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ABSTRACT：Background: Despite significant research progress surrounding precision medicine
in psychiatry, there has been little tangible impact upon real-world clinical care. Objective: To identify barriers and facilitators affecting the real-world implementation of precision psychiatry.
Method: A PRISMA-compliant systematic literature search of primary research studies, conducted
in the Web of Science, Cochrane Central Register of Controlled Trials, PsycINFO and OpenGrey
databases.of We included primary research studies, including a qualitative data synthesis structured according to the ‘Consolidated Framework for Implementation Research’ (CFIR) key constructs. Results: Of 93,886 records screened, T28wenty-eight studies were suitable for inclusion. The
included studies reported thirty-eight barriers and facilitators attributed to the CFIR constructs.
Commonly reported barriers included: potential psychological harm to the service user (n=11), cost
and time investments (n=9), potential economic and occupational harm to the service user (n=8),
poor accuracy and utility of the model (n=8), and poor perceived competence in precision medicine
amongst staff (n=7). The most highly reported facilitator was the availability of adequate competence and skills training for staff (n=7). Conclusions: Psychiatry faces widespread challenges in the
implementation of precision medicine methods. Innovative solutions are required at the level of the
individual and the wider system to fulfil the translational gap and impact real-world care.

tional affiliations.
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1. INTRODUCTION
Precision medicine describes the tailoring of health care to an individual and their
unique biological, social, and/or environmental profile, or tailoring across stratified
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subgroups.1 Precision medicine replaces the more outdated term ‘personalised medicine’
due to fears that the term could be misinterpreted to suggest that specific interventions
could be developed for each unique individual, which is not the case. Whilst these concepts have existed in somatic medicine for decades, such as the practice of matching the
blood type of transfusion patients to the donor, it has been introduced in psychiatry only
recently.2 Furthermore, recent advances in data-driven mental health care have offered
further promise of embedding precision medicine more firmly across mental health care
services,3–5 in the form of diagnostic (the probability that a particular condition is present),
prognostic (probability of particular outcomes), and prediction (forecasting the response
to specific interventions) models.6 Indeed, demonstrable progress has already been observed in the delivery of oncology7 and cardiology8 services, amongst other fields of medicine. However, psychiatry is yet to observe similar translational success and numerous
criticisms have emerged.9–11
Despite significant progress in the development and validation of clinical prediction
models across psychiatric research, few of these advances have been successfully implemented into clinical practice. In fact, a recent systematic review reported that less than 1%
of individualised prediction models existing in psychiatric literature are considered for
actual implementation in real-world care.6 This clear translational gap necessitates a closer
examination of implementation barriers. Whilst there are a range of informational, regulatory and logistical barriers which impede the progress of precision medicine in general,12–17 psychiatry may also pose distinct challenges in light of the phenomenological
complexity and heterogeneous nature of psychiatric conditions,3,18 the lack of established
pathophysiological pathways in psychiatry,3,19 and unique ethical considerations associated with the historically complex socio-political perceptions and attitudes towards mental illness and psychiatry.20,21 These additional challenges necessitate the systematic identification of key factors that obstacle or promote the implementation of precision psychiatry, to create an empirical framework in order to devise appropriate solutions at the level
of the individual, the organisation and the wider system.
1.1. Aims
This current review aims to systematically examine the existing literature concerning
the key barriers to, and facilitators of, the implementation of precision psychiatry into realworld clinical practice. As such, we aim to develop a framework of barriers and facilitators, structured in accordance with the Consolidated Framework for Implementation Research (CFIR) in order to inform the development of future precision medicine models in
psychiatry.
2. METHODS
2.1. Search Strategy and Selection Criteria
We conducted a PRISMA-compliant (eTable 1) systematic literature review, including
a systematic search strategy (eMethods 1) conducted in Web of Science (including Web of
Science Core Collection, KCI-Korean Journal Database, MEDLINE, Russian Science Citation Index, and SciELO Citation Index), the Cochrane Central Register of Controlled Trials, PsycINFO via Ovid, and the OpenGrey database up to and including publication on
25th October 2020.
The review protocol (PROSPERO: CRD42020182595) aimed to identify relevant literature which reported an assessment of the factors affecting the real-world implementation
of precision psychiatry methods, defined as the application of any method encompassing
diagnostic, prognostic, or predictive models to estimate risk or outcomes at an individual(precision) or subgroup-level (stratified).2 There were no restrictions in place regarding
the types of predictors in use, and the final literature was clustered against predictors
previously validated. The full inclusion and exclusion criteria are listed in Table 1. We also
considered literature which reported on the perspectives of a variety of key stakeholders;
this allowed us to gain a comprehensive and multidisciplinary assessment of barriers and
facilitators throughout all stages of implementation. Any implementation studies or other
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primary research which featured a qualitative, quantitative or mixed-methods examination of barriers and/or facilitators were considered for inclusion. Given the extreme paucity of actual implementation studies,6 we also considered studies for inclusion which
adopted a more hypothetical consideration of implementation (i.e. primary research
which involved stakeholder consultation on the proposed application of aspects of precision psychiatry methods).

Table 1. Inclusion and exclusion criteria.

Inclusion criteria
I) Consultation
▪ Health and social care professionals
with
key
▪ Service users and family members and/or
stakeholders
caregivers
▪ Policymakers
▪ Research scientists
▪ Local community members
II) Precision
▪ Diagnostic, predictive or prognostic models
psychiatry
employing a precision (or stratified)
approach
approach
▪ Specific to the field of psychiatry (i.e. any
DSM/ICD diagnosis)
III) Predictors
▪ Clinical
▪ Sociodemographic
▪ Service use
▪ Behavioural
▪ Biomarkers
(neuroimaging,
genomic,
pharmacogenomic, metabolomic, cognitive)
▪ Any combination of the above
IV) Study design
▪ Primary research studies which consider
actual or proposed implementation
▪ Qualitative, quantitative or mixed methods

Exclusion criteria
NA

▪

Precision
models
relating to traumatic
brain
injury,
neurological disorders
or dementias
NA

▪

Secondary
research
(systematic and nonsystematic reviews, and
meta-analyses)a
Assessment of barriers
and/or facilitators only
raised in the discussion
section
Protocols
Editorials, letters and
commentaries
Expert opinion paperscb
NA

V) Assessment
of barriers/
facilitators

▪

Systematic assessment of barriers and/or
facilitators to precision (or stratified)
psychiatry

▪

VI) Publication
type

▪
▪

Conference abstractsb
Full journal articles

▪
▪

VII)
Level and
quality
of
evidence
VIII) Language
IX) Publication
date

▪

Any level or quality of evidence

▪

Any language
Published from database inception to 25th
October 2020

▪

▪

a

Formatted Table

NA
NA

Reviews were screened for relevant research via the hand-searching of bibliographies.

3

Brain Sci. 2022, 12, x FOR PEER REVIEW

4 of 37

Conference abstracts were only included if they fit all other criteria, including the reporting of
primary research data.
b

Formatted: Not Superscript/ Subscript

Expert opinion papers were flagged for inclusion should the final literature base be too narrow to
facilitate sufficient discussion (<5 studies).
c

DSM = Diagnostic Statistical Manual (any version); ICD = International Classification of Diseases
(any version).

Database results were exported into EndNote X9 and screened within the application. The lead reviewer (HB) conducted title and abstract screening on all exported records
in line with the inclusion criteria outlined below. A second reviewer independently
screened a random 50% sample of the records (LLD) due to the extensive amount of initial
database results. All abstracts which appeared to meet the inclusion criteria were carried
forward to full-text screening; the entire full-text screening process was conducted by two
independent researchers (HB, LLD). Any uncertainties over screening or full-text decisions were consulted with the wider review team and eventually with a senior researcher
(PFP).
2.2. Level of evidence
Given the expected narrow final literature base and in the interest of inclusivity, we
made the decision not to exclude based upon level or quality of evidence. Instead, we
adhered to a simple numerical ranking system to indicate the level of evidence: 1 denotes
stakeholder consultation, 2 denotes pilot and feasibility studies, and randomised controlled trials (RCT) will be assigned a score of 3 to denote higher grade evidence.
2.3. Data Extraction and Analysis
A fit-for-purpose data extraction form was designed for this review and was first
trialled on five studies and subsequently adjusted as necessary before proceeding with
the remaining studies. Data extraction was independently conducted by two reviewers
(HB, LLD) to ensure all relevant information was captured. Supplementary materials outline the categories of data which were extracted for each record (eMethods 2).
The identified barriers and facilitators were systematically synthesised, modelled
upon a systematic approach adopted in a recent review addressing the implementation of
digital health interventions for psychosis and bipolar specifically.22 As such, the data synthesis was guided by the ‘Consolidated Framework for Implementation Research’ (CFIR),23
which provides an outline of factors commonly associated with the implementation of
innovation into clinical practice, corresponding to five key constructs: intervention characteristics, outer setting, inner setting, characteristics of the individuals and the implementation process (described below). Here, we made two minor revisions to these constructs. First, as many precision psychiatry models are not necessarily intervention-based,
the ‘Intervention characteristics’ construct is hereafter referred to as ‘Characteristics of the
model’. Second, the ‘Characteristics of the individuals’ construct will be divided into separate
‘Staff’ and ‘Service user’ constructs in recognition of their distinct roles in the implementation process. Sub-factors were then grouped and discussed within each construct post-hoc
based upon thematic or conceptual similarities raised within the literature.
▪ Characteristics of the model: This construct addresses logistical and practical features of the model which may impact upon implementation, as well as more conceptual components of the model and the corresponding strength, accuracy and
transparency of the evidence upon which the model is based.
▪ Inner setting: Whilst the inner and outer setting constructs are closely linked and
are considered inter-dependent in many respects, this construct refers largely to
features of local infrastructure within which the model will be implemented.
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▪

▪

▪

Outer setting: Closely intertwined with the inner setting, the outer setting largely
takes into consideration the wider system and the external organisations who exist outside of the inner setting, and as such, this construct typically addresses the
economic, social, cultural and political contexts within which the model is being
implemented.
Characteristics of the individuals: This construct considers the individuals involved
in the implementation process at the ground-level, including both those involved
in the delivery of clinical care and those in receipt of this care. As such, in this
current study, we divided this construct into two independent groups of stakeholders due to their unique needs and perspectives: i) health and social care staff
involved in the delivery of care and ii) service users and their families/caregivers.
These constructs address the attitudes, opinions, previous experiences,
skills/knowledge, concerns, needs and potential impact of precision psychiatry
models on these key stakeholder groups.
Implementation process: Finally, this process construct relates to factors which may
affect the actual procedure and operations of implementation, including uptake
of and adherence to the process.

3. RESULTS
3.1. Literature search
Following de-duplication, 93,886 records were screened by abstract, of which 407
were carried forward to full-text screening. A final 28 records met all inclusion criteria
(Figure 1).
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) diagram
detailing the full study selection process.

3.2. Description of the included studies
The included records were published between 1996 and 2020. The final literature base
represented global research from various sites; United States (n=15; 53.6%), United Kingdom (n=3; 10.7%), Australia (n=3; 10.7%), Spain (n=2; 7.1%), Canada (n=1; 3.6%), New Zealand (n=1; 3.6%), Singapore (n=1; 3.6%), Demark (n=1; 3.6%), and one study spanning 22
countries across North and South America, Europe, and Asia-Pacific regions.
Just seven (25.0%) of the 28 included records reported barriers and facilitators derived from the actual real-world implementation of precision psychiatry methods; two
feasibility studies,24,25 one case example,26 and four qualitative studies employing surveys
and/or interviews.27–30 The remaining studies (n=21; 75.0%)31–51 were not primarily based
on implementation data but rather based upon qualitative stakeholder consultation on the
hypothetical implementation of precision psychiatry methodologies. There were no relevant RCTs identified during the screening process.
A diverse range of stakeholders’ opinions were represented within the final literature
base and several studies presented the perspectives of more than one type of stakeholder
group including (Figure 2); health care professionals, such as psychiatrists, psychologists,
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nurses, medical students, and general physicians amongst other health professionals
(n=23; 82.1%),24,25,27–30,32–46,50,51 service users (n=9; 32.1%),25,31,35,39,41,43,46–48 caregivers or family members (n=5; 17.9%),24,35,39,43,47 community members (n=3; 10.7%),36,48,49 and research
scientists (n=2; 7.1%).26,36 There were no included studies which consulted policymakers.

Stakeholder Groups
Policymakers
Research scientists
Community members
Family members/caregivers
Service users
Health care professionals
0

10

20

30

40

50

60

70

80

90

Proportion of studies (%)

.

Figure 2. The stakeholder groups investigated across the included literature and the proportion
(%) of studies consulting each group.

Further, the included literature represented a range of specialist fields of psychiatry
(Figure 3); general psychiatry (n=14; 50.0%),27,28,30,33,34,36–40,42–45 major depression/mood disorders (n=7; 25.0%),29,31,35,41,48,49,51 bipolar disorder (n=3; 10.7%),46,47,51 suicidal behaviours
(n=2; 7.1%),26,32 psychosis (n=1; 3.6%),51 child psychiatry (n=1; 3.6%),24 alcohol use disorders (n=1; 3.6%),50 and the clinical high-risk for psychosis (CHR-P) state (n=1; 3.6%).25

Field of Psychiatry
Clinical high risk for psychosis
Alcohol use disorders
Child psychiatry
Psychosis
Suicidal behaviours
Bipolar disorder
Depression & mood disorders
General psychiatry
0

10

20

30

40

50

60

Proportion of studies (%)
.
Figure 3. The fields of psychiatry investigated across the included literature and the proportion (%)
of studies investigating each field.

There was also a diverse range of precision approaches considered within the literature (Figure 4), including; genetic testing (n=12; 42.9%),35–37,40,42,43,45–47,49–51 pharmacogenomics (n=7; 25.0%),24,27,28,30,33,38,44 clinical prediction models and risk calculators
(n=6; 21.4%),25,26,29,31,32,48 clinical decision supports (n=2; 7.1%),38,39 functional brain imaging (n=1; 3.6%),41 and general Artificial Intelligence (AI)/ Machine Learning (ML) applications (n=1; 3.6%).34 This final literature base discussed a wealth of potential barriers and
facilitators which covered the range of established CFIR constructs.23 Table 2 offers a detailed breakdown of the characteristics of the included studies.
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Precision Approaches
General AI/ML approaches
Functional brain imaging
Clinical decision support systems
Clinical prediction models and risk…
Pharmacogenomics
Genetic testing
0
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30

35
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Figure 4. The precision psychiatry approaches adopted across the included literature and the proportion (%) of studies investigating each approach.

3.3. Level of evidence summary
As no RCT’s were identified during the review process, no records were assigned a
higher-grade score of 3. Seven records (25.0%) were assigned a mid-grade quality score of
2, and the remaining 21 (75.0%) records were assigned a lower-grade score of 1.
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Table 2. Characteristics of the included studies.

First author,
date

Location

Research
method

Field of
psychiatry

Type of
precision
model
Individualised
risk prediction
algorithm

Bellón,
201431

Spain

Focus groups

Depression

Brown,
202032

United
States

Survey

Suicidal
behaviours

Individualised
risk prediction
algorithm

Chan, 201733

Singapore

Survey

General
psychiatry

Pharmacogenomics

Sample

52 serviceusers

139 health care
professionals
(psychologists,
social workers,
psychiatrists,
nurses and
other allied
health
professionals)
167 doctors
and 27
pharmacists
(N=194)

Level of
evidenc
e
1

1

1

Summary of barriers

Summary of
facilitators

Resistance to knowledge
of risk scores; Negative
attitudes towards
psychiatry

Adequate skills and
competence
training;
Availability of
effective
interventions and
counselling

Poor accuracy and utility
of the model; Poor
transparency and
complexity of the model

Poor perceived
competence in precision
medicine; Negative staff
perceptions of precision
medicine; Cost and time
investments; Lack of clear
guidelines; Potential
psychological harm;
Potential economic and
occupational harm

N/A

Availability of
associated
infrastructure
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First author,
date

Location

Research
method

Field of
psychiatry

Type of
precision
model
General
AI/ML
applications

Sample

Doraiswamy
, 202034

Survey

General
psychiatry

Dunbar,
201227†

North
America,
South
America,
Europe
and AsiaPacific
New
Zealand

Surveys and
interviews

General
psychiatry

Pharmacogenomics

33 senior
medical
officers and
registrars

1

Erickson,
201335

United
States

Survey

Mood
disorders

Genetic testing

1

Evanoff,
201636*

United
States

Stakeholder
meetings

General
psychiatry

Genomics

147 service
users,
caregivers and
community
members, and
mental health
professionals
Health care
professionals,
research
scientists, and
community
members (N =
unspecified)

791
psychiatrists

Level of
evidenc
e
1

1

Summary of barriers

Summary of
facilitators

Poor perceived relative
advantage of the model;
Negative staff perceptions
of precision medicine

N/A

Lack of clinical resources;
Poor perceived
competence in precision
medicine; Poor perceived
relative advantage of the
model; Cost and time
investments; Potential
psychological harm
Negative staff perceptions
of precision medicine;
Scepticism in genetics

N/A

Poor accuracy and utility
of the model

Availability of
associated
infrastructure

Engagement and
community
outreach
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First author,
date

Location

Research
method

Field of
psychiatry

Finn, 200537

United
States

Survey

General
psychiatry

Goodspeed,
201938

United
States

Focus groups
and prototype
development

General
psychiatry

Henshall,
201739

United
Kingdom

Focus groups
and prototype
feedback

General
psychiatry

Hoop, 200840

United
States

Survey

General
psychiatry

Type of
precision
model
Genetic testing

Pharmacogenomics
integrated into
a clinical
decision
support
system
Clinical
decision
support
system

Genetic testing

Sample

844
psychiatrists
or
psychiatristsin-training

Level of
evidenc
e
1

16 mental
health
clinicians

1

12 consultant
psychiatrists,
11 primary
care
practitioners
and 8 patients/
carers (N=31)

1

45
psychiatrists

1

Summary of barriers

Summary of
facilitators

Potential stigmatisation;
Potential economic and
occupational harm; Lack
of clinical resources; Poor
perceived competence in
precision medicine
Poor perceived relative
advantage of the model;
Poor previous experience;
Cost and time
investments

N/A

Poor perceived relative
advantage of the model;
Potential psychological
harm; Poor transparency
and complexity of the
model; Cost and time
investments; Poor
accuracy and utility of the
model
Lack of clinical resources;
Poor perceived
competence in precision
medicine

Integration into
current workflow

Collaborative
usage; Trusting
service
user/clinician
relationship; Multimodal models;
Simplicity and
usability of the
model
Availability of
associated
infrastructure
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First author,
date

Location

Research
method

Field of
psychiatry

Hoop,
201028†

United
States

Survey

General
psychiatry

Type of
precision
model
Pharmacogenomics

Illes, 200841

United
States

Survey

Major
depression

Functional
brain imaging

Jenkins,
201642

United
Kingdom

Face-to-face
and telephone
interviews

General
psychiatry

Genetic testing

Laegsgaard,
200843

Denmark

Questionnaire

General
psychiatry

Genetic testing

Sample

75 psychiatry
attending
physicians and
residents

Level of
evidenc
e
1

52
psychiatrists
or
psychologists,
and 72
inpatient and
outpatient
service users
(N=124)
9 psychiatric
staff nurses
and consultant
psychiatrists

1

681 patients
and relatives

1

1

Summary of barriers

Summary of
facilitators

Potential psychological
harm; Potential economic
and occupational harm;
Poor accuracy and utility
of the model; Cost and
time investments; Lack of
clinical resources;
Negative staff perceptions
of precision medicine
Cost and time
investments; Potential
psychological harm;
Potential economic and
occupational harm

Confidentiality of
personal data;
Adequate skills and
competence
training;
Availability of
effective
interventions and
counselling
N/A

Poor transparency and
complexity of the model;
Poor accuracy and utility
of the model; Poor
perceived competence in
precision medicine; Weak
demand and engagement;
Potential psychological
harm; Potential
stigmatisation
Potential misuse of
personal data; Scepticism
in genetics

Availability of
associated
infrastructure;
Adequate skills and
competence
training

Confidentiality of
personal data

12
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First author,
date

Location

Research
method

Field of
psychiatry

Lucero,
202044*

United
States

Survey

General
psychiatry

Type of
precision
model
Pharmacogenomics

Mathews,
201824*†

United
States

Feasibility
study

Child
psychiatry

Pharmacogenomics

MorenoPeral, 201829†

Spain

Face-to-face
semistructured
interviews

Major
depression

Individualised
risk prediction
algorithm

Oliver,
202025†

United
Kingdom

Feasibility
study

Clinical highrisk for
psychosis

Transdiagnosti
c risk
calculator

Sample

Level of
evidenc
e
1

Summary of barriers

Summary of
facilitators

N/A

Parents and
associated
clinicians of 73
young service
users
67 family
physicians

2

Cost and time
investments; Fear of
invasive procedures

Adequate skills and
competence
training
Adequate skills and
competence
training

2

Cost and time
investments; Poor
transparency and
complexity of the model;
Lack of motivation to
address mental health in
primary care; Potential
psychological harm

Clinicians of
3722 patients
screened and
independent
consultation
with an
unspecified
number of
service users
and clinicians

2

N/A

830
psychiatrists

Simplicity and
usability of the
model;
Stratification over
precision;
Integration into
current workflow;
Adequate skills and
competence
training; Effective
time management
and organisation
Routinely collected
predictors;
Outreach to local
clinicians and
clinical prompts
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First author,
date

Location

Research
method

Field of
psychiatry

Type of
precision
model
Clinical
prediction
model

Sample

Reger,
201926†

United
States

Case example

Suicidal
behaviours

Salm, 201445

United
States

Survey

General
psychiatry

Genetic testing

372
psychiatrists
and 163
neurologists
(N=535)

1

Smith, 199646

United
States

Survey

Bipolar
disorder

Genetic testing

1

Trippitelli,
199847

United
States

Questionnaire

Bipolar
disorder

Genetic testing

48 members of
a bipolar
disorder
support group,
35 medical
students and
30 psychiatry
residents
(N=113)
90 service
users and their
spouses

A clinical
implementatio
n team of
professionals

Level of
evidenc
e
2

1

Summary of barriers

Summary of
facilitators

Lack of effective
interventions; Lack of
clinical resources

Outreach to local
clinicians and
clinical prompts;
Compliance with
law and regulatory
pathways
Adequate skills and
competence
training

Potential misuse of
personal data; Poor
perceived competence in
precision medicine;
Potential psychological
harm; Potential economic
and occupational harm
Lack of effective
interventions

Potential misuse of
personal data; Potential
stigmatisation; Potential
economic and
occupational harm

N/A

N/A

14
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First author,
date

Location

Research
method

Field of
psychiatry

Type of
precision
model
Clinical
prediction
model

Wachtler,
201848

Australia

Focus group,
prototype
development
and semistructured
interviews

Depression

Walden,
201530†

Canada

Survey

General
psychiatry

Pharmacogenomics

Wilde, 201049

Australia

Focus groups

Major
depression

Genetic testing

Sample

Level of
evidenc
e

17 members
and of the
community
and 7 service
users (N=24)

168 physicians
who had
ordered
pharmacogenomic tests
for
psychotropic
medication
36 members of
the public (14
with
disclosure of
family history
of mental
illness)

1

1

Summary of barriers

Summary of
facilitators

Poor transparency and
complexity of the model;
Ethics of risk
communication; Potential
psychological harm; Poor
accuracy and utility of the
model
Negative staff perceptions
of precision medicine

Adaptability of the
model

Poor perceived relative
advantage of the model;
Poor accuracy and utility
of the model; Potential
misuse of personal data;
Lack of effective
interventions; Potential
psychological harm;
Potential stigmatisation;
Potential economic and
occupational harm

Integration into
workflow

N/A
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First author,
date

Location

Research
method

Field of
psychiatry

Williams,
201650

United
States

Semistructured
interviews

Alcohol use
disorders

Zhou, 201451

Australia

Survey

Schizophrenia,
bipolar
disorder and
major
depression

Type of
precision
model
Genetic testing

Genetic testing

Sample

24 primary
care providers

104
psychiatrists,
36 genetic
counsellors,
and 17 medical
geneticists
(N=157)

Level of
evidenc
e
1

1

Summary of barriers

Summary of
facilitators

Cost and time
investments; Poor
accuracy and utility of the
model; Lack of clinical
resources; Negative staff
perceptions of precision
medicine; Potential
psychological harm
Poor perceived
competence in precision
medicine; Potential
economic and
occupational harm

Patient engagement

N/A

Records marked with * represent a conference abstract; all other records are full journal publications. Records marked with † represent those employing actual
implementation methods as opposed to hypothetical or simulated implementation.
Quality ratings: 3 = Randomised Controlled Trials, 2 = Pilot and feasibility studies, 1 = All other primary research involving stakeholder consultation.
AI = Artificial Intelligence; CDS = Clinical Decision Support; ML = Machine Learning
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3.4. Factors affecting the implementation of precision psychiatry
We identified a broad variety of factors which covered each of the key CFIR constructs. Figure 5 provides a high-level visual summary of the
identified barriers and facilitators corresponding to each of these constructs and the reported frequencies of each factor are presented in Figure 6
(barriers) and Figure 7 (facilitators).
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Figure 5. A high-level visual summary of the identified barriers and facilitators which may impact upon the real-world implementation of precision psychiatry
approaches, structured according to the Consolidated Framework for Implementation Research (CFIR).
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Figure 6. Proportion (%) of the included studies reporting each barrier.

Figure 7. Proportion (%) of the included studies reporting each facilitator. .

3.4.1. Characteristics of the model
Of the included studies, 57.1% (n=16) reported barriers or facilitators relating to particular characteristics of the precision model which may impact upon implementation.
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Barriers
1.

Cost and time investments

Logistical and practical barriers associated with cost and time investments of the prediction model were the most highly reported barrier within this construct (n= 9; 32.1%).
They were almost exclusively reported by health care professionals as opposed to any
other stakeholder groups. In particular, the potential financial burden and high costs associated with the implementation of the precision model were highly reported as barriers24,28,33,39,41,50 alongside the need for data to highlight cost-effectiveness before widespread implementation can be considered.39 Concerns surrounding time investments
were also identified, including the use of time-intensive tools within a small consultation
window,27–29,38,39 slow computational speed of electronic tools,38 and lengthy waiting times
for results24,33,50 - particularly regarding patients who are acutely unwell.27 Some physicians reported that the use of a risk prediction model also required more effort to implement than standard practice and led to more frequent patient visits, though this was rebutted by other physicians across a series of interviews.29 Furthermore, clinicians also
highlighted the challenging aspects of alert systems embedded into precision medicine
tools and emphasised the need to distinguish between alerts which are clinically useful
and those which are not in order to avoid alert fatigue and optimise efficient use of time.38
2.

Poor accuracy and utility of the model

A further highly reported thematic group of barriers (n=8; 28.6%) within this construct related to the predictive accuracy and clinical utility of the precision model. These
barriers were also largely reported by health care professionals, and included concerns
relating to the substantial margin of error in risk prediction,48 the potential for false-negative outcomes,32 and poor predictability and prognostic accuracy beyond current working practice.36,42,49,50 Furthermore, there were additional challenges raised with respect to
the lack of strength of current evidence,39,50 and the corresponding need for published
peer-reviewed supportive evidence.28
3.

Poor perceived relative advantage of the model

Challenges surrounding the relative advantage of the precision model were also frequently highlighted (n=5; 17.9%). Several studies reported stakeholder beliefs that the precision model offered no advantage beyond current clinical care and risked the potential
of being implemented at the expense of clinical judgement, 27 could pose greater general
risks compared to current care,34 did not reflect the complexities of clinical consultation,
and could not capture the more nuanced and fine-grained factors that are only available
through human interaction which might usually influence the clinical decision-making
process.39 In some instances, testing was only deemed to be advantageous for particular
subgroups of service users who might benefit most and as such was only reserved for
these select groups, such as those with a family psychiatric history, 49 poor treatment responders or those with more atypical symptom presentations. 38
4.

Poor transparency and complexity of the model

Several studies also reported challenges relating to the technical complexity of the
precision model (n=5; 17.9%) and the corresponding difficulty in translating these concepts to a layperson or to a population with reduced cognitive capacity, therefore highlighting the poor adaptability of the tool to perform equally well with a range of recipients.
Specific barriers were identified regarding the lack of transparency over the underlying
algorithm and which factors statistically contributed most to a high-risk outcome,32 overly
medicalised language,39 the numerical output of a tool in conjunction with low numerical
literacy across the population,48 difficulties understanding and communicating the concept of risk prediction,29 and subsequent ethical concerns surrounding capacity to consent
to treatment decisions.39,42
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Lack of clear guidelines

Finally, a lack of clear guidelines to govern use of the precision model was raised by
just one study (3.6%) in relation to the usage of pharmacogenomic methods, 33 highlighting
corresponding guidance documentation as an important aspect of implementation.
Facilitators
6.

Simplicity and usability of the model

Two studies (7.1%) placed emphasis upon the importance of a precision model which
is both simple and quick to use,29,39 with a range of health care professionals highlighting
that a time-saving tool is more likely to be used in practice, particularly in light of typically
narrow clinical consultation periods.
7.

Collaborative usage

In one study (3.6%), health care professionals also called for patient-facing precision
tools, stating that they promote collaboration and build trust between the health care professional and the service user.39
8.

Adaptability of the model

In order to overcome issues surrounding model complexity and poor adaptability
(discussed above 3.4.1.), one prototype development study (3.6%) reported that patient-facing tools require an emphasis upon clear communication and offered pictorial format as
a potential solution.48
9.

Stratification over precision

The way in which the outcome of a precision model was delivered was also of importance, with health care professionals favouring stratified outcome prediction (e.g. low, medium-, and high-risk) rather than individualised, numerical figures in one study
(3.6%).29
10. Multi-modal models
Precision models utilising multi-modal data were also raised as a potential facilitating factor in one study (3.6%), as clinicians expressed interest in multi-modal models involving the integration of biological data with lifestyle factors to increase accuracy.39
11. Routinely collected predictors
Finally, one study (3.6%) highlighted the preferred use of factors which are routinely
collected in clinical practice as these are better suited to more seamless implementation.25
3.4.2. Inner setting
One half of the included literature (n=14; 50%) reported factors relating to features of
the inner setting.
Barriers
12. Lack of clinical resources
The absence or limited availability of local resources was raised as a challenge by a
range of health care professionals across six studies (21.4%). Resources which were particularly highlighted included insufficient laboratory facilities,50 and a lack of pre- and
post-test genetic counselling,28 with only 13% of surveyed psychiatrists aware of professionals offering genetic counselling locally.40 The need for sufficiently skilled co-ordinating staff to oversee implementation was also raised as a limiting factor. 26 In line with the
challenging financial costs associated with implementation discussed above (3.4.1.), there
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were also concerns reported with regards to budget reallocation,27 particularly away from
psychosocial therapies.37
13. Lack of effective interventions
Furthermore, the lack of appropriate and effective interventions or treatments in the
case of a high-risk outcomes or positive genetic test was identified across several studies
(n=3; 10.7%)26,46,49 – in fact, one study reported a substantial decline in interest in hypothetical genetic testing when corresponding treatments were unavailable. 46
Facilitators
14. Availability of associated infrastructure
Several studies (n=4; 14.3%) reported the need for precision models, particularly genetic testing and pharmacogenomics, to be offered directly through specialist providers.35,40,42 Clinicians further highlighted the need for wider availability of testing and related infrastructure to optimise implementation. 33
15. Integration into current workflow
The seamless integration into current workflow was also highlighted as a facilitator
within three studies (10.7%),29,38 including suggestions of improved integration of genotyping into primary care and general health check-ups.49
16. Availability of effective interventions and counselling
Finally, health care professionals and service users alike highlighted the local availability of subsequent, appropriate intervention in the event of a high-risk outcome31 and
pre- and post-test counselling provisions for genetic testing as facilitating factors 28 across
two studies (7.1%).
3.4.3. Outer setting
One quarter of the included literature (25.0%; n=7) identified barriers or facilitators
relating to features of the outer setting which may impact upon implementation.
Barriers
17. Potential misuse of personal data
The barriers identified in relation to the outer setting were largely associated with
safety and security concerns (n=4; 14.3%) regarding the potential for the misuse of personal data by external stakeholders and third parties. Such challenges were most commonly reported by service users as opposed to other stakeholder groups. A number of
genetic-based studies reported the misuse of private genetic data by third-parties as a potential barrier, particularly if the data were available to employers or insurance companies.43,45,47,49 This was specifically highlighted for direct-to-consumer genetic testing.49
18. Ethics of risk communication
Additionally, general ethical concerns were also reported in one study (3.6%) with
regards to using risk communication tools as a ‘persuasive mechanism’ to influence decision-making.48
Formatted: MDPI_3.1_text, Line spacing: single
Facilitators
19. Confidentiality of personal data
Health care professionals and service users alike emphasised the need for the confidentiality of genetic data and the outcome of genetic tests across two studies (7.1%).28,43
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20. Compliance with law and regulatory pathways
Finally, continued compliance with applicable law, regulations and safety planning
was also acknowledged as a factor in a single study (3.6%) to improve the ethical implementation of a prediction model.26
3.4.4. Characteristics of the individuals – Staff
Characteristics of health and social care staff were highly reported as potential barriers and facilitators to the implementation of precision psychiatry methods, with 62.07%
(n=18) of the included literature reporting at least one factor relating to this construct.
Barriers
21. Negative staff perceptions of precision medicine
Negative staff perceptions of the usefulness and applicability of precision psychiatry
were commonly reported (n=6; 21.4%), particularly with regards to genetic testing and
genomics. Across the literature, there was a general sense that genomics in psychiatry was
still in its infancy and as such, testing was not currently clinically useful,28 with other professionals reporting that tests were not ready for routine implementation and were only
currently applicable in academic research settings.33 There were also reported limiting
factors to the perceived usefulness of such testing; whilst health care professionals reported interest in hypothetical tests with high predictive power, this interest dropped substantially for tests with moderate prognostic/predictive power.35 Doctors generally expressed more concern about the accuracy of pharmacogenomic testing compared with
pharmacists,33 and other professionals perceived testing as only useful under specific circumstances (e.g. treatment resistance).33 Furthermore, clinicians also expressed concern of
the potential impact of precision models upon the staff-service user dynamic, citing that
precision psychiatry may offer less personal and empathic care compared with current
clinical care.34 Several studies also highlighted important discrepancies in attitudes across
different clinical professions. For example, clinical scientists held significantly more favourable attitudes towards pharmacogenomic testing compared with core psychiatrists, 30
and professionals who were less comfortable with prescribing pharmacological interventions for alcohol use disorders acknowledged that this would limit the likelihood of using
genetic testing to guide treatment decisions. 50
22. Poor perceived competence in precision medicine
Poor perceived competence and abilities of health care professionals was frequently
reported as a barrier (n=7; 25.0%), most commonly in relation to genomics and genetic
testing. A survey of health care professionals highlighted general poor perceived competency in pharmacogenomics, with pharmacists generally reporting higher competence
than doctors across various aspects of pharmacogenomics. 33 Several further studies reported low confidence in skills and knowledge surrounding genetic testing and feelings
of being ill-equipped or inadequately trained to discuss genetic information, 37,42,45,51 with
just 9% of respondent clinicians feeling competent to offer genetic testing and interpret
the results,40 thus raising the possibility that a more formal specialised clinical service is
required.42 However, two further studies reported that the majority of medical geneticists
and genetic counsellors surveyed had not received any training in psychiatric genetics 51
and there was a lack of familiarity of such tests among laboratory staff, 27 suggesting this
is a system-wide issue across various environments and professionalisms.
23. Poor previous experience
Poor previous experience with precision medicine methods was also reported as an
obstacle within a single study (3.6%) and was reported to result in more widespread negative perceptions of precision medicine methods; for example, several clinicians voiced
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scepticism over the accuracy of a clinical decision support tool based largely on poor previous experience with similar systems.38
24. Lack of motivation to address mental health in primary care
Within a single study (3.6%), primary care professionals emphasised a lack of motivation to address mental health problems within primary care settings, resulting in poorer
engagement with the implementation process in this environment. 29
Facilitators
25. Adequate skills and competence training
The reported facilitators across this construct related almost entirely to competent,
knowledgeable, and skilled staff in combination with the corresponding availability of
education and training; this was also the most highly reported overall facilitator (n=7;
25.0%). In particular, facilitators included staff who were competent in communication
and interpreting the results of the precision model. 28,29,31 Health care professionals highlighted the need for more extensive and continuous training in communication skills,29,31
interpreting the outputs of a precision model,28,29 statistical methods,45 genetics and familial risks,42 and case-specific training and feedback.24 One study identified that improved
competence and knowledge in pharmacogenomics led to improved confidence amongst
psychiatrists,44 whilst another study reported that accrued clinician experience in the implementation of a risk calculator improved skills.29
26. Effective time management and organisation
Finally, effective schedule management and organisation of physicians was identified (n=1; 3.6%) as a mitigating factor against the potential time investment of implementing a new precision model.29
3.4.5. Characteristics of the individuals – Service users and families/caregivers
Similarly, the characteristics and needs of the potential service users (and families/caregivers) were also highly reported as barriers or facilitators to the implementation
of precision psychiatry, with 64.3% (n=18) reporting at least one factor within this construct.
Barriers
27. Potential psychological harm
The most commonly reported barrier within this construct (n=11; 39.3%), and indeed
the most commonly reported overall barrier by a range of stakeholders, was the potential
for an adverse psychological impact upon the service user. The potential for psychological
harm was widely discussed,28,33,42 including the possible anxiety-inducing effects of risk
prediction,27,29,39,41,45 the risk for fatalistic thinking or an exacerbation of depressive symptoms following a high-risk outcome,48,49 and subsequent decreased motivation.50
28. Potential economic and occupational harm
Further adverse impacts upon the service user and their families were also widely
considered, including the potential for economic and occupational harm (n=8, 28.6%).
Challenges included the potential for general economic harm 33 and the denial of insurance,28,37,47,51 concerns over privacy,45,49 potential genetic discrimination and inadequate
legal support for such discrimination,45,49 and employment discrimination.28,37,41
29. Potential stigmatisation
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Similarly, adverse social effects were also raised by several studies (n=4; 14.3%), such
as possible stigmatisation,42,49 potentially unwarranted concerns for offspring, 47 and lowered expectations for children carrying a high-risk gene.37
30. Scepticism in genetics
There was also a sense of scepticism of psychiatric genetics across the literature (n=2;
7.1%); those who believed that mood disorders were predominantly caused by genes were
significantly more interested in genetic testing than those who placed more emphasis on
the causative nature of life experiences, 35 with some participants opposing genetic testing
completely,43 and concerns that prenatal genetic testing would impact upon decisions surrounding pregnancy.35
31. Negative attitudes towards psychiatry
One study (3.6%) identified general negative attitudes towards psychiatry and a deep
mistrust in the psychiatric profession amongst service users as a challenging barrier to
overcome.31
32. Resistance to knowing risk scores
A resistance to knowing risk scores for major depression was raised as a barrier
amongst service users within one study (3.6%), particularly compared to physical health
conditions; crucially, this was discussed in light of the lack of definitive preventive treatment available for depression.31
33. Fear of invasive procedures
Just one study (3.6%) identified specific phobias relating to precision methods as a
challenging factor, such as the fear of needles involved in genetic testing.24
34. Weak demand and engagement
Further negative perceptions and attitudes towards services were raised as barriers
in one study (3.6%), including weak service user demand for genetic psychiatry services,
poor service user engagement with the service and negative past experiences with similar
services.42
Facilitators
35. Service user engagement
Patient engagement was highlighted as a facilitating implementation factor in one
study (3.6%), with a potential positive impact reported upon compliance, motivation and
adherence to treatment.50
36. Trusting service user/clinician relationship
A further study (n=1; 3.6%) also reported that a trusting relationship between the
health care professional and the service user is essential, and was posited to improve compliance.39
3.4.6. Implementation process
Just 10.7% (n=3) of the included literature reported factors relating to the actual process of implementation. No barriers were reported in relation to the implementation process, but this was secondary to the dearth of actual implementation studies within the
psychiatric literature.
Facilitators
37. Outreach to local clinicians and clinical prompts
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Facilitators involved in the implementation process exclusively related to engagement and outreach to local professional and public communities. Two implementation
studies (7.1%) reported an improved implementation process when clinician prompts and
outreach activities were conducted.25,26 Further, the content of clinical prompts was also
of importance, with a raised response rate reported when the patient names were used
instead of internal identification number usage.25
38. Engagement and community outreach
Finally, the critical importance of service user and public involvement initiatives and
public education surrounding the use of genomics was highlighted in a single study
(3.6%).36
4. DISCUSSION
This large-scale review demonstrates several key strengths; we implemented a widereaching and inclusive search strategy to ensure a variety of literature from various academic fields was captured. Furthermore, no limitations were placed on date of publication, geographical location and manuscript language, ensuring we identified research
from a variety of precision approaches and geographies. To our knowledge, this is also
the first systematic review to identify factors affecting the implementation of global precision methods in psychiatry. These factors represent a framework of key considerations
to address during both the development and implementation of precision prediction models in psychiatry and as such, will be of use to a wide range of professionals, from research
scientists, to health care professionals and policymakers alike. In particular, a number of
key findings may help to shape protocols for future implementation science.
4.1. Key findings
The current literature identified a range of barriers, and a narrower selection of facilitators, highlighting the numerate and widespread challenges which may be encountered
during the implementation process. The most highly reported barriers covered a range of
issues, such as ethical considerations, logistical challenges, and attitudinal perceptions of
key stakeholders, thus demonstrating that there is no singular challenging factor to overcome for successful implementation. In particular, we identified five barriers which were
most commonly reported across the literature: i) Potential psychological harm (n=11), ii)
Cost and time investments (n=9), iii) Potential economic and occupational harm (n=8), iv)
Poor accuracy and utility of the model (n=8), v) Poor perceived competence in precision
medicine (n=7), and one facilitator: i) Adequate skills and competence training (n=7).
First, the potential adverse effect of precision methods upon the service users’ psychological wellbeing was identified across much of the literature. The potential negative
psychological effects of receiving a high-risk outcome received particular consideration
due to the potential for fatalistic thinking and fear of the future, alongside the subsequent
potential social implications such as stigmatisation. This is a particularly pertinent consideration given the lack of definitive testing currently available in psychiatry. This topic
has received much debate across psychiatry, law and bioethics – particularly in relation
to psychosis risk.52,53 Although qualitative research suggests that such risk labels may
have an impact upon the sense of self and social stigma 54–57, these adverse effects are lessened when participants are fully informed of the meaning of ‘at-risk’.57,58 This highlights
the crucial importance of training staff to interpret and discuss the output of risk prediction models, and appropriately feed this information into the clinical decision-making
process. Moreover, qualitative explorations with young people at-risk have actually highlighted the therapeutic effects of sharing their experiences within specialist services.59,60
Indeed, there is a wide range of vocational, psychosocial and familial support interventions which are offered through such specialist services which might not otherwise be
made available to the individual.61 Further recent research has also disputed the adverse
social impact of a psychosis-risk label,58 and recent evidence suggests that the presence of
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stigma is actually associated with the service users’ experiences of distressing symptoms
as opposed to the clinician’s designation.54
Second, this review also identified various logistical challenges, particularly surrounding the high financial cost of implementing precision models compared to current
psychiatric care. This finding necessitates a greater research focus on economic modelling
of such approaches, particularly high-cost methodologies such as magnetic resonance imaging, in order to determine cost-effectiveness. Similarly, a range of health care professionals highlighted the facilitating nature of precision models which are quick and easy
to use in practice, suggesting this aspect needs to be given greater weight in model development rather than building complex, multi-modal models which may be more challenging to implement in practice. However, in contrast, one included study identified the integration of multi-modal biological data as a facilitating factor.39 This suggests that model
development requires a trade-off to find balance between model simplicity and predictive
accuracy. Ultimately, these findings reinforce the notion that precision psychiatry models
should be developed with such logistical challenges in mind.
Third, numerous included studies also discussed the potential adverse financial and
occupational impact of precision models in relation to insurability and employment of the
service user. Although, a significant proportion of the studies reporting this barrier were
derived from research undertaken in the United States,28,37,41,47 and so this challenge may
require more substantial consideration within countries adopting an insurance-based
health care system. Nevertheless, the frequent reporting of these concerns may also reflect
widespread mistrust in personal data security and emphasises the need to place priority
on the safety and security of data – particularly as data-driven health care continues to
build at pace, globally. Taken together with the highly-reported concerns regarding psychological wellbeing discussed above, it will be imperative within ongoing research efforts to develop an ethical framework for the implementation of preventive psychiatry
approaches in close collaboration with the key stakeholder groups outlined in this review
– with a particular focus on service users and their families to ensure further research
‘optimizes benefit and minimises harm’.61
Fourth, challenges regarding poor clinical utility and accuracy were highly reported.
Indeed, our recent review6 reported highly variable rates of prognostic/predictive accuracy across precision psychiatry models within the literature, and further identified a high
risk of bias across 94% of the models (according to the PROBAST62 tool). Moreover, due
to a lack of external validation efforts present across much of the literature,6,63 it is difficult
to assess the real-world utility of many existing clinical prediction models. Thus, in order
to progress in this field, a shift towards further external validation and implementation is
needed. Recent studies have started focusing on the external replication of existing clinical
prediction models in the field of psychosis risk, and should be followed by similar initiatives in other fields.64
Finally, we identified a substantial proportion of records reporting poor perceived
competence and knowledge amongst staff in precision medicine, with a particular focus
on genetic testing and pharmacogenomics. Whilst there is evidence of substantial progress
in genomic education amongst medical professionals in recent years, 65,66 this current review suggests a more tailored approach may be required within psychiatry. In parallel, it
is unsurprising that the most highly reported facilitator across the literature was the immediate need for greater provision of training and education amongst staff, especially in
relation to genetics and pharmacogenomics. This was similarly reflected within a recently
developed implementation plan for general precision medicine informed by stakeholder
views17 and reiterates the importance of frequent adjustments to national medical training
and teaching curricula to reflect recent scientific advances, as recently argued by our
group.2
Overall, these key findings provide a tentative empirical platform to guide future
implementation research and ensure that model development and validation activities
take implementation into account from the very early stages. It is commonplace within
research that implementation barriers are considered too late, when the model is already
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developed and validated, leading to the frequent development of tools which are impractical to implement in practice. As such, these current findings will be of interest to research
scientists as well as policymakers who must ensure that implementation activities are sufficiently regulated by a comprehensive legal framework. Finally, this research may be of
importance to the end-users of such innovation; health care professionals and service-users.
4.2. Limitations and future directions
Whilst this review covered a comprehensive range of literature, it also highlighted
numerous current gaps in the literature base which necessitate further research attention.
No studies were identified which assessed the perspectives of policymakers; in light of
their integral role in the provision and regulation of health care, it will be important to
gather their perspectives in future research. Furthermore, the majority of our results were
based upon qualitative literature. However, the nuance and detail which arises from qualitative research is essential to move forward in this field and the qualitative synthesis presented here was best suited to the available literature.
Finally, this review also reiterated the sparsity of implementation studies for precision methods in the field of psychiatry, previously acknowledged in a recent review.6 As
such, ‘Process’ factors were limited within the included literature, with no barriers reported for this CFIR construct. This highlights an important gap in the research and necessitates a focus on translational research fit for implementation in order to establish a
high-quality evidence base in support of precision psychiatry. Whilst a RCT was recently
published which assessed the clinical effectiveness of a predictive algorithm to guide antidepressant treatment,67 it does not meet inclusion criteria for this review. However, qualitative experiences of this trial are due to be reported separately and may offer highergrade evidence of the barriers and facilitators to real-world implementation of precision
psychiatry. Meanwhile, at present there are a variety of established implementation
frameworks and guidelines, beyond the CFIR,23 which can support implementation efforts across the field, such as the Normalisation Process Theoretical Framework,68 the
FAIR principles,69 the RE-AIM framework,70 and the Expert Recommendations for Implementing Change (ERIC) project,71 as well as existing systematic reviews regarding other
related fields of innovation in psychiatry, such as digital and eMental Health.72,73
5. CONCLUSIONS
A diverse range of barriers exist which may impede the translation of precision psychiatry research findings into real-world clinical care; these barriers should be taken into
consideration during the early development stages of such models and corresponding
pragmatic and innovative solutions are required at the level of the individual, the organisation and the wider system. Ongoing community engagement initiatives are essential to
address negative perceptions amongst stakeholders, and specialised medical educational
modules in precision methods are required to equip health care staff with the knowledge
and skills needed to confidently employ precision methods in practice. Finally, this review
has highlighted the vital need for further implementation research, education and training. In particular, future research should prioritise the initiation of randomised controlled
trials of precision models in order to successfully translate precision psychiatry research
from the ‘bench to bedside’.
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eTable 1. PRISMA 2020 Statement and Checklist
Section and
Topic

Item
#

Checklist item

Location
where item
is reported

TITLE
Title

1

Identify the report as a systematic review.

Page 1

ABSTRACT
Abstract

2

See the PRISMA 2020 for Abstracts checklist.

Page 2

INTRODUCTION
Rationale

3

Describe the rationale for the review in the context of existing knowledge.

Page ¾

Objectives

4

Provide an explicit statement of the objective(s) or question(s) the review addresses.

Page 4

METHODS
Eligibility criteria

5

Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.

Table 1

Information
sources

6

Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the
date when each source was last searched or consulted.

Page 4

Search strategy

7

Present the full search strategies for all databases, registers and websites, including any filters and limits used.

Supplementary: eMethods1

Selection process

8

Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

Page 4/5

Data collection
process

9

Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.

Page 6 and
Supplementary eMethods 2

10a

List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

Page 6 &
eMethods 2

10b

List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any
assumptions made about any missing or unclear information.

eMethods 2

11

Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each
study and whether they worked independently, and if applicable, details of automation tools used in the process.

Page 5/6

Effect measures

12

Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.

NA

Synthesis methods

13a

Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and
comparing against the planned groups for each synthesis (item #5)).

Table 2

Data items

Study risk of bias
assessment
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Location
where item
is reported
Page 6-8

Checklist item

13b

Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.

13c

Describe any methods used to tabulate or visually display results of individual studies and syntheses.

Page 6-8

13d

Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.

NA

13e

Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).

NA

13f

Describe any sensitivity analyses conducted to assess robustness of the synthesized results.

NA

Reporting bias
assessment

14

Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).

NA

Certainty assessment

15

Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.

Page 5-6

16a

Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in
the review, ideally using a flow diagram.

Page 8 &
Figure 1

16b

RESULTS
Study selection

Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.

NA

Study characteristics

17

Cite each included study and present its characteristics.

Table 2 and
Page 8-10

Risk of bias in
studies

18

Present assessments of risk of bias for each included study.

Page 10 &
Table 2

Results of individual studies

19

For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision
(e.g. confidence/credible interval), ideally using structured tables or plots.

NA

Results of syntheses

20a

For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.

Page 10 &
Table 2

20b

Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.

Page 8-24

20c

Present results of all investigations of possible causes of heterogeneity among study results.

NA

20d

Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.

NA

Reporting biases

21

Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.

NA

Certainty of evidence

22

Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.

Table 2

DISCUSSION
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23a

Provide a general interpretation of the results in the context of other evidence.

Location
where item
is reported
Page 24-28

23b

Discuss any limitations of the evidence included in the review.

Page 29/30

23c

Discuss any limitations of the review processes used.

Page 29/30

23d

Discuss implications of the results for practice, policy, and future research.

Page 25-30

Provide registration information for the review, including register name and registration number, or state that the review was not registered.

Page 4

Indicate where the review protocol can be accessed, or state that a protocol was not prepared.

Page 4

Describe and explain any amendments to information provided at registration or in the protocol.

NA

Item
#

OTHER INFORMATION
Registration and
24a
protocol
24b
24c

Checklist item

Support

25

Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.

Page 30/31

Competing interests

26

Declare any competing interests of review authors.

Page 30/31

Availability of
data, code and
other materials

27

Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included
studies; data used for all analyses; analytic code; any other materials used in the review.

NA
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eMethods 1. Systematic Search Strategy
(psychiatr* OR psycholog* OR mental health OR mental illness OR mental disorder*) AND (precision OR personali?ed OR individuali?ed OR biomarker guided OR marker-assisted OR pharmacogenomic* OR predict*
OR classific* OR stratif* OR machine learning OR artificial intelligence OR prognostic model OR random forest
OR neural network OR classification tree OR estimation tree OR elastic net OR deep learning OR estimation
algorithm OR vector machine OR lasso OR ridge) AND (implement* OR applicat* OR routine OR real-world
OR validat* OR embed*)

eMethods 2. Data Extraction Categories
We extracted information relating to:
▪ First author
▪ Year of publication
▪ Geographical location of the study
▪ Aim of the study
▪ Study design (e.g. Pilot study, Feasibility study, Semi-structured interviews etc)
▪ Stakeholders involved (e.g. Health care professionals, Service users etc)
▪ Sample size and characteristics
▪ Field of psychiatry (e.g. Depression, Alcohol use disorders etc)
▪ Characteristics of the precision/stratified model (e.g. clinical prediction model, pharmacogenomics)
▪ A description of the implementation process (i.e. actual implementation or hypothetical/proposed
implementation sought via consultation with stakeholders)
▪ Identified barriers to implementation (and corresponding evidence)
▪ Identified facilitators to implementation (and corresponding evidence)

37

