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Abstract 

Background: Bipolar disorder is a chronic mood disorder that causes substantial 

psychological and financial burden. Various pharmacological treatments are effective 

in the management and the prevention of acute episodes of bipolar disorder. In an 

era of tighter healthcare budgets and a need for more efficient use of resources, 

several economic evaluations have evaluated the cost effectiveness of treatments 

for bipolar disorder. The objective of this study was to systematically review and 

appraise published economic evaluations of pharmacological interventions for 

bipolar disorder. 

Methods: A systematic search combining search terms specific to bipolar disorder 

with a health economics search filter was conducted on 6 bibliographic databases 

(EMBASE, MEDLINE, PsycINFO, HTA, NHS EED, CENTRAL) between 1 January 

1990 and 18 December 2015 in order to identify trial- or model-based full economic 

evaluations of pharmacological treatments of any phase of the disorder. Studies that 

met inclusion criteria were critically appraised using the Quality of Health Economics 

Studies (QHES) checklist and synthesised in a narrative way. 

Results: The review included 19 economic studies. The studies varied regarding the 

type and number of interventions assessed, the study design, the phase of treatment 

(acute or maintenance), the source of efficacy data and the method for evidence 

synthesis, the outcome measures, the time horizon and the countries/settings in 

which the studies were conducted. The study quality was variable, but the majority of 

studies were of high or fair quality. 

Conclusion: Pharmacological interventions are cost-effective compared with no 

treatment in the management of bipolar disorder, both in the acute and in 

maintenance phase; however it is difficult to draw safe conclusions on the relative 
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cost effectiveness between drugs, due to differences across studies and limitations 

characterising many of them. Future economic evaluations need to consider the 

whole range of treatment options available for the management of bipolar disorder 

and adopt appropriate methods for evidence synthesis and economic modelling, to 

explore more robustly the relative cost effectiveness of pharmacological 

interventions for people with bipolar disorder. 

 

Key points for decision-makers 

 Existing evidence, coming primarily from model-based economic evaluations, 

suggests that pharmacological interventions are cost-effective compared with no 

treatment in the management of people with bipolar disorder 

 The relative cost effectiveness between drugs is difficult to be established due to 

differences in the interventions examined, the overall methods employed, the data 

sources and the settings across economic studies, as well as methodological 

caveats characterising many of them 

 Model-based economic evaluations in the area of bipolar disorder need ideally to 

include all available treatment options and follow robust methods for evidence 

synthesis. Models should have appropriate structure, consider key events in the 

course of bipolar disorder and have adequate time horizons, ideally over lifetime, 

in order to capture the long-term benefits, harms and costs associated with 

evaluated interventions. 
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Bipolar disorder (BD) is a cyclic mood disorder that involves periods of low 

(depression) and high (mania or hypomania) mood, energy and activity levels, 

alternated with periods of full recovery or much improved function (euthymia) [1]. It is 

further distinguished in BD type I, in which the person experiences full-blown manic 

episodes (most commonly interspersed with episodes of major depression), and BD 

type II, in which the person has depressive episodes and less severe manic 

(hypomanic) episodes [2]. Mixed episodes, where the symptoms of depression and 

mania or hypomania occur at the same time to a marked degree, or rapid cycling, 

where people experience at least 4 syndromal depressive, manic, hypomanic or 

mixed episodes within a 12-month period, are also expressions of the disorder [2].  

 

BD is one of the leading causes of disability due to mental and behavioural disorders 

worldwide, following unipolar depression, anxiety, substance misuse, alcohol use 

and schizophrenia. According to the World Health Organization (WHO) Global 

Burden of Disease study, from 1990 to 2010 there was a 40.9% increase in 

disability-adjusted life years (DALYs) attributable to bipolar disorder over the globe 

[3]. People with bipolar disorder incur considerable costs associated with provision of 

health and social care as well as productivity losses (due to time-off work, 

unemployment or suicide), which were estimated at £5.2 billion in the UK in 2007, 

expected to rise up to £8.2 billion in 2026 [4], €5.8 billion in Germany in 2002 [5], 

$1.8 billion in the Netherlands in 2002 [6], and $151 billion in the US in 2009 [7]. 
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A range of pharmacological and psychological interventions are effective in the 

management and the prevention of acute episodes of BD. Drugs such as lithium, 

antipsychotics (e.g. aripiprazole, asenapine, haloperidol, lurasidone, olanzapine, 

quetiapine, risperidone), antidepressants (e.g. fluoxetine, imipramine, paroxetine, 

venlafaxine) and antiepileptics (such as carbamazepine, lamotrigine and valproate, 

either as valproic acid or sodium valproate) are being used, alone or in combination, 

for this purpose [8]. In an era of tight healthcare budgets, where efficient use of 

limited resources is imperative, there is a large number of economic studies that 

have evaluated the cost effectiveness of drugs used in the treatment of BD. 

 

The objective of this study was to systematically review and appraise published 

economic evaluations of pharmacological interventions used in the management of 

BD, in order to identify cost-effective interventions and factors that have a significant 

impact on cost effectiveness in this disease area. Moreover, the study aimed to 

explore methodological strengths and limitations of existing economic literature, and 

recommend good practice points when conducting and appraising economic studies 

in the area of BD. 

 

1. Methods 

This systematic review was conducted according to the PRISMA recommendations 

for reporting systematic reviews and meta-analyses of studies that evaluate 

healthcare interventions [9]. 

 

1.1 Search strategy 
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A systematic search of the literature was conducted in standard bibliographic 

databases (EMBASE, MEDLINE and PsycINFO) via OVID SP, using a search 

strategy comprising search terms specific to BD combined with a health economics 

search filter. Further searches using BD-specific search terms were performed in the 

Health Technology Assessment (HTA) database, the National Health Service [NHS] 

economic evaluation database (NHS EED) and the Central Register of Controlled 

Trials (CENTRAL) via Wiley. For both searches, a combination of key text words and 

medical subject headings (MeSH) was used. The databases were searched for 

articles published from January 1990 to 18 December 2015 (which was the date on 

which the searches were conducted). In addition, reference lists of identified 

systematic reviews of economic evaluations in the area of BD were scanned to 

identify further eligible studies. 

 

The search strategy used in this study was adapted from the search strategy that 

was developed to inform the NICE (National Institute for Health and Care 

Excellence) updated guideline on BD in England and Wales [10].  Details on the 

search conducted for this study including the search strategy can be found in online 

Appendix 1. 

 

1.2 Inclusion criteria 

The following inclusion criteria were applied: 

 The study population comprised people of any age diagnosed with BD 

 Interventions and comparators were any pharmacological treatment 

administered for the management of an acute episode (manic, depressive, 

mixed or rapid cycling) or as maintenance therapy for BD, whether licensed or 
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unlicensed for this particular indication, including pill placebo. The intervention 

needed to be described. Studies assessing treatments for BD without reference 

to specific interventions or studies assessing a mixture of different types of 

interventions, either as the intervention of interest or as the comparator, were 

excluded. Studies assessing the costs and consequences of different levels of 

treatment coverage were also excluded. 

 Only full economic evaluations, assessing both costs and consequences, were 

considered; these included cost-utility analyses (CUAs), cost-effectiveness 

analyses (CEAs), cost-benefit analyses (CBAs) or cost consequence analyses 

(CCAs). 

 Studies that considered exclusively harms of the interventions, without assessing 

their clinical benefits, that is, studies that did not assess the direct effect of 

interventions in treating BD, were not considered in the review. Studies which 

measured exclusively resource use and/or healthcare cost elements as a proxy 

to clinical outcomes were also not considered, as these were effectively cost 

analyses. 

 The review considered studies based on decision-analytic modelling, as well as 

economic analyses conducted alongside single primary studies (clinical trials or 

cohort studies).  

 Cost-of-illness studies, literature reviews and book chapters were excluded.  

 Conference or dissertation abstracts, editorials, letters, commentaries and notes 

were excluded as they did not provide enough details for their methodological 

quality to be judged. 
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 Papers published from 1990 until the date of the search (18 December 2015) 

were considered. This date restriction was imposed so that retrieved economic 

evidence was more applicable to current healthcare settings and costs. 

 Only papers in English language were included. 

 

1.3 Study selection, data extraction, quality assessment and data synthesis 

All citations identified by the search were screened independently by the two 

authors. Citations that were clearly not relevant to the research question were 

excluded first, followed by independent screening of potentially relevant references 

against the inclusion criteria. Studies meeting inclusion criteria were agreed between 

the two authors; any disagreements were resolved by a third reviewer (ES). Data 

from studies that met inclusion criteria were extracted in a standardised data 

extraction form by one author (IM) and checked independently by the other author 

(JL). The following information was sought from each article: study population, 

interventions and comparators, study design, setting/country where the study was 

conducted, perspective, time horizon, primary measure(s) of outcome, sources of 

clinical, cost and (where applicable) utility data, cost elements included, currency 

and cost year, discounting rates, main events considered in modelling studies, 

methods for handling uncertainty, funding source, and cost effectiveness results 

(costs and outcomes where these were not synthesised, cases of dominance or 

Incremental Cost Effectiveness Ratios [ICERs]), including findings of statistical 

uncertainty and results of sensitivity analysis (such as estimates from Cost 

Effectiveness Acceptability Curves [CEACs]). 
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The methodological quality of the studies included in the review was assessed 

independently by the two authors using the Quality of Health Economic Studies 

(QHES) checklist [11]; any disagreements were resolved by a third reviewer (ES). 

The QHES is a 16-item checklist assessing the study design, the appropriateness 

and quality of clinical and cost evidence utilised, the method of analysis and the 

interpretation of the results. Each item on the checklist can be scored with a ‘yes’ or 

‘no’ and is assigned a weighted point value, depending on its perceived relative 

importance. A study either meets or fails to meet each criterion, thus scoring either 

the full weighted value or zero for each question. The quality score for a study is 

calculated by adding up all of the points for questions answered ‘yes’. Study quality 

scores can range between the best possible score of 100 (if all items are scored with 

a ‘yes’) and the lowest possible score of 0. The QHES checklist is provided in online 

Appendix 2. 

  

The QHES checklist has been shown to be valid and reliable [12] and was selected 

among other checklists because its weighted scoring system allows comparisons 

across studies included in the review while taking into account the relative 

importance of appraisal criteria. Based on the obtained QHES checklist score, 

studies were classified as being of extremely poor quality (score 0-24); poor quality 

(score 25-49); fair quality (score 50-74); and high quality (score 75-100), a quality 

classification proposed by the checklist’s developers [13] and adopted by other 

systematic reviews of economic evaluations [14-16]. If a QHES item was not 

applicable to a particular study, then the item was excluded from scoring and the 

study’s score was multiplied by 100 and divided by the total sum of points of the 
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remaining items, producing an adapted score that was comparable to the other 

studies included in the review.  

 

Results from individual studies were combined in a narrative synthesis; standard 

meta-analytic methods were deemed inappropriate as economic studies, in particular 

model-based, are themselves syntheses that may differ substantially in terms of 

study design, settings, costs and outcomes considered [17].   

 

2. Results 

2.1 Results of the systematic search 

The systematic search of the literature retrieved 4,816 references (after duplicates 

were removed) published between January 1990 and 18 December 2015, of which 

111 were potentially eligible for the review. Of these, 84 were excluded after reading 

the title and/or abstract and another 9 were excluded after reading the full paper as 

they did not meet inclusion criteria. Finally, 18 publications that met inclusion criteria 

were included in this review. The flow diagram of the search process is shown in 

Figure 1. A list of excluded studies with reasons for exclusion is provided in online 

Appendix 3. 

 

2.2 Characteristics of included studies – overview of methodology 

The 18 publications included in the review reported data on 19 studies (one 

publication evaluated interventions at 2 different phases of BD) [18]. Of these, 7 

studies assessed the cost effectiveness of pharmacological interventions for the 

treatment of manic, hypomanic or mixed episodes and/or rapid cycling in adults [19-

24] or young people [25] with BD; 2 studies evaluated drugs for the management of 
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bipolar depression in adults [18;26]; 8 studies explored the cost effectiveness of 

drugs in the long-term (maintenance) treatment of BD in adults [18;27-33]; and 2 

studies were economic evaluations of interventions for the management of patients 

in any phase of BD [34;35].  

 

The majority of studies were conducted in the UK (8 studies in 7 publications) 

[18;19;24;25;28;29;31] or the US (7 studies) [22;23;26;27;30;32;33], with one study 

conducted in Italy [20], one study in the Netherlands [21] and 2 studies assessing the 

cost effectiveness of drugs for BD across different world sub-regions, as defined by 

WHO [34;35]. In their base-case analysis, all studies adopted a healthcare provider 

(± personal social services) [18-21;24;25;28;29;31;34;35] or a 3rd party payer 

[22;23;26;27;30;32;33] perspective and included direct medical costs. Only two 

studies considered a societal perspective (including indirect productivity losses) in a 

secondary or sensitivity analysis [18;33]. 

 

Three of the studies were CCAs that used various clinical and HRQoL outcome 

measures without attempting to synthesise costs and benefits [22;23;30]. Four 

studies were CEAs that used only natural outcome measures such as the 

percentage of people responding to treatment or remitting [19;21;27], the number of 

acute episodes avoided [29], the number of side effects avoided [21], or the mean 

length of hospital stay [21]. Twelve studies (11 publications) were CUAs that used 

the QALY [18;20;24;25;27;28;31-33] or the DALY [34;35] as the outcome measure, 

either exclusively or in addition to other natural outcome measures such as the 

number of acute episodes avoided [27;28;32;33], the number of euthymic days 
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achieved [27], or the percentage of people hospitalised due to acute episodes 

[28;32;33]. 

 

With the exception of 3 economic studies that were undertaken alongside RCTs 

[22;23;30], all other economic evaluations employed decision-analytic economic 

modelling techniques: in the majority of model-based studies (9) the authors 

constructed cohort Markov models [25;27-29;31-33] or hybrid models comprising 

decision-trees followed by cohort Markov model components [20;24], reflecting the 

cyclic nature of BD; 2 studies reported use of epidemiological mathematical models 

that appear to comprise individual-based Markov models [34;35]. Three studies (in 2 

publications) adopted Discrete Event Simulation (DES) techniques [18;21]. Only 2 

studies were based on simple decision-trees [19;26]. 

 

The health states and events considered across models were similar and reflected 

the course of BD: decision-trees (or decision-tree components) [19;20;24;26] and 

one DES model [21] considered the progression of acute episodes as reflected in 

one or more of the events of response, remission, hospital discharge, relapse to an 

acute episode and/or death. The main states considered in Markov models 

[20;24;25;27-29;31-35] and the other DES model [18] were euthymia and recurrence 

of acute episodes (manic, depressive, and, to a lesser degree, mixed), with some 

models incorporating additional events such as compliance with treatment, treatment 

discontinuation and drug sequencing, treatment resistance, and/or development of 

side effects (EPS and weight gain). Of the 16 models included in the review, 10 

considered the risk of mortality and included the state of death [18;20;21;24;25;31-

35]. 
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All studies used RCTs as the source of the main efficacy data (i.e. response to acute 

treatment or relapse following maintenance treatment), in some cases supplemented 

with other longitudinal data and further assumptions. One study that was conducted 

alongside a 3-week RCT compared longer-term open label extension costs and 

outcomes with pre-randomisation data, effectively adopting a before-after design 

[22]. Only 2 model-based studies explicitly reported identification of RCTs via a 

systematic research of the literature [19;31]. 

 

The methods used for evidence synthesis differed across modelling studies. One 

study assumed that efficacy was the same across all interventions assessed, 

following inspection of RCT data [21]. Where available, studies that compared 2 

interventions used (pooled) data directly from head-to-head comparisons between 

the interventions considered [20;24;28;29;32]. Where drugs had not been previously 

assessed in head-to-head RCTs, or where studies compared more than 2 drug 

treatments, RCT evidence was synthesised in a number of ways: two studies 

reported a narrative synthesis of rates reported in RCTs and other naturalistic 

studies, further adjusted by the authors [34;35]; four studies made indirect 

comparisons using placebo or lithium as baseline comparator [18;26;27;33]. Only 3 

studies comparing multiple interventions employed network meta-analysis (NMA) for 

evidence synthesis [19;25;31]. 

 

All studies considered the main medical cost elements of BD treatment such as drug 

acquisition, laboratory testing, inpatient, outpatient, primary and community care (as 

appropriate, according to the settings treatment took place). A few modelling studies 
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[18;20;21;24;25] and, most likely, the RCT-based studies [22;23;30] included, 

implicitly or explicitly, the costs of management of side effects. All studies used 

resource use estimates that were mostly based on expert opinion, derived from 

either published expert estimates, physician surveys or clinical panels and further 

assumptions. Few studies utilised resource use data other than expert estimates, 

which were derived from RCTs [23;30], an RCT open label extension [22] and a 

chart review [29] and were all supplemented, to a varying degree, with expert opinion 

estimates. All studies used national unit costs supplemented, in a few studies, with 

local costs and other published prices. 

 

The time horizon varied widely across the studies, ranging from 3 weeks [19] to 

lifetime [31;34;35]. In studies that examined treatments for acute manic or mixed 

episodes, or episodes of rapid cycling, the time horizon ranged from 3 weeks [19] to 

5 years and 9 weeks [20;24]. In studies assessing drugs for the management of 

acute depression the time horizon varied between 3 months [26] and 5 years [18]. 

Studies assessing maintenance treatments and treatments over all phases of BD 

had longer time horizons, ranging from 1 year [29;30] to lifetime [31;34;35]. All 

studies with duration longer than one year used discounting for their costs and 

outcomes, except one study with a time horizon of 18 months in which the impact of 

discounting would most likely be negligible [27]. All other studies used a similar 

discount rate, either 3% [32-35] or 3.5% [18;20;24;25;28;31] annually. 

 

All modelling studies undertook sensitivity analysis to explore the impact of the 

uncertainty characterising the input values and of alternative modelling scenarios on 

the base-case results. The majority of modelling studies employed Probabilistic 
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Sensitivity Analysis (PSA) to explore uncertainty [18-20;24-26;28;31-33;35]. The 

three CCAs conducted alongside RCTs [22;23;30] examined the level of statistical 

significance of the differences in costs and outcomes between interventions. 

However, the study samples were small so it is unlikely that the studies were 

powered to identify true differences in costs (and, potentially, in outcomes). 

 

The vast majority of studies (14 studies in 13 publications, i.e. 74% of the studies) 

were funded by industry [18;20-22;22-24;26-30;32;33]; one further study was an 

industry submission to NICE in England, which was subsequently critically reviewed 

and supplemented with extra analyses by an independent Evidence Review Group 

on behalf of NICE [25]. Two studies were funded by WHO [34;35] and 2 studies were 

funded by the Health Technology Assessment (HTA) programme in the UK [19;31]. 

All studies enclosed a statement of funding. 

 

2.3 Findings reported in the economic studies included in the systematic 

review 

The studies included in this systematic review suggest that, overall, pharmacological 

interventions are cost-effective compared with no treatment. Results and conclusions 

on the relative cost effectiveness between drugs were variable, depending also on 

the range of interventions assessed in each study and the cost effectiveness 

thresholds considered in each setting. 

 

In the treatment of acute mania in adults, the 2 CCA studies conducted alongside 

RCTs suggested that olanzapine was cost-effective compared with no treatment 

(placebo) [22] and had similar costs and benefits with valproate [23] in the US. A UK 
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model-based study suggested that olanzapine was the most cost-effective drug if 

willingness to pay (WTP) exceeded £7,179/additional responder (2002 prices); 

otherwise haloperidol was the most cost-effective option. Other options such as 

valproate, lithium and quetiapine were all dominated by haloperidol and/or 

olanzapine [19]. The combination of risperidone/lithium was cost-effective among a 

range of options in the Netherlands. The combination of quetiapine/lithium was more 

effective than risperidone/lithium at an additional cost of €12,667/ responder (2003 

prices) [21]. In the treatment of mixed episodes in adults, asenapine was more cost-

effective than olanzapine in Italy [20] and the UK [24]. Aripiprazole was cost-effective 

as part of a strategy for the management of manic or mixed episodes in young 

people in the UK [25].  

 

In the treatment of acute bipolar depression in adults, quetiapine alone or combined 

with a mood stabiliser (lithium or valproate) was found to be the most cost-effective 

option among a wide range of treatment strategies in the UK [18]. On the other hand, 

lurasidone was more effective than quetiapine XR in the US, at an additional cost of 

$3,474/extra remission achieved (likely 2013 prices) [26]. 

 

In the maintenance treatment of adults with BD, lithium was found to have similar 

costs and benefits with valproate in the US, in a CCA conducted alongside a RCT 

[30]. One modelling study suggested that, at the lower cost effectiveness threshold 

of £20,000/QALY set by NICE in England, lithium was the most cost-effective 

strategy in the UK for people whose previous acute episode was manic (ICER 

versus olanzapine £11,359/QALY in 2005 prices), and also marginally the most cost-

effective option in people whose previous acute episode was depressive (ICER of 
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lithium/imipramine versus lithium £21,370/QALY) [31]. However, in another 

modelling UK study in people who had recovered from a manic episode, lithium was 

found to be dominated by olanzapine [29]. In the US, lithium was found to have a 

probability of being cost-effective of 50% among a range of options, at a WTP of 

$100,000/QALY [33]. In another modelling study conducted in the US olanzapine 

was dominated by lamotrigine; the latter had an ICER versus lithium reaching 

$26,000/QALY (2004 prices) [27]. The combination of quetiapine or quetiapine XR 

with a mood stabiliser (lithium or valproate) was found to be cost-effective among a 

range of treatment strategies in 2 UK [18;28] and 2 US studies [32;33]. Two studies 

comparing lithium with valproate across all phases of the disease found lithium to be 

the dominant option [34;35]. 

 

Overall, results were found to be sensitive to the relative efficacy between drugs [24-

27;33], the risk, length and cost of hospitalisation of acute episodes, in particular 

manic ones [27-29;32;33], the drug doses and drug acquisition costs [18;26-

28;32;33], the consideration of productivity losses [18;33], the time horizon and/or 

discount rate [18;29], and the preventative effect of lithium on suicide [31]. 

 

2.4 Overall study methodological quality 

According to their scoring on the QHES instrument, 6 studies were classified as of 

high quality (score 75-100) [19;20;24-26;32], 11 studies (in 10 publications) had fair 

quality (score 50-74) [18;22;27-31;33-35] and 2 studies poor quality (score 25-49) 

[21;23]. The vast majority of studies reported their objective, the study methods and 

study limitations in a clear way. All modelling studies described the model structure 

and main assumptions, although the rationale for the choice of the model type was 
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not always reported. All studies included a funding statement. The majority of studies 

used valid outcome measures. However, less than half of the studies used an 

appropriate method for clinical evidence synthesis, and therefore the quality of 

efficacy parameters was judged to be poor (even though the primary data source 

was RCTs). All modelling studies based most/all their resource use estimates, 

directly or indirectly (via published estimates), on expert opinion. 

 

An overview of the methods employed by each study included in the systematic 

review is presented in Table 1. Results of each study, listed by measure of outcome 

used, both in their original currency and after their conversion to 2016 US$ are 

provided in Table 2. A summary of each study’s score on the QHES is shown in 

Table 3, with further notes on each study’s strengths and limitations being provided 

in online Appendix 4.  

 

3. Discussion 

3.1 Overview of the systematic review findings 

The findings of this review indicate that economic evaluations in the area of BD have 

assessed the cost effectiveness of a wide range of pharmacological treatments 

including lithium, antiepileptic drugs used as mood stabilisers (carbamazepine, 

lamotrigine, valproate), older and newer antipsychotics (haloperidol, aripiprazole, 

asenapine, lurasidone, olanzapine, quetiapine, risperidone), antidepressants 

(imipramine) and combinations of some of the drugs. The results suggest that 

pharmacological interventions are cost-effective compared with no treatment in the 

management of BD and that antipsychotic drugs alone or combined with lithium or 

valproate are likely to be the most cost-effective options in the pharmacological 
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treatment of acute manic, mixed or depressive episodes. Lithium appears to be more 

cost-effective as a maintenance treatment, whereas lamotrigine, olanzapine and 

quetiapine combined with a mood stabiliser are alternative cost-effective options in 

the maintenance treatment of BD. However, these conclusions are determined by 

the availability of data on each phase of the disorder, and the focus of research on 

specific drugs and comparisons, which appears to have been driven by marketing 

purposes, as 74% of the studies were funded by industry. It needs to be noted that, 

in addition to the limitation of focusing on specific drugs and making limited 

comparisons, studies sponsored by drug manufacturers entail potential conflicts of 

interest and may be biased in the conduct and interpretation of findings. 

 

3.2 Critique on methods adopted by the economic studies 

3.2.1 Interventions and comparisons 

The relative cost effectiveness of an intervention is determined by the number and 

range of alternative options considered in the comparison. More than 50% (11/19) of 

the studies included in the review [20;22-24;26;28-30;32;34;35] assessed the relative 

cost effectiveness between 2 pharmacological interventions only, ignoring a wide 

range of other drugs that are effective in the treatment of BD and would thus 

comprise appropriate comparators. Therefore, the results of these studies are of 

limited value. Some studies comparing more than 2 interventions made selective 

pairwise comparisons between one intervention of interest and its comparators, 

instead of conducting appropriate incremental analysis of all treatment options 

considered, either in the base-case or in sensitivity analysis [18;21]. This can lead to 

results reported being potentially misleading as they exaggerate the magnitude of 

the cost effectiveness of the intervention of interest. Only few studies compared a 
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wide range of interventions and undertook appropriate incremental analysis in both 

base-case and sensitivity analysis [19;25;27;31;33].  

 

3.2.2 Types of economic evaluation and outcome measures used 

Interpretation of the results reported in each study was straightforward in cases of 

dominance, regardless of the outcome measure used, and in CUAs, in settings 

where a cost effectiveness threshold has been determined, such as the £20,000-

£30,000/QALY threshold set by NICE in England [36]. In all other cases where 

natural outcome measures were used, results are not easy to interpret and 

assessment of cost effectiveness requires judgements on whether the incremental 

benefit is worth the extra cost incurred for its achievement, which is related to the 

decision-makers’ WTP. Furthermore, use of different outcome measures across 

studies makes comparisons of cost effectiveness practically impossible. The 3 

studies conducted alongside RCTs were CCAs that did not aggregate costs and 

outcomes, and therefore interpretation of cost effectiveness was also problematic 

[22;23;30]. 

 

Within CUAs, comparability of QALY outcomes is limited if different utility measures 

have been adopted; for example, it has been shown that there are discrepancies 

between utility changes measured using EQ-5D and SF-6D in mental health 

populations [37] and other patient groups [38]. The 10 CUAs included in this review 

that used the QALY as the measure of outcome obtained utility data from a range of 

studies that adopted different methodologies for elicitation of utility values. Six of the 

CUAs (in 5 publications) [18;20;24;25;31] used mainly published utility data derived 

from two studies: Revicki et al. [39], who used vignettes to describe hypothetical, 
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drug-specific health states for mania, severe bipolar depression and stable BD that 

were valued by stable outpatients with BD in the US; and Hayhurst et al. [40], who 

estimated utility values for the BD-related states of euthymia and depression using 

EQ-5D ratings from participants in a multicentre RCT of cognitive behavioural 

therapy and the EQ-5D-3L UK tariff [41]. Additional utility data used in these CUAs 

included dis-utilities for side effects such as EPS and weight gain that were taken 

from studies in schizophrenia [42-44] and adolescents [45], EQ-5D-based utilities 

specific to unipolar depression [46], and other unpublished or further adjusted utility 

data. The remaining 4 CUAs [27;28;32;33] estimated utility values for health states of 

BD using unpublished SF-36 data obtained from participants in lamotrigine pivotal 

trials and the SF-6D utility algorithm for the UK population [47]. 

 

Several regulatory and advisory bodies worldwide advocate the use of generic 

preference-based measures (such as the EQ-5D and the SF-6D) for the estimation 

of QALYs in CUAs of healthcare interventions, to enhance comparability across 

CUAs; for example, NICE in England has explicitly expressed a preference for the 

use of EQ-5D 

[36]. On the other hand, the evidence on the appropriateness of the use of generic 

HRQoL measures (such as EQ-5D and SF-36) in BD is mixed, with concerns being 

expressed around how to obtain reliable HRQoL ratings from patients in manic or 

hypomanic states [48]. It has to be noted that utility data for manic states were 

derived, in the majority of economic studies included in the review, from stable 

patients with BD who expressed their preferences for vignettes [39]. Nevertheless, 

the literature around the comparability of different utility measures and the 

measurement of preferences in patients with BD suggest that the QALY results 
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obtained from the CUAs included in the review should be interpreted with caution 

regarding their comparability and, possibly, appropriateness. 

 

3.2.3 Settings, perspectives and cost elements 

Although all studies adopted a healthcare provider or 3rd party payer perspective and 

included direct medical costs exclusively or in their base-case analysis, it is unlikely 

that they are comparable in this aspect: the studies were carried out in a variety of 

countries including the UK [18;19;24;25;28;29;31], the US [22;23;26;27;30;32;33], 

Italy [20], the Netherlands [21] as well as a number of world sub-regions, as defined 

by WHO [34;35]. The funding and structure of healthcare services, access and BD 

treatment pathways (and therefore related resource use) and unit costs are likely to 

differ across countries, thus limiting the comparability of the results and their 

transferability from one setting to another. The comparability of study cost results is 

further limited by the use of different price years and currency across studies, 

although appropriate adjustments are possible to bring all cost figures to the same 

year and currency of interest. Table 2 presents the results of all studies in 2016 US 

dollars, in addition to the original currency and cost year used in the study; however, 

it needs to be emphasised that the comparability, and thus transferability, of these 

figures is limited if they are derived from different countries, for the reasons stated 

above. 

 

An important consideration when interpreting the results of the review is whether 

drugs are patented or available in generic form. A number of the drugs used in BD 

that were assessed in the economic literature, such as quetiapine (but not quetiapine 

XR), olanzapine and lamotrigine are now available in generic form, and therefore 
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their acquisition cost is lower than the cost of the patented forms evaluated in the 

studies included in the systematic review. Thus their current cost effectiveness is 

likely higher than that reported in the economic studies considered in the review. 

 

Another point to consider when interpreting cost effectiveness is the perspective 

adopted in the study: it has been argued that economic evaluations in health care 

should adopt a broad societal perspective [49]. Only two studies in the review 

considered a societal perspective (including indirect productivity losses) in a 

secondary or sensitivity analysis [18;33]. Adoption of a societal perspective is overall 

expected to improve the cost effectiveness of more effective drugs, as better health 

outcomes are likely to lead to improved productivity, lower unemployment rates, and 

less time off work. However, incorporation of productivity losses may have equity 

implications (as it disfavours elderly, children and people with disability) and raises 

methodological issues in terms of quantifying and valuing productivity effects [50;51]. 

 

3.2.4 Trial-based economic evaluations: study size, power calculations and 

missing data 

One important aspect of trial-based economic evaluations is whether the studies are 

sufficiently powered to detect differences in costs between interventions. Of the 3 

trial-based studies, one compared costs and outcomes of olanzapine between a 

RCT open-label extension and the pre-randomisation period, effectively adopting the 

design of a controlled before-after study with all the associated limitations of this 

study design [52]. The other 2 trial-based analyses [23;30] were likely insufficiently 

powered to detect differences in costs; this is because the skewness in cost data 

requires greater sample sizes for cost comparisons compared with clinical outcome 
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comparisons, and usually power calculations in RCTs are based on clinical 

outcomes [53]. Therefore it is not surprising that both studies did not detect any 

statistically significant difference in costs between interventions assessed (they did 

not report any significant difference in outcomes either). Moreover, the studies 

reported moderate to high attrition rates (14-57%) without reporting methods for 

handling missing data. However, inappropriate methods for handling missing data 

can lead to misleading results [54]. 

 

3.2.5 Modelling studies: types of models, model structures, events and health 

states considered 

The majority of economic models were Markov models [25;27-29;31-33] or hybrid 

models comprising decision-trees followed by cohort Markov model components 

[20;24]; 2 studies were based on simple decision-trees [19;26]. Another 2 studies 

reported use of epidemiological mathematical models that appear to comprise 

individual-based Markov models [34;35]. Three studies (in 2 publications) adopted 

DES techniques [18;21].  

 

Decision-trees may be appropriate for the simulation of a short-term period 

comprising a single pathway of events and health states in the course of the BD 

such as the development (and potential resolution) of an acute episode, although 

they are not suitable for the simulation of recurrent events over a long period of time 

[55;56]. Indeed, the studies based on decision-trees assessed the cost effectiveness 

of drugs in the management of a manic [19] or depressive [26] episode, and 

therefore, in principle, the type of the selected model appears to be appropriate. 
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The studies that used Markov models, alone or combined with decision-trees, 

modelled a sequence of repetitive events (such as remission and relapse to manic or 

depressive episodes) over a number of model cycles (with the cycle length being 

predefined and stable over time), by allowing people to transition between different, 

distinct health states; they were thus more appropriate for the assessment of longer-

term costs and outcomes over the cyclic course of BD [57]. One characteristic of 

Markov models is the lack of ‘memory’ for earlier cycles; this means that the 

transition probabilities from one state to another depend only on the current health 

state and are independent from history of transitions / events that have occurred in 

previous cycles (Markovian assumption); this limitation, though, can be resolved with 

the incorporation in the model of temporary ‘tunnel’ states, which are arranged in a 

way so that each can only transition to the next state, keeping a memory of the 

history of events [56;57]. Nevertheless, all Markov models considered in this review 

used constant transition probabilities over time, suggesting that the annual risk of 

acute episodes (manic or depressive) in the populations considered in the models 

was independent of the number and nature of previous episodes. However, it has 

been found that the risk of relapse in people with BD increases with the number of 

previous episodes [58], suggesting that the existing Markov models in the area of BD 

are likely to have underestimated the cumulative risk of recurrence of acute 

episodes, and thus the total time patients spent in an acute episode over each 

model’s time horizon. Ultimately, they may have underestimated the impact of 

maintenance treatments on the long-term course of BD and their relative cost 

effectiveness. 
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In contrast, DES models can simulate the behaviour of the study population at an 

individual level over time. Each individual is assigned personal characteristics 

defined at the start of the simulation and is allowed to move from one event to 

another with probabilities that are determined over time by these baseline 

characteristics, as well as by changes in these characteristics through events 

experienced by the individual within the model [56;59]. DES models can 

accommodate differing cycle lengths more easily than Markov models, are not 

limited by the Markovian assumption, and therefore may be more appropriate 

(though more time-consuming) for use in the area of BD [60]. 

 

The structure of all models appears to be appropriate for modelling the course of BD, 

although some studies adopted a rather simplistic approach and omitted some states 

and events associated with BD, in particular short-term studies that focused on the 

treatment and progression of acute episodes. One important limitation of a number 

of studies was the lack of consideration of side effects, and their impact on both 

costs (incurred for their management) and the patients’ HRQoL. Such an omission 

may have potentially overestimated the cost effectiveness of drugs that are 

associated with serious, long-term side effects that reduce the patients’ quality of life 

and are costly to treat. For example, atypical antipsychotics (olanzapine, risperidone, 

aripiprazole, etc.) can lead to the development of metabolic syndrome with an 

increased risk for diabetes, cardiovascular disease and their complications [61-64]; 

lithium is associated with increased risk of hypothyroidism, hyperparathyroidism, 

weight gain and reduced urinary concentrating ability, although the risk of end-stage 

renal failure is low [65]. 
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People with BD are at increased mortality risk, in particular due to suicide, compared 

with the general population [66;67]. About 17% of people with BD type I and 24% of 

those with BD type II attempt suicide during the course of their illness [68]. Lithium is 

the only known drug in the treatment of bipolar disorder with a preventative effect 

against suicide [69]. Omission of the death state from BD economic models has 

been criticised [60], however, the 6 modelling studies that did not consider mortality 

had short time horizons ranging from 3 weeks to 2 years [19;26-29], and therefore it 

is unlikely that this omission has had a significant impact on their results. Moreover, 

given that the risk of mortality in people with BD appears to be equal across drug 

treatments with the exception of lithium, omission of the death state is likely to have 

affected results in an even lesser degree in the models that did not include lithium. 

 

3.2.6 Efficacy data sources and methods for evidence synthesis 

The model-based studies included in the review utilised efficacy data from single 

RCTs [29] or (in most cases) synthesised data derived from a number of RCTs. 

However, only 2 model-based studies explicitly reported identification of RCTs via a 

systematic research of the literature [19;31]. Selective use of RCT efficacy data, 

instead of a systematic literature search for identification of clinical evidence and 

population of economic models, is likely to have introduced bias in the economic 

analyses. RCT data were synthesised either via a narrative synthesis [34;35], data 

pooling across RCTs of similar design [20;24;28;32;33], an indirect comparison 

(using a control as common comparator) [18;26;27;33] or a NMA [19;25;31]. 

 

NMA is the simultaneous comparison of multiple competing treatments in a single 

statistical model [70]. NMA enables evaluation of the relative effectiveness between 
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multiple interventions, even if they have not been compared in an individual trial, and 

allows simultaneous inference on all interventions by combining both direct and 

indirect evidence between interventions, while preserving randomisation [70-72]. 

This approach for evidence synthesis is essential for populating model-based 

economic studies assessing more than two competing interventions. 

 

A key assumption when conducting NMA (or simple indirect comparisons using a 

common baseline comparator) is that the populations included in all RCTs are similar 

so that the treatment effects are exchangeable across all patients [71]. However, this 

was not the case in some of the studies that synthesised evidence via indirect 

comparisons or NMA: in Ekman et al. [18], the study populations in the RCTs 

included in the indirect comparisons were not similar in terms of the phase of the 

disorder. In 3 economic analyses of maintenance treatments [27;31;33] the 

synthesised evidence came from RCTs with different study designs and study 

populations: some RCTs assigned stable patients to a new maintenance treatment, 

while other trials randomised participants remitting from an acute episode (either 

manic or depressive) to continue or discontinue treatment that had been effective in 

the acute phase. However, patients that have already responded to one drug while in 

an acute episode are more likely to respond to this particular drug in the 

maintenance phase, rather than to other drugs included in the NMA, thus violating 

the assumption of exchangeability. 

 

3.2.7 Time horizon and discounting 

BD is a chronic disorder with high risk of recurrence over time, and therefore long-

term (maintenance) treatments for BD should be ideally modelled over lifetime, to 
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allow full consideration of the preventative effect of maintenance therapy against the 

cumulative risk of future recurrence of acute episodes over time. Shorter time 

horizons in studies assessing treatments for acute episodes could be appropriate, as 

long as they cover the full progression of the episode, from start of treatment through 

to resolution, allowing adequate follow-up time to assess the risk of relapse. Manic 

episodes usually last for between 2 weeks and 4-5 months (median duration about 4 

months), whereas depressive episodes tend to last longer (median length about 6 

months), though rarely for more than a year, except in the elderly [1]. Thus, studies 

assessing the cost effectiveness of drugs for the management of acute episodes that 

had shorter time horizons than the typical duration of the type of episode examined, 

as well as studies that did not allow enough time for the risk of relapse to be realised, 

have inadequately captured the costs and benefits associated with treatment. 

 

3.2.8 Methods for handling uncertainty 

All model-based studies included, to a variable extent, sensitivity analyses to explore 

the robustness of the results under the uncertainty characterising input parameters 

and model structural assumptions. In deterministic sensitivity analysis, input 

parameters are assigned a range of point estimates to explore the impact of the 

change in estimates on the results of the analysis. In PSA, input parameters are 

assigned appropriate probabilistic distributions; subsequently, the model is run over 

a large number of iterations, each drawing random values out of the distributions 

fitted onto the model input parameters, resulting in the full uncertainty characterising 

all input parameters being concurrently considered in the base-case results; 

therefore, PSA is considered the most appropriate form of sensitivity analysis [73]. 

Results can then be presented in the form of CEACs, which show the probability of 
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each intervention being cost-effective at different levels of WTP per additional unit of 

benefit. This methodology can be used both in modelling studies and studies 

conducted alongside primary clinical studies [74;75]. Bootstrapping techniques can 

be used for conducting PSA in trial-based economic evaluations [76]. A large 

number of modelling studies included in the review employed PSA to explore the 

uncertainty in their results [18-20;24-26;28;31-33;35]. 

 

Conclusively, the studies included in the review are characterised by large 

differences in the interventions assessed and the comparisons made, the type of 

economic evaluations, the outcome measures used, the methods for evidence 

synthesis, the settings and the perspectives adopted, the modelling techniques and 

the time horizon. The quality of the studies was variable, however, 17 out of the 19 

studies included in the review had a high or fair quality according to their QHES 

score.  

 

3.3 Strengths and limitations of the systematic review 

The current review assessed, in a systematic way, all the available economic 

evidence on pharmacological interventions in the management of bipolar disorder. 

Searches were conducted in 6 electronic bibliographic databases, using a broad 

range of search terms. The systematic review was conducted by two researchers 

following golden standards for conducting systematic reviews [9] and utilised a 

validated checklist for the appraisal of economic studies [11]. The methods and 

results of each study were considered in the context of the phase of BD that was the 

focus of the pharmacological intervention (i.e. treatment of acute manic, mixed or 

depressive episodes or rapid cycling, or maintenance therapy in stable BD). 
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However, one limitation of the review is that it considered only English papers, and 

therefore papers potentially published in other languages have been omitted. 

 

The QHES checklist that was used for the appraisal of the economic studies has 

been designed for model-based studies. However, it was possible to use for the 3 

trial-based economic evaluations included in the review after omitting non-relevant 

items and adjusting the total checklist score. One limitation of the QHES checklist is 

that, for each dichotomous answer (yes/no), it gives the full or zero score, not 

allowing for intermediate scores, which would be more appropriate if a checklist item 

is partially satisfied. Moreover, judgements on whether criteria are met can be 

subjective. 

 

A major limitation of using the QHES checklist (as well as other available 

methodological checklists) is that some items may be fundamental in determining the 

quality and credibility of the study, yet the only ‘penalisation’ of the study is getting a 

zero score on these items. For example, the source of efficacy data and the methods 

for evidence synthesis is one of the most important methodological ‘characteristics’ 

of a study; a biased method of evidence synthesis may have huge effects on the 

analysis, distorting extensively the results. Yet the QHES relevant checklist item on 

source of variable estimates has a score of only 8 (out of 100). Moreover, this item 

refers to a single source of efficacy data (“randomized control trial - best, expert 

opinion – worst”), and does not explicitly mention the method for evidence synthesis, 

which may be essential, in particular when a large number of competing 

interventions are assessed in a modelling study. 
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Although one of the aims of this review was to synthesise, in a narrative way, the 

available evidence in order to identify cost-effective pharmacological interventions for 

the treatment of BD, a robust conclusion on the relative cost effectiveness between 

interventions was not possible, due to differences across studies in terms of study 

design, interventions compared, and other factors described above, which limited the 

comparability of results across studies and did not allow for consistent conclusions to 

be drawn. Nevertheless, a clear message from the review findings is that 

pharmacological interventions are cost-effective compared with no treatment in the 

management of people with BD, and this applies to both treatment of the acute 

phase of the disorder, and also to the long-term prophylactic management. 

 

3.4 Consideration points for researchers conducting economic research and 

for health professionals and policy makers interpreting published economic 

evaluations 

1. Economic evaluations in the area of BD should consider a wide range of treatment 

options, including standard care, in order to assess the relative cost effectiveness 

of interventions. Model-based economic evaluations should ideally consider all 

available treatment options, including psychological interventions, if relevant (this 

would not be feasible for economic analyses undertaken alongside primary clinical 

studies). 

2. The perspective of the analysis should be clearly stated and justified and all 

relevant costs elements should be considered. Depending on the objective of the 

analysis, wider perspectives, beyond healthcare ones (e.g. public sector or 

societal perspective) may be appropriate to adopt, especially if there are relevant 

costs falling to other sectors (e.g. social care). 
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3. Economic studies should have long enough time horizons to capture the full 

impact of interventions on benefits, harms and costs; given the chronicity of BD, 

ideally time horizons of model-based studies should extend over lifetime. Trial-

based economic evaluations should extrapolate findings beyond the time frame of 

the trial if possible, by employing decision-analytic modelling. 

4. Generic utility measures such as EQ-5D and SF-36 may not be adequate in 

capturing HRQoL changes in people with BD. On the other hand, there are 

recommendations on the use of generic measures for the estimation of QALYs to 

enhance comparability across disease areas. Use of utility data elicited using BD-

related vignettes or a BD-specific measure (currently not available) in sensitivity 

analysis, or use of a secondary (clinical) outcome measure might be alternative 

options. 

5. Evidence on the efficacy in model-based studies should be derived from a 

systematic review of the literature and synthesised in an appropriate, 

methodologically robust, way. NMA is the optimal methodology for evidence 

synthesis when more than two interventions are compared, as it enables 

consideration of all available evidence coming from direct and indirect 

comparisons, without ignoring any part of the evidence and while preserving 

randomisation. 

6. The type of economic model should be appropriate for the phase of the disorder 

examined. Decision-trees may be adequate for the evaluation of drugs focusing 

on treatment of acute BD episodes. Markov models that employ tunnel states to 

keep a memory of the history of events and DES models are more appropriate for 

the assessment of the long-term cost effectiveness of interventions for BD, in 

particular as maintenance treatments. 
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7. Any economic model should consider relevant health states, events and outcomes 

associated with BD and the evaluated interventions. Euthymic and acute manic or 

depressive states are essential states in any BD model, reflecting the cyclic nature 

of BD. Chronic side effects that may have a prolonged impact on costs and 

HRQoL should not be omitted. Mortality may also be an important parameter, 

especially in models with long time horizons and in evaluations of lithium, due to 

the latter’s effect in preventing suicide. 

8. Extensive deterministic and probabilistic sensitivity analysis should be employed 

to explore the robustness of the results under the uncertainty characterising input 

parameters and under alternative scenarios. 

9. Regarding the generalisability of results and their transferability across different 

countries/settings, consideration should be given to the similarities and differences 

between the settings in terms of the study population characteristics, the funding 

of the services for people with BD, the treatment pathways, the resource use and 

implementation issues associated with each intervention, and the unit costs. The 

perspective of the analysis should also be assessed against the context of 

interest. A point to note is that as drugs become generic over time, their cost 

effectiveness eventually improves. 

10. Conclusions on cost effectiveness may be difficult to reach if an intervention is 

not clearly dominant over another; judgements on cost effectiveness ultimately 

rely on the cost effectiveness threshold adopted, which depends on the policy 

makers’ WTP for treatment benefits, which may vary across countries and health 

systems. 

 

4. Conclusion 
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Available evidence suggests that pharmacological interventions are cost-effective 

compared with no treatment in the management of people with BD and should be 

used in the management of both the acute and the maintenance phase of the 

disorder; however, it is difficult to draw any robust conclusions on the relative cost 

effectiveness between drugs, due to differences in the range of interventions 

assessed, the methods employed, and the settings across economic studies, as well 

as methodological caveats characterising many of them. Future economic 

evaluations need to consider the whole range of treatment options available for the 

management of BD and adopt appropriate methodology, especially for evidence 

synthesis, addressing the limitations of existing literature, to explore more robustly 

the relative cost effectiveness of pharmacological interventions in the area of BD. 
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