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Abstract

Undergoing general health check enable early detection of common diseases and

giving individuals a sense of control over their wellbeing. However, the general health
check uptakes are typically unsatisfactory. Various interventions have been introduced

to improve general health check uptakes. This review aims to answer how well these
interventions work. A comprehensive literature search was conducted in four electronic
databases in August 2020 and updated between 2021 and 2024. Randomised controlled
trials (RCTs) that met the inclusion criteria were selected. Meta-analysis was performed
on qualified RCTs to estimate the overall effectiveness of the interventions. The com-
ponents of intervention were characterised using the Behaviour Change Technique
Taxonomy. A total of 3360 records were screened. Eight RCTs were finally included.
Among these RCTs, nine types of interventions were identified with all implemented in
the invitation stage, including enhanced invitation letters, telephone invitations, question-
behaviour-effect (QBE) questionnaires, financial incentives, leaflets, pre-notification short
message service (SMS), SMS reminders, reminder letters and point-of-care automated
prompts to clinical staff. All these interventions showed a significant improvement in the
general health check uptakes than the control groups, except leaflets and QBE ques-
tionnaires. A total of fifteen behaviour change techniques were used in these interven-
tions. A meta-analysis showed the pooled effect of these interventions was significantly
associated with the improvement in the general health check uptakes than the control
(OR =1.30, 95% CI =1.15 — 1.46). However, the high heterogeneity observed (84%) could
reduce the reliability of the pooled summary effect. This review found that interventions
primarily implemented during the invitation process are effective in improving the gen-
eral health check uptake rates. Future research should aim to extend these interventions
beyond the invitation stage to address internal and external barriers that deter older
adults from seeking general health checks. The systematic review protocol is registered
on PROSPERO (ref: CRD42021221041).

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004362 March 31, 2025

1/19



http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0004362&domain=pdf&date_stamp=2025-03-31
https://doi.org/10.1371/journal.pgph.0004362
https://doi.org/10.1371/journal.pgph.0004362
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-9835-2781
https://orcid.org/0000-0002-6830-4196
https://orcid.org/0000-0003-4687-4101
mailto:jinxiao.lian@polyu.edu.hk

PLOS GLOBAL PUBLIC HEALTH Interventions to improve general health check uptake of older adults

Studentship Scheme. JL was supported by

the HKSAR Health and Medical Research
Fellowship. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing interests: The authors have
declared that no competing interests exist.

Introduction

The global population is ageing, with an estimated increase in the number of people over 65
years old from 703 million in 2019 to 1.5 billion in 2050 [1]. Concurrent with this growth is
an increasing demand for healthcare services [2]. To address the associated costs and improve
the health experience of older people, encouraging healthy behaviour and using appropriate
preventive services are two common strategies adopted. General health checks, as one of the
preventive services, provide an overall physical examination of multiple risk factors of diseases
and allow timely modification of risky behaviour related to chronic illnesses and early disease
detection [3,4].

Access to health check programmes varies in different jurisdictions. Some require users
to pay out-of-pocket, while others are covered under national health insurance schemes or
subsidised by the government. One universal health check programme which has been widely
researched is the National Health Service (NHS) healthcare programme in the United King-
dom (UK). Launched in 2009, it offers general health check services to individuals aged 40 to
75 years with no pre-existing cardiovascular conditions. A recent study reported an overall
uptake rate of 52% [5]. This programme was projected to improve long-term health outcomes
in terms of reducing premature death and compressing morbidity [6]. Real-world evidence
has shown that those who attended general health checks had lower BMI, systolic blood pres-
sure and proportion of smoking compared to controls who did not attend [7].

Despite the health benefits and cost-saving potential [8], the uptake of general health
checks remained relatively low, ranging from 43% to 48.2% among older people [9-12]. This
indicates the need for additional strategies to improve the uptake of general health checks
further.

Previous systematic reviews have identified several interventions that have shown potential
to improve the uptake of general health checks [13-15]. However, the overall effectiveness of
these interventions remains unknown. A previous meta-analysis of 21 studies (including ran-
domised, non-randomised controlled trials and pre- and post-studies) provided an estimate of
the overall effectiveness of the interventions to improve cardiovascular disease risk screening.
However, it did not specifically target the older adult group (targeted 18 years or above) [13].
Another systematic review included nine studies, but only two were randomised controlled
trials, which was insufficient for a meta-analysis to estimate an overall effect [14]. It has been
suggested that people from different age groups, particularly the younger versus older age
groups, were likely to have different healthcare-seeking behaviours [16]. Healthcare settings
could also influence the effectiveness of the intervention being used to improve uptake [17].
Further research is needed to identify effective strategies and optimise intervention compo-
nents tailored to meet the needs of older adults.

Apart from overall effectiveness, understanding how an intervention works is important
for replication in other healthcare settings. In one review of 12 studies, three key components
were identified as effective in improving cardiovascular risk factors screening: providing
feedback, increasing knowledge, and enhancing health-related dialogue [18]. However, the
techniques used to drive behavioural change in these components were not systematically
categorised, making it difficult for future replication and generalisation.

The Behaviour Change Techniques Taxonomy (BCTTv1) [19], which includes 93 potential
behaviour change techniques, has been developed to provide a standardised way to char-
acterise behaviour change intervention components. Behaviour change technique (BCT)
is described as the “observable, replicable, irreducible” intervention component [19]. The
BCTTv1 can be used in evidence synthesis. The findings from evidence synthesis can enable
researchers to examine how behaviour change techniques were used to bring about behaviour
changes by extracting the potentially effective BCT from existing interventions [19] and
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enhancing the external generalisation of an intervention [20]. Together, these will contribute
to the cumulative evidence to advance our understanding of how to enhance general health
check uptake.

This systematic review sought to answer two questions: “What is the overall effectiveness of
interventions used to improve general health check uptake of older adults?” and “What are the
behaviour change techniques used in these effective interventions?”. This information would
enrich the evidence base to better inform how an intervention could be designed to improve
older adults’ general health check uptake [21]. The objectives were:

1. To review the empirical evidence and identify the interventions that have been used to
increase the uptake of general health checks in the older adult population.

2. To determine the overall effectiveness of these interventions using meta-analysis

3. To identify the intervention components and associated intervention functions

Methods

The reporting of the method section followed the PRISMA 2020 reporting guideline [22,23]
(S1 Appendix). This review protocol was registered on PROSPERO (ref: CRD42021221041)
and uploaded as a preprint elsewhere [24]. All data relevant to this review’s findings are
publicly available (with DIO provided in the reference) and can be found in the supplemen-
tary files.

Eligibility criteria

Inclusion criteria. This review only included randomised controlled trials (RCT) with
interventions focusing on improving the general health check service utilisation of older
adults. A general health check was defined as “a service that aims to look at the general risk
factors of different diseases using several screening tests to assess the general health, but not
health services that aim to detect a disease using a specific diagnostic test” [25]. Studies were
included as long as the targeted population for the general health check included adults aged
50 years or above. Although older adults are generally defined as those over 65 years old, this
lower age criterion was established after considering that preventive services are typically
offered to this age and onwards and possible variation in defining the term ‘older adult’ across
different studies. The outcome measurement was the actual completion of general health
checks.

Exclusion criteria. Based on the operationalised definition mentioned in the inclusion
criteria section, disease-specific health checks, e.g. cancer screening, were excluded. Studies
which measured intention or willingness to get a general health check would be excluded.
Studies were excluded if there was no control or comparison group. No limitation was
imposed on the type of intervention comparator. Study protocol, systematic review,
conference paper and qualitative empirical studies were also excluded.

Information sources

Four electronic databases relevant to social science, psychology, and healthcare were searched,
including PubMed, PsycINFO, EMBASE and Web of Science. A final decision on the search
strategy was reached after modifying the search based on the research team’s feedback and
help from a university librarian. A literature search was conducted on 19 August 2020, fol-
lowed by three search updates on 4 May 2021, 1 June 2023, and 7 May 2024, respectively. The
record subtraction method suggested by Bramer and Bain [26] was adopted to identify any
additional records that were not included in the previous search.
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Search strategy

Three main concepts were considered in the search strategy development: “general health
check”, “intervention” and “uptake”. Together with the alternative search terms, these key
terms were combined into a search strategy and executed in four databases, respectively. No
language or date limit was imposed on the search strategy. A full search strategy for each data-
base can be found in S2 Appendix. Below is a search strategy executed in PubMed.

o (((“general” AND “health check”) OR “health check?” OR “health check” OR “preventive
health check?” OR “medical checkup?” OR “medical check?” OR “comprehensive health
check?”) AND (“uptake” OR attend* OR participat* OR utili?ation OR adher* OR appoint-
ment?)) AND (“intervention” OR “strategy” OR “strategies” OR “method?” OR “technique?”)

Study selection

The primary reviewer (WYL) executed the search strategy in the databases and imported

the retrieved records into EndNote, where duplicates were eliminated. Then, the dataset was
exported in Excel, where the screening of titles and abstracts was performed. Following the
coding scheme to record reasons for study exclusion (S3 Appendix), two reviewers worked
independently and performed the initial screening of titles and abstracts. Those records

that passed the initial eligibility assessment were screened for full text. For any inaccessible
records, the primary reviewer (WYL) sought assistance from the university library service to
retrieve records from the publisher. Irretrievable records were excluded. The selection results
were presented in a PRISMA flowchart.

Data collection

To address Objective 1, the characteristics of the included studies were extracted by the first
reviewer, and the accuracy of the result was checked by the second reviewer. The extracted
items included the targeted group, intervention comparators and outcome, details on the study
design and the use of theory in the intervention development. The type of intervention was cat-
egorised based on the description, e.g. invitation letter, telephone invitation, or questionnaire.

To address Objective 2, the outcome data of the general health check for each intervention
was used in meta-analysis to determine the overall effectiveness of the interventions.

To address Objective 3, the components of intervention were characterised using the

BCTTv1 [19]. In BCTTv1, a total of 93 BCTs are available for categorisation. These BCTs can
be further clustered into 16 groups where each group shares a similar mechanism of change,
i.e. how these techniques aim to change behaviour [19]. Two reviewers have completed and
passed the online training course on the use of the BCTTv1 [19,21]. They independently
identified the BCTs according to the five coding principles [19,27]: 1) coding BCT only if it
focused on the behaviour and the target group; 2) identifying if there were different behaviour
change types for the BCT (whether the BCT was targeted to the behaviour or the outcome);
3) looking for technical terms that were relevant to BCTTv1; 4) looking for action verbs used
in intervention descriptions; 5) following the definition of each BCTs to code the presence of
a BCT. For any discrepancy in the identified BCTs, two reviewers justified their initial coding
decision and discussed to arrive at a consensus.

To elucidate what intervention functions these BCTs served to change the behaviour, the
identified BCTs were mapped to the Behaviour Change Wheel (BCW), where there are nine
intervention functions to consider, i.e. education, persuasion, enablement, incentivisation,
coercion, restriction, training, environmental restructuring, and modelling [28]. The linkages
between intervention functions and BCTs were listed in the design guide [21]. The guide listed
the BCTs that were most frequently or less frequently used for specific intervention functions.
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For this review, the intervention functions of the BCTs were mapped if it was either included
in the most frequent or less frequent linkage.

For the BCTs identified in the interventions from the literature updates (search conducted
between 2021 and 2024), only WYL was involved in BCT identification and mapping of the
corresponding intervention functions.

Study risk of bias assessment

The Risk of Bias Tool, developed by the Cochrane Review, was used to assess the quality of the
included RCTs [29,30]. For studies identified through our initial literature search (conducted
in August 2020), two reviewers assessed the study quality independently and provided each
domain with a rating of either “low risk”, “high risk”, or “unclear risk” accordingly. All judge-
ments were supported by illustrative quotations. The judgments made by two reviewers were
compared, and any discrepancies were resolved through discussion. For the RCTs identified
from the literature search updates, only the primary reviewer (WYL) participated in the risks
of bias appraisal. The risk of bias illustrations was generated in RevMan5.

Publication bias would be investigated using a funnel plot if there were sufficient studies
(more than ten studies) to do so [31].

Synthesis of results

The study and intervention characteristics were narratively synthesised in a table. The identi-
fied BCTs in terms of BCTTv1 were collated and presented in a table for better comparison.
The overall effectiveness of the interventions was obtained by conducting a pairwise
meta-analysis. If the RCT contained multiple trial arms, the intervention arms (of any inter-
vention type) would be collapsed into a single intervention group to avoid unit-of-analysis
error whereby the intervention groups have been compared more than once [32,33]. A
random-effect model (inverse-variance weighting) was considered to estimate the overall
effect of the interventions if there were expected factors contributing to heterogeneity (e.g.
varied intervention design) as suggested by the Cochrane Systematic Review guideline [34].
This decision was also supplemented by the observation of moderate heterogeneity (i.e. I*
value higher than 50%) across studies [34,35]. Otherwise, a fixed-effect model would be used.
An effective intervention refers to an intervention group with an odds ratio (OR) greater
than one when compared to a control or comparison group. The result for heterogeneity was
reported with Q statistics and degree of freedom (df), along with the p-value and the 95%
confidence intervals. I’ statistics were also provided to illustrate the proportion of the true
effect explained by the between-study variance rather than by chance (sampling error) [36].
If it was not possible to further investigate the factors that may have contributed to the extent
of heterogeneity, a descriptive discussion would be provided. The pooled summary effect was
estimated in Excel and validated using RevMan 5. The forest plot was produced in RevMan5.

Subgroup analysis

If heterogeneity was evident, and there were sufficient studies (more than ten studies) [36],
subgroup analysis would be conducted to explore the potential impact on the results. Other-
wise, the potential source of heterogeneity would be discussed narratively and descriptively
based on intervention types, demographics, and healthcare settings.

Sensitivity analysis

If there were evidence with a high risk of bias, sensitivity analysis would be performed to
explore the influence of poor-quality RCTs on the findings.
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Results

Study Selection

The initial literature search yielded 2268 records on 19 August 2020 (Fig 1). After removing
duplicates and preliminary screening of titles and abstracts, a total of 97 records were eligible
for full-text assessment. Seven RCTs were eligible for inclusion. However, two of them were
records of the same study that were published in different formats; one was a detailed report
[37], and the other was an empirical research paper [38]. The report paper was included as it
would provide more information to enhance our understanding of the intervention design
[37]. In total, six relevant RCTs were identified from the initial literature search [37,39-43].

The first updated search yielded 233 new records with the publication year from 2020
onwards to May 2021, among which nine studies were assessed for full text after titles and
abstract screening (Fig 1). No new RCT met the inclusion criteria. The second update search
yielded 450 new records with a publication year from 2021 onwards to June 2023, among
which 12 records were assessed for full-text, and two new RCTs met the inclusion criteria
[44,45]. The third update search yielded 245 new records published from 2023 to 7 May 2024,
among which four records were screened for full text, but no new RCT met the inclusion cri-
teria. In the end, a total of eight RCTs were finally included in this review [37,39-45].

Study characteristics

Table 1 shows the characteristics of the eight RCTs. Three RCTs had a two-armed design
[39,44,45], four had a three-arm design [37,40,42,43], and one had a mixed-factorial design [41].
A total of 78,353 participants were included in these eight RCTs, which were conducted

in the UK or Japan. The participants from the UK were eligible recipients of the NHS health
check programme and were recruited from a range of general practices around the UK. These
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Table 2. Summary of BCTs identified in the included studies.

Study (Year) Intervention(s) Behaviour Change Technique(s) a
14 |3.1 |41 |51 |53 /556263 7.1 9.1 9.3 |10.1 13.2 13.3 |15.1
Gidlow et al. (2019) [43] Telephone invitation X X X
Risk-personalised letters X
Gold et al. (2019) [42] Loss-framed leaflet X |x X |x X X X
Gain-framed leaflet X |x X |x X
Gold et al. (2021) [44] Point-of-care computerised prompt to clinical staff X
McDermott et al. (2016) [37] | QBE questionnaire X X
QBE questionnaire + financial incentive X X X
Sallis et al. (2016) [39] Enhanced invitation letter b b'e X
Sallis et al. (2021) [40] Sunk-cost letter X X
Counterargument letter X X X X
Sallis et al. (2019) [41] Open-ended letter b X X X
Time-limited letter b X X X
Social-norm letter b X X
Pre-notification SMS ¢
Reminder SMS X
Shimoda et al. (2022) [45] Tailored postal reminder X

SMS = short message service.

“In the Behaviour Change Technique Taxonomy (version 1), each behaviour change technique has been assigned a number. This table reports the corresponding number
to the behaviour change technique. The full name for each identified BCT is provided as follows. 1.4 = Action planning; 3.1 = Social support (unspecified); 4.1 = Instruc-
tion on how to perform the behaviour; 5.1 = Information about health consequences; 5.3 = Information about social and environmental consequences; 5.5 = Anticipated
regret; 6.2 = Social comparison; 6.3 = Information about others” approval; 7.1 = Prompts/ cues; 9.1 = Credible sources; 9.3 = Comparative imagining of future outcomes;
10.1 = Material reward (behaviour); 13.2 = Framing/ reframing;13.3 = Incompatible belief; 15.1= Verbal persuasion about capability

The BCTs used in the intervention have already been characterised by the authors themselves.

“There was insufficient information to code the intervention content for this intervention.

https://doi.org/10.1371/journal.pgph.0004362.t002

Random sequence generation (selection bias) _:-

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

0% 25% 50% 75%  100%

[ Low risk of bias [ ] Unclear risk of bias [l High risk of bias

Fig 2. Risk of bias graph.
https://doi.org/10.1371/journal.pgph.0004362.9002
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Fig 3. Risk of bias summary.
https://doi.org/10.1371/journal.pgph.0004362.9003

participants were aged 40 to 74 years, with no previously identified cardiovascular condition
[37,39-44]. For the participants included in the RCT conducted in Japan, people who were
aged 40 to 69 years, had no health check by December 2016 and were the dependent of an
insurer who were eligible for the Specific Health Check-up programme [45].

The service provision of the two general health check programmes varied in payment
amount. The NHS Health Check was fully subsidised by the government for eligible individ-
uals [46]. The general health checks in Japan included in this review required a co-payment
(either 500 JPY or 1380 JPY, depending on the selected clinics offering the general health
check), with the rest covered by the insurance association [45]. No information was provided
on the proportion of participants receiving co-payment and at what level [45].

Of the eight RCTs, seven considered the full completion of a general health check as the
primary outcome [37,40-45], while one trial considered the completion of an NHS health
check and a cholesterol blood test as the primary outcome [39]. The arrangement of the
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cholesterol blood tests differed among the participating general practices within the trial,
which was either arranged before or after the general health check component [39].

The primary outcome was recorded at various time intervals, ranging from one month
after the receipt of the invitation letter [45] to within the trial period which last for 15 months
[41]. The criteria for classifying the primary outcome as a non-attender differed among the
trials. Some studies involved sending reminders to participants before they were classified as
non-attenders, but the time could vary between eight weeks [40] and twelve weeks [37] after
the first invitation letter was sent out. For the telephone invitation, the general practices staff
could make up to three phone calls before considering the case as a non-attender [43].

Intervention characteristics

Nine intervention types were identified, including postal invitation letters [39-41,43]; tele-
phone invitation [43]; question-behaviour-effect questionnaire [37]; financial incentive [37];
leaflet [42]; pre-notification short message service (SMS) [41], reminder SMS [41], point-of-
care automated prompts to clinical staff [44] and postal reminder letter [45].

Among the eight RCTs, three RCTs reported that theory was used to inform the inter-
vention design [37,40,42]. Other interventions incorporated a range of behavioural insights,
including simplification, behavioural specificity, personal salience, implementation intention
and social comparison [39,41]. The other interventions have focused on addressing the issues
identified in the invitation stage that hindered general health check uptake, including not
remembering the receipt of the invitation letter [41] and barriers to information seeking [45].

The chosen locations for implementing the intervention were mainly based on the available
invitation system or information technology system [37,39,41-44] or the size of the general
practices [40]. Two trials reported the selection of the location or the specific group of people
focused on areas or groups which have been found to have a low uptake rate [37,45].

The control conditions were different between the UK and Japan. Among the RCTs con-
ducted in the UK, the control arms involved the standard invitation methods by sending out
the invitation letter (NHS national template) [37,39-41,43], NHS national template leaflet
[42], and having no prompt provided to the clinical staff [44]. For the mixed factorial RCT
conducted in the UK, the control arm was sending a control letter (NHS national invitation
letter template) in the absence of pre-notification SMS and reminder SMS [41].

The RCT findings on enhanced invitation letters conducted by Sallis et al. [39] were used
to revise the content of the NHS national invitation letter template. This enhanced invitation
letter was used as a control condition in another included RCT conducted from 2014 to 2015
[43] and was delivered as part of the invitation procedures, which were sent along with the
leaflet intervention conducted in 2018 [42].

For the RCT conducted in Japan, the control arm was a standard postal reminder that
included website links to a list of available clinics for the participants to choose from [45].

Identification of behaviour change techniques and intervention functions

Fifteen BCTs were identified across the nine intervention types, accounting for 16.1%
(15/93) of the available BCTs from the BCTTv1 (Table 2). No BCT was identified in the pre-
notification SMS [38], given the limited description of the instruction provided to the patients
to book a general health check appointment. A list of the identified BCTs in each study and
illustrative quotations can be found in S4 Appendix.

These 15 BCTs have been used to increasing knowledge, providing social support, and
changing reflective motivation to use general health checks. These 15 BCTs were grouped
under ten different BCT groups including “goals and planning” (action planning), “social
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Intervention Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Gidlow et al 2019 1179 3160 449 1454 12.7% 1.33[1.17, 1.52] —_——
Gold et al 2019 1309 7361 648 3677 13.5% 1.01[0.91, 1.12] —_
Gold et al 2021 454 3786 280 3778 12.0% 1.70 [1.46, 1.99] —_—
McDermott et al 2016 1259 7957 590 4095 13.5% 1.12 [1.00, 1.24] —
Sallis et al 2016 588 1756 514 1755 12.4% 1.22 [1.05, 1.40] B —
Sallis et al 2019 2796 11430 148 814 11.1% 1.46 [1.21, 1.75] —_—
Sallis et al 2021 1638 4190 726 2123 13.4% 1.24[1.11, 1.38] —_—
Shimoda et al 2022 333 10474 220 10543 11.4% 1.54[1.30, 1.83] —
Total (95% Cl) 50114 28239 100.0% 1.30 [1.15, 1.46] -
Total events 9556 3575
Heterogeneity: Tau? = 0.02; Chi® = 44.68, df = 7 (P < 0.00001); I> = 84% 015 077 115

Test for overall effect: Z = 4.31 (P < 0.0001)

Fig 4. Meta-analysis results.

;
t
2

Favours control Favours intervention

https://doi.org/10.1371/journal.pgph.0004362.9004

support” (social support (unspecified)), “shaping knowledge” (instruction on how to perform
the behaviour), “natural consequences” (information about health consequences; information
about social and environmental consequences; anticipated regret), “comparison of behaviour”
(social comparison; information about others’ approval), “associations’ (prompts/ cues),
“comparison of outcomes” (credible sources; comparative imagining of future outcomes);
“reward and threat” (material reward (behaviour)), “identify” (framing/ reframing; incompat-
ible belief), and “self-belief” (verbal persuasion about capability).

These 15 BCTs can be mapped to seven different intervention functions in the BCW,
namely, education, persuasion, coercion, incentivisation, training, environmental restructur-
ing, and enablement (S5 Appendix).

The most common BCT were “Instructions on how to perform the behaviour” (n = 6),
followed by “Prompts/ cues” (n =5) and “Information about health consequence” (n = 5).
“Action planning” techniques were also a common technique incorporated into the design of a
letter or reminder letter (n = 4).

Risk of bias

The risk of bias graph and risk of bias summary are shown in Fig 2 and Fig 3, respectively.

Opverall, all studies demonstrated good randomisation, except for two RCTs [39,43]. For
allocation concealment, only one RCT could not conceal the allocation from the researchers
due to IT restrictions [44]. The blinding of participants and personnel was not possible for
four RCTs due to the intervention characteristics being impossible to blind [37,43-45]. For
the blinding of the outcome assessor, only one RCT did not describe clearly how the outcome
measurement was handled [36].

Incomplete outcome data was identified as a potential risk of bias for five RCTs, and the
reasons included errors found during randomisation [44] and during intervention delivery
[41, 42]. Three RCTs reported that data were lost [40,43,44]. Reasons included failure to follow
protocol fully [43] and missing ethnicity data for non-attenders due to logistics for data col-
lection [40]. In Gold et al. [44], the authors reported that two out of 15 participating practices
reported zero general health check attendance, yet suspected reasons were not explored.

Synthesis of results

The intervention arms reported by individual studies were significantly more effective than
the control arm in improving general health check uptake, except for leaflets and QBE
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questionnaires with or without financial incentives [37,42]. In the mixed factorial RCTs, four
intervention arms were not significantly more effective than the control arm (with no pre-
notification SMS, control letter and no SMS reminder) [41]. The characteristics of these inef-
fective intervention arms included the intervention arms without both pre-notification SMS
and SMS reminder (a total of three intervention arms) and the intervention arm with control
letter and pre-notification SMS but no SMS reminder [41].

Meta-analysis

All uptake outcome data were available for all trials. Random-effect meta-analysis using
inverse-variance weighting was used to estimate the summary effect, assuming there was a
different true effect amongst studies given the different identified intervention types. A total
of 78,353 participants were included in the meta-analysis. The overall pooled effect size sug-
gested the interventions were effective in improving general health check uptakes (OR = 1.30,
95% CI =1.15 - 1.46) (Fig 4). There was evidence of heterogeneity, with 84% of the variation
was caused by variation across studies and not by random sampling error (df =7, p < 0.00, I 2
= 84%). However, there were not enough studies to explore the heterogeneity. In the absence
of further investigation, the direction of the intervention effect of individual studies was
reviewed [36]. Six out of eight studies were statistically effective in improving general health
check uptake, which aligned with the direction of the summary effect estimate.

Subgroup analysis

Given the constraint that only eight studies were included in this review, subgroup analysis
was not feasible to be conducted.

Sensitivity analysis

No specific RCTs reported a high risk of bias in all domains. Sensitivity analysis was not per-
formed to explore the potential impact of risk of bias on the results.

Discussion

This systematic review synthesised the most reliable and relevant evidence available to estab-
lish the overall effectiveness of interventions and identified the BCTs applied in the design to
enhance participation rates for general health checks by older adults. Eight relevant RCTs were
included in this review. Notably, all interventions were designed for the invitation stage. The
types of interventions varied by the mode of invitation (i.e. via letter, telephone or question-
naire), financial incentives, leaflets, mode of reminder (i.e. pre-notification, or reminders),
and opportunistic invitations using computer prompts to clinical staff. Fifteen BCTs were
identified in these interventions, providing supporting evidence on the use of these BCTs in
intervention to improve general health check uptake [47].

In general, these interventions significantly improved the general health check uptakes
compared to the control group [39-41,43-45]. However, sending invitation letters with leaflets
(loss-framed or gain-framed) [42] or QBE questionnaires (with or without financial incentives)
[37] were found to be ineffective. One of the possible reasons was that the theories applied
in both interventions (leaflet and QBE questionnaire) emphasised changing the knowledge,
attitude or intentions about general health checks [37,42], without addressing the gap to cue
from intention to actual behaviour change, i.e. an intention-behaviour gap still existed [37].
Second, considering the target group with a large involvement of older adults, the provision of
supplementary materials or required completion of questionnaires could be less motivated and
acceptable by this age group due to the required literacy level and the inconvenience caused.
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Apart from altering invitation letter contents was found to be effective in improving gen-
eral health check uptake, other effective interventions involved interaction with clinical staff,
in terms of offering an appointment booking through telephone invitation [43] or providing
automated computerised prompts to clinical staff and prompting them book an appointment
for the patients [44]. The influence of clinical staff was also evident in the use of credible
sources while disseminating health-related information in letters using the phrase “Your GP
says” [40]. The use of social comparison, which involves letting individuals know that other
people performed a similar behaviour so they can make comparisons themselves [42], was
found to be effective in invitation letters but not in leaflets. Therefore, it was observed that
effective intervention tended to include a combination of BCTs that provided knowledge to
perform the behaviour, action planning and prompts/ cues to facilitate behaviour change.
Seeking input from the stakeholders can further evaluate the intervention design from a
recipient’s perspective, ensuring the understanding of the intervention would align with the
designer’s intention [48].

The identified BCTs have the potential for generalisation across different contexts. It
should be noted that some intervention contents might not be fully captured by the BCTTv1.
In this study, no BCTs were identified for pre-notification SMS [41]. While future researchers
should consider using BCTTv1 to describe the techniques used in intervention components,
detailed intervention descriptions should be provided to facilitate study replications and
modifications.

Limitations

Limitations of the review were identified. First, the number of RCTs yielded may be limited by
only including publications in English. Second, most RCTs were conducted in the UK, where
the NHS is a publicly funded healthcare system where the financial barrier was minimised.
This would limit the types of intervention and BCTs being considered in the intervention
design which may not be able to address various barriers in the pathway of deterring the
uptake of general health checks under different health care systems. Beyond the UK health
care system, financial [49] and non-financial barriers such as cultural and accessibility issues
[50,51] were reported by studies across developed and developing regions.

Thirdly, the included studies showed high heterogeneity in meta-analysis. Given the insuf-
ficient number of studies to perform subgroup analysis, the potential sources of heterogeneity
were narratively discussed by observing trends from reviewed studies. One of the potential
sources of heterogeneity was the variation in the intervention design as discussed above. For
example, interventions involving interpersonal interactions seem to have higher effects on
improving general health check uptake than those without such components. The relative
improvement in general health check uptake for telephone invitations [43] and point-of-care
prompts to clinical staff [44] compared to their own control groups were generally higher than
those involved in sending printed materials. This trend aligned with those reported in the
literature [52]. The other potential sources could be the participants’ demographics. Varied
age groups were included in the reviewed studies. Recruited participants from five studies
[37,41,44], i.e. reported a mean/ median age below the age of 50 or had a higher proportion
of participants below age 50. Two studies reported that the intervention was more effective in
improving the general health check uptake among the younger age group than the older group
[43,44]. Lastly, this review included RCTs mainly from the UK, with only one trial conducted
in Japan [45]. Therefore, the influence of healthcare setting differences on the overall pooled
effect size would be trivial. Considering these between-study variations and that in the absence
of subgroup analysis, the reliability of the overall pooled effect size could be reduced.
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Implication

This review highlights the knowledge gap on strategies designed to improve general health
check uptakes. The invitation stage is only part of the general health check pathway [46].
There are opportunities to consider implementing interventions at different time points along
the general health check pathways [47].

Identifying BCTs in intervention components will allow us to understand theoretically
what BCTs are most likely to result in effective behaviour change. Informed by the theory-
driven design, e.g. using BCTs, is one of the sources of the intervention’s success, but it is not
the only one. Beyond a theory-driven intervention design, other sources of factors during the
implementation and surrounding feasibility need to be considered, as suggested by the current
literature [53,54].

The findings from this review can be generalised to settings where there is an organised
and subsidised general health check service in place, particularly with the potential to imple-
ment such intervention in the invitation stage. The published RCTs were conducted in devel-
oped regions. It is unclear if these findings could be generalised to other developing regions
where subsidised service is unavailable. Previous research has reported that healthcare settings
and healthcare reimbursement models play a role in influencing preventive service seeking
behaviour [54]. The effectiveness of intervention types and BCTs identified in the current
review should be further investigated across other healthcare contexts. More importantly,
studying the context-specific barriers in other healthcare settings can determine if the theory-
and evidence-based BCTs would be useful to be incorporated in interventions to improve
general health check uptakes.

The findings of this review only provided evidence regarding the overall effectiveness of
the identified BCTs associated with effective intervention when being implemented as a set
of BCTs. It is unclear if implementing a single BCT could lead to significant improvement
in general health check uptakes. When more empirical evidence becomes available, it might
be possible to study the effect of a single or a set of BCTs and their impact on general health
check uptakes, such as by conducting meta-regression [55]. This will allow researchers to
understand how BCTs could be combined or implemented alone to improve general health
check uptakes, allowing more flexibility in their application under specific healthcare contexts.

Conclusion

This review identified the interventions in the current literature were all implemented during
the invitation stage and were overall effective in improving general health check uptake. This
review also identified the BCTs associated with these interventions. More research is needed
to investigate context-specific barriers to general health check uptake under different health-
care settings to allow holistic interventions to be developed to address the barriers along the
general health check seeking pathway, especially those beyond the invitation stage.

Supporting information

S1 Appendix. PRISMA 2020 reporting completed checklist.
(DOCX)

S2 Appendix. Full search strategy.
(DOCX)

$3 Appendix. Screening selection criteria coding scheme and exclusion reasons for
excluded records.
(PDF)

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004362 March 31, 2025 15/19



http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004362.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004362.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004362.s003

PLOS GLOBAL PUBLIC HEALTH Interventions to improve general health check uptake of older adults

S4 Appendix. Identified BCTs in each intervention with illustrative quotes.
(DOCX)

S5 Appendix. Linking BCTs to the identified intervention functions in the BCW.
(DOCX)

Acknowledgements

We want to acknowledge Miss Angi Lin for coding the behaviour change techniques and con-
ducting the risk of bias assessment. The protocol of this review is available as a preprint at
Research Square (https://doi.org/10.21203/rs.3.rs-509946/v1). A previous version of the paper has
been published as a preprint at Research Square (https://doi.org/10.21203/rs.3.rs-2445914/v1).

Author contributions
Conceptualization: Jinxiao Lian, Maurice Yap.
Data curation: Wing Yan Lau.

Formal analysis: Wing Yan Lau.
Investigation: Wing Yan Lau.

Methodology: Wing Yan Lau, Jinxiao Lian.
Supervision: Jinxiao Lian.

Visualization: Wing Yan Lau.

Writing - original draft: Wing Yan Lau.

Writing - review & editing: Jinxiao Lian, Maurice Yap.

References

1. United Nations [Internet]. World Population Ageing 2019: Highlights. 2019 [cited 2022 Jul 5]. Available
from: https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopula-
tionAgeing2019-Highlights.pdf

2. World Health Organization [Internet]. Integrated care for older people: guidelines on community-level
interventions to manage declines in intrinsic capacity. 2017 [cited 2022 May 30]. Available from: https:/
apps.who.int/iris/handle/10665/258981

3. National Health Service [Internet]. What is an NHS Health Check? 2019 [cited 2020 Jun 7]. Available
from: https://www.nhs.uk/conditions/nhs-health-check/what-is-an-nhs-health-check-new/

4. SiS, Moss J, Karnon J, Stocks N. Cost-effectiveness evaluation of the 45-49 year old health check
versus usual care in Australian general practice: A modelling study. PLoS One. 2018;13(11):e0207110.
https://doi.org/10.1371/journal.pone.0207110 PMID: 30412596

5. Patel R, Barnard S, Thompson K, Lagord C, Clegg E, Worrall R, et al. Evaluation of the uptake
and delivery of the NHS Health Check programme in England, using primary care data from 9.5
million people: a cross-sectional study. BMJ Open. 2020;10(11):e042963. https://doi.org/10.1136/
bmjopen-2020-042963 PMID: 33154064

6. Mytton OT, Jackson C, Steinacher A, Goodman A, Langenberg C, Griffin S, et al. The current and
potential health benefits of the National Health Service Health Check cardiovascular disease preven-
tion programme in England: A microsimulation study. PLoS Med. 2018;15(3):e1002517. https://doi.
org/10.1371/journal.pmed.1002517 PMID: 29509767

7. Alageel S, Gulliford MC. Health checks and cardiovascular risk factor values over six years’ follow-up:
Matched cohort study using electronic health records in England. PLoS Med. 2019;16(7):e1002863.
https://doi.org/10.1371/journal.pmed.1002863 PMID: 31361740

8. Starfield B, Shi L, Macinko J. Contribution of primary care to health systems and health. Milbank Q.
2005;83(3):457-502. https://doi.org/10.1111/].1468-0009.2005.00409.x PMID: 16202000

9. NHS Digital [Internet]. NHS Health Check Programme, patients recorded as attending and not attend-
ing, 2012-13 to 2017-18: summary tables version 3. 2019 [cited 2020 Dec 24]. Available from: https://
files.digital.nhs.uk/4D/557597/NHS%20Health%20Check%20programme%20-%20Summary%20
Tables%20Version%203.xlsx

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004362 March 31, 2025 16/19



http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004362.s004
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004362.s005
https://doi.org/10.21203/rs.3.rs-509946/v1
https://doi.org/10.21203/rs.3.rs-2445914/v1
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://apps.who.int/iris/handle/10665/258981
https://apps.who.int/iris/handle/10665/258981
https://www.nhs.uk/conditions/nhs-health-check/what-is-an-nhs-health-check-new/
https://doi.org/10.1371/journal.pone.0207110
http://www.ncbi.nlm.nih.gov/pubmed/30412596
https://doi.org/10.1136/bmjopen-2020-042963
https://doi.org/10.1136/bmjopen-2020-042963
http://www.ncbi.nlm.nih.gov/pubmed/33154064
https://doi.org/10.1371/journal.pmed.1002517
https://doi.org/10.1371/journal.pmed.1002517
http://www.ncbi.nlm.nih.gov/pubmed/29509767
https://doi.org/10.1371/journal.pmed.1002863
http://www.ncbi.nlm.nih.gov/pubmed/31361740
https://doi.org/10.1111/j.1468-0009.2005.00409.x
http://www.ncbi.nlm.nih.gov/pubmed/16202000
https://files.digital.nhs.uk/4D/557597/NHS%20Health%20Check%20programme%20-%20Summary%20Tables%20Version%203.xlsx
https://files.digital.nhs.uk/4D/557597/NHS%20Health%20Check%20programme%20-%20Summary%20Tables%20Version%203.xlsx
https://files.digital.nhs.uk/4D/557597/NHS%20Health%20Check%20programme%20-%20Summary%20Tables%20Version%203.xlsx

PLOS GLOBAL PUBLIC HEALTH

Interventions to improve general health check uptake of older adults

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Centre for Health Protection of Department of Health of The Government of the Hong Kong Special
Administrative Region [Internet]. Report of Population Health Survey 2014/15. 2017 [cited 2020 Jan 1].
Available from: https://www.chp.gov.hk/en/static/51256.html

Martin A, Saunders CL, Harte E, Griffin SJ, MacLure C, Mant J, et al. Delivery and impact of the NHS
Health Check in the first 8 years: a systematic review. Br J Gen Pract. 2018;68(672):e449-59. https://
doi.org/10.3399/bjgp18X697649 PMID: 29914882

Brunner-Ziegler S, Rieder A, Stein KV, Koppensteiner R, Hoffmann K, Dorner TE. Predictors of par-
ticipation in preventive health examinations in Austria. BMC Public Health. 2013;13:1138. https://doi.
0rg/10.1186/1471-2458-13-1138 PMID: 24308610

Cheong AT, Liew SM, Khoo EM, Mohd Zaidi NF, Chinna K. Are interventions to increase the uptake
of screening for cardiovascular disease risk factors effective? A systematic review and meta-analysis.
BMC Fam Pract. 2017;18(1):4. https://doi.org/10.1186/s12875-016-0579-8 PMID: 28095788

Bunten A, Porter L, Gold N, Bogle V. A systematic review of factors influencing NHS health check
uptake: invitation methods, patient characteristics, and the impact of interventions. BMC Public
Health. 2020;20(1):93. hitps://doi.org/10.1186/s12889-019-7889-4 PMID: 31964366

Tanner L, Kenny R, Still M, Ling J, Pearson F, Thompson K, et al. NHS Health Check programme: a
rapid review update. BMJ Open. 2022;12(2):e052832. https://doi.org/10.1136/bmjopen-2021-052832
PMID: 35172998

Deeks A, Lombard C, Michelmore J, Teede H. The effects of gender and age on health related behav-
iors. BMC Public Health. 2009;9:213. https://doi.org/10.1186/1471-2458-9-213 PMID: 19563685

Dawkins B, Renwick C, Ensor T, Shinkins B, Jayne D, Meads D. What factors affect patients’ ability to
access healthcare? An overview of systematic reviews. Trop Med Int Health. 2021;26(10):1177-88.
https://doi.org/10.1111/tmi.13651 PMID: 34219346

Holland C, Cooper Y, Shaw R, Pattison H, Cooke R. Effectiveness and uptake of screening pro-
grammes for coronary heart disease and diabetes: a realist review of design components used in
interventions. BMJ Open. 2013;3(11):e003428. https://doi.org/10.1136/bmjopen-2013-003428 PMID:
24202056

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior
change technique taxonomy (v1) of 93 hierarchically clustered techniques: building an international
consensus for the reporting of behavior change interventions. Ann Behav Med. 2013;46(1):81-95.
https://doi.org/10.1007/s12160-013-9486-6 PMID: 23512568

French DP, Olander EK, Chisholm A, Mc Sharry J. Which behaviour change techniques are most
effective at increasing older adults’ self-efficacy and physical activity behaviour? A systematic
review. Ann Behav Med. 2014;48(2):225-34. https://doi.org/10.1007/s12160-014-9593-z PMID:
24648017

Michie S, Atkins L, West R. The Behaviour Change Wheel: a Guide to Designing Interventions. Lon-
don: Silverback Publishing; 2014.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. https://doi.
org/10.1136/bmj.n71 PMID: 33782057

Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 expla-
nation and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ.
2021;372:n160. https://doi.org/10.1136/bmj.n160 PMID: 33781993

Lau WY, Lian J, Yap M. What Are the Effective Behaviour Change Techniques Used to Improve Gen-
eral Health Check Attendance: A Systematic Review Protocol. Research Square [Preprint]. 2021 [cited
2021 Sep 1]. Available from: https://doi.org/10.21203/rs.3.rs-509946/v 1

Krogsbell LT, Jargensen KJ, Getzsche PC. General health checks in adults for reducing morbid-
ity and mortality from disease. Cochrane Database Syst Rev. 2019;1(1):CD009009. https://doi.
0rg/10.1002/14651858.CD009009.pub3 PMID: 30699470

Bramer W, Bain P. Updating search strategies for systematic reviews using EndNote. J Med Libr
Assoc. 2017;105(3):285-9. https://doi.org/10.5195/imla.2017.183 PMID: 28670219

BCT Taxonomy v1 [Internet]. Online training. c2020 [cited 2020 Sep 1]. Available from: hitps://www.
bct-taxonomy.com/

Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for charac-

terising and designing behaviour change interventions. Implement Sci. 2011;6:42. https://doi.
org/10.1186/1748-5908-6-42 PMID: 21513547

Higgins JPT, Altman DG, Getzsche PC, Jini P, Moher D, Oxman AD, et al. The Cochrane Collabora-

tion’s tool for assessing risk of bias in randomised trials. BMJ. 2011;343:d5928. https://doi.org/10.1136/
bmj.d5928 PMID: 22008217

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004362 March 31, 2025 17/19



https://www.chp.gov.hk/en/static/51256.html
https://doi.org/10.3399/bjgp18X697649
https://doi.org/10.3399/bjgp18X697649
http://www.ncbi.nlm.nih.gov/pubmed/29914882
https://doi.org/10.1186/1471-2458-13-1138
https://doi.org/10.1186/1471-2458-13-1138
http://www.ncbi.nlm.nih.gov/pubmed/24308610
https://doi.org/10.1186/s12875-016-0579-8
http://www.ncbi.nlm.nih.gov/pubmed/28095788
https://doi.org/10.1186/s12889-019-7889-4
http://www.ncbi.nlm.nih.gov/pubmed/31964366
https://doi.org/10.1136/bmjopen-2021-052832
http://www.ncbi.nlm.nih.gov/pubmed/35172998
https://doi.org/10.1186/1471-2458-9-213
http://www.ncbi.nlm.nih.gov/pubmed/19563685
https://doi.org/10.1111/tmi.13651
http://www.ncbi.nlm.nih.gov/pubmed/34219346
https://doi.org/10.1136/bmjopen-2013-003428
http://www.ncbi.nlm.nih.gov/pubmed/24202056
https://doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/pubmed/23512568
https://doi.org/10.1007/s12160-014-9593-z
http://www.ncbi.nlm.nih.gov/pubmed/24648017
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1136/bmj.n160
http://www.ncbi.nlm.nih.gov/pubmed/33781993
https://doi.org/10.21203/rs.3.rs-509946/v1
https://doi.org/10.1002/14651858.CD009009.pub3
https://doi.org/10.1002/14651858.CD009009.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30699470
https://doi.org/10.5195/jmla.2017.183
http://www.ncbi.nlm.nih.gov/pubmed/28670219
https://www.bct-taxonomy.com/
https://www.bct-taxonomy.com/
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pubmed/21513547
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217

PLOS GLOBAL PUBLIC HEALTH

Interventions to improve general health check uptake of older adults

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, . Assessing risk of bias in a randomised
trial. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., editors. Cochrane
Handbook for Systematic Reviews of Interventions (updated September 2020); 2020.

Sterne JAC, Sutton AJ, loannidis JPA, Terrin N, Jones DR, Lau J, et al. Recommendations for exam-
ining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ.
2011;343:d4002. https://doi.org/10.1136/bmj.d4002 PMID: 21784880

Rucker G, Cates CJ, Schwarzer G. Methods for including information from multi-arm trials in pairwise

meta-analysis. Res Synth Methods. 2017;8(4):392—-4083. hitps://doi.org/10.1002/jrsm.1259 PMID:
28759708

Borenstein M, Hedges L, Higgins J, Rothstein H. Chapter 30 multiple comparisons within a study.
Introduction to meta-analysis. 2nd ed. Chichester: John Wiley & Sons; 2021. p. 277-9.

Borenstein M, Hedges L, Higgins J, Rothstein H. Introduction to meta-analysis. John Wiley & Sons;
2021.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003;327(7414):557-60. https://doi.org/10.1136/bm|.327.7414.557 PMID: 12958120

Deeks JJ, Higgins JPT, Altman DG. Chapter 10: Analysing data and undertaking meta-analyses. In:
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., editors. Cochrane Handbook
for Systematic Reviews of Interventions version 61 (updated September 2020); 2020.

McDermott L, Wright AJ, Cornelius V, Burgess C, Forster AS, Ashworth M, et al. Enhanced invitation
methods and uptake of health checks in primary care: randomised controlled trial and cohort study
using electronic health records. Health Technol Assess. 2016;20(84):1-92. https://doi.org/10.3310/
hta20840 PMID: 27846927

McDermott L, Cornelius V, Wright AJ, Burgess C, Forster AS, Ashworth M, et al. Enhanced Invita-
tions Using the Question-Behavior Effect and Financial Incentives to Promote Health Check Uptake
in Primary Care. Ann Behav Med. 2018;52(7):594—-605. https://doi.org/10.1093/abm/kax048 PMID:
29860363

Sallis A, Bunten A, Bonus A, James A, Chadborn T, Berry D. The effectiveness of an enhanced invita-
tion letter on uptake of National Health Service Health Checks in primary care: a pragmatic quasi-
randomised controlled trial. BMC Fam Pract. 2016;17:35. https://doi.org/10.1186/s12875-016-0426-y
PMID: 27009045

Sallis A, Gold N, Agbebiyi A, James RJE, Berry D, Bonus A, et al. Increasing uptake of National
Health Service Health Checks in primary care: a pragmatic randomized controlled trial of enhanced
invitation letters in Northamptonshire, England. J Public Health (Oxf). 2021;43(1):€92-9. hitps://doi.
org/10.1093/pubmed/fdz134 PMID: 31840739

Sallis A, Sherlock J, Bonus A, Saei A, Gold N, Vlaev |, et al. Pre-notification and reminder SMS text
messages with behaviourally informed invitation letters to improve uptake of NHS Health Checks:
a factorial randomised controlled trial. BMC Public Health. 2019;19(1):1162. hitps://doi.org/10.1186/
$12889-019-7476-8 PMID: 31438908

Gold N, Durlik C, Sanders JG, Thompson K, Chadborn T. Applying behavioural science to increase
uptake of the NHS Health Check: a randomised controlled trial of gain- and loss-framed messaging
in the national patient information leaflet. BMC Public Health. 2019;19(1):1519. https://doi.org/10.1186/
$12889-019-7754-5 PMID: 31727030

Gidlow CJ, Ellis NJ, Riley V, Chadborn T, Bunten A, Igbal Z, et al. Randomised controlled trial com-
paring uptake of NHS Health Check in response to standard letters, risk-personalised letters and
telephone invitations. BMC Public Health. 2019;19(1):224. https://doi.org/10.1186/s12889-019-6540-8
PMID: 30791884

Gold N, Tan K, Sherlock J, Watson R, Chadborn T. Increasing uptake of NHS Health Checks: a ran-
domised controlled trial using GP computer prompts. Br J Gen Pract. 2021;71(710):e693-700. https://
doi.org/10.3399/BJGP.2020.0887 PMID: 34048362

Shimoda A, Saito Y, Kondo N. Postal reminder with reduced burden of clinic information seeking

for equitable participation in general health check-ups: A randomized controlled trial. Prev Med.
2022;157:1070089. https://doi.org/10.1016/j.ypmed.2022.107009 PMID: 35248681

National Health Service [Internet]. How do | get an NHS Health Check? 2019 [cited 2023 Jul 8]. Avail-
able from: https://www.nhs.uk/conditions/nhs-health-check/how-do-i-get-an-nhs-health-check/

Atkins L, Stefanidou C, Chadborn T, Thompson K, Michie S, Lorencatto F. Influences on NHS Health
Check behaviours: a systematic review. BMC Public Health. 2020;20(1):1359. hitps://doi.org/10.1186/
$12889-020-09365-2 PMID: 32938432

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004362 March 31, 2025 18/19



https://doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/pubmed/21784880
https://doi.org/10.1002/jrsm.1259
http://www.ncbi.nlm.nih.gov/pubmed/28759708
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.3310/hta20840
https://doi.org/10.3310/hta20840
http://www.ncbi.nlm.nih.gov/pubmed/27846927
https://doi.org/10.1093/abm/kax048
http://www.ncbi.nlm.nih.gov/pubmed/29860363
https://doi.org/10.1186/s12875-016-0426-y
http://www.ncbi.nlm.nih.gov/pubmed/27009045
https://doi.org/10.1093/pubmed/fdz134
https://doi.org/10.1093/pubmed/fdz134
http://www.ncbi.nlm.nih.gov/pubmed/31840739
https://doi.org/10.1186/s12889-019-7476-8
https://doi.org/10.1186/s12889-019-7476-8
http://www.ncbi.nlm.nih.gov/pubmed/31438908
https://doi.org/10.1186/s12889-019-7754-5
https://doi.org/10.1186/s12889-019-7754-5
http://www.ncbi.nlm.nih.gov/pubmed/31727030
https://doi.org/10.1186/s12889-019-6540-8
http://www.ncbi.nlm.nih.gov/pubmed/30791884
https://doi.org/10.3399/BJGP.2020.0887
https://doi.org/10.3399/BJGP.2020.0887
http://www.ncbi.nlm.nih.gov/pubmed/34048362
https://doi.org/10.1016/j.ypmed.2022.107009
http://www.ncbi.nlm.nih.gov/pubmed/35248681
https://www.nhs.uk/conditions/nhs-health-check/how-do-i-get-an-nhs-health-check/
https://doi.org/10.1186/s12889-020-09365-2
https://doi.org/10.1186/s12889-020-09365-2
http://www.ncbi.nlm.nih.gov/pubmed/32938432

PLOS GLOBAL PUBLIC HEALTH

Interventions to improve general health check uptake of older adults

48.

49.

50.

51.

52.

53.

54.

55.

Miles LM, Hawkes RE, French DP. How is the Behavior Change Technique Content of the NHS
Diabetes Prevention Program Understood by Participants? A Qualitative Study of Fidelity, With a
Focus on Receipt. Ann Behav Med. 2022;56(7):749-59. https://doi.org/10.1093/abm/kaab093 PMID:
34788358

Murayama H, TakahashiY, Shimada S. Effectiveness of an Out-of-Pocket Cost Removal Intervention
on Health Check Attendance in Japan. Int J Environ Res Public Health. 2021;18(11):5612. https://doi.
0rg/10.3390/ijerph18115612 PMID: 34073994

Petersen Z, Jaca A, Ginindza TG, Maseko G, Takatshana S, Ndlovu P, et al. Barriers to uptake of
cervical cancer screening services in low-and-middle-income countries: a systematic review. BMC
Womens Health. 2022;22(1):486. https://doi.org/10.1186/s12905-022-02043-y PMID: 36461001

Le Bonniec A, Sun S, Andrin A, Dima AL, Letrilliart L. Barriers and Facilitators to Participation in
Health Screening: an Umbrella Review Across Conditions. Prev Sci. 2022;23(7):1115-42. https://doi.
0org/10.1007/s11121-022-01388-y PMID: 35705780

Gidlow C, Ellis N, Randall J, Cowap L, Smith G, Igbal Z, et al. Method of invitation and geographi-
cal proximity as predictors of NHS Health Check uptake. J Public Health (Oxf). 2015;37(2):195-201.
https://doi.org/10.1093/pubmed/fdu092 PMID: 25427882

Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al. A new framework for
developing and evaluating complex interventions: update of Medical Research Council guidance.
BMJ. 2021;374:n2061. hitps://doi.org/10.1136/bmj.n2061 PMID: 34593508

Levine S, Malone E, Lekiachvili A, Briss P. Health Care Industry Insights: Why the Use of Preventive
Services Is Still Low. Prev Chronic Dis. 2019;16:E30. hitps://doi.org/10.5888/pcd16.180625 PMID:
30873937

Michie S, West R, Sheals K, Godinho CA. Evaluating the effectiveness of behavior change techniques
in health-related behavior: a scoping review of methods used. Transl Behav Med. 2018;8(2):212—-24.
https://doi.org/10.1093/tbm/ibx019 PMID: 29381786

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004362 March 31, 2025 19/19



https://doi.org/10.1093/abm/kaab093
http://www.ncbi.nlm.nih.gov/pubmed/34788358
https://doi.org/10.3390/ijerph18115612
https://doi.org/10.3390/ijerph18115612
http://www.ncbi.nlm.nih.gov/pubmed/34073994
https://doi.org/10.1186/s12905-022-02043-y
http://www.ncbi.nlm.nih.gov/pubmed/36461001
https://doi.org/10.1007/s11121-022-01388-y
https://doi.org/10.1007/s11121-022-01388-y
http://www.ncbi.nlm.nih.gov/pubmed/35705780
https://doi.org/10.1093/pubmed/fdu092
http://www.ncbi.nlm.nih.gov/pubmed/25427882
https://doi.org/10.1136/bmj.n2061
http://www.ncbi.nlm.nih.gov/pubmed/34593508
https://doi.org/10.5888/pcd16.180625
http://www.ncbi.nlm.nih.gov/pubmed/30873937
https://doi.org/10.1093/tbm/ibx019
http://www.ncbi.nlm.nih.gov/pubmed/29381786

