
 

 

 University of Groningen

Scalability of effective adherence interventions for patients using cardiovascular disease
medication
Hogervorst, Stijn; Vervloet, Marcia; Adriaanse, Marcel C.; Zamboni, Karen; Zullig, L L;
Schoonmade, Linda; Hugtenburg, J.G.; van Dijk, Liset
Published in:
British Journal of Clinical Pharmacology

DOI:
10.1111/bcp.15418

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Hogervorst, S., Vervloet, M., Adriaanse, M. C., Zamboni, K., Zullig, L. L., Schoonmade, L., Hugtenburg, J.
G., & van Dijk, L. (2023). Scalability of effective adherence interventions for patients using cardiovascular
disease medication: A realist synthesis-inspired systematic review. British Journal of Clinical
Pharmacology, 89(7), 1996-2019. Advance online publication. https://doi.org/10.1111/bcp.15418

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1111/bcp.15418
https://research.rug.nl/en/publications/f7d215f5-edf7-4b61-bb38-1367980336e8
https://doi.org/10.1111/bcp.15418


T H EM ED I S S U E R E V I EW

Scalability of effective adherence interventions for patients
using cardiovascular disease medication: A realist
synthesis-inspired systematic review

Stijn Hogervorst1,2 | Marcia Vervloet3 | Marcel C. Adriaanse1,2 |

Karen Zamboni4 | Leah L. Zullig5,6 | Linda Schoonmade7 |

Jacqueline G. Hugtenburg2,8 | Liset van Dijk3,9

1Department of Health Sciences, Faculty of

Science, Vrije Universiteit, Amsterdam, The

Netherlands

2Nivel, Netherlands Institute for Health

Services Research, Utrecht, The Netherlands

3Amsterdam UMC, Amsterdam Public Health

Research Institute, Amsterdam, The

Netherlands

4Department of Disease Control, London

School of Hygiene and Tropical Medicine,

London, UK

5Center for Health Services Research in

Primary Care, Durham Veterans Affairs

Medical Center, Durham, North Carolina, USA

6Department of Population Health Sciences,

Duke University, Durham, North Carolina, USA

7Vrije Universiteit, University Library,

Amsterdam, The Netherlands

8Department of Clinical Pharmacology and

Pharmacy, Amsterdam UMC, Amsterdam, The

Netherlands

9Department of PharmacoTherapy,

Epidemiology & Economics (PTEE), Faculty of

Mathematics and Natural Sciences, Groningen

Research Institute of Pharmacy, University of

Groningen, Groningen, the Netherlands

Correspondence

Stijn Hogervorst, Department of Health

Sciences, Faculty of Science, Vrije Universiteit,

Amsterdam, The Netherlands.

Email: s.hogervorst@vu.nl

Upscaling of medication adherence interventions to routine care is still challenging.

This realist theory-inspired review aimed to assess which intervention aspects are

potentially important for the scalability of effective cardiovascular disease (CVD)

medication adherence interventions and how they are reported in effectiveness stud-

ies. A total of 4097 articles from four databases were screened of which ultimately

31 studies were included. Relevant information on scalability was extracted using a

theoretic framework based on the scalability assessment tool used in the QUALIDEC

study for the following domains: (i) innovation, (ii) implementers and patients,

(iii) adopting organizations and health system, and (iv) socio-political context.

Extracted articles were analysed for themes and chains of inference, which were

grouped based on commonality and source of evidence to form new hypotheses. Six

different domains relevant for scalability of adherence interventions were identified:

(1) Complexity of the intervention; (2) training; (3) customization of the intervention;

(4) drivers of the intervention; (5) technical interventions; and (6) stakeholder involve-

ment. These six domains might be useful for the development of more scalable inter-

ventions by bridging the gap between research and practice. Data relevant for

scalability is not well reported on in effectiveness trials for CVD medication adher-

ence interventions and only limited data on scalability has been published in addi-

tional papers. We believe the adoption and reach of effective CVD medication

adherence interventions will improve with increased awareness for the necessity of

scalability in all phases of intervention development.
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1 | INTRODUCTION

Cardiovascular diseases (CVDs) are responsible for the highest mortal-

ity rates globally, accountable for an estimated 17.9 million deaths

each year.1 Treatment options include a plethora of medicines such as

antihypertensives, cholesterol-lowering drugs and anticoagulants, as

well as lifestyle changes, but only half of all CVD patients managed to

achieve an adequate level of medication adherence.2,3 This diminishes

treatment effectiveness and increases symptom severity, mortality,

hospitalization, healthcare utilization and costs for CVD patients.4–6

Over the last decades, a multitude of interventions have been devel-

oped to improve medication adherence for CVD patients such as

technical interventions like medication reminder apps, educational

interventions and interventions to increase motivation.3,7

Estimates suggest that in general only 14% of all effective inter-

ventions are implemented into routine care and their implementation

takes on average 17 years8,9 (see Figure 1). Although no exact figures

are known, this also holds true for adherence interventions. This

research-to-practice gap can partly be explained by researchers and

journals emphasizing internal validity, often at the expense of the con-

textual factors that make science relevant to practice. Interventions

might be successful in improving medication adherence and thereby

clinical outcomes in a controlled study environment, but the necessary

details to implement the intervention in a real-world setting are often

lacking.10 As a result, despite decades of medication adherence

research, non-adherence remains a substantial health problem to

date.11

Bridging the gap between research and practice requires apprais-

ing the scalability of an intervention. Scalability is the ability of an

intervention shown to be efficacious on a small scale or under con-

trolled conditions to be expanded under real-world conditions to

reach a greater proportion of the eligible population while retaining

effectiveness.12 The successful delivery of complex health interven-

tions at scale requires a close fit between interventions, the socio-

political contexts and the health systems in which they are

implemented.13 This is a complex challenge, which requires develop-

ing, refining and testing implementation strategies that aim to bridge

the research-to-practice gap from the start of the project.14,15 These

strategies should be based on an understanding of barriers and

facilitators to implementation at scale.16 However, scalability of an

effective medication adherence intervention has often been an “after-
thought”.17,18 Consequently, the intervention might be effective in a

clinical setting, but might not fit into the real-world healthcare setting,

thus hampering scalability.

While there is still a gap between research and practice, in recent

years scalability has received increased attention. Theoretical guid-

ance on the concept of scale-up has become increasingly available,

and a number of frameworks have been developed that can aid in

appraising scalability, planning for scale-up, or both.17,19,20 These

frameworks are largely based on Roger's diffusion of innovation the-

ory and Glaser's formulation of factors related to knowledge trans-

fer.15,21 A usable scalability framework is the one used by Zamboni

et al. in the context of the QUALIDEC study and is based on a synthe-

sis of key factors influencing scale-up emerging from multiple scale-up

frameworks13,22 such as attributes of the intervention, the implemen-

ters and the adopting community, supportive organizational culture

and leadership and the socio-political context. This framework is

designed specifically for a qualitative assessment of intervention scal-

ability in a research setting and consists of a user-friendly question-

naire, rather than a set of theoretical concepts, which aids its

application as an analytical framework.

We chose this framework to expand on a recent paper by Zullig

et al. that described seven medication adherence interventions for

type 2 diabetes patients that have potential for scalability.10 The aim

of the study was to assess which intervention aspects may be impor-

tant for the scalability of effective CVD medication adherence inter-

ventions and how they are reported in effectiveness studies.

2 | METHODS

2.1 | The realist review approach

Appraising scalability requires synthesizing evidence from a broad

range of study designs with both quantitative and qualitative data,

something traditional systematic review methodology is not designed

for. A helpful methodological alternative is the realist review.23–25

Realist reviews are increasingly more common.26 In contrast to

F IGURE 1 The pipeline concept
of disseminating research to get

evidence-based practice. From
Green, L. W. (2008). Making research
relevant: if it is an evidence-based
practice, where's the practice-based
evidence? Family Practice, 25
(Supplement 1), i20–i24. doi:10.
1093/fampra/cmn055
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traditional data synthesis approaches, realist review uses a theory-

driven approach to answer how, why and in what contexts complex

interventions may work (or not) by focusing on the relationships

between context, mechanisms and outcomes. This review is inspired

by the realist review approach and uses the RAMESES publication

standards for realist reviews27 (see Appendix A in the Supporting

Information). This approach consists of four methodological steps:

(i) defining the scope of the review (concept mining and framework

formulation); (ii) searching for and scrutinizing the evidence;

(iii) extracting and synthesizing the evidence and (iv) developing the

narrative, including hypotheses. Yet, our study deviated from the real-

ist review methodology by using a search strategy and study selection

that were driven more by traditional systematic review approaches.

2.2 | Step 1. Defining the scope of the review

The focus of this paper is to assess the scalability of medication

adherence interventions in CVD. The scalability assessment frame-

work used in the QUALIDEC study by Zamboni et al.13,22 was chosen

as an initial theoretical framework. The framework consists of the fol-

lowing domains: (1) attributes of the innovation, (2) attributes of the

implementers, (3) attributes of the adopting organization and health

system, and (4) socio-political context. These four domains were fur-

ther operationalized to extract relevant data from the included arti-

cles. This operationalization was done through consensus discussions

by S.H., M.V. and L.v.D. about how to interpret different aspects of

the theoretical framework. (See Table 1 for an overview of the theo-

retical framework and its domains.) Under the first domain attributes

of the innovation, evidence strength and quality were considered

higher when interventions demonstrated an effect on multiple adher-

ence measurements,28 when the effect was sustained for a longer

follow-up period, or when both an effect on adherence as well as a

relevant blood level was found. Relative advantage was defined as the

degree to which an innovation is perceived as being better than cur-

rent usual care in that setting.15 Adaptability was considered higher

when intervention aspects could in theory be altered, for instance by

choosing a different interventionist. Trialability was defined as “the
ability to test the intervention on a small scale in the organization, and to

be able to reverse course (undo implementation) if warranted”.15 An

intervention was considered more complex when it consisted of more

steps or more components. The second domain “Attributes of the

implementers” was adjusted to “Attributes of the implementers and

patients” as perspectives of patients, being the interventions' target

group, are an important aspect of every intervention and its scalabil-

ity. The scalable unit, under the domain “socio-political context”, was

defined as a microsystem or a mesosystem that can be replicated as

the intervention is scaled up.19

2.2.1 | Expert sessions

Two 1-hour expert sessions with three participants each were held to

gather feedback on the theoretical framework. Participants were

experts in the fields of scalability and/or medication adherence and

were asked by e-mail to participate in one of the expert sessions.

Selection of participants was done purposively to include a mix of

policymakers, researchers and/or practitioners. The online sessions

started with a brief presentation (10min) about the proposed method-

ology and theoretical framework, after which participants provided

feedback and suggestions. These sessions led to some additions to

the theoretical framework. The first domain “Attributes of the innova-

tion” was expanded with the two attributes “interventionist” and

“mechanism”. Interventionist was defined as the primary performer of

TABLE 1 Theoretical framework based on the scalability assessment framework used in the QUALIDEC study by Zamboni et al.13,22

Domain Attributes of the innovation
Attributes of the
implementers and patients

Attributes of the
adopting organizations
and health system Socio-political context

Operationalization What are attributes of the

intervention that might

influence scalability?

(interventionist,

mechanism, intervention

source, evidence strength

and quality, relative

advantage, adaptability,

trialability, complexity,

design quality & packaging

and costs)

How is the target

organization involved by

the implementers in the

development, execution

and evaluation of the

intervention?

1) What aspects of the

intervention might require

additional (ICT) systems,

infrastructure or human

resources to implement at

scale?

2) How similar is the

intervention to usual care

or other intervention in

the setting, or are major

departures from

institutional norms and

values necessary?

3) Were any drivers of the

implementation of the

intervention identified

during the study?

1) Does the policy and legal

framework (including

financial, economic and

procedural incentives)

support implementation of

the intervention at scale?

Is any data available on

the further scale-up or

maintenance of the

intervention?

2) Has a stakeholder analysis

been conducted with

established mechanisms

and time points for

continuous engagement of

stakeholders after the

intervention period?

3) Is the scalable unit clearly

defined?

1998 HOGERVORST ET AL.
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the intervention. Mechanism was defined as the means by which an

intervention aimed to achieve better medication adherence. Catego-

ries were technical, motivational, educational or a combination. Addi-

tionally, the third domain “Attributes of the adopting organization and

health system” was expanded with a third question “Were any drivers

of the implementation of the intervention identified during the

study?” Drivers were defined as stakeholders that are partners with

the researchers during the development and testing of the interven-

tion or partnered facilitating parties such as developers of primary

care ICT systems, professional societies or policymaking organizations.

These organizations were deemed important as they might have an

interest in further promoting the uptake of the intervention after the

study period. Lastly, experts during the sessions expressed concerns

regarding the availability of data in the included studies to properly

gauge scalability of an intervention. This led to the additional data col-

lection through interviews or a questionnaire with the corresponding

authors of included studies.

2.3 | Step 2. Search for evidence

2.3.1 | Search strategy

The electronic databases PubMed, Embase.com, Web of Science and

Cinahl (Ebsco) were systematically searched from inception up to

13 March 2020. The search strategy was developed in collaboration

with a clinical librarian and contained the following keywords and

MeSH terminology: “cardiovascular drug” AND “Primary Health Care”
AND “Medication Adherence” AND “Intervention”. The search was

performed without language restrictions. A fully detailed version of

the search strategy used for all databases is presented in Appendix B

in the Supporting Information.

2.3.2 | Eligibility criteria

Interventions were considered for inclusion if: (i) they were (exclu-

sively) intended to promote CVD medication adherence, (ii) they

are proven effective on either medication adherence and/or a rele-

vant clinical outcome (i.e., systolic and diastolic blood pressure,

total cholesterol, LDL and HDL cholesterol, triglycerides). Only

effective studies were considered for inclusion as they were seen

as the most promising interventions for further scale-up. The study

should be a medication adherence intervention, meaning all studies

finding a relevant clinical effect should have achieved this affect

through improvements in medication adherence, rather than, for

instance, lifestyle changes or medication titration. This means stud-

ies describing an intervention consisting of both medication adher-

ence and lifestyle changes or medication titration were excluded if

they only showed an improvement in clinical outcomes and no

improvement in medication adherence. (iii) Interventions were

tested or developed for use in primary care, (iv) with an experi-

mental study design with a control group receiving usual care and

(v) a follow-up period of minimally 14weeks in order to see sus-

tainable effects and (vi) the study was conducted in Europe, the

United States, Canada, Australia or New Zealand to promote com-

parability of healthcare systems.

2.3.3 | Study selection

Articles were screened with the use of the web application for sys-

tematic reviews Rayyan29 and were subsequently evaluated based on

their title and abstract by five individual researchers, consisting of

two interns (J.S. and B.T.) and three researchers (S.H., M.A. and

M.V.). Each title and abstract were evaluated by two researchers and

disagreements during this process were resolved through consensus.

If consensus was not reached, the article was evaluated again with a

third researcher (S.H.). The study was subsequently included or

excluded based on the decision of at least two researchers. After the

initial selection step, articles were evaluated for eligibility based on

their full text by S.H., J.S. and B.T. Disagreement was achieved

through consensus, with M.V. being involved if consensus was not

reached.

2.3.4 | Manual search for additional papers

After inclusion of the studies, additional publications on the same pro-

jects such as a protocol publication, process evaluation or economic

evaluation were searched for manually. This was done by using the

reference list of the included articles and by using important search

terms from the publications such as the names of first and last

authors, project names or any other defining characteristics of the

studies such as population or setting, as well as common additional

publication topics such as “protocol” or “process evaluation”. The
availability of additional publications is mentioned in Appendix C in

the Supporting Information, and any additional information obtained

was extracted.

2.3.5 | Additional data collection with questionnaire
and interviews

Corresponding authors of all included articles were contacted by e-

mail on 7 September 2021 with a request to fill in a questionnaire, or

alternatively participate in a brief structured interview lasting approxi-

mately 30minutes. A reminder e-mail was sent out on 3 October

2021. Topics for the questionnaire and interviews were identical, and

included questions regarding the implementation of the intervention,

recruitment, stakeholder analyses, maintenance of the intervention by

healthcare providers after the project had ended, any plans to scale

up the intervention and a request for any unpublished work or data

on the intervention and its implementation. Questions were con-

structed to best identify topic areas of the theoretical framework that

were not often reported on in the included articles. The

HOGERVORST ET AL. 1999
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questionnaire/topic list can be found in Appendix D in the Supporting

Information. Any additional information provided through either ques-

tionnaires or interview was extracted.

2.4 | Step 3. Appraise primary studies and data
extraction

2.4.1 | Data extraction

The four domains from the theoretical framework developed in step

1 were used to extract data from all included studies (Table 1). A data

extraction table was constructed in which questions from each

domain were answered based on both qualitative and quantitative

data obtained from the included studies (Appendix C). An indication

that the information is not available was given when the field could

not be filled in based on the available data.

2.5 | Step 4. Synthesize evidence and drawing
conclusions

Data from the extraction table (Appendix C) was synthesized by open

coding important themes and by listing chains of inference between

the themes.23,25 This was done in an iterative process by S.H.,

M.V. and L.v.D. These themes and chains of inference are listed in

Appendix E in the Supporting Information. S.H. and M.V. first both

analysed a quarter of all included studies for themes and chains of

inference independently and resolved any disagreements through

consensus discussions to increase validity. Afterwards, all articles

were open coded for themes and chains of inference by S.H.,

M.V. and L.v.D.

Subsequently hypotheses were formed from the chains of infer-

ence by cumulatively grouping chains of inference based on com-

monality. Both the frequency of each hypothesis was listed, as well

as listing the source from which the hypothesis was derived. The

source could be either the included article from the systematic sea-

rch, from any additional articles found on the project through the

manual search or from additional interviews or questionnaires. Evi-

dence for hypotheses was considered stronger when the hypothesis

was found in a higher number of studies, as well as when it was

derived from multiple sources. Multiple sources were deemed rele-

vant as it gave the ability to triangulate the data found from multiple

sources.

3 | RESULTS

3.1 | Systematic search results

The search strategy resulted in the identification of 4097 potential

articles after removal of duplicates (Figure 2). After screening abstract

and title, 3837 articles were excluded that did not meet our inclusion

criteria. The full text was obtained of 160 studies. After screening

these full texts, 31 articles met our criteria and were included for

analysis.

3.2 | Characteristics of included studies

An overview of study characteristics of included studies can be

found in Table 2. Included studies consisted of intervention studies

of which 25 were randomized controlled trials, and seven studies

used other quasi-experimental designs such as matched control

groups. Medication adherence was most commonly measured with

pharmacy refill or claims data (n= 19), followed by Medication

Event Monitoring Systems (MEMS, n= 6). Ten studies included a

secondary clinical outcome such as blood pressure or cholesterol

level. Included studies were conducted in 10 different countries,

with the USA (n= 16) being the most prevalent. Most studies (n=

21) were led by community pharmacists or pharmacy staff mem-

bers, six studies had GPs or practice nurses as interventionist and

three studies used external interventionists, such as an external

organization synchronizing medication. Most interventions used a

combination of mechanisms such as motivation and education

to achieve better adherence in CVD patients (n= 14),

followed by educational interventions (n= 8) and technical inter-

ventions (n= 5).

3.3 | Additional data collection by manual search
and questionnaires/interviews

The manual search for additional articles publishing results from the

same study resulted in an additional 18 articles belonging to 10 of the

included studies.61–77 For the other 22 included studies, no additional

publications were found. Additional papers were most commonly pro-

cess evaluation papers (n= 5), followed by protocol papers (n= 3) and

pilot or pre-studies (n= 3). Authors of five studies completed the

questionnaire and the authors of five other studies were interviewed

(response rate 31%). These interactions also led to the addition of

three unpublished works.

3.3.1 | Data extraction based on theoretical
framework

Data from included articles as well as information found through the

manual search for additional publications and data from interviews

and questionnaires were extracted in a data extraction table (see

Appendix C in the Supporting Information). Data extraction was

informed by the four domains of the theoretical framework. An over-

view of the availability of data and how it was extracted is presented

in Table 3. Data on the first domain, “attributes of the intervention”
were well reported and could be extracted from all of the 31 included

studies. Data on “attributes of the implementers and patients” were

2000 HOGERVORST ET AL.
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reported on in eight included studies, and for six included studies this

data could be derived from additional publications, interviews and/or

questionnaires. Most of these data were evaluations of the study,

such as patient or provider satisfaction questionnaires or process eval-

uations. For 14 studies, data on “attributes of the implementers and

patients” were unavailable. Data on “attributes of the adopting orga-

nizations and health system”, such as the human resources required

to carry out the intervention, the comparability with usual care or

information about drivers of the intervention were never mentioned

directly in the included articles. Therefore, data for this domain was

derived indirectly or obtained from additional publications, interviews

and/or questionnaires. For example, the human resources required to

carry out an intervention could be derived from the time spent on the

intervention and a potential driver of the intervention could some-

times be derived from the authors' affiliations or from acknowledge-

ments or funding information. Data for the last domain, the socio-

political context, was never reported on in the primary included effec-

tiveness trials. Studies never mentioned the policy or legal changes

required for scale-up of the intervention, so these data were derived

based on common knowledge by the researchers. None of the primary

included effectiveness trials mention a stakeholder analysis and none

of the primary included effectiveness trials have clearly defined the

scalable unit. Lastly, information about the sustainment of the

intervention, i.e., whether it was still used by the involved healthcare

providers after external funding had ended, was also never reported

on in the included studies. Data for this last domain was therefore

often extracted from interviews and questionnaires, and in one case

extracted from an additional publication on stakeholders'

perspectives.

3.4 | Hypotheses about important attributes for
the scalability of CVD medication adherence
interventions

The chains of inference derived from the data extraction table in

Appendix C were grouped based on commonality in Table 4. Fol-

lowing the realistic theory review method, this grouping led to the

development of hypotheses about potential important attributes

for scalability. For each hypothesis, we report the number of stud-

ies that this hypothesis was derived from. Hypotheses are consid-

ered to provide stronger evidence when there are more studies

that supported the hypothesis, as well as when the hypothesis

could be derived from multiple different sources. Hypotheses were

subdivided into six categories based on content by the researchers

and are described here.

F IGURE 2 Flow diagram of study
selection

HOGERVORST ET AL. 2001
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3.4.1 | Complexity of the intervention

Four hypotheses were derived related to aspects of the intervention.

Less complex interventions are often more scalable. That is because

these simpler interventions are often easier to apply to different set-

tings and require fewer human resources. However, this can come at

a cost of overall less relative advantage over usual care. More complex

interventions often consist of more frequent or intense consultations

with healthcare providers, which increases the human resources

required and relative advantage compared to usual care. The relation-

ship between complexity and scalability can therefore be seen as a

trade-off; interventions that showed higher evidence in their studies

were often more complex and therefore less scalable, but might

achieve better results when scale is achieved, albeit at a higher cost.

TABLE 3 Availability of data for all included articles based on the theoretic framework and information on how this data was extracted

Theoretic framework domain Variable

For how many articles
was this data present?
(included articles n= 31)

How was the data extracted?

(cited directly, derived based on
definition, derived based on
common knowledge researcher)

Attributes of the innovation Interventionist 31 Cited directly

Mechanism 31 Cited directly

Intervention source 21 Cited directly

Evidence strength and quality 31 Cited directly

Relative advantage 31 Derived based on definition

Adaptability 31 Derived based on common

knowledge

Trialability 31 Derived based on definition

Complexity 31 Derived based on definition

Design quality & packaging* 1 Cited directly

Costs 9 Cited directly

Attributes of the implementers and
patients

How is the target organization involved

by the implementers in the

development, execution and evaluation

of the intervention?

8 Cited directly

Attributes of the adopting

organizations and health system

What aspects of the intervention might

require additional (ICT) systems,

infrastructure or human resources to

implement at scale?

31 Derived based on common

knowledge

How similar is the intervention to usual

care or other interventions in the

setting, or are major departure from

institutional norms and values

necessary?

31 Derived based on common

knowledge

Were any drivers of the implementation

of the intervention identified during

the study?

6 Cited directly

Socio-political context Does the policy and legal framework

(including financial, economic and

procedural incentives) support

implementation of the intervention at

scale?

31 Derived based on common

knowledge

Is any data available on the further scale-

up or sustainment of the intervention?

10 Cited directly

Has a stakeholder analysis been

conducted with established

mechanisms and time points for

continuous engagement of

stakeholders after the intervention

period?

10 Cited directly

Is the scalable unit clearly defined? 0 Not applicable

2012 HOGERVORST ET AL.
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TABLE 4 Hypotheses formulated about scalability of effective medication adherence interventions based on chains of inference found in
included articles including the source(s) of the hypotheses

Links of chains of inference
Number of studies that
supported this hypothesis

From what source(s) is the hypothesis derived?

Included
studies

Additional
publication

Interview/
questionnaire

Complexity of the intervention

Lower complexity of the intervention tends to lead

to higher adaptability and trialability. The

relationship works both ways (i.e., higher

complexity leads to lower trialability and

adaptability).

18 X X X

More complex interventions tend to require more

human resources and therefore need a more

substantial financial incentive or reimbursement.

This relationship works both ways (i.e., less

complex leads to fewer human resources).

16 X X X

More complex interventions tend to achieve a

higher relative advantage. This relationship works

both ways (i.e., lower complexity leads to lower

relative advantage).

16 X X X

The use of intervention components that are further

from usual care (e.g., pharmacy students as

interventionist, motivational interviewing for

pharmacy staff members) may limit the scalability

6 X X

Training

An extensive training for interventionists to be able

to perform the intervention may limit the

trialability of the intervention

5 X X

A more extensive training might be necessary for

implementation when the intervention consists of

components not similar to usual care

2 X X

Customization of the intervention

Intervention tailored to patients (e.g., past

adherence trajectory) improves the relative

advantage of the intervention

12 X X X

Basing or adapting the intervention on preferences

of patients and/or HCPs, a pilot study or

previously proven methods increases the

satisfaction with the intervention

4 X X X

Drivers of the intervention

A driver of the intervention, i.e., an organization with

an interest to further scale-up the intervention

after the study period has ended, was involved

when an intervention became usual care

6 X

A driver of the intervention might improve the

sustainability of an intervention by keeping

materials such as ICT applications or measurement

tools available after the study period has ended.

2 X

Technical interventions

Interventions that are technical in nature tend to

require very limited human resources and

therefore little financial incentives, but rather

require ICT, legal or policy changes

5 X X

Interventions that are technical in nature tend to be

not trialable, due to substantial changes required

in ICT and/or legal or policy changes required

4 X

(Continues)
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Additionally, more complex interventions often consisted of aspects

further from usual care such as a pharmacy intern as interventionist.

This is likely done to lower the costs of the study, but does limit the

scalability as these aspects are not present in all target healthcare

settings.

3.4.2 | Training

Two hypotheses were derived related to the training for an interven-

tion. Extensive training might make an intervention less trialable,

which therefore limits scalability. That is because training itself

requires resources. The more extensive the training is, the more

resources are required as entry to participate in the intervention.

However, sufficient training for healthcare professionals (HCPs) also

has a positive effect on the implementation of an intervention, and

might be required when the intervention consists of aspects not simi-

lar to usual care or requires skills that go beyond usual care. This train-

ing might therefore be necessary for the initial implementation during

the trial phase of the intervention, but has a negative influence on

scalability afterwards.

3.4.3 | Customization of the intervention

Two hypotheses were derived related to the customization of the

intervention. The targeting of the intervention to specific patient

populations positively influences the relative advantage of an inter-

vention, and therefore the scalability. An example is an intervention

that targets solely patients that are currently non-adherent, or focuses

on patients starting with new medication. This customization ensures

that patients that do not benefit from the intervention are not

included and therefore makes the intervention more efficient. Like-

wise, customization of the intervention to the needs and wishes of

the involved HCPs increases the satisfaction with the intervention.

3.4.4 | Drivers of the intervention

Two hypotheses relate to drivers of the intervention. Drivers of

the intervention, such as umbrella or policymaking organizations or

professional societies, seem to play an important role in potential

scale-up. These organizations can be considered important partners

from which the developers of the interventions should gather sup-

port. Additionally, in some cases these organizations might be

important funding organizations or might have paid for intervention

materials, which can ensure the intervention is sustained after the

initial research funding has ended.

3.4.5 | Technical interventions

Three hypotheses are derived related to technical interventions.

Examples of technical interventions, as opposed to interventions that

rely on consultations to increase knowledge or motivation, are medi-

cation synchronization or electronical reminders for patients. They are

often simple interventions that require limited human resources, but

instead require legal, policy or ICT changes. This makes the initial

implementation harder, but at the same time increases the scalability

and sustainability of the intervention once these initial barriers are

overcome. These systemic changes can be seen as a one-time invest-

ment that HCPs outside of the initial trial location might also benefit

from. A related downside is that these interventions sometimes rely

on specific ICT systems, which makes these interventions inaccessible

for users of different systems.

3.4.6 | Stakeholder involvement

Two hypotheses relate to stakeholder involvement. Stakeholders play

an important role in scalability and should ideally be involved from the

start. Data such as strengths and limitations of the intervention in a

TABLE 4 (Continued)

Links of chains of inference
Number of studies that
supported this hypothesis

From what source(s) is the hypothesis derived?

Included
studies

Additional
publication

Interview/
questionnaire

A full integration of the intervention in existing ICT

systems promotes maintenance of the

intervention

4 X

Stakeholder involvement

A stakeholder analysis after the intervention has

been evaluated in a trial promotes possible scale

up, by identifying both strengths and limitations of

the innovation in different settings

3 X X

Proven cost-effectiveness or application of an

intervention into usual care elsewhere may

improve the chances of further scale-up of an

intervention

3 X

2014 HOGERVORST ET AL.
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specific setting, data on (cost-)effectiveness and data about the use of

the intervention in different settings are very relevant data for stake-

holders and should be gathered during the trial phase and afterwards.

Conducting stakeholder analyses from an early phase ensures that the

right data is being gathered to pursue stakeholders in further promot-

ing the intervention after the trial phase.

4 | DISCUSSION

Our review was able to find 31 interventions for CVD patients that

were effective in improving medication adherence, a relevant clinical

outcome, making use of a systematic search. Despite being effective,

the majority of these 31 interventions are not routinely used in usual

care, and therefore do not contribute to better medication adherence.

From these 31 interventions we were able to derive six attributes of

interventions that are important for scalability of CVD medication

adherence interventions: (1) complexity of the intervention; (2) train-

ing; (3) customization of the intervention; (4) drivers of the interven-

tion; (5) technical interventions; and (6) stakeholder involvement.

Less complex interventions can be considered more scalable, but

that can come at a cost of overall less relative advantage over usual

care. An explanation is that more complex interventions often require

coordination among multiple staff members, are strongly dependent

on factors within the organizational context such as administrative

support, local champions and fit with organizational procedures and

programmes.78 In comparison, simple interventions are less depen-

dent on factors within the organizational context and rely more on

the continuing of financial incentives and individual motivation, which

might be easier to achieve at scale.

The second attribute found is that an extensive training lowers

the scalability of an intervention. Adequate training might ensure the

intervention is conducted with high fidelity, but might also lower the

trialability of an intervention, which is an important aspect of scalabil-

ity.13 If a stakeholder, healthcare organization or another new

adopting organization has to decide whether they would like to try

out a new intervention on a small scale, a multiple day training for

healthcare providers might be a considerable time and resource

investment. Therefore, investing heavily in extensive training solely to

try out a new intervention might be a too substantial precondition

that limits trialability.

The third attribute is that customizing the intervention to HCPs

and the target population may lead to better scalability of CVD medi-

cation adherence interventions. This is in line with the consensus in

the field of medication adherence research that interventions that are

tailored to the type and cause of non-adherence and the specific

needs of the patients are preferable.79 Moreover, assessing accept-

ability among providers and the target population is an important

aspect in different frameworks planning for scale-up and might serve

as an important input for stakeholders.17,19,20,80

Drivers of the intervention are important for scalability, as they

might continue to support the intervention after the initial project has

ended. This finding is in line with research in different settings, as

Shelton et al. showed that interventions are 80% more sustained in

settings with external organizational support.81 Data about drivers of

the interventions were never mentioned in the articles themselves, so

had to be derived from funding statements and acknowledgements or

additional interviews and questionnaires. Despite not being able to

confirm the importance of drivers of the intervention from the

included papers, interview and questionnaire data did show that each

intervention that became usual care in their respective healthcare set-

ting was heavily supported by a driver of the intervention.

Technical interventions to increase medication adherence for

CVD patients tend to be more scalable once initial barriers have been

overcome. These barriers are often policy, legal or ICT changes, which

tend to change at a system level on a larger scale than the initial target

setting. Moreover, technical interventions tend to be simple and

require fewer human resources, increasing their scalability. This is

consistent with previous research on sustainability, which found that

new procedures or technologies are more likely to be sustained after

the project had ended once fully implemented.78

The last attribute is that gathering relevant data for stakeholders

increases the scalability of an intervention. Other than being effective

in a clinical setting, the intervention needs to be a viable choice for

the organization or the setting in which it is delivered.80 Authors can

convince stakeholders of the viability of their intervention at a larger

scale by gathering relevant data. Analytic tools such as systematic

reviews or economic evaluations can be helpful to increase the speed

of uptake of an intervention.82

The paper by Zullig et al. describes medication adherence inter-

ventions for type 2 diabetes patients that can be considered scal-

able.10 We found that most interventions are designed without

considering attributes relevant for scalability, which is in line with

their finding that most medication adherence interventions are tested

without consideration of reach, resources or costs. Another finding

was that less complex interventions are more scalable, and likely to be

less costly due to fewer human resources being required. The paper

by Zullig et al. also suggests making interventions less costly in order

to increase their scalability. They also coin e-learning interventions as

low-cost alternatives, which coincides with our finding that technical

interventions tend to require fewer human resources and therefore

lower costs. Lastly, this review found that customizing the interven-

tion to providers' and patients' needs and wishes increases scalability,

which is in line with their finding that tailoring of the intervention

increases scalability as it reduces costs.

Data relevant for the scalability of effective medication adher-

ence interventions is not often reported in effectiveness trials, with

the exception of data on the attributes of the intervention. Additional

publications from the same project, such as process evaluations, con-

text analyses or economic evaluations, offer additional data that can

help to paint a more complete picture on the scalability of an effective

CVD medication adherence intervention. These publications often

reported on attributes of the implementers and patients and attri-

butes of the adopting organizations and healthcare system. Data to

gauge the socio-political context, such as information on stakeholder

analyses or policy or legal changes required to scale up an

HOGERVORST ET AL. 2015
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intervention, were seldom reported on in either effectiveness trials or

additional publications. The main aim of an effectiveness study is not

to report on the potential scalability of an intervention. However, this

gap between research and practice is a well-documented problem in

the literature8,9,83 and researchers are increasingly stimulated by

funding agencies to think about the real-world application of their

interventions.84 Effectiveness is only a single step from inception of

an intervention to wide scale use of the intervention.83 As the devel-

opment and testing of interventions is paid for by public funds and

they are eventually designed to be used in real healthcare settings,

researchers have an obligation to not only test the effectiveness of

their intervention in a clinical setting, but also to investigate the

potential for scalability of their interventions in the target healthcare

setting. Traditional RCTs are important as they are considered the

gold standard for assessing effectiveness due to their high levels of

internal validity. However, this high internal validity comes at a cost of

external validity.80 In research and practice, both internal and external

validity play a crucial role as they both provide important information

not only about effectiveness, but also among which setting, context

or conditions an intervention might work. Nonetheless, only 9 out of

31 papers included in this review published additional articles beyond

the effectiveness publication, and if they were published, they were

often not indexed together or published in the same journal. Despite

the increased availability of theoretical guidance for scalability over

the last decade,13,17,19,20 there remains a lack of empirical evidence

on what works in what setting. Researchers are encouraged to inte-

grate the potential for scalability in all phases of the innovation, and

to publish data relevant for scalability so other researchers can learn

from their example, which will eventually increase the reach, adoption

and impact of effective interventions.80

4.1 | Strengths and limitations

To the best of our knowledge, our article is the first review to explore

the scalability of medication adherence intervention for CVD patients.

This was done by combining a systematic approach for identifying

studies with realist synthesis methods which allowed the inclusion of

different study designs and methodologies. Moreover, traditional data

synthesis methods in systematic reviews are aimed at producing a

weighted average outcome for all included studies. As scalability is a

complicated construct, the realist review methodology allowed us to

produce new theories and hypotheses about scalability rather than

giving a single weighted scalability score for all included studies. Addi-

tionally, a theoretical framework specific for scalability was used and

both the methodology and findings were refined with the input from

experts in the fields of medication adherence and dissemination and

implementation science.13

A limitation of the study is that despite the theoretical foundation

and input from experts, data often had to be derived indirectly from

the articles, which was a subjective process. For example, costs of the

interventions were seldom mentioned, but could be derived from the

time spent by the interventionist. Similarly, the level of adaptation or

core components of the intervention were rarely mentioned, but were

gauged by the researchers on agreed upon definitions and common

sense. The primary researchers were not experienced with realist syn-

thesis. However, they did consult frequently with K.Z., a co-author

with experience with realist synthesis. Moreover, data extraction was

based on predefined definitions and frameworks, and the double

review of papers in our research team minimized the subjectivity of

interpretation.

Additionally, for most of the included articles, relevant data on

scalability was lacking. This was particularly the case for the last two

domains of the theoretical framework, “attributes of the adopting orga-

nisations and health system” and “socio-political context”. As a result,

there might be more domains or hypotheses relevant for scalability of

medication adherence interventions for CVD patients that this review

has not been able to find. For example, cost-effectiveness plays an

important role in scalability, but unfortunately cost-effectiveness ana-

lyses are lacking for the majority of the studies, which limits this

review's ability to make hypotheses based on cost-effectiveness.

Another limitation is that this review did not include a quality

appraisal. Quality appraisals for these studies, such as the Cochrane

risk-of-bias tool for randomized trials (RoB2), assesses potential risk

of bias for the effectiveness of interventions, whereas the focus of

this review was on the scalability of the interventions.85

This review focused on interventions conducted in Europe, the

United States, Canada, Australia and New Zealand in order to increase

the comparability of healthcare systems, and therefore cannot draw

any conclusions about scalability in healthcare systems outside of

these areas.

Additionally, Dutch authors whose articles were included in the

systematic search were more often willing to answer questionnaires

and participate in interviews. This is due to the majority of the

researchers involved in this review being Dutch. They were often

familiar with the authors of Dutch studies, which likely made the latter

more willing to participate in interviews or questionnaires. Moreover,

the authors of this review are familiar with the Dutch healthcare set-

ting or might be familiar with additional publications from the same

project, which allowed them to use more data from included studies

conducted in the Netherlands.

5 | CONCLUSIONS

Our realist synthesis-inspired review explored the scalability of effec-

tive CVD medication adherence interventions and identified six attri-

butes of interventions relevant for scalability, including the complexity

of an intervention, training, customization of the intervention, drivers

of the intervention, technical interventions and stakeholder involve-

ment. Data relevant for scalability are often not well reported on in

effectiveness trials for CVD medication adherence interventions and

only a handful of projects published results relevant for scalability in

additional papers. Researchers are encouraged to integrate the poten-

tial for scalability in all phases of the intervention, and to publish impor-

tant results such as attributes of the intervention, the implementers,
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patients and adopting healthcare organizations and the socio-political

context. We believe the adoption and reach of effective CVD medica-

tion adherence interventions will improve with increased awareness for

the necessity of scalability in all phases of intervention development.

ACKNOWLEDGEMENTS

We thank Jareth Sommer and Batuhan Tipirdamaz (BSc interns Health

Sciences, Vrije Universiteit Amsterdam) for their help with the system-

atic search and study selection. We also would like to thank the

experts who participated in the expert sessions: Prof. dr. Bart van den

Bemt (Sint Maartenskliniek & Radboud University), prof. dr. Hayden

Bosworth (Duke University, School of Medicine), prof. dr. Sabina de

Geest (Unibas, Institute of Nursing Science), dr. Bradi Granger (Duke

University, Margolis Center for Health Policy) dr. Femke van Nassau

(Vrije Universiteit Amsterdam, Department of Public and Occupational

Health) and Jasmijn Timp (ZonMw, Dutch scientific research funding

agency). We sincerely thank all authors of included studies who have

taken the time to fill out a questionnaire or participate in an interview

for this review.

Dr Zullig thanks the Center for Innovation to Accelerate Discov-

ery and Practice Transformation (ADAPT) at the Durham Veterans

Affairs Health Care System for its support. The funder had no role in

the design, collection, analysis and interpretation of data or the writ-

ing of the manuscript in the commissioning of the study or in the deci-

sion to submit this manuscript for publication.

COMPETING INTERESTS

Liset van Dijk and Marcia Vervloet received funding from TEVA Phar-

maceutical for a study not related to this study. The other authors

declare no conflicts of interest.

CONTRIBUTORS

All authors contributed to the conception and design of the study,

analysis and interpretation of the data. S.H. and L.S. conducted the

systematic search. S.H., M.V., K.Z. and L.v.D. conducted the realist

synthesis. S.H., M.V. and L.v.D. drafted the first version of the manu-

script. All authors critically revised the manuscript for important intel-

lectual content. All authors approved the submitted version.

DATA AVAILABILITY STATEMENT

All data generated or analysed during this study are included in this

published article (and its supplementary information files).

ORCID

Stijn Hogervorst https://orcid.org/0000-0001-9276-2675

REFERENCES

1. WHO. (2021). Cardiovascular diseases (CVDs). https://www.who.int/

news-room/fact-sheets/detail/cardiovascular-diseases-(cvds). Publi-

shed June 11, 2021. Accessed May 31, 2022.

2. Ferdinand KC, Senatore FF, Clayton-Jeter H, et al. Improving medica-

tion adherence in cardiometabolic disease. J Am Coll Cardiol. 2017;

69(4):437-451. doi:10.1016/j.jacc.2016.11.034

3. Kronish IM, Ye S. Adherence to cardiovascular medications: lessons

learned and future directions. Prog Cardiovasc Dis. 2013;55(6):590-

600. doi:10.1016/j.pcad.2013.02.001

4. Chowdhury R, Khan H, Heydon E, et al. Adherence to cardiovascular

therapy: a meta-analysis of prevalence and clinical consequences. Eur

Heart J. 2013;34(38):2940-2948. doi:10.1093/eurheartj/eht295

5. Leslie KH, McCowan C, Pell JP. Adherence to cardiovascular medica-

tion: a review of systematic reviews. J Public Health (Oxf). 2019;41(1):

e84-e94. doi:10.1093/pubmed/fdy088

6. Rodriguez F, Maron DJ, Knowles JW, Virani SS, Lin S,

Heidenreich PA. Association of statin adherence with mortality in

patients with atherosclerotic cardiovascular disease. JAMA Cardiol.

2019;4(3):206-213. doi:10.1001/jamacardio.2018.4936

7. Fuller RH, Perel P, Navarro-Ruan T, Nieuwlaat R, Haynes RB,

Huffman MD. Improving medication adherence in patients with car-

diovascular disease: a systematic review. Heart (Br Cardiac Soc). 2018;

104(15):1238-1243. doi:10.1136/heartjnl-2017-312571

8. Balas EA, Boren SA. Managing clinical knowledge for health care

improvement. Yearb Med Inform. 2000;9(1):65-70. doi:10.1055/s-

0038-1637943

9. Green LW, Glasgow RE, Atkins D, Stange K. Making evidence from

research more relevant, useful, and actionable in policy, program plan-

ning, and practice. Am J Prev Med. 2009;37(6):S187-S191. doi:10.

1016/j.amepre.2009.08.017

10. Zullig LL, Gellad WF, Moaddeb J, et al. Improving diabetes medication

adherence: successful, scalable interventions. Patient Prefer Adher-

ence. 2015;9:139-149. doi:10.2147/PPA.S69651

11. Costa E, Giardini A, Savin M, et al. Interventional tools to improve

medication adherence: review of literature. Patient Prefer Adherence.

2015;9:1303-1314. doi:10.2147/PPA.S87551

12. Milat AJ, King L, Bauman AE, Redman S. The concept of scalability:

increasing the scale and potential adoption of health promotion inter-

ventions into policy and practice. Health Promot Int. 2013;28(3):285-

298. doi:10.1093/heapro/dar097

13. Zamboni K, Schellenberg J, Hanson C, Betran AP, Dumont A.

Assessing scalability of an intervention: why, how and who? Health

Policy Plan. 2019;34(7):544-552. doi:10.1093/heapol/czz068

14. Berwick DM. Disseminating innovations in health care. Jama. 2003;

289(15):1969-1975.

15. Rogers EM. In: 5th ed, ed. Diffusion of innovations. New York: Free

Press; 2003.

16. Barker PM, Reid A, Schall MW. A framework for scaling up health

interventions: lessons from large-scale improvement initiatives in

Africa. Implement Sci. 2016;11:12. doi:10.1186/s13012-016-0374-x

17. Cooley L, Kohl R. Scaling Up—From Vision to Large-Scale Change: Tools

and Techniques for Practitioners. Arlington, VA: Management Systems

International; 2012.

18. World Health Organization. Beginning with the end in mind: Planning

pilot projects and other programmatic research for successful scaling up.

Geneva: World Health Organization; 2011.

19. Massoud R. An Approach to Rapid Scale-up Using HIV/AIDS Treatment

and Care as an Example. Geneva: World Health Organization; 2004.

20. WHO. Practical Guidance for Scaling Up Health Service Innovations.

Geneva: World Health Organization; 2009.

21. Glaser EM, Ableson HH, Garrison KN. Putting Knowledge to Use: Facil-

itating the Diffusion of Knowledge and the Implementation of Planned

Change. San Francisco, CA: Jossey-Bass; 1983.

22. Dumont A, Betrán AP, Kaboré C, et al. Implementation and evaluation

of nonclinical interventions for appropriate use of cesarean section in

low- and middle-income countries: protocol for a multisite hybrid

effectiveness-implementation type III trial. Implement Sci. 2020;15(1):

72. doi:10.1186/s13012-020-01029-4

23. Pawson R, Greenhalgh T, Harvey G, Walshe K. Realist review—a new

method of systematic review designed for complex policy

HOGERVORST ET AL. 2017

 13652125, 2023, 7, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bcp.15418 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [01/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-9276-2675
https://orcid.org/0000-0001-9276-2675
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
info:doi/10.1016/j.jacc.2016.11.034
info:doi/10.1016/j.pcad.2013.02.001
info:doi/10.1093/eurheartj/eht295
info:doi/10.1093/pubmed/fdy088
info:doi/10.1001/jamacardio.2018.4936
info:doi/10.1136/heartjnl-2017-312571
info:doi/10.1055/s-0038-1637943
info:doi/10.1055/s-0038-1637943
info:doi/10.1016/j.amepre.2009.08.017
info:doi/10.1016/j.amepre.2009.08.017
info:doi/10.2147/PPA.S69651
info:doi/10.2147/PPA.S87551
info:doi/10.1093/heapro/dar097
info:doi/10.1093/heapol/czz068
info:doi/10.1186/s13012-016-0374-x
info:doi/10.1186/s13012-020-01029-4


interventions. J Health Serv Res Policy. 2005;10(Suppl 1):21-34. doi:

10.1258/1355819054308530

24. Pawson R, Tilley N. Realistic Evaluation. London: Sage; 1997.

25. Rycroft-Malone J, McCormack B, Hutchinson AM, et al. Realist syn-

thesis: illustrating the method for implementation research. Implement

Sci. 2012;7(1):33. doi:10.1186/1748-5908-7-33

26. Zamboni K, Baker U, Tyagi M, Schellenberg J, Hill Z, Hanson C. How

and under what circumstances do quality improvement collaboratives

lead to better outcomes? A systematic review. Implement Sci. 2020;

15(1):27. doi:10.1186/s13012-020-0978-z

27. Wong G, Greenhalgh T, Westhorp G, Buckingham J, Pawson R. RAM-

ESES publication standards: realist syntheses. BMC Med. 2013;11(1):

21. doi:10.1186/1741-7015-11-21

28. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med.

2005;353(5):487-497. doi:10.1056/NEJMra050100

29. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a

web and mobile app for systematic reviews. Syst Rev. 2016;5(1):210.

doi:10.1186/s13643-016-0384-4

30. Abughosh SM, Wang X, Serna O, et al. A pharmacist telephone inter-

vention to identify adherence barriers and improve adherence among

nonadherent patients with comorbid hypertension and diabetes in a

Medicare Advantage Plan. J Manag Care Spec Pharm. 2016;22(1):63-

73. doi:10.18553/jmcp.2016.22.1.63

31. Abughosh SM, Wang X, Serna O, et al. A motivational interviewing

intervention by pharmacy students to improve medication adherence.

J Manag Care Spec Pharm. 2017;23(5):549-560. doi:10.18553/jmcp.

2017.23.5.549

32. Abughosh SM, Vadhariya A, Johnson ML, et al. Enhancing statin

adherence using a motivational interviewing intervention and past

adherence trajectories in patients with suboptimal adherence.

J Manag Care Spec Pharm. 2019;25(10):1053-1062. doi:10.18553/

jmcp.2019.25.10.1053

33. Blenkinsopp A, Phelan M, Bourne J, Dakhil N. Extended adherence

support by community pharmacists for patients with hypertension: a

randomised controlled trial. Int J Pharm Pract. 2000;8(3):165-175. doi:

10.1111/j.2042-7174.2000.tb01002.x

34. Borah BJ, Qiu Y, Shah ND, Gleason PP. Impact of provider

mailings on medication adherence by Medicare Part D

members. Healthc (Amst). 2016;4(3):207-216. doi:10.1016/j.hjdsi.

2016.02.004

35. Bouvy ML, Heerdink ER, Urquhart J, Grobbee DE, Hoes AW,

Leufkens HGM. Guidance improves compliance. Pharmacist stimu-

lates proper use of loop diuretics in patient with heart failure. Pharm

Weekbl. 2003;138(41):1432-1439.

36. Brennan TA, Dollear TJ, Hu M, et al. An integrated pharmacy-based

program improved medication prescription and adherence rates in

diabetes patients. Health Aff. 2012;31(1):120-129. doi:10.1377/

hlthaff.2011.0931

37. Casebeer L, Huber C, Bennett N, et al. Improving the

physician–patient cardiovascular risk dialogue to improve statin

adherence. BMC Fam Pract. 2009;10(1):48. doi:10.1186/1471-2296-

10-48

38. Doshi JA, Lim R, Li P, et al. A synchronized prescription refill program

improved medication adherence. Health Aff (Millwood). 2015;35(8):

1504-1512. doi:10.1377/hlthaff.2015.1456

39. Eussen SR, van der Elst ME, Klungel OH, et al. A pharmaceutical care

program to improve adherence to statin therapy: a randomized con-

trolled trial. Ann Pharmacother. 2010;44(12):1905-1913. doi:10.

1345/aph.1P281

40. Holdford DA, Inocencio TJ. Adherence and persistence associated

with an appointment-based medication synchronization program. J

Am Pharm Assoc. 2013;53(6):576-583. doi:10.1331/JAPhA.2013.

13082

41. Hovland R, Bremer S, Frigaard C, et al. Effect of a pharmacist-led

intervention on adherence among patients with a first-time

prescription for a cardiovascular medicine: a randomized controlled

trial in Norwegian pharmacies. Int J Pharm Pract. 2019;28(4):337-345.

doi:10.1111/ijpp.12598

42. Kardas P. An education-behavioural intervention improves adherence

to statins. Central Eur J Med. 2013;8(5):580-585.

43. Kooij MJ, Heerdink ER, Van Dijk L, Van Geffen ECG, Belitser SV,

Bouvy ML. Effects of telephone counselling intervention by pharma-

cists (TelCIPI) on medication adherence; results of a cluster random-

ized trial. Pharm Weekbl. 2016;152(37):19-26.

44. Lee JK, Grace KA, Taylor AJ. Effect of a pharmacy care program on

medication adherence and persistence, blood pressure, and low-

density lipoprotein cholesterol: a randomized controlled trial. JAMA.

2006;296(21):2563-2571. doi:10.1001/jama.296.21.joc60162

45. Murray MD, Young J, Hoke S, et al. Pharmacist intervention to

improve medication adherence in heart failure: a randomized trial.

Ann Intern Med. 2007;146(10):714-725. doi:10.7326/0003-4819-

146-10-200705150-00005

46. Nguyen TM, La Caze A, Cottrell N. Validated adherence scales used

in a measurement-guided medication management approach to target

and tailor a medication adherence intervention: a randomised con-

trolled trial. BMJ Open. 2016;6(11):e013375. doi:10.1136/bmjopen-

2016-013375

47. Ogedegbe GO, Boutin-Foster C, Wells MT, et al. A randomized con-

trolled trial of positive-affect intervention and medication adherence

in hypertensive African Americans. Arch Intern Med. 2008;172(4):

322-326. doi:10.1001/archinternmed.2011.1307

48. Park H, Adeyemi A, Wang W, Roane TE. Impact of a telephonic out-

reach program on medication adherence in Medicare Advantage Pre-

scription Drug (MAPD) plan beneficiaries. J Am Pharm Assoc. 2016;

57(1):62-66.e2.

49. Patel A, Cass A, Peiris D, et al. A pragmatic randomized trial of a

polypill-based strategy to improve use of indicated preventive treat-

ments in people at high cardiovascular disease risk. Eur J Prev Cardiol.

2014;22(7):920-930. doi:10.1177/2047487314530382

50. Pladevall M, Brotons C, Gabriel R, et al. Multicenter cluster-randomized

trial of a multifactorial intervention to improve antihypertensive medi-

cation adherence and blood pressure control among patients at high

cardiovascular risk (the COM99 study). Circulation. 2010;122(12):1183-

1191. doi:10.1161/CIRCULATIONAHA.109.892778

51. Pringle JL, Boyer A, Conklin MH, McCullough JW, Aldridge A. The

Pennsylvania Project: pharmacist intervention improved medication

adherence and reduced health care costs. Health Aff (Millwood). 2014;

33(8):1444-1452. doi:10.1377/hlthaff.2013.1398

52. Ruppar TM. Randomized pilot study of a behavioral feedback inter-

vention to improve medication adherence in older adults with hyper-

tension. J Cardiovasc Nurs. 2010;25(6):470-479. doi:10.1097/JCN.

0b013e3181d5f9c5

53. Schneider PJ, Murphy JE, Pedersen CA. Impact of medication packag-

ing on adherence and treatment outcomes in older ambulatory

patients. J Am Pharm Assoc. 2008;48(1):58-63. doi:10.1331/JAPhA.

2008.07040

54. Schulz M, Griese-Mammen N, Anker SD, et al. Pharmacy-based inter-

disciplinary intervention for patients with chronic heart failure: results

of the PHARM-CHF randomized controlled trial. Eur J Heart Fail.

2019;21(8):1012-1021. doi:10.1002/ejhf.1503

55. Selak V, Elley CR, Bullen C, et al. Effect of fixed dose combination

treatment on adherence and risk factor control among patients at

high risk of cardiovascular disease: randomised controlled trial in pri-

mary care. BMJ. 2014;348:g3318. doi:10.1136/bmj.g3318

56. Stewart K, George J, McNamara KP, et al. A multifaceted pharmacist

intervention to improve antihypertensive adherence: a cluster-ran-

domized, controlled trial (HAPPy trial). J Clin Pharm Ther. 2014;39(5):

527-534. doi:10.1111/jcpt.12185

57. Stuurman-Bieze AGG, Hiddink EG, van Boven JFM, Vegter S. Proac-

tive pharmaceutical care interventions improve patients' adherence

2018 HOGERVORST ET AL.

 13652125, 2023, 7, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bcp.15418 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [01/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

info:doi/10.1258/1355819054308530
info:doi/10.1186/1748-5908-7-33
info:doi/10.1186/s13012-020-0978-z
info:doi/10.1186/1741-7015-11-21
info:doi/10.1056/NEJMra050100
info:doi/10.1186/s13643-016-0384-4
info:doi/10.18553/jmcp.2016.22.1.63
info:doi/10.18553/jmcp.2017.23.5.549
info:doi/10.18553/jmcp.2017.23.5.549
info:doi/10.18553/jmcp.2019.25.10.1053
info:doi/10.18553/jmcp.2019.25.10.1053
info:doi/10.1111/j.2042-7174.2000.tb01002.x
info:doi/10.1016/j.hjdsi.2016.02.004
info:doi/10.1016/j.hjdsi.2016.02.004
info:doi/10.1377/hlthaff.2011.0931
info:doi/10.1377/hlthaff.2011.0931
info:doi/10.1186/1471-2296-10-48
info:doi/10.1186/1471-2296-10-48
info:doi/10.1377/hlthaff.2015.1456
info:doi/10.1345/aph.1P281
info:doi/10.1345/aph.1P281
info:doi/10.1331/JAPhA.2013.13082
info:doi/10.1331/JAPhA.2013.13082
info:doi/10.1111/ijpp.12598
info:doi/10.1001/jama.296.21.joc60162
info:doi/10.7326/0003-4819-146-10-200705150-00005
info:doi/10.7326/0003-4819-146-10-200705150-00005
info:doi/10.1136/bmjopen-2016-013375
info:doi/10.1136/bmjopen-2016-013375
info:doi/10.1001/archinternmed.2011.1307
info:doi/10.1177/2047487314530382
info:doi/10.1161/CIRCULATIONAHA.109.892778
info:doi/10.1377/hlthaff.2013.1398
info:doi/10.1097/JCN.0b013e3181d5f9c5
info:doi/10.1097/JCN.0b013e3181d5f9c5
info:doi/10.1331/JAPhA.2008.07040
info:doi/10.1331/JAPhA.2008.07040
info:doi/10.1002/ejhf.1503
info:doi/10.1136/bmj.g3318
info:doi/10.1111/jcpt.12185


to lipid-lowering medication. Ann Pharmacother. 2013;47(11):1448-

1456. doi:10.1177/1060028013501146

58. Vollmer WM, Owen-Smith AA, Tom JO, et al. Improving adherence to

cardiovascular disease medications with information technology.

Am J Manag Care. 2014;20(11 Spec No. 17):SP502-SP510.

59. Vrijens B, Belmans A, Matthys K, de Klerk E, Lesaffre E. Effect of inter-

vention through a pharmaceutical care program on patient adherence

with prescribed once-daily atorvastatin. Pharmacoepidemiol Drug Saf.

2006;15(2):115-121. doi:10.1002/pds.1198

60. Yeung DL, Alvarez KS, Quinones ME, et al. Low-health literacy

flashcards & mobile video reinforcement to improve medication

adherence in patients on oral diabetes, heart failure, and hypertension

medications. J Am Pharm Assoc. 2016;57(1):30-37. doi:10.1016/j.

japh.2016.08.012

61. Bacci JL, McGrath SH, Pringle JL, Maguire MA, McGivney MS.

Implementation of targeted medication adherence interventions

within a community chain pharmacy practice: The Pennsylvania Pro-

ject. J Am Pharm Assoc. 2014;54(6):584-593. doi:10.1331/JAPhA.

2014.14034

62. Eickhoff C, Griese-Mammen N, Müeller U, et al. Primary healthcare

policy and vision for community pharmacy and pharmacists in

Germany. Pharm Pract (Granada). 2021;19(1):2248. doi:10.18549/

pharmpract.2021.1.2248

63. Hein A-E, Vrijens B, Hiligsmann M. A digital innovation for the per-

sonalized management of adherence: analysis of strengths, weak-

nesses, opportunities, and threats. Front Med Technol. 2020;2:18. doi:

10.3389/fmedt.2020.604183

64. Hong M, Esse T, Vadhariya A, et al. Evaluating success factors of a

medication adherence tracker pilot program in improving Part D med-

ication adherence metrics in a Medicare Advantage Plan: importance

of provider engagement. J Manag Care Spec Pharm. 2020;26(5):662-

667. doi:10.18553/jmcp.2020.26.5.662

65. Kooy MJ, Van Geffen ECG, Heerdink ER, Van Dijk L, Bouvy ML.

Patients' general satisfaction with telephone counseling by pharma-

cists and effects on satisfaction with information and beliefs about

medicines: results from a cluster randomized trial. Patient Educ Couns.

2015;98(6):797-804. doi:10.1016/j.pec.2015.02.020

66. Kooy MJ, van Wijk B, Heerdink ER, de Boer A, Bouvy ML. A commu-

nity pharmacist-led intervention to improve adherence to lipid-

lowering treatment by counseling and an electronic reminder device:

results of a randomized controlled trial in The Netherlands. Int J Clin

Pharmacol. 2014;35(5):879-880.

67. Lau R, Stewart K, McNamara KP, et al. Evaluation of a community

pharmacy-based intervention for improving patient adherence to

antihypertensives: a randomised controlled trial. BMC Health Serv Res.

2010;10(1):34. doi:10.1186/1472-6963-10-34

68. Laufs U, Griese-Mammen N, Krueger K, et al. PHARMacy-based

interdisciplinary program for patients with Chronic Heart Failure

(PHARM-CHF): rationale and design of a randomized controlled trial,

and results of the pilot study. Eur J Heart Fail. 2018;20(9):1350-1359.

doi:10.1002/ejhf.1213

69. Morrow DG, Weiner M, Deer MM, et al. Patient-centered instruc-

tions for medications prescribed for the treatment of heart failure.

Am J Geriatr Pharmacother. 2004;2(1):44-52. doi:10.1016/s1543-

5946(04)90006-2

70. Murray MD, Morrow DG, Weiner M, et al. A conceptual framework to

study medication adherence in older adults. Am J Geriatr Pharmacother.

2004;2(1):36-43. doi:10.1016/s1543-5946(04)90005-0

71. Murray MD, Young JM, Morrow DG, et al. Methodology of an ongo-

ing, randomized, controlled trial to improve drug use for elderly

patients with chronic heart failure. Am J Geriatr Pharmacother. 2004;

2(1):53-65. doi:10.1016/s1543-5946(04)90007-4

72. Stewart K, McNamara KP, George J. Challenges in measuring medica-

tion adherence: experiences from a controlled trial. Int J Clin

Pharmacol. 2014;36(1):15-19. doi:10.1007/s11096-013-9877-6

73. Stuurman-Bieze AGG, van den Berg PB, Tromp TFJ, de Jong-van den

Berg LTW. Computer-assisted medication review for asthmatic

patients as a basis for intervention. Constructing and validating an

algorithmic computer instrument in pharmacy practice. Pharm World

Sci. 2004;26(5):289-296. doi:10.1023/b:phar.0000042926.99705.61

74. Tucker KL, Sheppard JP, Stevens R, et al. Self-monitoring of blood

pressure in hypertension: a systematic review and individual patient

data meta-analysis. PLoS Med. 2017;14(9):e1002389. doi:10.1371/

journal.pmed.1002389
75. van Boven JFM, Stuurman-Bieze AGG, Hiddink EG, Postma MJ,

Vegter S. Medication monitoring and optimization: a targeted phar-

macist program for effective and cost-effective improvement of

chronic therapy adherence. J Manag Care Spec Pharm. 2014;20(8):

786-792. doi:10.18553/jmcp.2014.20.8.786
76. Vegter S, Oosterhof P, van Boven JFM, Stuurman-Bieze AGG,

Hiddink EG, Postma MJ. Improving adherence to lipid-lowering ther-

apy in a community pharmacy intervention program: a cost-

effectiveness analysis. J Manag Care Spec Pharm. 2014;20(7):722-

732. doi:10.18553/jmcp.2014.20.7.722
77. Wood F, Salam A, Singh K, et al. Process evaluation of the impact and

acceptability of a polypill for prevention of cardiovascular disease.

BMJ Open. 2015;5(9):e008018. doi:10.1136/bmjopen-2015-008018

78. Scheirer MA. Linking sustainability research to intervention types.

Am J Public Health. 2013;103(4):e73-e80. doi:10.2105/AJPH.2012.

300976
79. Hugtenburg JG, Timmers L, Elders PJ, Vervloet M, van Dijk L. Defini-

tions, variants, and causes of nonadherence with medication: a chal-

lenge for tailored interventions. Patient Prefer Adherence. 2013;7:675-

682. doi:10.2147/PPA.S29549
80. Koh S, Lee M, Brotzman LE, Shelton RC. An orientation for new

researchers to key domains, processes, and resources in implementation

science. Transl Behav Med. 2020;10(1):179-185. doi:10.1093/tbm/iby095
81. Shelton RC, Dunston SK, Leoce N, et al. Predictors of activity level and

retention among African American lay health advisors (LHAs) from The

National Witness Project: implications for the implementation and

sustainability of community-based LHA programs from a longitudinal

study. Implement Sci. 2016;11(1):41. doi:10.1186/s13012-016-0403-9
82. Brownson RC, Fielding JE, Maylahn CM. Evidence-based public

health: a fundamental concept for public health practice. Annu Rev

Public Health. 2009;30(1):175-201. doi:10.1146/annurev.publhealth.

031308.100134
83. Brownson RC, Colditz GA, Proctor EK (Eds). Dissemination and Imple-

mentation Research in Health: Translating Science to Practice. Oxford:

Oxford University Press; 2012. doi:10.1093/acprof:oso/

9780199751877.001.0001.
84. Smits PA, Denis J-L. How research funding agencies support science

integration into policy and practice: an international overview. Imple-

ment Sci. 2014;9(1):28. doi:10.1186/1748-5908-9-28

85. Sterne JA, Savovi�c J, Page MJ, et al. RoB 2: a revised tool for

assessing risk of bias in randomised trials. BMJ. 2019;366.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Hogervorst S, Vervloet M,

Adriaanse MC, et al. Scalability of effective adherence

interventions for patients using cardiovascular disease

medication: A realist synthesis-inspired systematic review. Br

J Clin Pharmacol. 2023;89(7):1996‐2019. doi:10.1111/bcp.

15418

HOGERVORST ET AL. 2019

 13652125, 2023, 7, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bcp.15418 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [01/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

info:doi/10.1177/1060028013501146
info:doi/10.1002/pds.1198
info:doi/10.1016/j.japh.2016.08.012
info:doi/10.1016/j.japh.2016.08.012
info:doi/10.1331/JAPhA.2014.14034
info:doi/10.1331/JAPhA.2014.14034
info:doi/10.18549/pharmpract.2021.1.2248
info:doi/10.18549/pharmpract.2021.1.2248
info:doi/10.3389/fmedt.2020.604183
info:doi/10.18553/jmcp.2020.26.5.662
info:doi/10.1016/j.pec.2015.02.020
info:doi/10.1186/1472-6963-10-34
info:doi/10.1002/ejhf.1213
info:doi/10.1016/s1543-5946(04)90006-2
info:doi/10.1016/s1543-5946(04)90006-2
info:doi/10.1016/s1543-5946(04)90005-0
info:doi/10.1016/s1543-5946(04)90007-4
info:doi/10.1007/s11096-013-9877-6
info:doi/10.1023/b:phar.0000042926.99705.61
info:doi/10.1371/journal.pmed.1002389
info:doi/10.1371/journal.pmed.1002389
info:doi/10.18553/jmcp.2014.20.8.786
info:doi/10.18553/jmcp.2014.20.7.722
info:doi/10.1136/bmjopen-2015-008018
info:doi/10.2105/AJPH.2012.300976
info:doi/10.2105/AJPH.2012.300976
info:doi/10.2147/PPA.S29549
info:doi/10.1093/tbm/iby095
info:doi/10.1186/s13012-016-0403-9
info:doi/10.1146/annurev.publhealth.031308.100134
info:doi/10.1146/annurev.publhealth.031308.100134
info:doi/10.1093/acprof:oso/9780199751877.001.0001
info:doi/10.1093/acprof:oso/9780199751877.001.0001
info:doi/10.1186/1748-5908-9-28
info:doi/10.1111/bcp.15418
info:doi/10.1111/bcp.15418

	Scalability of effective adherence interventions for patients using cardiovascular disease medication: A realist synthesis-...
	1  INTRODUCTION
	2  METHODS
	2.1  The realist review approach
	2.2  Step 1. Defining the scope of the review
	2.2.1  Expert sessions

	2.3  Step 2. Search for evidence
	2.3.1  Search strategy
	2.3.2  Eligibility criteria
	2.3.3  Study selection
	2.3.4  Manual search for additional papers
	2.3.5  Additional data collection with questionnaire and interviews

	2.4  Step 3. Appraise primary studies and data extraction
	2.4.1  Data extraction

	2.5  Step 4. Synthesize evidence and drawing conclusions

	3  RESULTS
	3.1  Systematic search results
	3.2  Characteristics of included studies
	3.3  Additional data collection by manual search and questionnaires/interviews
	3.3.1  Data extraction based on theoretical framework

	3.4  Hypotheses about important attributes for the scalability of CVD medication adherence interventions
	3.4.1  Complexity of the intervention
	3.4.2  Training
	3.4.3  Customization of the intervention
	3.4.4  Drivers of the intervention
	3.4.5  Technical interventions
	3.4.6  Stakeholder involvement


	4  DISCUSSION
	4.1  Strengths and limitations

	5  CONCLUSIONS
	ACKNOWLEDGEMENTS
	COMPETING INTERESTS
	CONTRIBUTORS
	DATA AVAILABILITY STATEMENT

	REFERENCES


