
interaction as part of the interventions. These results 
align with a previous review of factors influencing 
vaccine uptake that found interactive interventions 
directed towards patients, including provider led 
educational initiatives, incentives, affordability efforts, 
or expansion of vaccination sites generally showed 
positive associations with vaccine uptake in older 
adults.33

In underserved communities, we observed a 
beneficial effect of making vaccines more accessible 
by extending vaccination opportunities and providing 
financial incentives. These components likely mitigate 
multiple barriers to vaccine uptake that are especially 
salient in these populations, including obstacles 
related to healthcare service delivery and out-of-pocket 
expenses.34 Further multidisciplinary research is, 
however, needed to better understand the moral and 
ethical implications of providing financial incentives, 
including careful consideration of potential harms 
and use within local contexts. The public contributors 
proposed that incentives could be a short term solution 
that ultimately might lead to more distrust in the long 
term, and they highlighted that the focus should be on 
longer term solutions that build trust and confidence 
in vaccination. Providing information on social 
factors may also be beneficial, supporting previous 
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reports that social norms are particularly important in 
vaccine uptake among some migrant populations.35 
In our analyses, the underserved populations was the 
only subgroup where some evidence of a beneficial 
effect of activation (prompts and reminders) was 
observed. This is surprising given that in reviews 
of broad categories of interventions, reminders 
have been shown to be effective at increasing 
vaccine uptake.36 Our findings suggest that within 
interventions categorised broadly as reminders, the 
reported beneficial effects could potentially have been 
attributable to other components of the intervention 
(eg, educational), which we were uniquely able to 
account for here. The evidence of some beneficial effect 
of the involvement of community members alongside 
healthcare professionals in delivering interventions 
for these groups shows the importance of working in 
partnership with local community organisations to 
deliver interventions that are tailored to the diverse 
needs of local communities.37 The public contributors 
emphasised that it is important for both community 
members and healthcare professionals to support 
people to get vaccinated.

The effectiveness of certain components may have 
been influenced by the covid-19 pandemic. Although 
financial incentives showed positive effects before 
2020, we did not observe similar effects from 2020 
onwards, indicating a potential change in public 
response during the pandemic. Interestingly, although 
we found no clear effect of providing information 
or education on perceived disease risk in our overall 
analysis, we found some evidence of a negative 
effect before 2020, with vaccine uptake being lower 
when information on disease risk was provided, 
but some evidence of a beneficial effect in our 2020 
onwards subgroup. This pattern potentially aligns 
with predictions of protection motivation theory, 
which suggests that health behaviours are influenced 
by an individual’s perceived level of threat. During 
the covid-19 pandemic, heightened perceptions of 
threat could have extended to other vaccines and 
health protective behaviours amplifying the impact of 
information on disease risk.38

Strengths and limitations of this study
Strengths of our analysis include the large dataset 
consisting of 237 studies, allowing us to conduct a 
component level analysis. Studies covered a wide range 
of intervention and vaccine types making our findings 
widely generalisable. We used complex analyses, novel 
to this topic, to assess the effectiveness of specific 
delivery and content components of interventions. 
Our bespoke coding framework incorporated input 
from important stakeholders, including members 
of underserved communities and immunisation 
specialists, ensuring we coded components of 
interventions that were important to those involved in 
the development and delivery of vaccine programmes 
as well as recipients of vaccine programmes.

Our findings should also be considered in the context 
of several limitations. Because of the large amount of 

evidence in this area, we included only randomised 
controlled trials with ≥100 participants because these 
studies represent the best available evidence; however, 
it is possible that some small randomised controlled 
trials would have been eligible for inclusion. Similarly, 
restricting our review to randomised controlled trials 
may have led to some evidence—particularly for some 
types of interventions (eg, attempts to challenge 
misinformation) or population groups—being 
excluded. In studies aimed at general populations, 
there were important shortcomings in terms of 
quality and completeness of reporting of population 
characteristics that are known to be associated 
with inequalities in vaccination uptake, including 
ethnicity and markers of socioeconomic status.39 We 
had planned to conduct subgroup analyses on these; 
however, only a small percentage (12%, n=28/237) 
of primary study reports provided subgroup analyses 
(10% (n=23/237) by ethnicity or race, 3% (n=8/237) 
by socioeconomic information, and 1.7% (n=4/237) 
by education) so it was not possible. However, we 
did assess the effectiveness of interventions aimed 
specifically at underserved populations. Despite the 
large dataset overall, the evidence base is smaller, and 
therefore more uncertain, when focusing on specific 
intervention components and population groups. We 
had hoped to conduct subgroup analyses for separate 
underserved populations, although it was not possible 
to disaggregate further owing to insufficient data 
on distinct underserved groups. We also planned 
subgroup analyses that further subdivided the children 
and adult groups; but again, this was not possible. 
Likewise, some of the components were removed 
from some models because of no evidence. Although 
it is important to adjust for trial level indicators in the 
models, the trial level effects themselves should be 
interpreted with some caution. For example, the finding 
of no evidence of a difference between healthcare and 
educational settings among adolescents should not 
be taken to mean that delivering interventions for 
adolescents in educational settings is not beneficial. 
The delivery of vaccinations in educational settings 
can play an important role in maximising vaccine 
uptake and reducing inequalities compared with 
healthcare settings in this age group.40 Meanwhile, 
although delivery in an educational setting showed 
some beneficial effect in adults, this finding was based 
on a small number of studies (eg, those targeting both 
staff and students in university settings), so should not 
be considered more widely generalisable.

Our coding framework was developed specifically to 
capture important delivery and content components; 
however, the coding process itself is subjective and 
depends upon the extent of information provided 
in reports of studies. Components may have varied 
between studies in terms of their content and the 
extent of implementation, and aspects of interventions 
may have been missed owing to a lack of in-depth 
reporting of procedures. Furthermore, some contextual 
factors (eg, at the country level) could not be fully 
accounted for in the analyses. For example, different 
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countries can have noticeably different financial 
protection models for healthcare access. Two thirds of 
studies (155 out of 237) were conducted in the US. To 
assess whether the observed effects could have been 
driven by interventions applied in that specific country 
context, we conducted a post hoc sensitivity analysis 
including only studies conducted outside of the US. 
Effect estimates overall were more uncertain due to 
the smaller sample; however, extended opportunities 
and payments to cover costs remained effective. We 
could not include a small proportion of studies from 
the systematic review in our component network meta-
analysis due to lack of outcome data or the component 
coding being identical across arms. Although we 
cannot be sure what impact these studies would have 
had on the component analysis, it is not likely to have 
been substantial, given the small proportion of studies.

No validated tool exists with which to assess certainty 
in the evidence for component network meta-analysis. 
Using the CINeMA (Confidence in Network Meta-
Analysis) framework, however, we judged certainty to 
be moderate for network meta-analysis comparisons of 
broad intervention groupings versus control.11

Conclusions
Our findings have important implications for the 
development, optimisation, and implementation of 
interventions to increase vaccine uptake, providing 
nuanced insights into which components work best in 
different population groups and contexts. The findings 
should be integrated with local level insights to guide 
the implementation of combinations of intervention 
components that are effective for local populations. 
Consideration of the available economic data on 
intervention costs and cost effectiveness will further 
inform decision making around which interventions to 
implement given limited resources.
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