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Background
Clinical guidelines recommend providing physical activity inter-
ventions (PAIs) to people with schizophrenia or bipolar disorder
for weightmanagement. However, the cost-effectiveness of PAIs
is unknown.

Aims
To evaluate the availability and methodological quality of
economic evaluations of PAIs for people with schizophrenia or
bipolar disorder.

Method
Four databases (MEDLINE, Embase, PsycInfo and Scopus) were
searched on 5 July 2022. Based on the retrieved studies, forward
and backward citation searches were conducted. Two reviewers
independently selected studies for inclusion. Study quality was
assessed using the Drummond checklist. Review results were
presented using narrative synthesis.

Results
Fourteen articles reporting nine studies were included. All
included studies assessed PAIs within a multicomponent life-
style intervention. Mixed findings were reported on the cost-
effectiveness of multicomponent lifestyle intervention: three
studies reported it as cost-effective; four studies reported it as
not cost-effective; and two studies did not conclude whether it
was cost-effective or not. Very limited evidence suggests that

certain patient subgroups might be more likely to benefit from
multicomponent lifestyle interventions with a PAI component:
men; individuals with comorbid type 2 diabetes; and individuals
who have been psychiatric hospital in-patients for ≥1 year. The
quality of included studies ranged from moderate to high.

Conclusions
The current economic evidence suggests that not all modalities
of multicomponent lifestyle intervention including a PAI com-
ponent are cost-effective for people with schizophrenia or
bipolar disorder; and not all people with schizophrenia or bipolar
disorder would benefit equally from the intervention. Future
research is urgently needed to identify the cost-effective
modality of PAI for different patient subgroups.
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Obesity can reduce a person’s life expectancy by up to 10 years.1

Compared with the general population, people with schizophrenia
or bipolar disorder are at increased risk of obesity,2 with a 2.8- to
3.5-fold increase in those with schizophrenia and a 1.2- to 1.5-
fold increase in those with bipolar disorder.3,4 The elevated preva-
lence of obesity in people with schizophrenia or bipolar disorder
might be caused by antipsychotic side-effects and unhealthy lifestyle
behaviours, such as lack of exercise, a poor diet and smoking.5 The
UK is among the countries with the highest prevalence (over 40%)
of obesity in people with mental illness.6

The efficacy of physical activity interventions (PAIs) in reducing
the risk of obesity is well established in the literature.7 The clinical
guidelines developed by the National Institute for Health and
Care Excellence (NICE) in the UK recommend that people with
schizophrenia or bipolar disorder, especially those taking antipsy-
chotics, should be offered a combined healthy eating and physical
activity programme by their mental healthcare provider.8,9

Similarly, the World Health Organization (WHO) guidelines rec-
ommend that behavioural lifestyle interventions including physical
activity and a healthy diet should be considered for all people with
severe mental illness (SMI) who are overweight or obese or at risk of
becoming overweight or obese.10

It should be noted that the positive recommendations of PAIs
made by NICE and WHO were based on clinical effectiveness evi-
dence alone, without any economic evidence, as the systematic
reviews conducted by the NICE guideline development team did
not identify any economic evidence for PAIs for people with schizo-
phrenia or bipolar disorder, and the review conducted by the WHO
did not search for economic evidence. Since the publication of the
NICE guidelines, Verhaeghe et al11 conducted a systematic review
of economic evidence for PAI in people with SMI, but they did
not find any evidence either. This might because first, Verhaeghe
et al’s literature search was conducted in 2010; and second, their
review was limited to trial-based economic evaluations and
ignored other types of economic evaluation, such as those based
on economic models. Economic evaluations can be based on clinical
trials, decision analytical modelling, cohort studies or database
studies. Of these four analytical frameworks, trial-based studies
and decision analytical modelling are more commonly used in
healthcare economic evaluation. In a trial-based economic evalu-
ation, the economic evaluation is carried out alongside a clinical
trial, with the trial providing the main source of input data (e.g.
baseline event rates, treatment effects, adverse event rates, resource
use and utility values, as appropriate). In a decision analytical model
(often termed a model for short), the economic evaluation is carried
out within a mathematical framework imitating the current and
proposed system of care, with input data obtained from multiple* Equal contributors.
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sources. Since 2010, several cost-effectiveness studies of PAIs have
been published for people with schizophrenia or bipolar disorder,
including both trial-based and model-based analyses.12,13

Therefore, a new systematic review on this topic is warranted.
To fill the evidence gap, our review aims to evaluate the avail-

ability and methodological quality of economic evaluations of any
PAI for weight management in people with schizophrenia or
bipolar disorder. Specific objectives were as follows:

(a) to identify economic evaluations of PAIs as a weight manage-
ment intervention in people with schizophrenia or bipolar
disorder

(b) to critically examine the methodological quality and the risk of
bias of existing health economic evaluations

(c) to summarise the conclusions reported by existing health
economic evaluations.

Method

This systematic review was conducted in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations for reporting systematic reviews and
meta-analyses of studies that evaluate healthcare interventions.14

The PRISMA checklist can be found in the Section 1 of the
Supplementary Materials available at https://doi.org/10.1192/bjp.
2023.52. The protocol for the systematic review was registered on
PROSPERO, the National Institute of Health Research Database
(registration: CRD42022359492).

Inclusion and exclusion criteria

The inclusion and exclusion criteria were defined a priori. Studies
were included if they met all the following criteria: (a) studies
reporting full or partial health economic evaluations based on any
analytical frameworks (a full economic evaluation is defined as
‘the comparative analysis of alternative courses of action in terms
of both their costs and consequences’, whereas a partial economic
evaluation focuses solely on costs15); (b) studies focusing on patients
of any age who have been diagnosed with schizophrenia or schizo-
phrenia-like illnesses or bipolar disorder using any criteria; and (c)
studies assessing PAIs or exercise interventions for weight manage-
ment. Such interventions could be used alone or in conjunction with
other interventions (e.g. as part of a multicomponent lifestyle inter-
vention). When used with other interventions, the PAI or exercise
should be the main or active element of the intervention. Studies
were excluded if they met any of the following criteria: (a) articles
in a foreign language with no English version of the full text; (b) pro-
tocols, reviews, commentaries, letters, editorials or studies without
abstract and full text.

Search strategy

On 5 July 2022, a thorough and systematic search was conducted on
the following electronic databases: MEDLINE (from 1946 to 5 July
2022), Embase (from 1974 to 5 July 2022), PsycInfo (from 1806 to
Week 4, June 2022) and Scopus (from 1976 to 5 July 2022). In add-
ition, backward citation searches were conducted on the reference
list of included studies and relevant systematic reviews. Forward cit-
ation searches were conducted on Scopus and Google Scholar. A
search on PROSPERO (www.crd.york.ac.uk/prospero), an elec-
tronic register of prospectively registered systematic reviews,
shows that there were no ongoing systematic reviews on the eco-
nomic evaluation of PAIs as a weight management intervention in
people with schizophrenia or bipolar disorder. The search strategies
and results can be found in the Supplementary Materials, Section 2.

Study selection

Two reviewers (O.K. and Z.W.) independently reviewed the titles
and abstracts of all the retrieved articles to determine the potential
eligibility of studies for this review. All retrieved articles were
imported to Rayyan, a screening web tool system, where duplicates
were removed (www.rayyan.ai, accessed on 4 November 2022).16

Rayyan was also used for the first-round screening (based on title
and abstract) and second-round screening (based on full text) of
the retrieved articles. The reviewers were masked to each other’s
screening. Any disagreements between the two reviewers were
resolved by discussion with a third reviewer (H.J.). Cohen’s kappa
score was calculated to determine the inter-rater reliability.

Data extraction

The data extraction tables used for this review were adapted from a
previous systematic review of economic evaluation17 and were
piloted for three randomly selected studies before being used in
this review. The following information was extracted from the
included studies: author and year, country, setting, intervention,
comparator, type of economic evaluation, time horizon, perspective,
study population, consideration of patient subgroups (e.g. potential
subgroups considered, and the rationale for conducting or not con-
ducting subgroup analysis), modelling method (if applicable), con-
flict of interest, cost-effectiveness results, results of sensitivity
analyses, conclusions reported by the author and any information
relevant to the quality assessment criteria. The cost-effectiveness
results include cost outcomes, clinical outcomes (e.g. quality-
adjusted life years (QALYs), body mass index (BMI) and waist cir-
cumference) and incremental cost-effectiveness ratios (ICERs), if
applicable.

Quality assessment

The Drummond checklist has been widely used to assess the risk of
bias and quality of evidence for both trial-based and model-based
economic evaluations.15 The checklist has two versions: a short
10-point version consisting of 10 questions and a full 35-point
version consisting of 35 questions. Each question can be answered
with ‘yes’ (if the paper fully meets the criterion), ‘no’ (if the paper
does not meet the criterion), ‘can’t tell answers’ (if it is unclear
whether the paper meets the criterion or not), ‘partly’ (if the
paper partially meets the criterion) or ‘N/A’ (if not applicable).
Both versions were used for the quality assessment in this review.

The quality assessment was conducted by one reviewer (O.K.).
The results of quality assessment of three randomly selected
included studies were checked by another reviewer (Z.W.). Any dis-
agreements between reviewers were resolved by discussion with a
third reviewer (H.J.).

Method of synthesis

Meta-analysis was not deemed to be appropriate for analysing the
results of cost-effectiveness analysis, as the results of single eco-
nomic studies may not be transferable between different places
and time owing to differences in local economic situations and
healthcare systems and widespread methodological heterogeneity.18

Therefore, the data extracted for this review were synthesised using
the narrative synthesis guideline developed by Popay and
colleagues.19

The certainty of evidence of the trial-based studies was assessed
following the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach, using the
GRADEpro GDT tool (online version, accessed 18/11/2022 at
gradepro.org). The certainty of the evidence was categorised as
high, moderate, low or very low. The GRADE approach was not
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applied tomodel-based studies as the relevant guidance is still under
development and has not yet been published.20

Results

Study selection

Figure 1 shows the PRISMA flowchart for the included studies. A
total of 2469 articles were retrieved from the electronic searches.
One additional study which meets the inclusion criteria was identi-
fied on Google Scholar through backward citation searching.12 This
article was not retrieved through the electronic searches because the
article was not indexed in any of the mainstream databases
searched. Therefore, in total, 2470 articles were identified for screen-
ing. After removing 395 duplicates, 2074 articles remained. Of these,
2026 articles were excluded at the first round of screening. The full
texts of the remaining 48 articles were ordered. Of the 47 articles
whose full texts are available, 33 studies were excluded. Reasons
for exclusion include not assessing the intervention of interest
(18/33, 54.5%) or the population of interest (6/33, 18.2%),21–26

not an economic evaluation (6/33, 18.2%),27–32 protocols (2/33,
6.1%)33,34 and not in English (1/33, 3.0%).35 The authors of the
two protocols were contacted to ask for the results of their study
but no responses were received. In total, 14 articles reporting 9
studies met the predefined inclusion criteria and were included in
the review. The Cohen’s kappa score for inter-rater agreement
was 0.49, implying a moderate agreement between the investiga-
tors.36 A list of included studies is reported in the Supplementary
Materials, Section 3.

Study description

Table 1 summarises the characteristics of the nine included studies.
All included studies were conducted in high-income countries: the
UK (4/9, 44.4%),12,13,37,38 the USA (2/9, 22.2%),39,40 The
Netherlands (2/9, 22.2%)41,42 and Belgium (1/9, 11.1%).43 The set-
tings of the interventions were community mental health services
(5/9, 55.6%),37–41 primary care (2/9, 22.2%),12,13 a sheltered housing
organisation (1/9, 11.1%)43 and in-patient care (1/9, 11.1%).42

Regarding the population, all included studies recruited people
with a mixed diagnosis of mental disorders except Park,12 which
recruited only people with schizophrenia and comorbid type 2 dia-
betes mellitus. People with schizophrenia were included in all nine
studies, whereas people with bipolar disorder were included in six
studies.13,38–41,43 Regarding the intervention assessed, all included
studies compared the cost-effectiveness of usual care alone with
MBLIs (that included a PAI component) with or without usual
care. Two studies (2/9, 22.2%)37,38 compared the intervention plus
usual care with usual care only. Five studies assessed group-based
interventions (5/9, 55.6%) and the other four assessed individual-
based interventions (4/9, 44.4). The PAI component within the
multicomponent lifestyle intervention varied greatly, including
group or individual aerobic exercises, low to medium intensity exer-
cises, walking, running, yoga, biking and indoor team sport to
achieve and maintain weight loss. Various time horizons were
used by the included studies: 6 months (1/9, 11.1%),12 12 months
(3/9, 33.3%),13,37,41 15 months (1/9, 11.1%),38 18 months (2/9,
22.2%),40,42 24 months (1/9, 11.1%)39 and 20 years (1/9, 11.1%).43

The types of economic evaluation adopted by included studies
were cost–utility analysis (CUA) (8/9, 88.9%), and cost-effectiveness
analysis (CEA) excluding CUA (1/9, 11.1%).40 CEA is one of the
most commonly used types of economic evaluation in healthcare.
Within a CEA, effectiveness outcomes are valued using a single
disease-specific measure. For example, Janssen et al40 – the only
included study that adopted a CEA excluding CUA framework –

used per kilogram loss of weight as the single disease-specific
measure. CUA is generally considered to be a special case of CEA;
the two analyses differ in how outcomes are measured, but the ana-
lytical approach is the same and the results are presented in the same
way. Within a CUA, effectiveness is measured in terms of generic
‘healthy years’. Of the eight CUA studies included, all used
QALYs as the effectiveness outcome. Seven studies (7/9, 77.8%)
were pure trial-based economic evaluations, one study was a pure
model-based economic evaluation12 and one study was based on
both trial and model.43 In terms of costing perspective, five
studies used a healthcare perspective only (5/9, 55.6%); three
studies (3/9, 33.3%) used two perspectives: a healthcare and social
care perspective and a societal perspective; 37–39 and one study
used one perspective (societal) for their cost-effectiveness and two
perspectives for their budget impact analysis (societal and
third-party payer).41 Two studies reported that they had conducted
subgroup analysis,37,43 but only one of them reported results of
subgroup analysis.43 None of the included studies reported on
their consideration of patient subgroups, such as potential sub-
groups considered, the rationale for conducting or not conducting
subgroup analysis, or any limitations.

Quality assessment

For the sake of simplicity, only the results of the 10-point version of
the Drummond checklist are summarised here. The results of the
full 35-point version are reported in the Supplementary Material,
Section 4.

The results of the 10-point Drummond checklist are reported in
Table 2 and graphically represented in Fig. 2. None of the included
studies met all ten criteria outlined in the checklist. Criteria where
studies performed poorly were the use of a time horizon not long
enough to reflect all important differences in costs and outcomes
(8/9, 88.9%), failure to test all important parameters whose values
were uncertain in sensitivity analysis (8/9, 88.9%), failure to dis-
count costs or consequences for differential timing despite adopting
a time horizon of over 1 year (5/9, 55.5%), failure to capture all
important costs or consequences for each intervention under assess-
ment (3/9, 33.3%) and not performing an incremental analysis of
costs and consequences of alternatives (1/9, 11.1%).

Findings of included studies

The main findings reported by the included studies are summarised
in Table 2. In summary, compared with usual care:

(a) five studies found that PAI was more effective and more expen-
sive;12,39–41,43 for these five studies, whether PAI was consid-
ered to be cost-effective or not depended on the local
willingness-to-pay (WTP) threshold for an additional unit of
effectiveness (e.g. QALY);

(b) one study found that PAI wasmore effective and equally expen-
sive, and therefore was cost-effective;42

(c) one study found that PAI was equally effective and equally
expensive, and therefore as cost-effective as usual care;38

(d) one study found that PAI was equally effective andmore expen-
sive, and therefore not cost-effective;37

(e) one study found that PAI was less effective and less expensive.13

The details of each of the above studies are as follows.

PAI more effective and more expensive than usual care
(n = 5 studies)

Janssen et al conducted a trial-based economic evaluation to
compare the cost-effectiveness of an 18-month group intervention
including group exercise sessions and moderate-intensity aerobic
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Citation searching (n = 1)
Records identified from:
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By automation (n = 273)
By human (n = 122)

Records removed before
screening:

Records excluded
(n = 2026)

Reports not retrieved
(n = 1)

Reports sought for retrieval
(n = 1)

Reports assessed for eligibility
(n = 1)

Reports excluded:
Not economic evaluation (n = 6)
Study protocol (n = 2)
Wrong population (n = 6)
Wrong intervention (n = 18)
Foreign language (n = 1)

Records screened
(n = 2074)

Reports sought for retrieval
(n = 48)

Reports assessed for eligibility
(n = 47)

Studies included in review
(n = 14)
Reports of included studies
(n = 9)

Fig. 1 PRISMA flowchart for the literature search.
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Table 1 Study characteristics

Author
and year Country Setting Intervention Comparator

Type of
economic
evaluation

Time
horizon

Analytical
framework Perspective Study population

Conflict of
interest

Deenik et al
202242

The Netherlands In-patient hospital Multidisciplinary lifestyle-
enhancing treatment
tailored to individual
patients’ needs. The active
programme part of this
intervention consisted of
sports-related activities
(e.g. walking, running,
yoga, biking, indoor team
sports), work-related
activities (e.g. gardening
and working in services
within the hospital),
psychoeducation (e.g.
about medication side-
effects, dietary habits) and
daily living skills training
(e.g. shopping, cooking)

Patients who received TAU
continued their
treatment in their
wards led by their own
(non-participating)
head practitioner,
which mainly
concerned
pharmacological
treatment and a less-
structured day
programme that did
not include any
supported lifestyle
interventions or
adjustments

CUA 18 months Cohort study
(n = 114)

Healthcare Patients with schizophrenia
spectrum and other
psychotic disorders who
had been in a psychiatric
hospital for at least 1
year

None

Heslin et al
201738

UK Community mental health service Multicomponent lifestyle
intervention targeting
exercise, diet, tobacco
smoking, alcohol use,
cannabis use, other illegal
substances and diabetes
(where applicable) + CBT +
TAU

TAU – care coordinators
were given training on
physical health
awareness + health
promotion leaflets

CUA 15 months Multicentre,
two-arm,
parallel
cluster
RCT
(n = 406)

Healthcare and social
care and societal
perspectives

People with psychotic
disorder (ICD-10
diagnosis: F20-29, F31.2,
F31.5) aged 18–65 years
under the care of a
community mental
health team registered
on an enhanced level of
the Care Approach
Programme (CPA) or
equivalent)

None

Holt et al
201937

UK Community mental health service Four 2.5 h weekly group
sessions on
psychoeducation and
behavioural change
targeting diet and physical
activity followed by 1:1
support contact, mostly by
telephone, every 2 weeks
for the remainder of the
intervention period; further
2.5 h group-based booster
sessions at 4, 7 and 10
months + TAU

TAU – printed advice on
lifestyle and the risks
associated with weight
gain for all participants

CUA 12 months Two-arm,
parallel
group RCT
(n = 412)

Healthcare and social
care and societal
perspective

Adults (≥18 years) with
schizophrenia,
schizoaffective disorder
or first-episode
psychosis prescribed an
antipsychotic for ≥1
month and able and
willing to participate in a
group education
programme. Participants
had a BMI ≥25 kg/m2

(≥23 kg/m2 for South
Asian and Chinese
backgrounds) or
expressed concern
about their weight

None

(Continued )
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Table 1 (Continued )

Author
and year Country Setting Intervention Comparator

Type of
economic
evaluation

Time
horizon

Analytical
framework Perspective Study population

Conflict of
interest

Janssen
et al
201740

USA Out-patient community mental health
service

Group weight-management
sessions, three times a
month; individual weight-
management sessions
monthly; group exercise
sessions 3 days per week
involving moderate-
intensity aerobic exercise;
exercise classes were led
by a trained member of the
study staff

Standard nutrition and
physical activity
information at
baseline. Health
classes were offered
quarterly, with content
unrelated to weight
(e.g. cancer screening)

CEA 18 months RCT (n = 291) Healthcare Adults with overweight or
obesity from community
psychiatric rehabilitation
out-patient programmes;
58.1% had schizophrenia
or a schizoaffective
disorder, 22.0% had
bipolar disorder, and
12.0% had major
depression

None

Looijmans
et al
202041

The Netherlands Community mental health centres Months 1–6: patients’ lifestyle
behaviour was screened by
nurses during regular care
visits once every 2 weeks,
using a web tool ‘Traffic
Light Method’. Nurses
created a lifestyle plan with
specific goals with the
patients. The intervention
addressed diet and
physical exercise and
incorporated behavioural
techniques. Months 7–12:
further lifestyle plans were
mapped out between
patients and nurses. Plans
were evaluated until the
trial ended

Usual care – medical
problems were tackled
immediately according
to protocol, whereas
lifestyle guidance was
provided on request of
the patients

CUA 12 months Clustered RCT
(n = 244)

Societal and third-
party payera

Patients managed by
community mental
health centres, whose
annual physical
screening showed one
or more increased
metabolic risk factors:
waist circumference
>88 cm (females) or 102
(males), BMI > 25 kg/m2,
fasting glucose levels
>5.6 mmol/L, or HbA1c >
5.7% or >39 mmol/mol.
Diagnoses include
psychotic disorder (75%),
bipolar disorder (15%),
complex personality
disorders (10%)

None

Meenan
et al
201639

USA Community mental health centres Months 1–6: weekly group
meetings covering topics
on nutrition, physical
activity (mainly walking);
months 7–12: monthly
group meetings to support
the maintenance of
behaviour change and
weight loss + individual
monthly contacts with
intervention group
facilitators; plus 12 months
follow-up

Usual care – not
described, but
participants in this
group had no
obligation to the study
and were free to
initiate any weight-loss
effort on their own

CUA 24 months Parallel-arm,
multi-site
RCT (n =
200)

Healthcare and
societal

Individuals ≥18 years of age
who were taking
antipsychotic
medications for at least
30 days prior to
enrolment, and who had
a BMI > 27. Diagnoses
include affective
psychosis (38%), bipolar
disorder (32%),
schizophrenia spectrum
disorders (29%) and
PTSD (2%)

None

(Continued )
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Table 1 (Continued )

Author
and year Country Setting Intervention Comparator

Type of
economic
evaluation

Time
horizon

Analytical
framework Perspective Study population

Conflict of
interest

Osborn et al
201813

UK GP practice – Primary care Multicomponent lifestyle
intervention to improve
diet or physical activity
levels, reduce alcohol, and
quit smoking; participants
were offered weekly to
fortnightly appointments
for up to 6 months

British Heart Foundation
leaflets were mailed to
participants. The usual
clinical pathways for
cardiovascular disease
risk factors were
continued in this group

CUA 12 months Clustered RCT
(n = 327)

Healthcare Participants aged 30–75
years with severe mental
illness (schizophrenia,
bipolar disorder or
psychosis), who had
raised cholesterol
concentrations
(≥5.0 mmol/L) or a total:
HDL cholesterol ratio of
4.0 mmol/L or more and
one or more modifiable
cardiovascular disease
risk factors. About half of
the population had
bipolar disorder, almost
one-third had
schizophrenia or
schizoaffective disorder
and almost one-fifth had
other psychoses

None

Park 201412 UK Primary care Group-based lifestyle
intervention including
psychosocial education on
diabetes, healthy eating
habits and physical activity.
Self-monitoring:
participants could record
their level of exercise daily

Usual care – two general
practitioner visits +
dietitian referral when
necessary

CUA 6 months Model
(decision
tree)

Healthcare Middle-aged adults with
chronic long-term
schizophrenia and
comorbid type 2
diabetes

None

Verhaeghe
et al
201443

Belgium Sheltered housing organisation Ten psychoeducational and
behavioural group-based
sessions in a 10-week
period; group-based
exercise in the same 10-
week period (weekly
30 min supervised walking
sessions); and individual
support from the mental
health nurses during the
10-week intervention.
Intervention included TAU

TAU – weekly meetings
between the mental
health nurse and the
resident to discuss
topics such as how to
cope with the
psychiatric illness,
somatic health,
household tasks and
financial issues

CUA 20 years Clustered RCT
(n = 284)
+ Markov
model

Healthcare Individuals with mental
disorder living in
sheltered housing.
Diagnoses:
schizophrenia (37.9%),
mood disorder (24.5%),
substance misuse
(15.9%), personality
disorder (14.4%) and
other (7.2%)

None

BMI, body mass index; CBT, cognitive–behavioural therapy; CEA, cost-effectiveness analysis; CUA, cost–utility analysis; HbA1c, glycated haemoglobin; PTSD, post-traumatic stress disorder; RCT, randomised controlled trial; TAU, treatment as usual.
a. Looijmans et al used one costing perspective (societal) for their economic evaluation, and two costing perspectives for their budget impact analysis (societal and third-party payer).
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Table 2 Summary of study results

Author and
year

Incremental cost (control
versus intervention)

Incremental effectiveness (control
versus intervention)

Incremental cost-effectiveness ratio
(ICER) (control versus intervention) Conclusion

Deenik et al
202242

Incremental healthcare
cost: –€736.28 (95% CI
–2145.18 to 672.62)

Incremental QALY with outliers: 0.06
(95% CI –0.08 to 0.20)
Incremental QALY without
outliers: 0.06 (95% CI –0.08 to 0.20)

Results of deterministic analysis
showed that intervention dominated
control
Results of PSA showed that ≥80% of
the repetitions delivered health
improvements with the intervention
compared with control, and on all
outcomes the majority of repetitions
demonstrated that intervention
resulted in more health
improvements and fewer costs
compared with control (36% in
weight to 57% in systolic blood
pressure)

Intervention did not increase
healthcare costs while
improving health outcomes

Heslin et al
201738

Incremental cost from the
healthcare
perspective: £95 (95%
CI –£1410 to £1599)
Incremental cost from
the societal
perspective: £675 (95%
CI –£1039 to £2388)

Incremental QALYs estimated from
the SF-36: −0.00 (95% CI −0.01 to
0.00)
Incremental QALYs estimated
from the EQ-5D-3 L: 0.00 (95% CI
−0.01 to 0.02)

Because the difference in QALYs
between intervention and control
group was almost zero, it was not
useful to calculate a deterministic
ICER.
Results of PSA showed that the
probability of the intervention being
cost-effective did not exceed 0.4 for
any of the examined WTP thresholds
for QALY gains.
Results are robust to all sensitivity
analyses conducted.

No evidence of cost-
effectiveness for
intervention

Holt et al
201937

Incremental cost from the
healthcare and social
care perspective: £802
Incremental cost from
the societal
perspective: £1027

0.0035 QALYs ICER from the healthcare perspective:
£246 921 per QALY gained
ICER from the societal perspective:
£367 543 per QALY gained

The intervention was not cost-
effective over the 12-
month intervention period

Janssen et al
201740

Healthcare cost: $95 per
participant per month

Weight loss for the intervention
group: 3.4 kg

$501 per kilogram lost.
In univariate sensitivity analysis,
costs ranged from $402 to $725 per
kilogram lost.
Results are sensitive to the number
of staff members per contact
session, average time per session
and cost of supplies

A WTP threshold was not
reported; therefore, no
conclusion can be drawn
regarding the cost-
effectiveness of the
intervention

Looijmans
et al
202041

Incremental cost from the
societal perspective:
€2516 (95% CI −€12
592 to €17 423)

Incremental QALY: −0.001 (95% CI
−0.033 to 0.032).

Because the difference in QALYs
between intervention and control
group was almost zero, it was not
useful to calculate a deterministic
ICER.
Results of PSA showed that the
probability of the intervention being
cost-effective with regard to QALYs
was around 40% for the whole range
of thresholds explored.
Results are robust to all sensitivity
analysis conducted

The intervention was not cost-
effective at 12 months

Meenan et al
201639

Incremental cost from the
healthcare
perspective: ranging
from $4365 to $5687.
Incremental cost from
the societal
perspective: $5493

Utility gain was too small, hence QALY
was not calculated.
Participants in the intervention
group lost an average of 4.4 kg by
the end of the 6-month intensive
intervention period and
maintained a 2.6 kg loss at
12 months

ICER ranged from $1940 to $2527 per
kilogram lost, depending on which
costs and which patient group were
included (completers versus
intention to treat).
Results are sensitive to overheads
rate and staff salary

A WTP threshold was not
reported; therefore, no
conclusion can be drawn
regarding the cost-
effectiveness of the
intervention

Osborn et al
201813

Incremental healthcare
cost: –£895 (95% CI
−1631 to −160; P =
0.012)

Incremental QALYs: −0.011 (95% CI
−0.034 to 0.011; P = 0.41)

Deterministic ICER for control: £81
363 per QALY
Results of PSA showed that at a
£20 000 WTP for a QALY gained, the
probability for the intervention to be
cost-effective was 89%

The intervention was
potentially cost-effective

(Continued )
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exercise with no intervention in the USA.40 This economic evalu-
ation was based on a randomised controlled trial (RCT) which
recruited 291 participants with SMI and overweight or obesity
from community psychiatric rehabilitation out-patient pro-
grammes;44 58.1% of participants had schizophrenia or a schizo-
affective disorder, 22.0% had bipolar disorder and 12.0% had
major depression. They found that participants in the intervention
group lost, on average, 3.2 kg more than the control group over 18
months. The ICER of the intervention was $501 per kilogram lost,
which was higher than many commercial weight-loss plans or life-
style interventions. One-way sensitivity analyses (which can be used
to assess the sensitivity of the results to variations in a specific input
parameter or assumption) were conducted for a series of parameters
related to the cost of providing the intervention. The results
of sensitivity analyses showed that varying the number of staff
members per contact session changed the overall cost the most.
Probabilistic or bootstrapping sensitivity analysis (which can be
used to quantify the level of confidence in the results, in relation
to the joint uncertainty of multiple parameters simultaneously)
was not conducted. The findings of Janssen et al40 are similar to
the findings of the trial-based economic evaluation conducted by
Meenan et al in the USA, who reported that participants with
SMI lost an average of 4.4 kg at the end of the 6-month intensive
group-based lifestyle intervention period and maintained a 2.6 kg
loss at 12 months.39 The economic evaluation of Meenan et al
was based on an RCT which recruited 200 individuals 18 years or
older who had been taking antipsychotic medications for at least
30 days prior to enrolment and who had a BMI≥27.45 The recruited
participants had a mixed diagnosis of SMI, including affective
psychosis (38%), bipolar disorder (32%), schizophrenia spectrum
disorders (29%) and post-traumatic stress disorder (PTSD) (2%).
Meenan et al reported that the ICER of the intervention ranged
from $1940 to $2527 per kilogram lost depending on which costs
and which patient group were included (e.g. completers versus
intention to treat). One-way sensitivity analyses were conducted
for certain measures and assumptions, the results of which
showed that the single largest individual effects on estimated
ICERs resulted from lowering the overheads rate and reducing sal-
aries by 25%. Probabilistic or bootstrapping sensitivity analysis was
not conducted. Neither Janssen et al40 nor Meenan et al45 reported a
WTP threshold; therefore, no conclusion can be drawn regarding
the cost-effectiveness of the interventions. Verhaeghe et al used a

combination of trial and Markov models to compare the 20-year
cost-effectiveness of group-based exercise plus usual care with
usual care alone for people with SMI in Belgium.43 The within-
trial analysis was based on a cluster preference RCT which recruited
284 individuals with SMI living in sheltered housing.46 The diagno-
ses of the recruited participants included schizophrenia (37.9%),
mood disorder (24.5%), substance misuse (15.9%), personality dis-
order (14.4%) and other (7.2%). An age- and gender-dependent
Markov model was then used to project the 20-year cost-effective-
ness of the intervention, assuming a repeated yearly implementation
of the intervention. Based on the results of deterministic analysis,
they reported that the 20-year ICER of the intervention was €27
096 per QALY for men and €40 139 per QALY for women, results
that are very similar to the average ICER based on the probabilistic
sensitivity analysis (PSA) results (€27 624 per QALY for men and
€36 571 per QALY for women). At a cost-effectiveness threshold
of €30 000 per QALY, the intervention was deemed to be cost-
effective for men but not for women. Comprehensive one-way sen-
sitivity analyses were conducted to test a range of parameters/
assumptions; the results showed that the model is most sensitive
to the intervention effect and intervention cost in both men and
women. The probability of the intervention being cost-effective
was not reported.

Looijmans et al in The Netherlands conducted an economic
evaluation and budget impact analysis for a web tool that can be
used to generate a personalised lifestyle plan (including physical
exercise) for people with SMI and monitor their progress.41 Their
analysis was based on a pragmatic RCT which recruited 244
people with SMI managed by community mental health centres,
whose annual physical screening showed one or more increased
metabolic risk factors: waist circumference >88 cm (females) or
>102 cm (males), BMI > 25 kg/m2, fasting glucose levels
>5.6 mmol/L or glycated haemoglobin (HbA1c) >5.7% or
>39 mmol/mol.47 They found that the intervention did not result
in higher QALYs but reduced participants’ waist circumference by
−1.03 cm (95% CI −3.42 to 1.35 cm; non-significant) after 12
months. The intervention was not considered to be cost-effective
at 12months. The results were robust for the number of participants
per trained coach and the use of complete data only (one-way/scen-
ario sensitivity analysis was only conducted for these two changes).
The results of probabilistic sensitivity analysis showed that the prob-
ability of the intervention being cost-effective in terms of QALYs is

Table 2 (Continued )

Author and
year

Incremental cost (control
versus intervention)

Incremental effectiveness (control
versus intervention)

Incremental cost-effectiveness ratio
(ICER) (control versus intervention) Conclusion

Park 201412 Incremental healthcare
cost: £10.76

Incremental QALY: 0.12 ICER = £676.89 per QALY gained.
Results of PSA showed at a WTP of
£20 000 per QALY gained, there was
a 52.8% probability of the
intervention being cost-effective.
Results are sensitive to the cost of
the intervention

The intervention was cost-
effective in the short term

Verhaeghe
et al
201443

Incremental healthcare
cost for men: €228
Incremental
healthcare cost for
women: €263

Incremental QALY for men: 0.008
(95% CI 0.003–0.014)
Incremental QALY for women:
0.007 (95% CI 0.002–0.011).

ICER for men: €27 096 per QALY
ICER for women: €40 139 per QALY
Scenario analysis assuming an
increase in quality of life due to BMI
decrease resulted in much better
cost-effectiveness in both men
(€3357 per QALY) and women (€3766
per QALY).
Results are sensitive to the
intervention effect and the
intervention cost

The intervention was cost-
effective in men but not in
women

BMI, body mass index; EQ-5D-3 L, 3-level five-dimensional EuroQoL; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year; SF-36, 36 item Short-Form Health Survey; WTP,
willingness to pay.
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around 40% for the whole range of thresholds explored (€0–300
000 per QALY). Park conducted a model-based economic evalu-
ation using a decision tree for middle-aged adults with chronic
schizophrenia and comorbid type 2 diabetes in primary care in
the UK.12 The intervention assessed was a group-based lifestyle
intervention that focused on psychosocial education on diabetes,
healthy eating habits and physical activity. Park found that the
intervention resulted in reduced BMI (from 33.6 to 32.9 kg/m2,
P < 0.001) after 6 months.12 The 6-month ICER of the intervention
was £81.23 per extra unit of BMI loss and less than £700 per QALY
gained. One-way and two-way sensitivity analyses were conducted
for several parameters/assumptions related to the cost of the inter-
vention and usual care; the results showed that when the cost of the
intervention increased from £173 to £399, the intervention was no
longer cost-effective. The results of PSA showed that the interven-
tion had a 52.8% probability of being cost-effective, at a WTP of
£20 000 per QALY gained. Park concluded that the intervention
was cost-effective in the short term, but refresher sessions might
help prolong the beneficial effects accrued beyond 6 months.

PAI more effective and equally expensive compared
with usual care (n = 1 study)

Deenik et al assessed the cost-effectiveness of a holistic lifestyle
intervention tailored to individual patients with SMI in a
psychiatric hospital in The Netherlands.42 The intervention
focused on decreasing sedentary behaviour, increasing physical
activity and improving dietary habits. Resource use data before
and after the implementation of the intervention were retrospect-
ively retrieved from an 18-month cohort study.48 In total, 114 indi-
viduals with schizophrenia spectrum and other psychotic disorders,
who had been in-patients for at least 1 year were recruited. The
results of adjusted linear regression models (adjusted for baseline
costs and baseline differences) showed a non-significant decrease
of €736.28 per patient per quarter year (95% CI –2145.18 to
672.62) in favour of the intervention. The results of PSA showed
statistically non-significant cost savings against health improve-
ments for all health-related outcomes (e.g. weight, blood pressure
and quality of life) in the intervention group compared with usual
care. Deenik et al concluded that PAI did not increase healthcare
costs while improving health outcomes.

PAI equally effective and equally expensive compared
with usual care (n = 1 study)

Heslin et al conducted a trial-based economic evaluation in the UK
to compare the cost-effectiveness of a 15-month integrated health
promotion intervention (IMPaCT) plus treatment as usual (stand-
ard community mental health team care) with treatment as usual
alone in people with established psychosis.38 IMPaCT aimed to
improve health and reduce substance use. It targeted exercise,
diet, tobacco smoking, alcohol use, cannabis use, other illegal sub-
stances and diabetes (where applicable) and included cognitive–
behavioural therapy (CBT) and usual care. The economic evalu-
ation was based on a pragmatic multi-centre phase III cluster
RCT which recruited 406 participants with psychotic disorder
(ICD-10 diagnosis: F20–29, F31.2, F31.5), who were 18–65 years
old and under the care of community mental health teams. They
found that IMPaCT showed no difference in cost or health benefit
compared with usual care. Results of bootstrapping showed that
the probability of the health promotion intervention being cost-
effective did not exceed 0.4 for WTP thresholds ranging from £0
to £50 000 per QALY. Comprehensive determinist sensitivity ana-
lyses were conducted and the conclusion was robust for all para-
meters/assumptions tested.

PAI was equally effective and more expensive
compared with usual care (n = 1 study)

Holt et al conducted a trial-based economic evaluation in the UK to
compare the cost-effectiveness of usual care with a 12-month inter-
vention (weekly group sessions on psychoeducation and behav-
ioural change targeting diet and physical activity).37 This
economic evaluation was based on an RCT that recruited 412
patients with schizophrenia, schizoaffective disorder or first-
episode psychosis, who had been prescribed an antipsychotic for
≥1 month, were able and willing to participate in a group education
programme and had a BMI ≥25 kg/m2 (≥23 kg/m2 for South Asian
and Chinese backgrounds) or had expressed concern about their
weight. They found that compared with usual care, the intervention
was more expensive but did not show improvement in QALY or
weight loss over the 12-month intervention period. A deterministic
sensitivity analysis was conducted to test missing data mechanisms
and a subgroup analysis was conducted for participants with differ-
ent duration of SMI, but the results of these analyses were not
reported. PSA was not conducted.

PAI was less effective and less expensive than usual
care (n = 1 study)

Osborn et al conducted a trial-based economic evaluation in the UK
to compare the cost-effectiveness of usual care with a primary care
intervention that aimed to decrease total cholesterol concentrations
and cardiovascular disease risk for people with SMI (bipolar dis-
order, schizophrenia or schizoaffective disorder and other psych-
oses).13 This economic evaluation was based on an RCT that
recruited 327 participants aged 30–75 years with SMI, who had
raised cholesterol concentrations (≥5.0 mmol/L) or a total HDL
cholesterol ratio of ≥4.0 mmol/L and one or more modifiable car-
diovascular disease risk factors. They reported that at 12 months,
compared with usual care, the intervention was associated with a
lower cost (mean difference –£895, 95% CI –1631 to –160) and
lower QALY gains (−0.011, 95% CI −0.034 to 0.011). The results
of bootstrapping showed that the probability of the intervention
being cost-effective was 98% at a £0 per QALY WTP threshold
and 89% at a £20 000 per QALY WTP threshold. No results of
deterministic sensitivity analyses were reported.

GRADE evaluation

The GRADE table for the eight trial-based economic evaluations are
reported in the Supplementary Materials, Section 5. All eight studies
were rated as moderate except Deenik et al.42 Deenik et al was rated
as low because it was based on an observational study.

Discussion

Summary of the main findings

Our review identified 14 papers reporting 9 original studies about
the cost-effectiveness of MBLIs including a PAI component for
people with schizophrenia or bipolar disorder. All included
studies were published after 2013 and conducted in high-income
countries (UK, USA, The Netherlands and Belgium).

None of the included studies assessed the cost-effectiveness of
PAI alone; instead, they all assessed PAI as a component of
MBLIs. Mixed results about the cost-effectiveness of MBLIs includ-
ing a PAI component were reported. In summary, three studies
reported the intervention to be cost-effective;12,13,42 two studies
reported the intervention to be not cost-effective;37,41 one study
reported the intervention to be cost-effective for men but not for
women;43 one study reported the intervention to be as cost-effective
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as usual care;38 two studies reported the intervention to be more
effective and more expensive than usual care, but they did not set
a WTP threshold.39,40 Therefore, it was not possible to conclude
whether the intervention was cost-effective or not.

This finding of our review (i.e. mixed conclusions reported by
different studies) is similar to the findings of previous systematic
reviews of economic evaluations of other interventions for people
with schizophrenia or bipolar disorder. For example, a recent sys-
tematic review conducted by Jin et al identified 60model-based ana-
lyses assessing the cost-effectiveness of antipsychotic medications
for people with schizophrenia.49,50 However, Jin et al reported
that it was not possible to identify the most cost-effective anti-
psychotic for schizophrenia as inconsistent conclusions have been
reported by different studies. A systematic review conducted by
Shields et al identified 12 trial-based economic evaluations of psy-
chological therapies for people with schizophrenia or bipolar dis-
order.51 Shields et al reported that although most studies
concluded that psychological interventions were cost-effective for
people with schizophrenia or bipolar disorder, the incremental
costs between psychological interventions and the comparators
were highly uncertain. Jin et al and Shields et al reported that the
reasons why different conclusions/results were reported by different
studies might be methodological heterogeneity (e.g. use of different
model structures, different sources of input data and different mea-
sures of health outcome) and conflict of interest (i.e. studies
reported positive findings for an intervention manufactured by
the sponsoring commercial companies).49–51

Specifically for this review, the reasons why different economic
evaluations reported different conclusions for PAI might include:
(a) patient heterogeneity – for example, Holt et al recruited only
patients with schizophrenia and psychosis,37 whereas Verhaeghe
et al43 and Meenan et al39 recruited patients with a mixed diagnosis
of different mental health disorders; (b) use of different modalities
of the intervention – for example, Holt et al assessed a group-
based multicomponent lifestyle intervention used in the community
setting,37 whereas Deenik et al assessed an individual-tailoredmulti-
component lifestyle intervention used in an in-patient setting;42

(c) widespread heterogeneity in the methods of economic evalu-
ation – for example, Osborn et al assessed the 12-month cost-
effectiveness of a multicomponent lifestyle intervention based on
a clinical trial,13 whereas Verhaeghe et al assessed the 20-year
cost-effectiveness of a multicomponent lifestyle intervention based
on a clinical trial and an economic model;43 and (d) choice of differ-
ent costing perspectives (i.e. which types of costs were included in
the analysis) – according to a recently published systematic review
of cost-of-illness studies,52 direct healthcare costs account for 11–
87% of the total societal cost of schizophrenia; the rest 23–89% of
the societal cost comprises productivity losses for patients and
their carers, legal costs, sheltered housing and other costs. Of the
nine studies included in this review, only three reported separate
cost-effectiveness results from different costing perspectives.37–39

All three studies found that the adoption of a societal perspective
made PAI less cost-effective compared with a narrow healthcare
perspective39 or healthcare and social care perspective.37,38

The quality of the included studies ranges from moderate to
high. The most common limitations which apply to most of the
included studies are the use of a time horizon not long enough to
reflect all important differences in costs and outcomes, and failure
to test all important parameters whose values were uncertain in sen-
sitivity analysis. Weight gain is associated with increased incidence
of many chronic diseases, such as cardiovascular disease, diabetes
and cancer. Therefore, any interventions that can effectively and
continuously prevent or delay weight gain are likely to have a life-
time impact on patients’ future QALY gains and use of healthcare
resources. Although it is usually not feasible to design a trial with

a lifetime horizon, modelling methods can be used to extrapolate
short-term trial outcomes over time to simulate the likely long-
term impact of using an intervention based on the existing evidence.
In the past 20 years, modelling methods have been routinely used by
health technology assessment centres across the world (e.g. NICE
and the Canadian Agency for Drugs and Technologies in Health
(CADTH)) to explore the long-term cost-effectiveness of new inter-
ventions. Of the nine included studies, only two used a modelling
method;12,43 and of these two studies, none modelled the lifetime
outcomes of using a multicomponent lifestyle intervention includ-
ing a PAI component. Therefore, the lifetime cost-effectiveness of
such an intervention is still unknown and would require further
research. Both trial- and model-based economic evaluations are
subject to a number of potential selection biases and uncertainties.
It is recommended that the impact of these biases and uncertainties
should be assessed by comprehensive sensitivity analysis, such as
deterministic sensitivity analysis and probabilistic/bootstrapping
sensitivity analysis (which can be used to quantify the level of con-
fidence in the results, in relation to the joint uncertainty of multiple
parameters simultaneously).15 However, of the nine included
studies, only one conducted adequate deterministic and probabilis-
tic sensitivity analysis for both cost and effectiveness outcomes.43

Without the results of comprehensive sensitivity analyses, we
cannot make judgements about the robustness of the study’s
conclusions.

It was noted that although the Drummond checklist emphasises
the importance of adequately defining relevant patient subgroups, it
does not address subgroups that were omitted. It is well documented
that people with schizophrenia or bipolar disorder usually have their
own unique combination of symptoms and may have very different
responses to the same intervention.8,9 Therefore, an intervention
that appeared to be cost-effective for one patient subgroup might
not be cost-effective for another.53 It is recommended that potential
patient subgroups should be considered early in the process of eco-
nomic evaluation. Of the nine included studies, only two conducted
subgroup analysis.37,43 It was acknowledged that subgroups might
not always be relevant (e.g. if the trial inclusion/exclusion criteria
are very strict and the recruited patient sample is fairly homoge-
neous) or feasible (e.g. the sample size is not powered to detect
any difference in cost-effectiveness results across different sub-
groups). However, none of the included studies reported on their
consideration of patient subgroups, such as potential subgroups
considered, the rationale for conducting or not conducting sub-
group analysis and any limitations.53

Clinical relevance

The findings of our review suggest that PAIs should be used in com-
bination with other lifestyle interventions (e.g. as a multicomponent
lifestyle intervention), as currently there is a lack of economic
evidence to support the use of PAIs alone. The mixed findings of
the cost-effectiveness of multicomponent lifestyle interventions
including a PAI component reported by included studies indicate
that not all modalities of such an intervention are cost-effective
for people with schizophrenia or bipolar disorder, and not all
people with schizophrenia or bipolar disorder would benefit
equally from the intervention. Although physical activity should
be encouraged for all people with schizophrenia or bipolar disorder,
owing to resource constraints of healthcare systems the provision of
a multicomponent lifestyle intervention including a PAI component
might need to be limited to those people who are mostly likely to
benefit from it. Based on the limited evidence, it is suggested that
the following patient subgroups might be more likely to benefit
from a multicomponent lifestyle intervention including a PAI
component: men;43 individuals with comorbid type 2 diabetes;12
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and individuals who have been psychiatric hospital in-patients for
≥1 year.42 Further research is urgently needed to confirm the differ-
ential impacts of using multicomponent lifestyle interventions
including a PAI component on different patient subgroups. When
amulticomponent lifestyle intervention including a PAI component
is provided to people with schizophrenia or bipolar disorder, it
might need to be tailored to individual needs and used in combin-
ation with other approaches, such as adjustment of antipsychotic
treatment, co-prescription with other drugs (e.g. metformin) and
psychological interventions.

It should be noted that all included studies were conducted in
high-income countries. As a result, the conclusions of the evidence
might not be applicable to low- and middle-income countries
(LMICs) owing to the differences in local economic situations and
healthcare systems.

Recommendations for future research

Based on the findings of this review, it is recommended that more
economic evaluations of PAIs need to be conducted for people
with schizophrenia or bipolar disorder in LMICs. It is also recom-
mended that long-term follow-up studies are conducted to assess
whether the effectiveness of PAIs can be maintained after 6–12
months.

Specific recommendations for future economic evaluations of
PAIs for people with mental disorders are summarised as follows:

(a) compare the cost-effectiveness of different modalities of PAI,
such as (i) group sessions versus individual sessions; (ii) PAIs
with different intensity levels versus each other; and (iii) PAIs
alone versus PAIs in combination with other interventions;

(b) explore the cost-effectiveness of PAIs for different patient sub-
groups, such as patients with different psychiatric diagnoses,
different genders and different comorbidity status;

(c) use modellingmethods to explore the lifetime cost-effectiveness
of PAIs;

(d) report detailed information on costing data and calculation
processes (e.g. detailed parameters and calculation tables) to
facilitate assessment of quality, transparency, reproducibility
and adaption of analyses to other settings/countries;

(e) consider potential patient subgroups early in the process of eco-
nomic evaluation; any relevant patient subgroups considered
but not included in the economic evaluation should be
reported; and the rationale and limitations should be discussed.

Strengths and limitations
Strengths

Although both NICE and the WHO recommend PAIs for people
with schizophrenia or bipolar disorder, neither considered the
cost-effectiveness evidence of these interventions. To our knowl-
edge, our paper reports the first systematic review that summarised
economic evidence on PAIs for people with schizophrenia or
bipolar disorder. The findings of our review can be used to
inform the recommendations of future clinical guidelines and com-
missioning decisions at national or local level. Based on the findings
of our review, recommendations for future research are provided.

A comprehensive search strategy was developed to ensure that
all relevant studies were captured. Searches were conducted on
four mainstream databases and supplemented with forward and
backward citations. Three reviewers were involved in the sifting
process, and the inter-rater agreement score is reasonable.

Limitations

This review is subject to two main limitations. First, at the outset of
the review, we intended to identify economic evidence on PAIs for

all people with SMI. However, a pilot search on that topic returned
over 9000 citations, which was not deemed to be manageable within
the resource constraints of this project. Therefore, we decided to
limit our review to people with more severe mental disorders –
schizophrenia and bipolar disorder. This means that the findings
of our review might not be directly applicable to people with
other mental disorders. Second, this review only includes studies
published in English, which may have limited the scope of the evi-
dence identified. To assess the impact of this limitation, a language
limit was not applied at the search stage. Of the abstracts retrieved
from the search, only one study was excluded because it was
reported in another language.35
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Apropos suicide verdicts: Lord Clifford strangled himself with his cravat in
1673? Beyond reasonable doubt versus the balance of probabilities

Greg Wilkinson (Posthumous publication)

On 18 August 1673 John Evelyn, Diarist, was returning papers to his friend Lord Thomas Clifford who had resigned as Lord
Treasurer the previous month. Under suspicion of ‘warping to Rome’, Clifford’s Catholicism barred him from holding Office,
which Evelyn says broke Clifford’s heart, left him struggling in his mind, and he could not brook it.

Evelyn writes that he took leave of Clifford, who wrung his hand, looked earnestly at him, and bidding goodbye added ‘I shall
never see thee more’. Evelyn: ‘No! My Lord, what’s the meaning of this? I hope I shall see you often, and as great a person
again’. Clifford: ‘No, Mr. Evelyn, do not expect it, I will never see this place, this city, or Court again’. They parted ‘not without
almost mutual tears’. Not long after came news that Clifford was dead (continues Evelyn, evidently in retrospect). He had
heard that Clifford made away with himself, ‘after an extraordinary melancholy’; this was not confidently affirmed, but was
reported by a servant, and afterwards by others; but when Evelyn hinted some such thing to Mr Prideaux, one of Clifford’s
trustees, ‘he was not willing to enter into that discourse’. It was said that one morning, having unusually caused his servant
to leave him, Clifford locked himself in and strangled himself with his cravat upon the bed-tester (wooden canopy). His servant,
suspicious at his dismissal, looked through the keyhole – as Evelyn remembered – and seeing his master hanging, broke in, took
him down, vomiting a great deal of blood, and heard Clifford say: ‘Well; let men say what they will, there is a God, a just God
above’ – after which he said no more (see, for example editions by Bray, Dobson or de Beer).1

Lord Clifford died on 17 October 1763 and there is no known conclusive account of his death. On undisclosed evidence, Arthur
Clifford Esq states in his panoramic Collectanea Cliffordiana (1817) that Lord Clifford was ‘seized with a mortal illness soon after
his retreat into the country’; the historians Oliver ([a priest] Cliffordiana, 1828) and Hartmann (Clifford of the Cabal, 1937) do not
support suicide; de Beer notes that the details of Evelyn’s account are suspicious, and opines that Clifford’s death was almost
certainly due to natural causes, although ‘it is possible that in the course of his sufferings Clifford did something that hastened
his end’.1 Suicide was then a grave sin in Catholicism. Family is a protective factor against suicide: Clifford’s wife Elizabeth Martin
died in 1709, she bore 15 children, and he was survived by four sons and seven daughters. Inter alia, vomiting a great deal of
blood is not typical of near suicide by hanging.
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