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Abstract 

Background:  The present study aimed to identify and critically appraise the quality of model-based economic evalu-
ation studies in mental health prevention.

Methods:  A systematic search was performed on MEDLINE, EMBASE, EconLit, PsycINFO, and Web of Science. Two 
reviewers independently screened for eligible records using predefined criteria and extracted data using a pre-piloted 
data extraction form. The 61-item Philips Checklist was used to critically appraise the studies. Systematic review regis-
tration number: CRD42020184519.

Results:  Forty-nine studies were eligible to be included. Thirty studies (61.2%) were published in 2015–2021. Forty-
seven studies were conducted for higher-income countries. There were mainly cost-utility analyses (n = 31) with the 
dominant primary outcome of quality-adjusted life year. The most common model was Markov (n = 26). Most of the 
studies were conducted from a societal or health care perspective (n = 37). Only ten models used a 50-year time 
horizon (n = 2) or lifetime horizon (n = 8). A wide range of mental health prevention strategies was evaluated with 
the dominance of selective/indicate strategy and focusing on common mental health problems (e.g., depression, 
suicide). The percentage of the Philip checkilst’s criteria fulfilled by included studies was 69.3% on average and ranged 
from 43.3 to 90%. Among three domains of the Philip checklist, criteria on the model structure were fulfilled the most 
(72.1% on average, ranging from 50.0% to 91.7%), followed by the data domain (69.5% on average, ranging from 
28.9% to 94.0%) and the consistency domain (54.6% on average, ranging from 20.0% to 100%). The practice of identifi-
cation of ‘relevant’ evidence to inform model structure and inputs was inadequately performed. The model validation 
practice was rarely reported.

Conclusions:  There is an increasing number of model-based economic evaluations of mental health prevention 
available to decision-makers, but evidence has been limited to the higher-income countries and the short-term 
horizon. Despite a high level of heterogeneity in study scope and model structure among included studies, almost all 
mental health prevention interventions were either cost-saving or cost-effective. Future models should make efforts 
to conduct in the low-resource context setting, expand the time horizon, improve the evidence identification to 
inform model structure and inputs, and promote the practice of model validation.

Keywords:  Decision-analytic models, Economic evaluation, Value-for-money, Cost-effectiveness, Prevention, Mental 
health, Mental disorders, Universal prevention
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Introduction
Mental disorders have posed a significant burden on 
health and wellbeing for individuals, families and com-
munities worldwide. It is estimated that the burden of 
mental health disorders accounted for 14.4% of years 
lived with disability (YLDs) and 4.9% of disability-
adjusted life years (DALYs) in 2017 [1]. An increasing 
body of literature discusses the benefits of interventions 
to promote better mental health and well-being and pre-
vent mental illness from early childhood and adolescence 
until older age [2–4]. Even in high-income countries, 
mental health prevention interventions have not received 
adequate investment despite their profound benefit [2]. 
In the context of scarce resources, evidence on the bur-
den of mental health and the effectiveness of mental 
health prevention is not adequate to advocate for the 
investment in mental health prevention [3, 5]. Economic 
evaluation tools play a more critical role in informing 
investment decision making both for mental health in 
particular and for health care in general [3].

Some systematic reviews of economic evaluations 
related to mental health prevention [5–9] were pub-
lished, but none of them was dedicated to a model-based 
design. In general, the trial-based approach was the dom-
inant study design in the previous systematic reviews. 
Trial-based economic evaluation might have several 
limitations, such as having inadequate patient follow-up 
and not capturing the final health outcome. Meanwhile, 
preventive interventions are expected to have a beneficial 
impact on mental health outcomes for some considerable 
period after the end of the trial [10]. Thus, model-based 
design is fundamental in an economic evaluation of men-
tal health prevention due to its advantages, including the 
ability to: (1) consider all relevant alternatives required by 
policy makers; (2) make the results applicable to the deci-
sion-making context; (3) reflect all relevant evidence that 
not often collected in trials; (4) ability to reflect the final 
outcomes rather than intermediate outcome; (5) ability to 
extrapolate over medium- and long-term horizon of the 
evaluation. Model-based economic evaluation is also less 
costly than its counterpart employing trial-based design. 
However, poor practice in economic evaluation model-
ling of mental health prevention might deliver unreliable 
results and create barriers in disseminating the results to 
policymakers.

Thus, the primary objective of this study is to identify 
and critically appraise all model-based economic evalu-
ations of mental health prevention interventions. This 
study will reveal the current situation of applying mod-
elling techniques in the economic evaluations of mental 
health preventions. It will support practice and policy 
with evidence on the medium and long-term cost-effec-
tiveness of mental health prevention along with the 

quality of evidence. This study also helps to make recom-
mendations about future models in the field.

Methods
We followed the Cochrane Collaboration guideline of 
conducting a systematic review for economic evidence 
[11] and consulted with other recommendations [12–14] 
(See Table S1-Online Supplementary file for the Pref-
ered Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) checklist). We registered the review 
protocol on the International Prospective Register of Sys-
tematic Reviews (CRD42020184519).

Inclusion and exclusion criteria
The studies were included if meeting the following crite-
ria presented in Table 1. There are many definitions relat-
ing to mental health prevention activities. This review 
considered the definition used by WHO [15]. Preven-
tion of mental disorders could be categorised as uni-
versal prevention (i.e., targeting the general public or a 
whole population group); selective prevention (i.e., tar-
geting subgroups of the population whose risk of devel-
oping a mental disorder is significantly higher than that 
of the rest of the population) and indicated prevention 
(i.e., targeting persons at high-risk for mental disor-
ders). We included interventions that addressed mental 
disorders, such as depression, anxiety disorder, bipolar 
disorder, schizophrenia and other psychoses, based on 
ICD-10 classification [16]; or well-known mental health 
risks behaviours, including bullying victimisation, inti-
mate partner violence, childhood sexual abuse and sui-
cide. Due to the differences in the nature of prevention 
for mental health disorders resulting from substance 
abuse, dementia and other neurocognitive disorders, 
we excluded interventions addressing the above mental 
disorders.

We only included full economic evaluations, which 
addressed the identification, measurement, valuation and 
comparison of both costs and consequences of at least 
two alternatives [17]. We only included studies employ-
ing model-based design, which compares the expected 
costs and consequences of decision options by synthe-
sising information from multiple sources and apply-
ing mathematical techniques [17, 18] (i.e., including any 
study beyond the direct application of observed data).

Information sources
The following electronic bibliographic databases of pub-
lished studies were searched: MEDLINE (via Pubmed), 
EMBASE (via http://​www.​embase.​com), EconLit, Psy-
cINFO and Web of Science. We also identified potential 
additional studies by citation tracking in Google Scholar 
and systematic scanning of the reference lists of eligible 

http://www.embase.com
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studies and relevant review articles. We re-performed the 
search on 8th November 2021.

Search strategy and data management
The search query referred to terms covering the core 
concept of the research question, including mental 
health AND prevention/promotion intervention AND 
economic evaluation. We consulted the search strategy 
developed in a recent systematic review [8] to finalize our 
search strategy. Full details are available in Online Sup-
plementary File (Table S2). The literature search results 
were managed using Endnote X9.

Selection process
Two reviewers (NTH and NQA) independently 
screened titles and abstracts against the selection cri-
teria. Then, all potential full-text papers were reviewed. 
Any disagreement or conflicting views between the 
two reviewers were resolved by discussion with a third 
reviewer (NTHg). To aid the study selection and analy-
sis of non-English language articles, translation, either 
in part or in whole, will be undertaken by an appropri-
ately qualified person.

Data extraction
All recommended items [14], including general back-
ground, method and results of the studies, were recorded 
using Excel in a pre-piloted data extraction form. Two 
reviewers (NTH and NQA) extracted the data. Any dis-
crepancies between the reviewers over the data extrac-
tion process were identified and resolved by discussion 
or the final judgement of a third reviewer (NTHg). The 
CCEMG-EPPI-Centre Cost Converter [19], a web-based 
tool, was used to adjust cost estimation into 2021 USD 
dollars (using International Monetary Fund World Eco-
nomic Outlook Database for Purchasing Power Parities 
values).

Quality assessment of included studies
Since this review focuses on modelling studies, the 
Philips Checklist [20] was used as recommended [21, 
22]. The 61-item Philips Checklist was completed by two 
reviewers (NTH and NQA). Any disagreements were dis-
cussed until a consensus was reached. Responses for the 
checklist items included yes (Y), no (N), not applicable 
(N/A, for items that were not relevant to the study), and 
partial (P, for items that had multiple elements and were 
not fully satisfied by the study). To summarize the quality 
assessment results, we calculated the percentage of crite-
ria fulfilled as applied by other researchers. A “Y”, “N”, “P”, 
and “N/A” responses were counted as one, zero or half of 
a point and discounted from the calculation, respectively.

Data synthesis
Following guidance on narrative synthesis in systematic 
reviews [23], we employed textual descriptions, tabula-
tion, groupings and vote-counting to synthesise the find-
ings. Due to the heterogeneity, we used the dominance 
ranking matrix [24] to summarize cost-effectiveness 
results.

Results
Study selection
The systematic search returned 8,453 records. After 
removing duplicates and initial screening, 86 full texts 
were accessed. Thirty-seven full texts were excluded (See 
detailed reasons for exclusion in Table S3-Online Sup-
plementary File). Forty-nine studies were included in the 
review (See Fig. 1 for the selection process).

Study characteristics
Table 2 summarises the characteristics of included stud-
ies. A wide range of mental health disorders and risk fac-
tors were evaluated in 49 included studies. Depression 
was the most common topic (n = 14), follow by suicide 
(n = 12), eating disorder (n = 4), anxiety (n = 4), bullying 
(n = 4), violence (n = 4), behavior disorder (n = 3), abuse 
(n = 3), and one exceptional study [25] on prevention of 
psychotic disorders for ultra-high risk population. The 
most common prevention approach across the stud-
ies was the indicated strategy, i.e., that targets high-risk 
populations (n = 31), followed by universal preventions 
(n = 15) and selective preventions (n = 10). Comparators 
were mainly “no intervention” or “usual care”.

The included studies were published from 2001 to 
2021. Only three [26–28] studies were published before 
2010, with the earliest one on depression published in 
2001 [27]. From 2010 until 2014, 17 studies were pub-
lished. Almost double this number of studies (n = 29) 
were published in 2015–2021. The majority of models 
(n = 47) were conducted for higher-income countries. 
Meanwhile, only one study was conducted in Sri Lanka 
[29], a lower-middle-income country, and another study 
[30] was performed in multiple countries, including both 
higher-income and lower-income countries. Regarding 
the type of economic evaluation, there were 26 CUAs, 
nine CEAs, six CBAs and three ROIs and the remaining 
studies were a combination of CEA and CUA (n = 4) or 
CUA and CBA (n = 1). For the CUAs, Quality-Adjusted 
Life Year (QALY) was most commonly used (n = 21). 
In ten studies, Disability-Adjusted Life Year (DALY) 
and its variant (Healthy-Life Year Gained, HLYG) were 
used. The clinical outcomes measuring in the CEAs 
included life-year (LY) gained [29, 31, 32], life year with 
a mental health problem (i.e., eating disorder) avoided 
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[33], victim-free year (for bullying) [34, 35], cases (i.e., 
cases with behaviour disorder [26], eating disorder [36], 
depression [37], and suicide [38]) or cases with meaning-
ful change on symptom scale [39].

A societal perspective was taken in 22 studies, fol-
lowed by 15 studies that took the health sector perspec-
tive. Three studies did not state the perspective used [28, 
31, 40]. Markov models were the most common model-
ling approach, used in 26 studies (52.0%). Other six stud-
ies employed decision tree [35, 38, 39, 41–43], and one 
study employed a combination of Markov and decision 
tree [44]. The remaining 16 studies did not explicitly 
describe their model type. They simply applied math-
ematic formulations without figures presenting their 
model structure. Their so-called modelling approach 
could not be classified under any paradigm (i.e. cohort-
bassed like Markov, decision tree, system dynamics 
model or individual-based like discrete event simulation, 
agent-based model).

Quality assessment
The detailed quality assessment results using Philips 
Checklist for each study are presented in Table  3. As 

proposed in the method part, we applied a scoring sys-
tem to estimate the percentage of the number of Philips 
Checklist’s items fulfilled (i.e., applied one, zero, half of 
a point and discounted from the calculation for the “Y”, 
“N”, “P”, and “N/A” responses, respectively). As a result, 
the scores from this calculation were 69.3% on average 
and ranged from 43.3% to 90.0% for overall study per-
formance. Among three domains of the Philip checklist, 
criteria on model structure were fulfilled the most (72,1% 
on average, ranging from 50,0% to 91,7%), followed by 
the data domain (69,5% on average, ranging from 28,9% 
to 94,0%) and the consistency domain (54,6% on average, 
ranging from 20,0% to 100%). The following parts present 
the results of quality appraisal in terms of three domains 
of the Phillips Checklist, i.e., model structure, data and 
consistency.

Model structure
Detailed information on some key structural aspects of 
the included models is presented in Table  4. Almost all 
studies demonstrated a clear statement of the decision 
problem and objectives of the model. However, the pri-
mary decision-maker was only specified in 33 studies 

Fig. 1  PRISMA flow diagram of study identification and selection process
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(67.3%). Although the statement of scope and perspective 
of the models were commonly stated clearly, there were 
four remaining studies [28, 31, 40, 49] that did not explic-
itly state the studies’ perspectives.

Less than half of the included studies (n = 23) provided 
sufficient explanation for selecting the structure of the 
decision-analytic model. Only five studies were informed 
by systematic reviews [41, 43, 44] or literature reviews 
[28, 33]. Other five studies stated that the models were 
based on intervention clinical evidence (e.g., RCTs) [29, 
31, 55], a disease classification [25] or evidence from 
cohort data [47]. The remaining 13 studies stated that 
the models were built based on previous models [30, 45, 
49, 50, 52, 56, 59, 61, 67, 69, 70, 72, 73]. It is also worth 
noting that none of the included studies mentioned any 
competing theories regarding model structure.

Several structural assumptions were made for the pur-
pose of modelling. The key assumptions included efficacy 
of interventions over a long term period, assumptions to 
simplify the model structure, assumptions relating to 
transition probabilities and treatment pathway, etc. To 
extrapolate the long-term intervention effectiveness, 29 
studies assumed the intervention effect lasted over time. 
Of 29 studies, almost all did not mention whether these 
assumptions were validated. The authors often assumed 
that the intervention effect remained over time (i.e., for 
one year [40, 45, 47, 48, 59, 64], two years [73], four years 
[52], five years [30] or even a lifetime [28, 56, 70, 72]. 
They also assumed that the intervention effect gradu-
ally decreased with a specified decay rate. A decay rate 
of 50% was commonly used in included studies [46, 52, 
58, 73]. Another common assumption to extrapolate the 
long term intervention effectiveness was that consider-
ing the interventions run over the time horizon [33–35, 
50, 67–69].

However, the above structural assumptions, and the 
model structure in general, were rarely validated. In only 
eight models, expert opinions were stated to be used to 
conduct face validation [25, 30, 43, 59] or to provide jus-
tification on interventions [33, 45, 47] and time horizon 
[29]. Even in the mentioned models, the authors often 
provided little explanation [25, 33, 43, 45, 59] or no expla-
nation [29, 30, 47] for the methods of employing experts 
in providing justifications for the model.

Although almost all studies evaluated all feasible and 
practical options relating to the stated decision problem, 
only 12 models provided detailed justification and crite-
ria for excluding feasible options [25, 31, 35, 43, 45–47, 
52, 54, 66, 71, 73].

The model’s time horizon was considered sufficient 
to reflect all important differences between options in 
30 studies (61.2%). Only ten models used a 50-year time 
horizon [50, 59] or lifetime horizon [27, 28, 30, 32, 56, 

66, 70, 72]. In models with a shorter time horizon, only 
22 studies (44.9%) justified the use of a shorter time 
horizon. In 27 Markov models, three studies (accounted 
for 11.0% of all Markov models) did not explicitly state 
the cycle length [47, 50, 52] and 11 studies (accounted 
for 40.7% of all Markov models) did not provide any jus-
tification for the chosen cycle length [31, 34, 44–46, 48, 
57, 58, 60, 61, 73].

Data
Generally, methods for identifying data were evaluated 
as transparent and appropriate in all included studies. 
However, only 25 studies (51.0%) stated to use a system-
atic review to inform the selection of key parameters. 
For example, in terms of measuring intervention effect, 
16 studies (32.7%) employed systematic review to iden-
tify intervention effect [27, 30, 34–37, 41, 44, 45, 47, 52, 
55, 56, 59, 64, 73]. Meanwhile, 26 studies (53.1%) used 
evidence from a single trial. Other remaining studies 
identified key parameters of intervention effect from 
surveys [33, 62], longitudinal data [63] or pre-post 
intervention study [43, 49, 60].

In 13 studies, expert opinions were stated to be used to 
estimate particular parameter [29–31, 41, 42, 45, 47, 52, 
55, 56, 64, 66]. Although the remaining studies did not 
report the use of expert opinion, they employed many 
authors’ own opinions in parameter estimations [26–28, 
31, 32, 43, 65, 71]. Besides, it is worth noting that only 
four out of 13 studies that stated the use of expert opin-
ions described the methods of getting expert opinions 
[25, 30, 45, 47].

Relating half-cycle correction, only six studies applied 
[25, 44, 59, 61, 64, 69]. The remaining models did not 
state the application of half-cycle correction and the rea-
sons for the omission.

Regarding uncertainty assessment, three studies [36, 
49, 63] did not perform any kind of uncertainty assess-
ment. Only nine studies [26, 30, 41, 44–46, 58, 60, 73] 
performed all four principle types of uncertainty assess-
ment (i.e., parameter uncertainty, structure uncertainty, 
methodology uncertainty and heterogeneity). Heteroge-
neity was the most common type of uncertainty being 
omitted (n = 40), followed by methodology uncertainty 
(n = 17) and structural uncertainty (n = 16).

Among 46 models that performed parameter uncer-
tainty analysis, 12 studies only addressed univariate sen-
sitivity analysis [26, 29, 32, 39, 40, 43, 56, 62, 64, 66, 68, 
71]. Nine studies only performed probabilistic sensitivity 
analysis [25, 41, 44, 47, 48, 54, 55, 67, 72]. The remaining 
26 studies performed both univariate sensitivity analysis 
and probabilistic sensitivity analysis. Although it is rec-
ommended that the ranges used for sensitivity analysis be 
stated clearly and justified, many models did not specify 
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the value ranges and their reasons [36, 39, 40, 49, 54, 55, 
57, 58, 60, 61, 63, 71, 72]. Besides, only 12 studies clearly 
described and justified the choice of distribution for each 
parameter [25, 30, 33, 35, 37, 38, 42, 47, 50, 53, 57, 67].

Consistency
There was limited evidence that the mathematical logic 
of the models in included studies had been tested thor-
oughly before use. Only one study [25] mentioned that 
the model was validated based on the Assessment of the 
Validation Status of Health Economics decision models 
(AdViSHe) questionnaire [74]. Indeed, the mathematical 
logic of the model was validated by extreme value testing 
and by checking whether the relative number of patients 
in each cycle and state was consistent with empirical evi-
dence [25].

Only six studies [25, 56, 64, 67–69] (12.2%) mentioned 
the application of model calibration for transition prob-
abilities [25, 64, 67–69], epidemiological outcomes [25] 
and cost outcomes [56].

More than half of the studies (n = 29, 59.2%) compared 
their results with other models’ results and explained the 
reasons for any differences. The remaining 20 studies did 
not mention any earlier models for reference.

Cost‑effectiveness
As mentioned in the analysis method, we used the domi-
nance ranking metrics for the qualitative synthesis of 
the cost-effectiveness results of included studies (See 
Table 5). More detailed information on the cost-effective-
ness of included studies could be found in Online Supple-
mentary File (Table S4).

Among 61 interventions that were analyzed in 49 
included studies, no intervention was dominated (i.e., 
less effective but more costly). Twenty-one interven-
tions (34.4% of interventions) were classified as “favour” 
because they were more effective but less costly. Most 
of them were selective or indicated prevention interven-
tions (17 out of 21 interventions), were modelled from a 
time horizon of five years and above (14 out of 21 inter-
ventions), were targeted for the prevention of depres-
sion (n = 4), behavioural disorder (n = 4), suicide (n = 4), 
violence (n = 3), anxiety (n = 2), eating disorder (n = 2), 
abuse (n = 1), and psychosis (n = 1).

The remaining 40 interventions (65.6%) delivered bet-
ter health outcomes but at a higher cost. Based on the 
authors’ conclusions and the thresholds provided, almost 
all of them (34 out of 40 interventions) were “value for 
money”, given that the ICER remained under correspond-
ing thresholds (typically US$50,000 – US$100,000 in the 
US, AU$50,000 in Australia, £20,000-£30,000 in the UK) 
or ROI was greater than 1. Only six interventions, which 
four prevented depression in the adult population [27, 

41, 42, 44], one intervention focused on eating disorders 
[52], and one intervention that prevented bullying in the 
children and adolescent population [34] were considered 
to be not cost-effective since the ICERs were above the 
thresholds.

Discussion
This systematic review has shown the current situation 
in published decision-analytic models for mental health 
prevention interventions. Although there were similar 
systematic reviews on economic evaluations of mental 
health prevention interventions, they did not focus on 
model-based studies. Thus, this systematic review is the 
first to try to summarise and critically appraise all model-
based economic evaluations in the field. The results of 
this review will provide more evidence to support prac-
tice and policy with evidence on medium and long term 
cost-effectiveness of mental health prevention and aid 
researchers in improving the quality of future decision-
analytic models.

There has been a rapid increase in the number of eco-
nomic evaluation models in this field, with more than half 
of included models being published in the last five years 
(i.e., 2015 to 2020). However, almost all included mod-
els were conducted for higher-income countries rather 
than lower-income countries despite the fact that the 
burden of mental health problems (in terms of DALYs) 
is increasing more rapidly in lower-income countries 
than in their higher-income counterparts [75]. The most 
common type of economic evaluation was CUA, with 
the dominant use of QALY as the primary outcome and 
the application of the Markov model from the societal 
or health sector perspective. A wide range of prevention 
strategies was evaluated in the included studies, with the 
dominance of selective or indicated prevention. It is easy 
to understand since universal prevention intervention is 
believed to be more costly than its alternatives. Interven-
tions in included studies also targeted a wide range of 
mental health problems and risk factors, in which inter-
ventions targeted depression and suicide were dominant. 
This review calls for more decision-analytic models in the 
future that diversify the topic of mental health problems 
being addressed, the type of prevention strategies (that 
focus more on universal prevention intervention) being 
evaluated and the context of intervention (that focus 
more on lower-income countries).

Despite a high level of heterogeneity relating to study 
scope and model structure among included decision-ana-
lytic models, almost all mental health prevention inter-
ventions were cost-saving (21 interventions, accounting 
for 34.4%) or cost-effective (34 interventions, account-
ing for 55.7%). This review identified a large number 
of interventions for mental health prevention that are 
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cost-saving. All cost-saving interventions have charac-
teristics of indicated or selective prevention strategies, 
except for one anti-suicide multicomponent program 
(which had a universal component along with indicated 
and selective component) [62]. The target population in 
the cost-saving interventions were often adults (80.9% of 
cost-saving interventions). They also tended to be ana-
lyzed in a longer time horizon (i.e., 12 out of 21 cost-sav-
ing interventions were captured in a time horizon of ten 
years or more). None of the included interventions was 
less effective but more costly. It is different from the find-
ings of a similar review [9], in which two interventions 
on depression prevention (which were assessed in a trial-
based economic evaluation) were less effective but more 
costly.

Quality of decision‑analytic models
Critically appraising the quality of the included studies 
revealed several significant limitations of included deci-
sion-analytic models. Firstly, a large number of papers 
reported little or no details of the model structures and 
the rationale for choosing the models. Only in five stud-
ies, the model structures were informed by the system-
atic reviews or literature reviews. Secondly, although one 
of the advantages of applying modelling is that it allows 
estimating interventions’ cost and outcome over a suf-
ficient time horizon outside RCTs, many included mod-
els in this review were only modelled for one year or 
less. Thirdly, the structural assumptions, notably those 
assumptions needed to extrapolate the short-term out-
come of intervention into long-term outcome, were 
rarely validated. Even in the studies that mentioned the 
use of expert opinions to validate the assumptions, the 
report of the method used was insufficient. Fourthly, 
systematic reviews were not used to identify the key 
parameters such as intervention effect in many included 
studies. Fifthly, there was limited evidence that the math-
ematical logic of the models in included studies had been 
tested thoroughly before use. Internal validation tech-
niques such as extreme value testing or model calibration 
were only mentioned in a minimal number of studies. 
Sixthly, many studies skipped performing at least one in 
four principal types of uncertainty analysis, i.e., param-
eter uncertainty, structure uncertainty, methodology 
uncertainty and heterogeneity. Notably, three studies did 
not perform any kind of uncertainty analysis despite the 
crucial role of uncertainty analysis in modelling stud-
ies. Lastly, many studies remained to be lack details and 
transparency in reporting their model structures (e.g., 
specified primary decision-makers, perspectives) and  in 
the data selection/incorporation process (e.g., quality of 
data, justification for the choice of distribution, reason 
for the omission of half-cycle correction).

 This review also calls for future decision-analytic 
models to improve their quality to better inform the 
policy-making process. The model structure should 
be sufficiently described, and evidence to inform the 
model structure should also be better provided. Similar 
to recommendations by other authors [3, 9], our review 
continues to call for the application of a longer time 
horizon to fully capture the costs and outcomes of men-
tal health prevention interventions. To do so, the struc-
tural assumptions, notably those assumptions needed to 
extrapolate the short-term outcomes of intervention into 
long-term outcomes, were inevitable and necessary to be 
better reported and validated. Authors of future mod-
els should make efforts to validate the model, especially 
for model structure, model assumptions, and the math-
ematical logic of the models. Authors might consult the 
Assessment of the Validation Status of Health-Economic 
decision models (AdViSHe) questionnaire for this pur-
pose [74]. Other methodological limitations should also 
be improved, such as applying a more systematic method 
for identifying key model parameters, addressing not 
only parameter uncertainty but also structure uncer-
tainty, methodology uncertainty and heterogeneity. The 
quality of the reporting decision-analytic model should 
also be improved by applying a guideline or checklist 
specialised in modelling techniques, such as the Philips 
checklist [20] or the ISPOR checklist [76].

Strengths and limitations
This review is the first to focus on model-based eco-
nomic evaluations of mental health prevention. Previ-
ous systematic reviews [9, 77, 78] commonly addressed 
trial-based economic evaluation studies, examined short-
term costs and consequences and did not reflect real-life 
practice. Thus, our search strategy was more sensitive 
in detecting model-based economic evaluations. Our 
review comprehensively covers a wide range of mental 
health problems and well-known related issues such as 
suicide, violence, bullying or abuse. We also did not apply 
any restriction on beneficences age, economic evalu-
ation type and publication year. Our review also criti-
cally appraised the quality of the included studies by the 
Philips Checklist, which is recommended for addressing 
model-based economic evaluations.

Our review has some limitations. Firstly, our search 
strategy only used English keywords to search for rel-
evant records from proposed electronic databases and 
other sources. The study selection also included only 
records that their full texts were available in English. 
Thus, potentially relevant studies could be missed. Sec-
ondly, since many studies did not have a clear model 
structure, it was challenging to apply some items of 
the Philips Checklist, for example, the appraisal items 
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related to transition probabilities or cycle length. 
Lastly, a wide range of mental health issues was cov-
ered in our review. We excluded studies that could not 
distinguish between mental health outcomes and other 
outcomes, e.g. physical outcomes, educational out-
comes, and development outcomes. Besides, although 
it was not initially suggested to quantify the responses 
to the Philips Checklist, we applied a scoring approach 
to estimate the percentage of items fulfilled. By doing 
so, we must assume equal weighting to all criteria, 
even though some criteria might be more critical than 
others.

Conclusions
This review is the first to focus on decision-analytic mod-
els for mental health prevention. There is an increasing 
number of decision-analytic models. Still, evidence has 
limited to higher-income countries, in the most com-
mon mental health problems (e.g., depression and sui-
cide), and still limited to the short-term horizon. Despite 
a high level of heterogeneity relating to study scope and 
model structure among included decision-analytic mod-
els, almost all mental health prevention interventions 
were cost-saving or cost-effective to invest in. Research-
ers should develop more models in the low-resource 
context, expand the time horizon, improve the evidence 
identification to inform model structure and inputs, and 
improve the practice of model validation.
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