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Background: Polypharmacy (the use of multiple medications) is common in older patients and achieving a balance be-
tween appropriate and inappropriate polypharmacy is a challenge routinely faced by prescribers. It is recommended to
incorporate the use of theory when developing complex interventions, but it is not known if theoretically derived in-
terventions aimed at improving appropriate polypharmacy are effective.
Objective: This systematic review aimed to establish the overall effectiveness of theoretically derived interventions on
improving appropriate polypharmacy and to investigate the degree to which theory informed intervention design.
Methods: Seven electronic databases were searched from inception to August 2021 including hand-searching of refer-
ence lists. Interventions developed using a theory, involving the use of a validated tool to assess prescribing, delivered
in primary care to participants with a mean age of≥65 years and prescribed≥four medications, were included. Data
was extracted independently by two reviewers. The Theory Coding Scheme (TCS) was applied to evaluate the use of
theory; Risk of Bias (RoB) was assessed using the Cochrane RoB 2.0 tool.
Results: Two studies, one feasibility study and one randomised controlled trial (RCT) were included, and therefore
overall effectiveness of the theoretically derived intervention could not be assessed. Theory used in development
included the Theoretical Domains Framework and Reason's system-based risk management theory. The RCT was
rated to have a high RoB. Based on the TCS, neither study used theory completely.
Conclusion: The effectiveness of theoretically derived interventions to improve appropriate polypharmacy in primary
care could not be determined due to the small number of studies and their heterogeneity. Further incorporation of the-
ory into intervention development is required to understand the effectiveness of this approach.
Prospero registration: CRD42020157175.
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1. Introduction

The world's population is ageing; it is estimated that one in six people
will be over the age of 65 years by 2050.1 In 2018, for the first time, people
aged over 65 years outnumbered children under five years of age.1 As the
diagnosis, treatment and management of medical conditions improves,
life expectancy has increased. Consequently, there has been an increased
burden on healthcare resources, with health expenditure per capita
projected to grow from 2015 to 2030 at an average annual rate of 2.7%
across the Organisation for Economic Co-Operation and Development
(OECD) countries.2 In Ireland, expenditure on healthcare expected to in-
crease to 8% of Gross National Income in Ireland by 2050, in comparison
to 6.5% in 2016.3 People are living longer, but not necessarily in better
health; as the population ages, the prevalence of degenerative and chronic
conditions e.g. dementia, and the prevalence of multimorbidity (the pres-
ence of two or more long-term conditions)4 is also rising. In 2015, over
half of those aged over 65 years in England had multimorbidity.5

The increase in the prevalence of chronic conditions and multimorbidity
results in the prescribing of multiple medications, commonly termed ‘poly-
pharmacy’, for which there is currently no one accepted definition.6–8 It is
common for authors to use the definition that best fits with similar studies
in order to compare and contrast findings. Historically, ‘polypharmacy’ was
defined numerically (e.g. ≥4 regular medications) and viewed negatively,
as it was widely acknowledged that the more medications a patient was pre-
scribed, the more likely they were to suffer from adverse effects, such as drug
interactions, poor adherence and side effects, related to those medications.9

In turn, these may lead to increased hospitalisation, morbidity and in
some cases, mortality. However, guidelines now often advocate for
the prescribing of more than one medication to manage chronic condi-
tions and prescribers are challenged to achieve the most appropriate
combination of medications for patients who have more than one condi-
tion and require multiple medications.

A recent Cochrane review10 by Rankin et al. assessed the effectiveness
of 32 interventions to improve the use of polypharmacy in older people,
and concluded that the quality of the evidence base overall was very low,
largely due to the high risk of bias in included studies. Included studies
did not find clinically significant improvements in appropriate polyphar-
macy post-intervention For example, pooled study results noted that phar-
maceutical care, as the intervention, reduced the proportion of patients
with one or more potentially inappropriate medication (risk ratio (RR)
0.79, 95% CI 0.61 to 1.02; 11 studies; N = 3079) but the certainty of the
evidence, assessed using the GRADE approach, was ‘very low’. This review
did not systematically examine the use of theory underpinning the inter-
ventions, however, the authors noted that studies lacked detailed reporting
on the methodological development of the interventions, and recom-
mended that future intervention designs could benefit from adopting the
United Kingdom Medical Research Council's (MRC) framework11 for the
development of complex interventions.

The MRC's framework advocates for a systematic approach and the use
of theory in the development of complex interventions, as it states that this
ismore likely to lead to enhanced effectiveness.11 Theory is defined as a ‘set
of concepts, definitions and propositions that explain or predict… events or
2

situations by illustrating the relationships between variables’.12 Using the-
ory in intervention development can overcome potential researcher as-
sumptions as to what is (or is not) effective within the intervention.13 It
assists researchers and healthcare professionals in understanding the mech-
anisms of change underlying the intervention's effects.14 Incorporating a
theoretical approach in intervention development helps researchers to de-
termine the components that work and in what contexts.15

Use of theory is becoming more common in healthcare interventions
and has been used in various medication-related interventions such as anti-
biotic prescribing,16,17 opioid prescribing,18,19 diabetes care,20 adherence
to medication,21 and cardiovascular disease.22 Common theories used in
healthcare interventions include the COM-B model (Capability, Opportu-
nity, Motivation-Behaviour), Social Cognitive Theory and the Theory of
Planned Behaviour. The COM-B model proposes three components which
must be engaged to deliver and maintain behaviour change as the compo-
nents interact with each other (Michie et al. 2011).23 Social Cognitive The-
ory also notes the interactions of three components notably personal,
environmental and behavioural factors and their importance in behaviour
change. This is a social learning theory that proposes people will learn
from their experiences but also by observing others conducting the
behaviour.24 The Theory of Planned Behaviour25 (TPB) is derived from
the Theory of Reasoned Action26 (TRA) and is useful in understanding
how people's behaviour changes. According to the TPB, an individual's be-
haviour is guided by three categories of beliefs: normative, control and be-
havioural and proposes that behaviour is not a voluntary action and it
therefore cannot always be controlled.

The Theory Coding Scheme (TCS), developed by Michie and
Prestwich27 allows researchers to determine the extent to which theory is
used in development of interventions. It contains 19 items split into six cat-
egories: (i) if a theory is mentioned, (ii) the theoretical constructs targeted,
(iii) how the theory was used in the intervention, (iv) the measurement of
constructs, (v) the testing ofmediation effects and (vi) if the intervention re-
sults were used to refine the theory (Appendix 1). The TCS has been
adopted in numerous systematic reviews examining behaviour change28–32

and will be used for this purpose in this systematic review.
Themajority of older people's medications aremanaged in primary care

by their general practitioner (GP) and community pharmacist, and there-
fore, as a setting, primary care is ideal to deliver interventions aimed at im-
proving appropriate polypharmacy. However to date, no review has
explored the use of theory in the design of interventions aimed at improving
appropriate polypharmacy in primary care.

The aim of this review is to establish the overall effectiveness of theoret-
ically derived interventions on improving appropriate polypharmacy for
older people in primary care and to investigate the degree to which theory
informed the intervention design and the theories that were used.

2. Methods

2.1. Protocol

The protocol for this review was approved by and registered with
PROSPERO, an international prospective register of systematic reviews
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[CRD42020157175], and was developed with reference to the Preferred
Reporting Items for Systematic Review and Meta-analysis Protocols
(PRISMA-P).33,34 This systematic review follows methods used by a
Cochrane review investigating interventions to improve appropriate
polypharmacy,10 in addition to the approach taken by Patton et al.32

which aimed to establish the theoretical base of interventions to improve
medication adherence in older adults. This review has been reported in
line with the PRISMA statement35 and a completed PRISMA checklist is
available in Appendix 2.

2.2. Eligibility criteria

Included studies had to meet the criteria stated in the Cochrane Effec-
tive Practice and Organisation of Care (EPOC) Review Group's Data Collect
Checklist.36 All randomised controlled trials (RCTs), non-randomised con-
trolled trials (non-RCTs), controlled before-and-after studies and
interrupted time series studies were eligible for inclusion. Feasibility stud-
ies, pilot studies and study protocols were also eligible.

Interventions had to utilise a theoretical concept or framework in the
development of the intervention and be delivered in a primary care setting
to be considered for inclusion. The study population had to have amean age
of 65 years or over and be prescribed four or more medications, the same
definition of polypharmacy used in Rankin et al.'s Cochrane review, 0dis-
cussed above. Prescribing appropriateness had to be assessed using at
least one validated tool, either implicit (judgement-based) or explicit (crite-
rion-based). Studies not written in the English language were excluded.

2.3. Data sources and search strategy

The search strategy was developed by a subject librarian and reviewed
by a second subject librarian prior to undertaking the searches. A search of
seven electronic databases covering the medical and pharmaceutical peer-
reviewed literature was undertaken (CINAHL, the Cochrane Library,
Embase, MEDLINE, PsycINFO, SCOPUS and Web of Science). The trial reg-
istry ClinicalTrials.gov andUSNational Institutes of Health (NIH)were also
searched. Studies published from inception of the database to the search
date were considered for inclusion. The original search was conducted in
August 2019 and updated in August 2021. The reference lists of eligible
studies were also hand-searched. The search strategy was adapted for
each database, and contained the following terms: ‘polypharmacy’, ‘aged’
and ‘primary health care’. The search string used for MEDLINE, as an exam-
ple, is shown in Appendix 3.

2.4. Study records

After removal of duplicates, two review authors screened titles and ab-
stracts to identify studies for inclusion using Covidence®, an online tool de-
veloped to streamline the systematic review process. Full-text articles were
reviewed and assessed for eligibility by two review authors. Any disagree-
ments over inclusion at full text review stage were discussed and agreed
with a third review author. Study authors were contacted (if contact details
were provided) to request full-text articles if these were not available to the
authors, or to ask for clarification on methodology or results if needed.

2.5. Data collection and analysis

Data extraction forms were pre-defined and developed a priori. The
form was piloted with two reviewers independently using an agreed
study for inclusion. The two reviewers then independently extracted data
from all included studies using the data extraction form. It was anticipated
that a meta-analysis would not be feasible, therefore a narrative synthesis
was planned to present the results of the review.

The primary outcome of interest was the use of theory in the interven-
tion development. The TCS (Appendix 1) was used to evaluate the theoret-
ical underpinning of included studies and the extent to which the theory
aided the development of the intervention. Categories 1 to 3 represented
3

the extent of theory used in the development of the intervention, while cat-
egories 4 to 6 encompassed the testing and refinement of the theory used.
On the TCS application form, each item in the categories was labelled
with the potential responses yes/ no/don't know. An overall judgement
of yes/no/partially was then applied to each category on whether the
study met all, none, or some of the relevant TCS items. An overall judge-
ment of ‘yes’ was assigned if all items within the category were met, an
overall judgement of ‘no’ if none of the items within the category were
met and an overall judgement of ‘partially’ if some of the items within
the category were met. The second primary outcome-if the theoretically
derived intervention achieved appropriate polypharmacy-was also
assessed.

Secondary outcomes of interest included economic (i.e. cost-
effectiveness), clinical (i.e. hospitalisation) and/or humanistic (i.e. quality
of life) guided by the ECHO (Economic, Clinical andHumanistic Outcomes)
model37 and appropriate prescribing as assessed by the chosen validated
assessment tool.
2.6. Risk of bias of individual studies

Two reviewers (AG and AR) conducted independent risk of bias assess-
ments on included studies using the Cochrane Risk of Bias version 2.0
(RoB2) tool38 for RCTs and Risk Of Bias in Non-randomised Studies – of In-
terventions (ROBINS-I)39 for non-RCTs (Sterne et al. 2016).

RoB2 tool provides a framework to assess the possible risk of bias in the
results of a RCT. RoB2 is divided into 5 domains: (i) bias arising from the
randomization process, (ii) bias due to deviations from intended interven-
tions, (iii) bias due to missing outcome data, (iv) bias in measurement of
the outcome, and (v) bias in selection of the reported result. Judgement
on the risk of bias is facilitated by signalling questions within the RoB2
tool, where response options include: yes; probably yes; probably no; no;
no information. Using the RoB2, studies are assigned a level of bias rating
of low, high or unclear. Higgins et al.40 provide a detailed document to as-
sist the user in implementing RoB2 which has been used effectively in a
number of systematic reviews.41–43 ROBINS-I addresses seven domains of
bias: (i) confounding, (ii) selection bias, (iii) measurement classification
of interventions, (iv) deviations from intended interventions, (v) missing
data, (vi) measurement of outcomes, (vii) selection of the reported result.
Like the RoB2 tool, judgement in each domain is enabled by signalling
questions with response options of: yes, probably yes, probably no, no, no
information. Some questions will only require an answer if a response to
a previous question is yes/ probably yes, or no/ probably no. Signalling
questions will determine a judgement of low risk, moderate risk, serious
risk or critical risk.
3. Results

3.1. Study selection

Electronic searches identified 15,402 records and hand searches identi-
fied a further three records. After removal of duplicates, 12,416 records
were screened using the title and abstract. A total of 330 records were
assessed for eligibility. Four articles44–47 were identified as eligible for in-
clusion (Fig. 1). Two publications by Tovio et al. were identified as eligible
for inclusion, one that reports the study protocol for the RCT which is pre-
sented in the second paper. Therefore, these two separate publications,
which represent one individual study are included as one study.

A protocol paper47 on the pilot study developed from the feasibility
work undertaken by Cadogan et al.,44 was identified (and registered
-NCT04181879) but was not included for review as the study had not
been completed and published. Due to the small number of included stud-
ies, and their heterogeneity, a narrative summary is provided. Thus, two
studies, Cadogan et al.44, a feasibility study, and Toivo et al.46, a RCT, are
discussed in this review.

http://ClinicalTrials.gov


Fig. 1. PRISMA flowchart of the systematic review process.
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3.2. Study characteristics

Due to the small number of included studies, the use of theory and the
range of outcome measures, a narrative synthesis was conducted. Between
the two studies, a total of 201 participants were involved (range: 10–191).
The percentage of females ranged from 60 to 90% and the mean age of par-
ticipants ranged from 73 to 82 years. The mean number of medications
ranged from 6.4 to 13.1 medications.

A feasibility study conducted by Cadogan et al.44 in the United Kingdom
included 10 participants (60% female), with an age range of 68–78 years
and themean number of medicines prescribedwas 6.4medications. The in-
tervention was developed using the Theoretical Domains Framework
(TDF).48 The development phase14,49 included interviews with GPs (n =
15) and community pharmacists (n = 15). Findings from these interviews
were then mapped to Behaviour Change Techniques (BCTs)50 and embed-
ded within the intervention. The finalised intervention involved four com-
ponents: (i) GPs watched an educational video on how to prescribe
appropriate polypharmacy during a routine consultation, (ii) explicit
plans weremade between practice staff to ensure patients receive amedica-
tion review, (iii) patients attended the practice for a scheduled medication
review and (iv) GPs were prompted to carry out a medication review, by
practice staff, when the patient arrived at the practice. The GPs involved
4

in the study (n=4) were positive about the tools used in the intervention,
namely the educational video, and all GPs reported changes to patients' pre-
scriptions as a result of the medication review process. Patients involved
were satisfied with the medication review consultation.

Cadogan et al.44 intended to use the Screening Tool of Older People's po-
tentially inappropriate Prescriptions (STOPP)/Screening Tool to Alert doc-
tors to Right Treatment (START)51 and Medication Appropriateness Index
(MAI)52 to assess prescribing appropriateness, following intervention im-
plementation. STOPP/START is an explicit prescribing tool (i.e. criterion-
based) which lists instances of potentially inappropriate medications
(STOPP) and potential prescribing omissions (START). STOPP lists specific
medications, dosages, durations of therapy and drug-drug/drug-disease
interactions that are unfavourable in older people. START lists medica-
tions that should be prescribed, i.e. those that are clinically indicated in
certain clinical conditions. The MAI52 is an implicit (i.e. judgement-
based) assessment specifically for use in older patients and includes
ten individual criteria that should be considered when assessing the ap-
propriateness of each medication prescribed. Each criterion is rated and
all scores from each medication are summated to establish an overall
MAI score. As feasibility studies focus on the acceptability of the inter-
vention, the outcomes assessed by Cadogan et al.44 do not fit within
the ECHO framework.37
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Toivo et al.46 conducted an RCT in Finland, with 191 participants (90%
female) with an age range of 65–96 years. Although Toivo et al.46 did not
include a definition of polypharmacy, included patients were prescribed
an average of 13.1 medications, therefore the study was eligible for inclu-
sion in this review. The intervention involved a coordinated medication
risk management (CoMM) procedure, and its development was theoreti-
cally guided by Reason's systems-based risk management theory on pre-
venting human errors.53 The CoMM included five main stages, involving
collaboration between healthcare professionals (nurses, pharmacists and
general practitioners) at various stages to identify and resolve clinically sig-
nificant medication related problems. These stages included (i) risk assess-
ment (via medication reconciliation and prescription review) by nurses and
pharmacists, (ii) a triage meeting between pharmacists and GP to decide on
course of action e.g. type of medication review, to take, (iii) medication re-
views undertaken by pharmacists, with decisions on course of action made
by GPs (iv) implementation of recommendations following the medication
review and (v) follow-up stage involving patient monitoring.

The primary outcome was medication related problems requiring inter-
vention, assessed by identifying potentially inappropriatemedication usage
using the Beers criteria,54 an explicit tool to assess prescribing appropriate-
ness. Excessive use of anticholinergic and serotonergic medications and
clinically significant drug interactions were also assessed. Participant or pa-
tient feedback was not included in their reported results. The authors note
that the triage meeting between pharmacists and GPs was feasible and en-
abled more time for the healthcare professionals to focus on patients with
more healthcare needs, however, this was not included as an outcomemea-
sure, nor officially assessed within the study.

Summary characteristics of the two included studies are shown in
Table 1.

3.3. The theory coding scheme

Neither of the included studies aimed to test and refine the underpin-
ning theory, such as adding or removing constructs to the theory applied.
Therefore, only categories 1–3 (i.e. the extent of theory used in the develop-
ment of the intervention) of the TCS are discussed in this review. Categories
4–6 encompass the testing and refinement of the theory usedwhichwas not
Table 1
Summary of included study characteristics.

Study (country) Study type Participant characteristics
1. Number of participants

(% female)
2. Mean age (±SD)
3. Mean No. medications

(±SD)

Intervention target
and provider

Brie

Cadogan et al.44

(United Kingdom)
Feasibility
study

1. 10 (60%)
2. 73.1 (±4.04)
3. 6.4 (±2.2)

Target: General
Practitioner (GP)
Provider: Researcher

Inte
wat
pres
poly
for
(3)
betw
nec
pro
prac
arri

Toivo et al.46

(Finland)
RCT 1. 191 (90%)

2. 82.8 (±7.1)
3. 13.1 (±4.1)

Target: Home care
nurse, Coordinating
pharmacist, GP,
Community
pharmacist
Provider: Researcher

Five
med
mee
med
pha
requ
med

MAI=Medication Appropriateness Index RCT= Randomised Controlled Trial SD= S
Screening Tool to Alert doctors to the Right Treatment.

5

undertaken. The main findings from categories 1–3 are presented below
and summarised in Table 2.

3.4. Category 1: Is theory mentioned?

Both studies mentioned theory. Cadogan et al.44 based their interven-
tion on a framework, the TDF, while Toivo et al. 46 based their intervention
on a single theory, Reason's System-Based Risk Management Theory.53 The
TDF is a collection of 33 theories of behaviour and behaviour change,
grouped into 14 domains (knowledge; skills; social/professional role and
identity; beliefs about capabilities; optimism; beliefs about consequences;
reinforcement; intentions; goals;memory, attention and decision processes;
environmental context and resources; social influences; emotion and be-
havioural regulation). Cadogan et al.44 conducted qualitative interviews
with GPs and community pharmacists, based on the TDF. These interviews
aimed to identify possible theoretical domains/constructs that GPs and
community pharmacists perceived as barriers or facilitators in the prescrib-
ing of appropriate polypharmacy for older people.14

Reason's System-Based Risk Management Theory on preventing human
error53 was applied to guide the construction of the CoMM procedure used
by Toivo et al.46 The system approach states that humans are expected to
make errors and it may not be possible tomake humans error-free, however
the conditions and the environment in which humans work can be altered
by introducing barriers and safeguards to thework environment to enhance
safety.53 Reason considers team work to be one type of safeguard.53 CoMM
involved nurses, pharmacists and GPs working together to identity and re-
solve medication-related problems and provided additional geriatric phar-
macotherapy and system-based medication risk management education to
healthcare professionals involved. Toivo et al.46 did not link any specific
constructs of Reason's System-BasedRiskManagement Theory as predictors
of ensuring appropriate medication use.

3.5. Category 2: Are relevant theoretical constructs targeted by the intervention?

In the intervention described by Cadogan et al.,44 the domains that
arose during the interviews were thenmapped to BCTs from an established
taxonomy and embedded into the intervention as ‘active ingredients’.14 A
f description of intervention Theory used Validated tool
to assess
prescribing
appropriateness

Primary outcome
(s)

rvention components (1) GPs
ched educational video on
cribing appropriate
pharmacy (2) patients attended
scheduled medication review
explicit plans were made
een practice staff to target

essary patients (4) GPs were
mpted to carry out this plan by
tice staff when the patient
ved at the practice

Theoretical
Domains
Framework

STOPP/START
MAI

Usability and
acceptability of
intervention to GPs
and patients
Acceptability of
medication review
by patients

step process involving (1)
ication risk screening (2) triage
ting (3) collaborative
ication reviews by community
rmacists (4) implementation of
ired actions, changes to
ications (5) follow-up

Reason's
systems-based
risk
management
theory on
preventing
human errors

Beers' criteria Clinically
significant
medication-related
risks needing
intervening actions
using Beers' criteria

tandard deviation STOPP/START= Screening Tool of Older Person's Prescriptions/



Table 2
Main findings from categories 1–3 of the Theory Coding Scheme for included studies.

Item
no.

Cadogan et al.44 Toivo et al.46

Category 1: Is theory mentioned?a 1 Yes – TDF Yes – Reason's system-based risk management theory
2 Yes - Targeted constructs mentioned as predictors of

behaviour
No - Authors did not state that the constructs of the theory used
were predictors of ensuring appropriate medication use

3 No – TDF Yes – Reason's system-based risk management theory
Rating Partially Partially

Category 2: Are relevant theoretical constructs
targeted by the intervention?b

2 Yes – as above No - as above
5 Yes – Theory was used to select intervention

techniques which were than mapped to BCTs
No – Theory was used to guide the model development, but not to
select intervention techniques

7 Yes - All intervention techniques are explicitly linked
to theoretical constructs/predictors

No – Theory was used to guide the model development, not select
intervention techniques

8 Yes – see item 7 No – see item 7
9 Yes – see item 7 No – see item 7
10 Yes - All constructs were explicitly linked to at least

one intervention technique
No – Theory was used to guide the model development, but not to
select intervention techniques

11 Yes – see item 10 No – see item 11
Rating Yes No

Category 3: Is theory used to tailor the
intervention to select the intervention
recipients?c

4 No – Participants were selected on meeting
pre-defined inclusion criteria, not on using theory

No – Participants were selected on meeting pre-defined inclusion
criteria, not on using theory

6 No – Intervention was not tailored to recipients
based on theory

No – Intervention was not tailored to recipients based on theory

Rating No No

BCT = Behaviour Change Techniques TDF = Theoretical Domains Framework.
a Rating of ‘yes’ if study met TCS items 1, 2 and 3 in category 1. Rating of ‘partially’ if study met any of the TCS in category 1. Rating of ‘no’ if study did not meet any TCS

items in category 1.
b Rating of ‘yes’ if studymet TCS items 2 and 5 and 7, 8 or 9 and 10 or 11 in category 2. Rating of ‘partially’ if study met any of the TCS items in category 2. Rating of ‘no’ if

study did not meet any TCS items in category 2.
c Rating of ‘yes’ if studymet TCS items 4 and 6 in category 3. Rating of ‘partially’ if studymet any if the TCS items in category 3. Rating of ‘no’ if study did not meet any TCS

items in category 3.
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BCT is defined as a component of an intervention that is designed to alter
the processes that regulate that behaviour.55 The BCTs embedded in the in-
tervention include salience of consequences, modelling or demonstrating
behaviour, action planning and prompts/cues. As a result, theoretical con-
structs are targeted by the intervention. In the study described by Toivo
et al.,46 Reason's system-based risk management theory was used to
‘guide’ the intervention development and was not used to select interven-
tion techniques.

3.6. Category 3: Is theory used to select intervention recipients or tailor
interventions?

In the study by Cadogan et al.,44 theory was not used to select partici-
pants, nor was it used to tailor the intervention.44 In the study by Tovio
et al.,46 study participants were not recruited based on theory and the inter-
vention was not tailored to participants based on theory.

3.7. Effectiveness of theoretically derived interventions to improve appropriate
polypharmacy

As only one feasibility study and one RCT were included in the review,
the effectiveness of theoretically derived interventions aimed at improving
appropriate polypharmacy in primary care could not be determined. It was
not feasible for Cadogan et al.44 to apply the validated assessment tools
(STOPP/START and MAI) to the prescribing data collected, notably due
to insufficient level of detail of clinical diagnoses and treatment durations
recorded.44

Due to medication changes being only partially applied, Toivo et al.46

analysed data with the intention to treat (ITT) and per protocol analysis.
Data from all participants, regardless of medication changes, was analysed
for the ITT. Intervention arm participants with at least one implemented
medication change and all control group participants' data was analysed
for the per protocol analysis.

In the ITT analysis, no significant changes were found in any
medication-related outcome between the intervention and control groups
from baseline to 12-months follow-up. For example, the number of
6

potentially inappropriatemedications, according to Beers' criteria, in the in-
tervention group (N = 65) at baseline and 12 month's follow-up was 61
(93.9%) and 63 (96.9%) respectively; in the control group (N = 64) was
58 (90.6%) at baseline and 57 (89.1%) at 12 months' follow-up.

Similarly, per protocol analysis did not identify any significant differ-
ence in medication-related outcomes between the intervention group per
protocol and the control group over the 12-month follow-up period. For ex-
ample, the number of potentially inappropriate medications according to
Beers' criteria in the intervention group per protocol (N = 27) was 26
(96.3%) at baseline and 25 (92.6%) at 12 months' follow-up. There was a
notable decrease in the use of benzodiazepines in the intervention group
per protocol (from 55.6 to 37.0%; p = 0.03) and in the proportion of
patients using≥3 psychotropicmedications (from 18.5 to 7.4%; p=0.07).

3.8. Risk of bias of individual studies

Toivo et al.46 was judged to have a high risk of bias using the RoB2 tool,
largely due to the study being open-label in design. Fig. 2 provides an over-
view of the quality rating for Toivo et al.46 A risk of bias grading for
Cadogan et al.44 could not be established via the ROBINS-I tool due to the
feasibility nature of the study.

4. Discussion

This is the first systematic review to provide an examination of theoret-
ically derived interventions aimed at providing appropriate polypharmacy
to older adults in primary care. Only one feasibility study (Cadogan et al.)44

and one RCT (Toivo et al.)45,46were included, signifying the lack of theoret-
ically derived interventions in this area, using validated tools to assess the
appropriateness of prescribing, and consequently the overall effectiveness
of theoretically derived interventions to improve appropriate polyphar-
macy could not be established. In the two included studies, intervention de-
velopment was based on different theories, theories were used to varying
degrees, studies varied in descriptions of how andwhy they chose their pre-
ferred theory and neither study tested or refined the theory.



Fig. 2. Risk of bias summary for Toivo et al.46
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As mentioned above only two studies were included in this systematic
review, Cadogan et al. used the TDF44 while Toivo et al. used Reason's
system-based risk management theory.46 The TDF is a widely cited frame-
work that is used in healthcare intervention development and is also used
to understand components of people's behaviour. As the TDF brings to-
gether 33 different behaviour theories, it is relatively easily applied, and
with 14 domains, it covers a wide range of behaviour change components in-
cluding knowledge, beliefs about capabilities, environmental context and re-
sources, and social/professional role and identity.56 Cadogan et al.44 noted
that the TDF simplifies psychological theory in behaviour change which
makes the theories more accessible to non-health psychologists,44 and as
they intended to change GP behaviour around prescribing, it was necessary
to include a behaviour change theory. Interventions that have used the TDF
in their development include interventions to improve the management of
acute low back pain in general practice,57 the management of mild traumatic
brain injury in the emergency department,58 best hand hygiene prac-
tices amongst healthcare practitioners59 and interventions to improve
adherence to polypharmacy,60 and many have noted intervention effec-
tiveness attributable to using the TDF as the theoretical framework in
their development.56,57,59 A recent systematic review61 investigating
the use of the TDF in health behaviour intervention development concluded
that there is limited evidence on how the framework has been used to support
behaviour change interventions and that further research is required to estab-
lish how to effectively apply the TDF to intervention development.

The theory used by Toivo et al., Reason's system-based riskmanagement
theory, is commonly used in studies explore the occurrence and causes of
errors. For example, it has been used to identify perceived causes of pre-
scribing errors by junior doctors and medical interns,62,63 to understand
the causes of non-adherence to prescribed medications64 and to explore
the supply of non-prescription medications from community pharmacies.65

Tovio et al. used this theory to construct the collaborative procedures be-
tween healthcare professionals involved in the intervention, although
how this was undertaken is not described in either paper associated with
this study.45,46

Selecting an appropriate theory for use in intervention development can
be challenging, especially for novice researchers. It is therefore likely that
researchers may choose a theory of which they are knowledgeable and
comfortable using, even if it does not meet all relevant categories of the
planned intervention. Birken et al.66 state that guidance is needed in theory
selection, however this would be challenging given the wide range of theo-
ries and study designs. A recent study67 suggests four key questions when
choosing a theory: 1) what is the mechanism of action, and does it fit the
theory? 2) can the theory be implemented? 3) can the theory be used in
similar contexts? 4) can the theory be used in different contexts? It is impor-
tant that researchers clearly state their reasons and intentions for selecting
such theory in their intervention design and development. Knowing the
focus of both interventions, it is understandable why each theory was cho-
sen for the interventions.

The application of the TCS to these two studies demonstrated that only
Cadogan et al.44 applied theory in the selection of constructs for use in the
intervention, and neither study attempted to refine the theory used. These
elements associated with theory use, including a detailed rationale of the
theory chosen, are often not described in intervention studies.27,32,68–70
7

It was not possible to examine the effectiveness of theory-based inter-
ventions to improve appropriate polypharmacy in primary care, because
of the lack of published studies and outcomes. Additionally, one of the stud-
ies was not sufficiently powered to establish the effectiveness of the inter-
vention, i.e. it was a feasibility study. A feasibility study is often
conducted before a main study, as recommended by the MRC framework11

and is used to estimate parameters for design in the larger study, such as re-
cruitment, data collection and follow-up rates.71 Feasibility studies rarely
focus on the main outcomes of interest, but more on the acceptability of
what is included in the study; this was the approach taken by Cadogan
et al.44 and there was no attempt to assess the effectiveness of the interven-
tion. Overall, Toivo et al.46 did not report intervention effectiveness, but
when examined carefully via per protocol analysis, a reduction in central
nervous system medications was found, along with a decrease in the use
of benzodiazepines and opioids, as well as a decline in the proportion of
participants using ≥3 psychotropic medications. This is a positive finding
as there are significant negative outcomes associatedwith long-term benzo-
diazepine and opioid use including falls, dependency, hospitalisation and
dementia72–76 amongst others, and the challenges connected to
deprescribing these are widely reported77–79; therefore a reduction in
their prescribing is welcomed.

Whilst a significant reduction in potentially inappropriate medications
was not observed by Toivo et al.46, the study highlighted challenges in
working with different healthcare professionals, such as physicians and
community pharmacists. Challenges in implementation of the proposed
study, for example, limited resources and reluctant attitudes from
healthcare professionals involved, were noted by Toivo et al.46. A pilot
studymay have identified these challenges, thus enabling Toivo et al. to ad-
dress them, potentially making the RCT more effective. Guidelines by the
MRC recommend the use of pilot studies in complex interventions11 before
proceeding to a RCT. However, the use of theory in intervention effective-
ness could not be determined in this review due to the small number of in-
cluded studies.

This systematic review has highlighted that, despite theory being rec-
ommended as part of intervention development,11 it is not routinely used
in intervention development focusing on appropriate polypharmacy. This
should be addressed in future studies. Implementing theory has become
simplified in recent years due to numerous theoretical frameworks being
developed, such as the TDF48 and the Behaviour Change Wheel.23 It is
not entirely clear yet if we should advocate for the use of theory in this
area. The TCS has highlighted that studies utilising theory in the develop-
ment of interventions did not use theory it its full extent. Whilst developed
as a tool to assess use of theory in developed interventions, the TCS could
also be referred to during intervention development as a guide of where
and when to use theory in the intervention.

4.1. Strengths and limitations

This systematic review is the first to examine the extent of theory in the
development of interventions aimed to improve appropriate polypharmacy
for older people in primary care, using validated tools to assess prescribing,
and has identified a gap in the literature surrounding theoretically derived
interventions focusing on appropriate polypharmacy. This review has been
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reported in adherence with the PRISMA guidelines for systematic
reviews.35

This review was limited to articles published in the English language.
Comprehensive search strategies were conducted for this review, however
studies that met the inclusion criteria but were not adequately indexed,
may have been missed. Studies that did not define polypharmacy as at
least four or more medications, or the average number of medications pre-
scribedwas under four, were excluded. The assessment of theory was based
on the information supplied by the authors. Studies involving the use of the-
ory may have been missed or excluded from the review, if theory was not
clearly stated.

5. Conclusion

It is evident from this review that there is a lack of theoretically derived
studies aiming to achieve appropriate polypharmacy in older people. Due
to only two studies being included in the review, including one feasibility
study, no overall conclusion on the effectiveness of theoretically derived in-
terventions could be drawn. The incorporation of theory into intervention
development in the area of appropriate polypharmacy should be
C

C

C

C

C

8

encouraged. The theory used needs to be carefully chosen and fully under-
stood by the researchers before applying it to intervention development.
Guidelines on incorporating theory into intervention development and
guidance on selecting appropriate theory is required.
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Appendix 1

The theory coding scheme (adapted from Patton et al.).32
TCS category
 Items
 Description
ategory 1: Is theory mentioned?
 Theory/model of behaviour mentioned (Item 1)
 Models/ theories that specify relations amongst variables to explain or predict
behaviour are mentioned, even if the intervention is not based on this theorya
Targeted construct mentioned as predictor of behaviour
(Item 2)
Evidence that the psychological construct related to (correlates/predicts/causes)
behaviour should be presented within the introduction or methoda
Intervention based on single theory (Item 3)
 The intervention is based on a single theory (rather than a combination of theories
or predictors)a
ategory 2: Are relevant theoretical
constructs targeted by the
intervention?
Targeted construct mentioned as predictor of behaviour
(Item 2)
As above
Theory/predictors used to select/develop intervention
techniques (Item 5)
The intervention is explicitly based on a theory or predictor or combination of
theories or predictorsa
All intervention techniques are explicitly linked to at least
one theory-relevant construct/predictor (Item 7)
Each intervention technique is explicitly linked to as least one theory-relevant
construct/predictora
At least one, but not all, of the intervention techniques are
explicitly linked to at least one theory-relevant construct/-
predictor (Item 8)
At least one, but not all, of the intervention techniques are explicitly linked to at
least one theory-relevant construct/predictora
Group of techniques are linked to a group of
constructs/predictors (Item 9)
A cluster of techniques is linked to a cluster of constructs/predictorsa
All theory-relevant constructs/ predictors are explicitly
linked to at least one intervention technique (Item 10)
Every theoretical construct within a stated theory, or every stated predictor (see
item 5), is linked to at least one intervention techniquea
At least one, but not all, of the theory relevant
constructs/predictors are explicitly linked to at least one
intervention technique (Item 11)
At least one, but not all, of the theoretical constructs within a stated theory or at
least one, but not all, of the stated predictors (see item 5) are linked to at least one
intervention techniquea
ategory 3: Is theory used to select
intervention recipients or tailor
interventions?
Theory/predictors used to select recipients for the
intervention (Item 4)
Participants were screened/selected based on achieving a particular score/level on
a theory-relevant construct/predictora
Theory/predictors used to tailor intervention techniques to
recipients (Item 6)
The intervention differs for different sub-groups that vary on a psychological
construct (e.g. stage of change) or predictor at baselinea
ategory 4: Are the relevant
theoretical constructs measured?
Theory-relevant constructs/predictors are measured (Item
12)
At least one construct of theory (or predictor) mentioned in relation to the
intervention is measured post-intervention
At least one construct of theory (or predictor) mentioned in relation to the
intervention is measured pre- and post-interventiona
Quality of measures (Item 13)
 All of the measures of theory-relevant constructs/predictors had some evidence for
their reliability
At least one, but not all, of the measures of theory relevant constructs/predictors
had some evidence for their reliability
All of the measures of theory relevant constructs/predictors have been previously
validated
At least one, but not all, of the measures of theory relevant constructs/predictors
have been previously validated
The behaviour measure had some evidence for its reliability
The behaviour measure has been previously validateda
ategory 5: Is theory tested?
 Theory relevant constructs/predictors are measured (Item
12)
As above
Quality of measures (Item 13)
 As above

Randomization of participants to condition (Item14)
 Do the authors claim randomization?

Is a method of random allocation to condition described (e.g. random number
generator; coin toss)?
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9

Description

Was the success of randomization tested?
Was the randomization successful (or baseline differences between intervention
and control group statistically controlled)?a
Changes in measured theory-relevant constructs/ predictors
(Item 15)
The intervention leads to significant change in at least one theory-relevant
construct/predictor (vs. control group) in favour of the interventiona
Meditational analysis of constructs/predictors (Item 16)
 Any evidence of hypothesized mediating variable or change in hypothesized
mediating variable predicting independent variableb
Results discussed in relation to theory (Item 17)
 Results are discussed in terms of the theoretical basis of the interventiona
Appropriate support for theory (Item 18)
 Support for the theory is based on appropriate mediation OR refutation of the
theory is based on obtaining appropriate null effects (i.e. changing behaviour
without changing the theory-relevant constructs)a
ategory 6: Is theory refined?
 Results used to refine theory (Item 19)
 The authors attempt to refine the theory upon which the intervention was based by
either a) adding or removing constructs to the theory, or b) specifying that the
interrelationships between theoretical constructs should be changed and spelling
out which relationships should be changeda
a Description from Michie and Prestwich.27
b Description from Farmer et al.31

Appendix 2

Completed PRISMA checklist.
Section/topic
 #
 Checklist item
 Reported on page
#

itle

itle
 1
 Identify the report as a systematic review, meta-analysis, or both.
 1,7
bstract

ructured summary
 2
 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants,

and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.
1,2
troduction

ationale
 3
 Describe the rationale for the review in the context of what is already known.
 3–6

bjectives
 4
 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and

study design (PICOS).

6

ethods

rotocol and
registration
5
 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address) and, if available, provide registration
information including registration number.
7

ligibility criteria
 6
 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publica-
tion status) used as criteria for eligibility, giving rationale.
7

formation sources
 7
 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in
the search and date last searched.
8

arch
 8
 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.
 8, 37 (App.3)

udy selection
 9
 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the

meta-analysis).

8

ata collection process
 10
 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining
and confirming data from investigators.
8,9
ata items
 11
 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications
made.
8

isk of bias in
individual studies
12
 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study
or outcome level), and how this information is to be used in any data synthesis.
9,10
mmary measures
 13
 State the principal summary measures (e.g., risk ration, difference in means).
 N/A

nthesis of results
 14
 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2)) for each

meta-analysis.

N/A
isk of bias across
studies
15
 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting with
studies).
N/A
dditional analyses
 16
 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were
pre-specified.
N/A
esults

udy selection
 17
 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage,

ideally with a flow diagram.

11,12
udy characteristics
 18
 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the
citations.
13–16
isk of bias within
studies
19
 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).
 20,21
esults of individual
studies
20
 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b)
effect estimates and confidence intervals, ideally with a forest plot.
N/A
nthesis of results
 21
 Present the main results of the review. If meta-analyses are done, include for each, confidence intervals and measures of consistency.
 N/A

isk of bias across
studies
22
 Present results of any assessment of risk of bias across studies (see item 15).
 N/A
(continued on next page)
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Section/topic
A

D
Su
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C

Fu
Fu

1
2

3
4
5

6
7
8

9

#
 Checklist item
10
Reported on page
#

dditional analyses
 23
 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see item 16]).
 N/A
iscussion

mmary of evidence
 24
 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups

(e.g., healthcare providers, users, and policy makers).

22–25
mitations
 25
 Discuss limitation at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research,
reporting bias).
25–26
onclusions
 26
 Provide a general interpretation of the results in the context of other evidence, and implications for future research.
 26
nding

nding
 27
 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic

review.

Not supplied in
manuscript
Appendix 3

MEDLINE search string.
Term(s)
 Result
.
 exp Polypharmacy/ (keyword, map term to subject heading)
 5843
.
 (polypharmacy or polymedicine or polypragmas* or pharmacotherapy or ‘multiple pharmacotherapy’ or ‘multiple medicines’ or ‘many medicines’ or ‘multiple
medications’ or ‘many medications’ or ‘multiple drugs’ or ‘many drugs’ or deprescrib* or unprescrib* or ‘drug therapy’ or ‘multi-drug therapy’ or multidrug therapy’ or
‘multiple drug therapy’ or ‘multiple drug treatment’).mp. [mp = title, abstract, original title, name of substance word, subject heading word, floating sub-heading
word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique
identifier, synonyms]
2,559,786
.
 1 or 2
 2,559,786
.
 exp Aged/ (keyword, map term to subject heading)
 3,304,577
.
 (old* or geriatric or elderly or aged or ageing or ‘senior citizen’ or senium).mp. [mp = title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier, synonyms]
6,672,415
.
 4 or 5
 6,672,415
.
 exp primary health care/ (keyword, map term to subject heading)
 177,145
.
 (‘primary care’ or ‘primary medical care’ or ‘primary health care’).mp. [mp = title, abstract, original title, name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]
173,143
.
 7 or 8
 173,143

0.
 3 and 6 and 9
 13,568
1
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