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Editorial on the Research Topic
 Economic evaluation of mental health interventions





Introduction

Mental health disorders affected more than 1 billion people globally and were responsible for 7% of the global burden of disease as measured in Disability Adjusted Life Years (DALYs) and 19% of all years lived with disability (1). Economic evaluation is increasingly employed to guide resource allocation decisions and policymaking in mental health.

Our Research Topic showcases cutting-edge economic evaluations in mental health to inform public and private resource decisions. It includes nine papers: two partial economic evaluations focusing solely on the costs of interventions/diseases, three full economic evaluations assessing both costs and consequences of interventions, two systematic reviews, one perspective paper, and one protocol paper.



Partial economic evaluations

Based on data from two RCTs, Paterson et al. estimated that delivering a mental health recovery narrative web application costs £349 per user for those with psychosis and £241 per user for those without psychosis. Crucially, this study accounts for intervention development costs, which is important but often overlooked in costing studies. The results of this study can be used to estimate the cost of delivering NEON at scale and improve consistency in reporting of cost for similar digital health interventions.

Based on multiple sources of information, Sousa et al. estimates the total disease burden of Treatment-Resistant Depression and Major Depression with Suicide Risk in Portugal at 66.3 thousand DALYs. Direct costs were €30.8 million, mainly from medical appointments and medication. Adding productivity losses, the total cost reached €1.1 billion. This study emphasized the need for prioritizing health promotions for both disorders.



Full economic evaluations

Of the three full economic evaluations included in this topic, Le Novere et al. conducted a trial-based economic evaluation, in which the trial provides the main source of input data; while Liu et al.(a) and Kleijburg et al. employed a decision-analytic modeling approach.

Le Novere et al. assessed the cost-effectiveness of peer-supported self-management for people discharged from mental health crisis teams in England, from a mental health service perspective. Compared to usual care, the intervention had a 57% chance of being cost-effective at £20,000 per QALY gained. The main methodological challenge in this study is the significant (nearly 50%) missing data for the utility outcome, while data regarding resource use were nearly complete. This study illustrates how common strategies to address missingness or distributional features of cost and utility data may or may not mitigate biases.

Both Liu et al.(a) and Kleijburg et al. employed a Markov modeling approach, dividing the disease into distinct states with assigned transition probabilities for movement over discrete time periods, known as “Markov cycles” (2). By attaching costs and health outcomes to each of these states and using intervention-specific transition probabilities, a Markov model can be used to estimate the long-term costs and outcomes for the interventions of interest.

Using a previously published model, Liu et al.(b) found that lurasidone was a dominant treatment compared to olanzapine and risperidone in the first-line treatment of schizophrenia in China, resulting in greater QALY gains at lower costs. Kleijburg et al. reported the development of TiBipoMod—A model which can simulates the lifetime costs and health outcomes for various interventions in the treatment of bipolar disorders type I and II, from a societal perspective. A case study conducted based on TiBipoMod showed that mindfulness-based cognitive therapy dominates standard care.



Systematic reviews

Systematic reviews of economic evaluations of healthcare programs and interventions can synthesize crucial data to inform healthcare decision-making and highlight research priorities (3). However, synthesizing evidence from such studies is challenging given inconsistencies in cost-effectiveness research designs (e.g., synthesizing evidence from simulation and trial-based analyses) and reporting guidelines (4, 5). The two systematic reviews included in this Research Topic are notable in that they both follow the Consensus on Health Economic Criteria (CHEC) list for assessing the methodological quality of economic evaluations in systematic reviews (6), and both provide a thorough discussion of the limitations in consolidating evidence across the included studies.

Kugener et al. provide a timely update on the economic evidence for prevention and treatment interventions for child maltreatment, abuse and neglect in high-income countries (US, Australia, UK, Canada). Their study evaluated a total of 11 studies, 7 of which were model-based economic evaluations while 4 were conducted alongside a clinical trial. All studies demonstrated improved outcomes at common cost-effectiveness value thresholds, with two demonstrating cost-savings in addition to effectiveness gains. Kugener et al. noted that cross study comparisons and/or pooling was made difficult due to limited comparability of measures across studies, including lack of commonly applied terminology for child maltreatment, as well as variation in the methodological rigor such as hand lined missing data, which continues to be an issue in the field (7).

Hannah et al. reviewed economic evidence pertaining to interventions for treatment-resistant depression. Their review encompassed 31 studies-−11 conducted alongside clinical trials, and 20 used modeling methods. Similar to Kugener et al., Hannah et al. identified heterogeneity in methodological quality, most notably finding that fewer than half of the model-based evaluations conducted a comprehensive sensitivity analysis of model parameters. An important feature of Hannah et al.'s review is their in-depth discussion on the divergences between the model vs. trial approaches to economic evaluations.



Others

The successful implementation of mental health interventions, particularly behavioral health interventions, frequently demands significant stakeholder engagement. Nonetheless, the expenses associated with this involvement are commonly overlooked in current economic evaluations. In their perspective paper, Raciborski et al. delve into the integration of stakeholder engagement with established economic analysis methods, aiming to enhance decision-making regarding the implementation of behavioral health interventions.

Shah et al. reports on a protocol for a return-on-investment analysis of system-wide service transformation for young people experiencing mental health problems in Canada. Novelties of the proposed study lie in two aspects: economic evaluation of a system transformation (rather than a particular health technology) and assessing population-wide implications of the system intervention (thus capturing complex links between intervention and outcomes and spillovers). Findings of the proposed studies will inform decisions regarding large scale, system transformation initiatives designed to benefit population health.
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Introduction: Treatment-Resistant Depression (TRD) and Major Depression with Suicide Risk (MDSR) are types of depression with relevant effects on the health of the population and a potentially significant economic impact. This study estimates the burden of disease and the costs of illness attributed to Treatment-Resistant Depression and Major Depression with Suicide Risk in Portugal.

Methods: The disease burden for adults was quantified in 2017 using the Disability-Adjusted Life Years (DALYs) lost. Direct costs related to the health care system and indirect costs were estimated for 2017, with indirect costs resulting from the reduction in productivity. Estimates were based on multiple sources of information, including the National Epidemiological Study on Mental Health, the Hospital Morbidity Database, data from the Portuguese National Statistics Institute on population and causes of death, official data on wages, statistics on the pharmaceutical market, and qualified opinions of experts.

Results: The estimated prevalence of TRD, MDSR, and both types of depression combined was 79.4 thousand, 52.5 thousand, and 11.3 thousand patients, respectively. The disease burden (DALY) due to the disability generated by TRD alone, MDSR alone, and the joint prevalence was 25.2 thousand, 21 thousand, and 4.5 thousand, respectively, totaling 50.7 thousand DALYs. The disease burden due to premature death by suicide was 15.6 thousand DALYs. The estimated total disease burden was 66.3 thousand DALYs. In 2017, the annual direct costs with TRD and MDSR were estimated at € 30.8 million, with the most important components being medical appointments and medication. The estimated indirect costs were much higher than the direct costs. Adding work productivity losses due to reduced employment, absenteeism, presenteeism, and premature death, a total cost of € 1.1 billion was obtained.

Conclusions: Although TRD and MDSR represent relatively small direct costs for the health system, they have a relevant disease burden and extremely substantial productivity costs for the Portuguese economy and society, making TRD and MDSR priority areas for achieving health gains.

KEYWORDS
  treatment-resistant depression, major depression with suicide risk, cost of illness, burden of disease, disability-adjusted life years (DALYs) lost


Background

Depressive disorders, which can be lasting or recurrent, are characterized by sadness, loss of interest or pleasure, feelings of guilt or low self-esteem, disturbances in sleep or appetite, feeling tired, and low concentration (1). Depression is associated with deficits in individuals' professional, social, and personal functioning, contributing to decreased patients' quality of life. In its most severe form, the depressive disorder can lead to suicide (1, 2).

Globally, it is estimated that more than 300 million individuals, equivalent to 4.4% of the world population, are affected by depression (1). A recent study based on Global Burden of Disease (GBD) estimates on subjects aged 10–24 years, shows that Portugal has the highest prevalence of mental disorders in Europe during the period 1990–2019. It showed also that YLDs due to mental disorders are the first cause of disability at this age in Portugal, as in other European countries (3). Portugal is the second country in Europe with the highest prevalence of psychiatric diseases, and mood disorders had a prevalence of 7.9% in 2009 (4).

Although several drugs are indicated for the treatment of depression, studies reveal that one to two-thirds of patients will not respond to the first prescription, and 15–33% will fail to respond to multiple interventions (5).

According to the literature, there is no exact definition for treatment-resistant depression (6). However, it has been established that the term refers to an inadequate response to at least one antidepressant, with adequate dose and duration, in patients with depression (7). Nevertheless, what constitutes an inadequate response is still the subject of debate. Nowadays, for many specialists, the goal of treatment is to achieve remission (8). Despite the lack of consensus, the duration of response assessment is generally defined as a minimum of 6 weeks of treatment (9).

There are few estimates of the prevalence of treatment-resistant depression. Available data points to a global life-time prevalence of Major Depression (MD) of 10 to 15%, and some studies estimate this prevalence to be between 8.1 and 11.2% in low/medium income countries and 13% in high-income countries (10, 11). The epidemiology of Treatment-Resistant Depression's (TRD) is not so well studied and characterized due to the heterogeneity of criteria and methodologies and scarcity of epidemiology-related studies. However, it is estimated that more than one-third of treated patients with MD progress to TRD (7, 11, 12), a proportion that has been corroborated by the study “Sequenced Treatment Alternatives to Relieve Depression” (study STAR*D), one of the largest and most important studies that evaluated the burden of treatment-resistant depression (13). There has been an increase in the number of people diagnosed with this type of depression. These patients tend to have higher comorbidities with other psychiatric disorders, incapacity for work, absenteeism, more frequent hospitalizations, which consequently generates higher costs for the health system (14).

Much of the cost and disability associated with depression are explained by resistance to treatment (15). Depressive disorders are responsible for an overall loss of more than 50 million years of life adjusted for disability (1). Estimates indicate that depression will be the leading cause of global disease burden worldwide by the year 2030 (1, 2, 16).

Management of treatment-resistant depression requires a multimodal approach, which includes pharmacological and non-pharmacological intervention. It may include cognitive-behavioral therapy, electroconvulsive therapy, vagus nerve stimulation, and transcranial magnetic stimulation (12, 14, 17–20). However, pharmacological therapy remains the main component of treatment (14).

Suicidal ideation can occur in several psychopathological contexts, namely in depressive pathology (21). In the pharmacological treatment of patients with depression with suicide risk, the drugs must have a rapid and early effect. Even in patients who respond to conventional antidepressant medication, obtaining a response always implies a latency time of action that can take up to 3 weeks after treatment initiation. This delay can be fatal in severe cases, hence the need for therapeutic alternatives with a rapid onset of action, which justifies the evaluation and therapeutic indication of specific drugs for this purpose.

The endeavor of the present study is to contribute to a comprehensive perspective of the costs endured by the Portuguese health system, generated by TRD and MDSR.

Our research on the burden and costs of TRD and MDSR in Portugal had two main objectives. The first was to uncover the disease burden by estimating the component attributed to treatment-resistant depression and major depression with suicide risk based on the following indicators: mortality, morbidity, and Disability-Adjusted Life Years (DALYs) for the year 2017. Our second objective was to estimate the economic cost of diagnosing and treating TRD and MDSR, including direct costs (medical and non-medical costs) and indirect costs (loss of productivity—relevant to the perspective of society) for the year 2017.



Methods

The primary source of the epidemiological information used in this study is the “National Epidemiological Study of Mental Health” (NESMH) (4), which took place between 2008 and 2009. This study is the most accurate and robust national data available, assessing primary data collected in a representative sample of the adult population in mainland Portugal. The results of the NESMH were adjusted in our study regarding the demographic composition of the population due to aging, and all estimates were calculated using the population and demographic structure of the year 2017. Portugal's NESMH was part of the World Mental Health Surveys Initiative (WMHSI), promoted by the World Health Organization and Harvard University. WMHSI was coordinated internationally by Prof. Ronald Kessler and is fully described elsewhere (22–27). The methodology and implementation of NESMH are described in Xavier et al. (16). The NESMH questionnaire (16) was divided into two parts to reduce the time taken to answer. Part I used a total sample number of 3,849 participants to represent the general population and included an initial baseline assessment to diagnose major mental disorders. Part II of the questionnaire was answered by 2,060 individuals which included all participants with a mental disorder diagnosis and a random sample of 25% of participants without psychiatric disorder. Two weights were created to accommodate the stratification of the sample. The data in Part I were weighted for the differential probability of selection (between and within households), non-response bias, and discrepancies between the sample and the geographic and sociodemographic distribution of the Portuguese population assessed in the census. The data of Part II was additionally weighted for the differential sampling of participants from Part I to Part II.

Psychiatric disorders were assessed using the World Health Organization World Mental Health Composite International Diagnostic Interview version 3.0 (WMH-CIDI 3.0), a comprehensive and fully structured interview designed to assess mental disorders according to the definitions and criteria of the DSM-IV (28) and ICD-10 (29).


Estimates of the prevalence of treatment-resistant depression

Before obtaining epidemiological information related to TRD, the concept of TRD was operationalized within the framework of available epidemiological data, adopting a “proxy” as collected data does not strictly respect any of the possible definitions of TRD. The criteria used to define a TRD case included the presence of a major depressive disorder in the last 12 months assessed objectively with a validated scale, and a negative answer to the question “Have you ever received treatment that you considered to be useful or effective?”, present in the depression module of WMH-CIDI 3.0.

Results show that the global prevalence rate of treatment-resistant depression in the population aged 18 and over in Portugal should be 1.1%. This prevalence corresponds to about 14.9% of the population with major depressive disorder. These values are obtained with a small number of observations (n = 43) in a representative sample of the population, using the previously described weights. Combining this prevalence rate, estimated using the referred weights, with the estimates of the Mainland's adult population in 2017 from Portugal's National Institute of Statistics (INE), a total prevalence for TRD of ~90 thousand patients is obtained.



Estimates of the prevalence of major depression with suicide risk

In the case of MDSR, the operationalization of the concept was achieved by combining major depressive disorder with suicidal ideation. Both situations were reported in the 12 months before the moment of the survey. The results obtained indicate that the prevalence of MDSR is expected to be around 0.8% of the adult population in Mainland Portugal. Multiplying the Mainland adult population by this rate, a total prevalence of MDSR of ~64 thousand patients was obtained in 2017.



Estimates of combined prevalence of treatment-resistant depression and major depression with suicide risk

To fully understand the data presented above, it should be highlighted that some patients check both criteria for identifying the different types of depressive pathology and, therefore, appear in both prevalence estimates. This reality reinforces the adequacy and need to study the cost and burden of the two clinical entities together.

The crossing of individual information in the survey with objective and representative data from the Portuguese population shows that about 11.2% of patients with TRD also suffer from MDSR. Alternatively, it appears that about 19.3% of patients with MDSR suffer from TRD. This information implies that the characterization of these patient populations should consider the prevalence of TRD without MDSR, the prevalence of MDSR without TRD, and the joint prevalence of TRD and MDSR. The aggregate results present a combined prevalence of Treatment-Resistant Depression and Major Depression with Suicide Risk of 11,283 patients who simultaneously meet the criteria for both types of depression (7.9% of the total study patients).



Severity level distribution

The National Epidemiological Study on Mental Health (NESMH) contains information on the severity levels of the disease. The classification of patients by severity levels was based on the criteria adopted in the World Mental Health Survey (WMHS) (see the paper by Xavier et al.). For patients with TRD and MDSR, the distribution estimated by levels of severity can be seen in Table 1.


TABLE 1 Distribution of estimated TRD and MDSR cases by the level of severity.

[image: Table 1]

Table 1 shows that the distribution by severity levels indicates a difference between TRD and MDSR, with the latter pathology having significantly higher levels. In the case of the joint prevalence of TRD and MDSR, it is assumed that the distribution by severity levels is that of the MDSR, as it is the most severe condition.



The matter of duration

An important component necessary to estimate the burden of TRD and MDSR is the duration of the episodes and, consequently, the fraction of the time affected by the disease in the reference year for the analysis. The distribution of the duration of episodes of major depression appears to be very heterogeneous. Spijker et al. (30) retrospectively used data from the Dutch mental health survey to estimate the duration of an episode of major depression. They found that in 50% of cases the duration was 3 months or less, in 63% of cases was 6 months or less, in 76% of cases was 12 months or less, but in 20% of cases the duration was found to be 24 months or more. Spijker et al. (30) reported that the median duration was 3 months, but the estimated average duration was 8.4 months. No specific references were found for the case of TRD and MDSR. In the present study, the assumption is made that the duration of TRD and MDSR can be approximated by the duration of episodes of major depression. The study by Ferrari et al. (31), which synthesizes information on estimates of the various parameters necessary to calculate the disease burden, indicated that the average duration used in the Global Burden of Disease, resulting from a synthesis of the literature, was 37.7 weeks. The present study has used this value, i.e., it is assumed that depression affects the health of patients at an average of 72.3% of the time in the year in which an episode occurs.


Burden of disease

The burden of disease was estimated through the Disability-Adjusted Life Years (DALYs). The most recent version of the methodology introduced by the World Bank and the World Health Organization (WHO) was adopted in this study (32).

DALYs are a measure, expressed in time, of the amount of health lost due to the disability generated by disease or premature death. The measure includes two indicators: (1) the years lost due to premature death (Years of Life Lost - YLL), the lost time being operationalized as the difference between age at the time of death and the standard life expectancy for that age; and, (2) the Years lived with Disability (YLD), where the time spent suffering a disability is considered (33).

The equation used to estimate the number of DALYs lost by an individual is as follows:

[image: image]

Where c is cause, s is sex, a is age, and t is time.

Disability is measured by a coefficient with values between 0 (without any disability, perfect health) and 1 (total disability or death). Standard life expectancy results from a reference mortality table designed to have universal applicability.




Years of life lost due to premature death

The years of life lost due to premature death (YLL) are calculated by multiplying the number of deaths caused by the disease under analysis and the years of life lost, which are a function of the age at which death occurs. In the case of depression, it is not usually taken as a direct cause of death. However, a significant fraction of suicide deaths can be statistically attributed to depression. In this context, YLL were estimated considering that a fraction of the overall suicide mortality is attributable to depression. Following the approach that uses the concept of attributable fraction (34), the fraction of total mortality attributable to MDSR was determined by the equation:
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where RR is the Relative Risk of death in patients with the disease under study and p is the prevalence of the disease. The RR of suicide mortality in major depression considered by Ferrari et al. (31) was 19.9. In the present study, TRD, and especially MDSR, would be expected to have higher RRs than those of major depression in general. In the literature, specific estimates were not found. The adopted methodology was to estimate the attributable fraction of suicides to major depression and, later, through the opinion of experts to obtain the proportion of this attributable fraction (AF) that applies to the two types of depressive pathology under study.

According to NESMH, the prevalence of major depression in the year prior to the survey interview was 6.8% (4). The AF that results from the above equation is therefore 56.24%.

The next step was to estimate the proportion of these suicides attributable to the prevalence of TRD and MDSR. Our research assumed that, as in these data, suicide did occur, so ex post it is a case of MDSR. Considering the diagnostic criteria for major depressive disorder in its different configurations, the possibility of some suicides occurring in patients who would not be diagnosed with MDSR should be considered. Bearing this is mind, it was conservatively assumed that 90% of suicides attributable to major depression in general can be more specifically attributed to MDSR or TRD. Assuming this rate of 90% (out of the previous AF of 56.24%), the final attributable fraction is 50.6%. This is the percentage of the disease burden and costs generated by suicide deaths that will be attributed to MDSR and TRD in the present study.



Years lived with disability

DALY indicator, as a metric of disease burden, estimates, in addition to mortality, the disease burden generated by morbidity, considering that the time lived with a disease contributes to the years of life lost as that such a disease is disabling. The equation used to estimate the YLD number is as follows:
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Where P is Prevalence of cause (c), by age (a) and sex (s), in year (t); and DW is Disability Weight specific to the cause (c), age (a) and sex (s).

The disease burden was estimated from the indicators: prevalence, mortality, disease duration.

The estimation of YLDs requires the use of disease-specific weighting or disability coefficients and is calibrated according to the different levels of disease severity. The most current version of the weights was published by Salomon et al. (35) and the weights by severity level for the case of depression are shown in Table 1.

The use of these weights in the case of TRD and MDSR depends on the distribution of patients by severity levels. This information, from NESMH is shown in Table 1, and can be reviewed in columns (3) and (4) of Table 2. The average values of the weights are very high compared to other pathologies, probably because an expressive proportion of patients with major depression are not actually being treated, which in the case of MDSR is reinforced by the fact that even in the target patients of treatment they do not evaluate it as being effective.


TABLE 2 Disability weights considered in the burden of disease estimates.

[image: Table 2]



Costs of illness
 
Direct costs

The direct costs of TRD and MDSR resemble the monetary appreciation of the resources consumed in treating these diseases. The study of direct costs is based on the previously presented estimates of disease prevalence and the information on the pattern of use of resources contained in the “National Epidemiological Study of Mental Health” (NESMH) (4) and in the opinion of their experts. Microdata available in the 2017 Hospital Morbidity Database regarding inpatient and outpatient episodes registered using the International Classification of Diseases, tenth version (ICD-10 CM) and billing in Homogeneous Diagnostic Groups (HDG), were considered. Microdata was used to estimate the number of relevant hospitalizations and outpatient episodes, as well as the respective costs. The study also used aggregated data on the consumption of drugs associated with the treatment of depression, from IQVIA and hmR, and expert opinions were used to estimate costs in areas where databases or other quantifiable sources of information are not known officially or academically recognized. Finally, in this study, the unit costs of hospitalizations, hospital consultations, and complementary means of diagnosis and therapy were obtained from the prices defined in Portuguese Law (Ordinance No. 207/2017, of 11 July).


Costs of hospitalizations and ambulatory hospital visits

Estimates of hospital activity related to hospitalization episodes associated with TRD and MDSR are reported. The estimates are based on an analysis of the Hospital Morbidity Database for 2017. In this database, the use of ICD 10 hinders a finer analysis with the separation of TRD and MDSR. Thus, for greater accuracy, the hospitalization episodes associated with TRD and MDSR are presented together.

Registered and coded episodes are included in this database, including coded and registered hospital outpatient episodes. The identification of relevant episodes associated with TRD and MDSR was based on the International Classification of Diseases. The selection of relevant cases was made by the clinical team and experts. The episodes on which the subsequent analysis is based have all been classified with the ICD 10 CM. The use of the ICD 10 - CM classification was evaluated to guarantee the compatibility between the selected episodes and the diseases under study. The starting point was given by the ICD 10 - CM encodings. Major depressive pathology, single episode, and ICD 10 - CM. 0-9 Major, recurrent, depressive pathology. It was also necessary to add some episodes that were considered to be relevant and that were not part of the preliminary analysis. Thus, a set was added to the selected episodes in which the main diagnosis was “suicidal ideation” (ICD 10-CM R45851) provided that secondary diagnoses (from d2 to d50) were included or a sub-item of diagnoses F32 (Pathology major depression, single episode), or a sub-item of diagnoses F33 (major, recurrent depressive pathology). The use of episodes was further refined by considering additional information on the GDHs of the selected episodes.



Costs of pharmacological therapy

Estimates of drug costs in the treatment of TRD and MDSR are based on the intersection information from the EENSM regarding the consumption of medicines, information on the drug market from IQVIA and hmR, and finally, information on the drug market required selection and quantification criteria designed by experts.

The following classes of drugs were studied, following the terminology of the Anatomical Therapeutical Chemicals classification (ATC): N6A Antidepressants and Mood Stabilizers, N5A Antipsychotics, N5C Tranquilizers/Anxiolytics, and N5B Hypnotics/Sedatives.

Detailed data were obtained at the level of pills or equivalent since it was not possible to have access to market statistics specifying the quantities based on Defined Daily Doses (DDD). The available data made it necessary to make assumptions about the average consumption for each class of drugs. Average consumption patterns of one, two, or three tablets per day were chosen, depending on the class of medication.



Costs with complementary means of diagnosis and therapeutics

According to the experts, in the context of the usual follow-up, patients with TRD and MDSR tend to do routine tests twice a year. In addition to these consumptions, about 5% of patients undergo thyroid tests. Finally, about 5% of patients are submitted to imaging tests whose main objective is to overlook the possibility of other somatic pathologies. In two-thirds of the cases, the exam is a Computed Axial Tomography (CT) and, in the remaining cases, a Magnetic Resonance Imaging (MRI).

Based on data from NESMH, it is possible to obtain the proportion of patients who had any contact with the health system during the year prior to the study, both in mental health and primary care. According to that information, 26.3% of the patients with TRD had some contact with mental health services, and 39% had some contact with primary health care services. Assuming that the contact probabilities in the two areas are independent, the probability of having at least one contact for patients with TRD is given by 1- (1–0.263) × (1–0.39) = 0.55. Consequently, this result will calibrate the estimates that follow, as it is assumed that only patients in contact with the health system generate consumption of complementary means of diagnosis and therapeutics. Specifically, for the case of patients with TRD (not including joint prevalence with MDSR), the following analysis assumes that the pattern of resource use of complementary means of diagnosis and therapeutics applies to 55% of patients.

In regard to patients with MDSR, estimates based on NESMH indicate that 43.2% will have some contact with mental health services and 57.7% with primary health care services. As in the previous case, independence of the probabilities of contact is assumed, resulting in an estimate of the percentage of patients with some type of contact with the health system of 76%. Weighting the two percentages by the proportion of patients with TRD only (55.5%) and patients with MDSR (44.5%), an average percentage of patients with contact of 64.4% is obtained. Applying this percentage to the prevalence in 143,163 patients results in 92,147 patients who generate a consumption of complementary means of diagnosis and therapeutics. It should be noted that the estimates presented treat the cases in which the patients have TRD and MDSR together as equivalent to those of the patients with the most severe situation, a methodology already adopted in other parts of this study.

We also considered the routine analyses that patients with TRD and MDSR would do twice a year, on average. A second set of analyses, related to the thyroid test, is carried out annually by about 5% of the patients. In addition, about 5% of patients undergo a CT scan (2/3 of the cases) or an MRI (remaining 1/3) to screen for other pathologies. In 50% of these cases, it is necessary to use contrast, increasing costs.



Costs of emergency department visits

According to the billing rules of the Portuguese NHS, episodes of urgency followed by hospitalization are integrated into hospitalization prices. It is then assumed that the Homogenous Diagnostic Groups (HDG) hospitalization prices are estimates of the overall costs of hospitalization, including the costs of the previous emergencies that generated these hospitalizations. For this reason, the costs of emergency department visits will estimate only the costs of emergency episodes without hospitalization.




Indirect costs

Indirect costs result from the loss of productivity of patients and are defined in the present study as the value of production losses attributed to treatment-resistant depression and major depression with suicide risk. These may include absenteeism as short-term disability, premature exit from the labor market as long-term disability, and productivity lost by premature death.

The sources of information to identify these costs include academic literature, Portuguese databases, observational studies, and surveys conducted in Portugal. Other variables, such as the average wages by sex and age, will be estimated based on data from the 2017 Personnel Tables of the Portuguese Ministry of Labor, Solidarity, and Social Security.

Labor costs, given by gross wages and employers' social security contributions, are the best measure of the productivity of potential workers, following the Human Capital theory. The average salary, by gender and age group, is added by the employer's contribution to Social Security (23.75%). The resulting value is multiplied by 14 to obtain an estimate of annual productivity.


Long-term indirect costs: Effects on employment

The performed analysis takes into account employment until the age of 65 to consider a better approximation to the effective age of leaving the labor market. This effective age reflects that not all workers retire at the official retirement age, given the existence of multiple exceptions: the receipt of disability pensions, early retirements after long-term unemployment, and other situations of an early exit from the labor market.

The employment rates of the population with TRD were approximated by the employment rates of the population with Major Depression, and the employment rates in the population with MDSR were approximated by the employment rates in the group of people with suicidal ideation in the last 12 months. Following the principle of considering people with both types of depression have the most serious disease, joint cases of TRD and MDSR were included in the estimates for TRD, as it exhibits a greater impact on employment rates.

To monetize the lost production due to the lower employment levels, the Human Capital approach was employed, and lost production was approximated by the wage costs that workers would receive.



Short term indirect costs: Absenteeism and presenteeism

To estimate the daily productivity lost due to absenteeism, the average annual salary was divided by 230, corresponding to the number of working days per year, given that absenteeism, by definition, only occurs on these days.

The next step in estimating the indirect costs of absenteeism and presenteeism is to estimate the employment of patients with TRD and MDSR, which is achieved by combining estimates of disease prevalence and employment rates by gender, age group, and disease used in the previous section. For the reasons previously indicated, patients with TRD and patients with TRD and MDSR are linked together.

A viable way to identify the incremental effect of the diseases under analysis on absenteeism was to consider the difference between the days of absenteeism in the population with the diseases under study and the days of absenteeism in the general population.

The methodology adopted to estimate the cost of presenteeism assumed that 1 day of presenteeism has a weight of 0.25 days of absenteeism. There is no single convention on estimating the cost of presenteeism (36). The literature and the sources available do not provide unambiguous estimates. Drummond et al. (37) mention explicitly that “productivity may be lost even though the worker remains at work. This is often called ‘presenteeism' and has been argued to be a major proportion of the productivity lost through mood disorders (p. 248).” A reference in that textbook (38) formulates an idea that justifies giving some attention to presenteeismpresentism in depression: “The relative importance of presenteeism compared with absenteeism in this disease area is likely because individuals with depression or anxiety tend to stay at work and perform suboptimally rather than take sick leave (p. 1148).”

A review from 2017 (39) shows numerous instruments, surveys and evaluation methodologies. One of this methodologies is based on the conversion of presenteeismpresentism days in proportional reductions in productivity compared with absenteeismabsentism days. If one absenteeismabsentism day is the unit, what should be the fraction to inpute to a presenteeismpresentism day? In some surveys in the literature that fraction can be estimated based on the inneficiency rates self-reported by the patients. However, that type of information was not avaliable in our case. Some contributions in the literature allow us to calculate the ratio of days lost to absenteeismabsentism to equivalent days lost due to presenteeismpresentism [examples Smit et al. (40), in a Dutch context; Uribe et al. (41), in a Colombian context]. However, these papers were heterogeneous in their results, which they reported as total days lost and they were not explicit on the ratio that equalized absenteeism days and presenteeismpresentism days. Using our assumption of 0.25 days of absenteeism per presenteeismpresentism day we obtained conservative results but not totally outside the ballparks of the results in the studies mentioned.

Thus, an estimate is obtained for the total effect of each disease measured by additional equivalent days of absenteeism per year.



Indirect costs of premature suicide mortality

The indirect costs generated by suicide match the current value of all future production that would have been carried out by the deceased if he/she had survived. The updated rate used in this analysis is 4%, as outlined in the current guidelines for conducting health technology assessment studies in Portugal (42). The convention of estimating future values of employment rates and wages by age and gender according to the statistics for 2017 was followed. The population's probabilities of survival are also used to calculate the expected value of future productivity. It is assumed that patients deceased due to suicide would have the survival probabilities given by the 2016–2018 Mortality Tables for men and women in general (43).






Results


Burden of disease
 
Years lived with disability

Using data on prevalence, disability weights, and the fraction of the year corresponding to the duration of the disease, variables, and parameters presented in methods, the estimates of YLD obtained are shown in Table 3.


TABLE 3 Years lived with disability—global results.

[image: Table 3]

The global data of YLD can be broken down by type of depression, sex, and age group. Figure 1 summarizes the detailed information on the years of life lived with disability.


[image: Figure 1]
FIGURE 1
 Years lived with disability. TRD, Treatment-resistant depression; MDSR, Major depression with suicide risk; YLD, Years lived with disability; M, Male; F, Female; rounding to units.




Years of life lost due to premature death

YLL are associated with deaths that are officially designated as “Intentionally self-inflicted injuries and sequelae”.

Using a reference mortality table defined by the Global Burden of Disease, almost 31 thousand years of life were prematurely lost due to suicide in 2017, with 73.2% of this total attributed to men. The years of life lost due to suicide (including all ages) constitute 2% of the YLL due to premature mortality, this proportion being 2.5% for men and 1.3% for women.

However, only a fraction of these events is attributed to TRD and MDSR. This topic was studied in the Section Methods, where an attributable fraction of 50.6% was estimated. In total, these estimates are 11,440 YLL for men and 4,187 for women making a total of 15,627 YLL due to premature death attributed to TRD and MDSR.



Disability-adjusted life years

Adding years lived with a disability to the years lost due to premature death attributed to TRD and MDSR, separately and together, we obtain the total DALY generated by the two types of depression under study. The results obtained can be seen in Table 4, where the total burden of the disease of TRD and MDSR is measured by the loss of 66,357 years of life adjusted for disability in 2017.


TABLE 4 Years of life lost due to premature death (YLL).

[image: Table 4]

Although there is an imbalance between men and women in the YLL due to premature death, with men losing 2.7 years for every year lost by women, the opposite is true in the case of YLD (Table 5). Thus, with regards to the results, women have a greater number of YLD than men, corresponding to 58.5% of total years lost.


TABLE 5 Disability-adjusted life years attributable to TRD and MDSR, 2017.

[image: Table 5]

Despite the enormous burden of premature suicide death disease attributed to the two types of depression understudy, the YLL constitute less than a quarter of the disease burden. The high prevalence of TRD and MDSR, and the high levels of disability that these depressive pathologies instigate, make the YLD amounting to more than three times the years lost due to suicide attributed to the depressive disorders under study.




Cost of illness
 
Direct costs
 
Hospitalization costs

The result of the final analysis led to the identification of 1,696 relevant episodes. A subsequent analysis identified some patients with multiple episodes, so the estimated number of hospitalized patients was 1,502. The total cost of these episodes was estimated at € 3,083,109.



Pharmacological therapy costs

The collective costs of medication for TRD in 2017 were estimated to be € 4,244,921. In 2017, the estimates made pointed to a drug expenditure for the MDSR treatment of around € 6.9 million. Globally, the collective expenditure on drugs for the treatment of TRD and MDSR amounts to € 11 million.



Costs with complementary means of diagnosis and therapy

The overall results regarding the costs of complementary means of diagnosis and therapy indicated an expense of € 4,049,524 in 2017. An estimated separation of these costs with complementary means of diagnosis and therapy indicates that costs for TRD alone would have been € 1,920,662 and € 2,128,862 for MDSR.



Medical appointments costs

The final result obtained is that TRD and MDSR generated 398,511 annual medical visits in 2017. The reference price in Ordinance no. 207/2017, Art. 15, no. 1 is € 31, which applies to ambulatory psychiatry visits and general and family medicine visits, which results in an estimated expense total of € 12,353,851. This amount can be broken down into the cost attributed to TRD (€ 3,913,675) and the cost attributed to MDSR (€ 8,440,176).



Emergency episodes costs

An analysis of the 1,696 inpatient episodes studied in the previous sections showed that 799 of these episodes occurred at the emergency room. It is estimated that the number of emergency episodes due to TRD and MDSR in 2017, without hospitalization, was N = 799 * (100-7.94%)/7.94% = 9,264. The average price obtained for an emergency in 2017 was € 88.94. Multiplying this value by the estimated number of emergencies without hospitalization results in a collective cost of € 824,364.



Total direct costs

The global results obtained are summarized in Table 6. The global direct costs of TRD and MDSR to health system is 31 million euros. Medical visits (40% of the expenditure calculated) and pharmacological therapy (34%) are the components with the most relevant costs, while the remaining components of direct costs having a substantially less weight.


TABLE 6 Summary of direct costs.
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Indirect costs
 
Long-term indirect costs—Effects on employment

The overall estimate for the costs of the lowest employment rate in the population with Treatment-Resistant Depression or Major Depression with Suicide Risk is € 834,786,764



Short term indirect costs—Absenteeism and presenteeism

Human Capital methodology was used, with daily labor costs to obtain the costs of absenteeism and presenteeism from TRD and MDSR. The global estimate of the costs of absenteeism and incremental presenteeism generated by TRD and MDSR is shown in Table 7. An estimated € 180.3 million is divided into approximately equal parts between men and women. The 35–49 years age group generates a greater fraction of the costs than the other age groups.


TABLE 7 Costs with presenteeism and absenteeism (€), by disease, age group, and sex.
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Indirect costs of premature mortality due to premature death

Total indirect costs due to premature death attributed to TRD and MDSR is estimated at € 56,604,415. Eighty-one percent of this total (€ 45,615,760) is attributed to men and 19% (€ 10,988,655) to women.

Table 8 shows total Direct and Indirect Costs Attributed to TRD and MDSR: The total indirect costs related to TRD and MDSR collectively reached € 1.1 billion, with men accounting for 36.7% of this cost. According to the type of costs, absenteeism/presenteeism was found to be responsible for 16.8% of the total costs, while the reduction of employment and the costs of premature mortality were responsible for 77.9 and 5.3% of the total indirect costs, respectively.


TABLE 8 Direct and Indirect costs (€) attributable to TRD and MDSR.

[image: Table 8]

Finally, it should be noted that the direct costs supported by the health system are very small when compared to indirect costs. The direct costs calculated are only 2.7% of the total costs, that is, the sum of all types of estimated costs.






Discussion

This study focused on estimating the years of life lost attributed to treatment-resistant depression and major depression with suicide risk, the burden of the disease, and the direct and indirect costs of these diseases. These are the traditional dimensions of disease burden studies and cost of illness studies. The estimated values reveal the colossal negative impact that treatment-resistant depression and major depression with suicide risk have on health and economic resources.

The prevalence of TRD only, MDSR only, and the combined prevalence of the two types of depression were estimated at 79.4 thousand, 52.5 thousand and 11.3 thousand patients, respectively. The disease burden (DALY) due to the disability generated by TRD alone, by MDSR alone, and by the joint prevalence was 25.2 thousand, 21 thousand, and 4.5 thousand, respectively, totaling 50.7 thousand DALY. The disease burden due to premature death by suicide, attributed to TRD and MDSR, was 15.6 thousand DALY. The estimated total disease burden was 66.3 thousand DALY. This figure can be compared with estimates available for other diseases in Portugal. Henriques et al. (44) estimated that ischemic heart disease in Portugal generated 95,413 DALY, which means that TRD and MDSR are responsible for a disease burden that represents ~70% of the ischemic heart disease burden. On the other hand, Gouveia et al. (45) estimated that heart failure in Portugal carried a burden of 21,162 DALY, less than half of the estimated disease burden for TRD and MDSR.

Direct costs of TRD and MDSR were estimated at € 30.8 million, with the most important components being consultations and medication. The estimated indirect costs are much higher than the direct costs. Adding the productivity losses due to the reduction in the level of employment, absenteeism and presenteeism, and the productivity lost due to premature death, a total cost of € 1 billion was calculated. A possible comparison term is given by the costs of asthma in adults in Portugal, estimated by Barbosa et al. (46) at € 386.3 million, 93% of which are direct costs. The direct costs of asthma would thus be almost 12 times higher than those of TRD and MDSR, but the total costs of asthma would only be about 35% of the costs of TRD and MDSR, showing the great indirect costs that these pathologies generate.

The basis for this study was the National Epidemiological Study of Mental Health, that was performed between 2008 and 2009. Despite the NESMH's quality, the lack of more recent data is a limitation, and thus an extrapolation of results to the 2017 population was performed.

Another limitation associated with NESMH is that in this study, the diagnoses were not validated as they were not made by clinicians. However, psychiatric disorders were assessed through comprehensive and fully structured interviews designed by the World Mental Health Surveys Initiative, the World Health Organization, and the Harvard University.

The results obtained did not estimate all consequences of TRD and MDSR on the wellbeing of the Portuguese adult population. A limitation of the present study is that it was not possible to estimate hospitalizations and emergency episodes in private hospitals, as no source of information similar to the Hospital Morbidity Database was available to researchers.



Conclusions

In addition to the years of life lost and the direct and indirect costs, treatment-resistant depression and major depression with suicide risk have very negative effects in various dimensions relevant to the wellbeing and health of the affected population. These additional dimensions include the impact of depression on the educational outcome, the formation and stability of marital unions, fertility, or even on the quality of parental care (11, 47–49). In the economic area, in addition to the estimated effects on the labor market, there are indications of impact on other areas of financial performance of affected individuals (11).

Although TRD and MDSR represent relatively small direct costs to the health system, they have a significant disease burden and productivity costs on the Portuguese economy and society that are highly relevant, making TRD and MDSR priority areas for obtaining health gains.
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Objective: To evaluate the cost-effectiveness of lurasidone compared with olanzapine and risperidone in the first-line treatment of patients with schizophrenia from a Chinese healthcare system perspective.

Methods: A Markov model with 6-week cycle was constructed to reflect the disease progression of schizophrenia patients in the acute and maintenance phase. Probabilities of treatment discontinuation and adverse events in the acute phase were derived from the 6-week lurasidone clinical trial and a published network meta-analysis; long-term risks of relapse and discontinuation were estimated based on the 12-month lurasidone clinical trial and other treatment comparison studies. Cost inputs were derived from published literature and Chinese official documents, supplemented by expert opinions when necessary. Utility values were taken from published literature. Costs and quality-adjusted life-years (QALYs) were assessed over 15 years with a discount rate of 5% per year.

Results: Over a 15-year time horizon, lurasidone yielded an improvement of 0.197 QALYs with a cost saving of CN¥12,093 (US$1,753) vs. olanzapine and an improvement of 0.116 QALYs with a cost saving of CN¥6,781 (US$983) vs. risperidone. One-way sensitivity analyses demonstrated robust base-case results since all analyses yielded net monetary benefits >0 at a willingness-to-pay threshold of CN¥72,447.00 (US$10,499.57)/QALY. Probabilistic sensitivity analyses suggested that lurasidone had 99.7, 99.9, and 100% probability of being cost-effective vs. olanzapine and risperidone at the conventional decision thresholds of 1, 2, and 3 times the Chinese per capita gross domestic product [namely CN¥72,447.00 (US$10,499.57)/QALY, CN¥1,44,894.00 (US$20,999.13)/QALY, and CN¥2,17,341.00 (US$31,498.70)/QALY in 2020], respectively.

Conclusion: Treatment with lurasidone was predicted to improve health outcomes and be a dominant strategy for patients with schizophrenia, compared with olanzapine and risperidone, in China.

KEYWORDS
 cost-utility, lurasidone, olanzapine, risperidone, schizophrenia


Introduction

Schizophrenia is a chronic and severely debilitating mental disorder with unknown etiology, which is characterized by high morbidity, high recurrence rate, high disability rate and heavy socio-economic disease burden (1). This disease affected approximately 23.6 million people worldwide and generated a humanity burden with a total of 15.1 million years lived with disability (YLDs) in 2019 (2). A systematic review informed that annual costs for the schizophrenia population were estimated to be varied between US$94 million (Puerto Rico) and US$102 billion (US), and indirect costs accounted for more than 50% of the total costs (3). In China, according to a recent national epidemiological investigation for mental disorders, the lifetime prevalence of schizophrenia was estimated at 0.6% (about 8.4 million people) (4). The YLDs caused by schizophrenia accounted for 2.35% of total YLDs in China in 2019 (5). A questionnaire-based investigation showed that the annual costs per case of schizophrenia in China amounted to US$2,586.21, which could be seen as a significant economic burden for chronic schizophrenic patients and their families (6).

Antipsychotics are the mainstay of pharmacological treatment for schizophrenia patients to alleviate psychotic symptoms and improve prognosis. First-generation antipsychotics (FGAs), such as chlorpromazine and haloperidol, have been shown to be effective; but their adverse effects, such as extrapyramidal symptoms (EPS) and tardive dyskinesia in some cases, often limit long-term adherence (7). Second-generation antipsychotics (SGAs), including clozapine, risperidone, olanzapine and aripiprazole, have been recommended as first-line treatment by national guidelines (8, 9) as having equal or better efficacy, and lower risk of EPS and tardive dyskinesia comparing to FGAs. However, SGAs have also been demonstrated to be associated with an increased risk of weight gain and other metabolic abnormalities (10–12), which frequently lead to discontinuation and/or cycling between different therapies (13–16).

Lurasidone, a new SGA, was approved by China National Medical Products Administration (NMPA) for the treatment of schizophrenia in January 2019. To date, several multicenter, double-blind, phase III studies have demonstrated that lurasidone was associated with significant improvements in symptom reduction and minimal changes in weight, body mass index, and metabolic outcomes vs. placebo and quetiapine (17–20). Moreover, indirect comparison studies evaluating the efficacy and safety profile of atypical antipsychotics indicated that lurasidone was associated with significant improvements in terms of weight gain, metabolic outcomes, relapse rates, hospitalizations, and rates of all-cause discontinuation compared with olanzapine, risperidone, and aripiprazole (21, 22).

Although the clinical effectiveness of lurasidone in the treatment of schizophrenia has been demonstrated, the cost-effectiveness of lurasidone vs. alternative therapies remains to be established. This study aims to assess the cost-effectiveness of lurasidone compared with olanzapine and risperidone, which are the most prescribed SGAs in China and have been incorporated into the National Reimbursement Drug List (NRDL), in patients with schizophrenia from a Chinese healthcare system perspective. Considering that this study was the first to evaluate the cost-effectiveness of lurasidone for the treatment of schizophrenia after the drug pricing negotiation conducted by the National Healthcare Security Administration (NHSA) in 2020 (the latest negotiated price was used), the results may help inform updated clinical decisions related to schizophrenia in China.



Materials and methods


Model overview

In this study, a Markov model was constructed to simulate costs and health outcomes in a hypothetical cohort of patients with schizophrenia, which had been previously developed to compare the cost-effectiveness of lurasidone with aripiprazole for the treatment of schizophrenia in the Scotland and Wales setting (23) (Figure 1). Given the chronic nature of schizophrenia, a 15-year horizon was used in the model as it was considered sufficient and recommended by Chinese clinicians to assess the long-term impact of treatment. A model cycle length of 6-week was used to reflect the clinically meaningful amount of time for the progression of schizophrenia and align with the short-term clinical trial design of lurasidone (17).


[image: Figure 1]
FIGURE 1
 Markov model structure.


The model consisted of five health states: (1) non-stable/Rx trial, (2) stable/adherent, (3) stable/non-adherent, (4) relapse, and (5) death. Patients entered the model in the ‘non-stable/Rx trial' health state (an acute phase of relapse undergoing trials of antipsychotic agents). After 6 weeks, patients who have not discontinued treatment were assumed to enter the ‘stable/adherent' health state (the maintenance phase), while those who have discontinued treatment for any reason were assumed to switch therapy and re-enter the ‘non-stable/Rx trial' health state to continue the process of trialing alternative antipsychotic agents. Patients in the ‘stable/adherent' health state in the maintenance phase were further subject to risks of all-cause discontinuation and relapse. Patients discontinuing treatment in the maintenance phase were assumed to receive no therapy, and reside in the ‘stable/non-adherent' health state until the onset of relapse, at which point they enter the ‘relapse' health state. Patients who relapse were assumed to discontinue current therapy and switch to the next therapy, and most relapse patients were hospitalized. Patients may also die from any health state within the model.

This analysis was conducted from a Chinese healthcare system perspective. Costs and health outcomes were discounted at a rate of 5% per year in accordance with the recommendation of the China Guidelines for Pharmacoeconomic Evaluations (2020) (24).



Patients and treatment sequences

The population for the model included adult patients diagnosed with schizophrenia. Patient characteristics were specified to reflect the average schizophrenia patient enrolled in the 6-week, randomized, double-blind, placebo- and active-controlled lurasidone clinical trial (17): 68.3% of patients were male, with age of 37.2 years old and weight of 74.5 kg.

The model compared three alternative treatment sequences. Based on the Chinese guidelines for the prevention and treatment of schizophrenia and the opinions of Chinese clinical experts, simplified treatment sequences were constructed. The first strategy consisted of lurasidone, followed by aripiprazole, clozapine and, finally, an augmented clozapine strategy (clozapine combined with risperidone). The subsequent treatment sequences of olanzapine and risperidone strategies were the same as lurasidone.



Clinical inputs

A 2019 published systematic review and network meta-analysis (NMA) of 32 oral antipsychotics (22), including lurasidone, olanzapine, and risperidone vs. placebo, was used to inform estimates of short-term efficacy (probability of all-cause discontinuation) in the acute phase. The probability of all-cause discontinuation of placebo arm was derived from the 6-week lurasidone clinical trial (17). The published NMA did not report long-term clinical outcomes, and no other comparative clinical data were available for lurasidone vs. olanzapine and risperidone. Therefore, for the maintenance phase of the model, long-term risks of relapse and all-cause discontinuation for lurasidone were taken from a 12-month, randomized, double-blind, active-controlled study vs. quetiapine (20). To inform the olanzapine and risperidone data, the quetiapine arm of the lurasidone trial was used as the common comparator of the indirect comparison, with hazard ratios (HR) for risks of treatment discontinuation taken from a published observational study (25) and for risks of relapse taken from a mixed treatment comparison conducted by National Institute for Health and Care Excellence (NICE) (26).

Additionally, in the acute phase, patients cycled through a variety of treatment regimens until they reached a stable disease state. The efficacy data of subsequent therapies (aripiprazole, clozapine, and augmented clozapine) were taken from the published NMA (22). Data for augmented clozapine were assumed to equal the data for clozapine. For the maintenance phase, the HR of aripiprazole vs. quetiapine on the risk of discontinuation was taken from the published observational study (25), and the HR of aripiprazole vs. quetiapine on the risk of relapse was taken from the NICE mixed treatment comparison (26). In the absence of data, the risk of relapse and discontinuation of clozapine and augmented clozapine were assumed to be equal to quetiapine in the maintenance phase. The proportion of relapse attributed to adherent patients was derived from a Chinese real-world study (27).

With respect to the safety data, weight gain (defined as a ≥7% change in weight from baseline), EPS and diabetes were taken into account in this study. Incidences of weight gain and EPS for diverse antipsychotics were derived from the short-term lurasidone clinical trial (the placebo arm was used) (17) and the published NMA (22). The incidence of diabetes was estimated based on a cost-effectiveness analysis of eleven antipsychotics in Singapore (the olanzapine arm was used) (28) and an economic evaluation conducted by NICE (the relative effect of developing diabetes was assumed to be equal to the relative effect of experiencing weight gain) (26).

Mortality was based on the Chinese life table of the general population (29) and adjusted by the standard mortality rates of Chinese schizophrenia patients (30). A summary of model clinical inputs is provided in Table 1.


TABLE 1 Summary of clinical data used in the model.
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Costs and resource utilization inputs

From the perspective of Chinese healthcare system, resource use included drug acquisition, schizophrenia related outpatient visits, schizophrenia related inpatient visits, and adverse events (AEs) treatment.

Due to the lack of data, a face-to-face survey of clinical experts was conducted to understand the healthcare resource utilization related to standard schizophrenia treatment and AEs treatment. To be eligible, clinical experts had to be working in tertiary hospital (where the majority of schizophrenia patients are treated), have more than 5 years of practical experience and be providing treatments for individual patients. A total of 5 clinical experts were selected, one each from Shenyang, Beijing, Chengdu, Shanghai, and Changsha. This was done to consider the different geographic areas and economic development in China.

The unit costs of antipsychotics were the most recent average bidding prices in all available provinces in China, which could be queried through the Chinese open-source Yaozh website (31). The daily dosages were consistent with the instructions of each drug (Table 2). According to the expert survey, patients with either non-stable disease, stable disease or relapse disease were required to take regular outpatient visits including tests for liver function, kidney function, blood routine, blood biochemistry, electrocardiogram, etc. The unit cost of those healthcare resources was acquired from the governmental publications in five cities where the clinical experts come from (32–36). Patients who experienced non-stable disease, stable disease and relapse disease were 52.0, 0.6, and 41.0% possible to be hospitalized, and the average hospital stay of those patients was 26.4, 3.8, and 31.0 days, respectively. Inpatient costs were then calculated via average inpatient days multiplied by inpatient daily cost, which could be found in Table 2. The treatment costs of AEs, including weight gain and EPS, were estimated by the expert survey. Specifically, the use of healthcare resources was described by clinicians, and the unit price of those healthcare resources was obtained from the governmental publications (32–36). The average annual cost for diabetes treatment was derived from a multicenter, prospective cohort study in China (37), and adjusted to 6-week cost to fit the model cycle length. All costs were expressed in 2020 Chinese Yuan (CN¥) and US$ [average exchange rate in 2020: US$1 = CN¥6.90 (38)]. A summary of the cost data in the model is presented in Table 2.


TABLE 2 Summary of cost data used in the model.
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Utility inputs

Utility values of schizophrenia states and utility decrements associated with AEs were mainly obtained from a direct utility elicitation study (39). The specific utility and disutility values adopted in the model are shown in Table 3.


TABLE 3 Summary of utility data used in the model.
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Base-case and sensitivity analyses

In the base-case analysis, total costs, and total numbers of quality-adjusted life years (QALYs) associated with lurasidone, olanzapine and risperidone over 15 years were estimated. Incremental cost-effectiveness ratios (ICERs) were also calculated, presented as incremental cost per QALY gained. Conventionally, the willingness-to-pay threshold was 1–3 times of Chinese per capita gross domestic product (GDP), namely CN¥72,447.00 (US$10,499.57)–CN¥2,17,341.00 (US$31,498.70) in 2020 (38).

Robustness of the results of this analysis was tested by one-way sensitivity analyses (OWSA) and probabilistic sensitivity analyses (PSA). In OWSA, the discount rates for costs and health outcomes were varied between 0 and 8% per annum (24), while other key parameters were varied by 95% confidence intervals or ±25% of the base-case values (when confidence intervals were not available). The net monetary benefit (NMB), assuming the willingness-to-pay threshold of CN¥72,447.00 (US$10,499.57) per QALY (one time of Chinese per capita GDP), was calculated at the upper and lower parameter values and was used to plot a tornado diagram. Monte Carlo simulation was used to conduct the PSA. All key parameters were assigned distributions and varied simultaneously over 5,000 iterations. The results of PSA were plotted on a cost-effectiveness acceptability curve. The specific values of parameters used in OWSA, and parameter distributions used in PSA are presented in Tables 1–3.




Results


Base-case analysis

Table 4 presents the results of the base-case analysis. Compared with olanzapine and risperidone, lurasidone was the dominant strategy associated with reduced costs and increased QALYs. Over a 15-year time horizon, the total cost of patients treated with lurasidone was CN¥128,662 (US$18,647), CN¥12,093 (US$1,753) lower than that of patients treated with olanzapine, and CN¥6,781 (US$983) lower than that of patients treated with risperidone. Total QALYs of patients treated with lurasidone were 8.147, 0.197 higher than those of patients treated with olanzapine, and 0.116 higher than those of patients treated with risperidone.


TABLE 4 Results of the base-case analysis.
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Sensitivity analyses

The OWSA revealed that the model parameter with the most impact on the cost-effectiveness of lurasidone vs. olanzapine was the relapse HR for lurasidone vs. quetiapine, with the NMB ranging from CN¥16,355 (US$2,370) to CN¥38,968 (US$5,648). Other influential parameters were the relapse HR for olanzapine vs. quetiapine and the discount rate of utilities. For all OWSA results, NMBs remained >0. Similar results were observed when assessing the cost-effectiveness of lurasidone compared with risperidone. The NMB ranged from CN¥2,38 (US$34) to CN¥32,790 (US$4,752) when the relapse HR for lurasidone vs. quetiapine varied by the 95% confidence interval. The results of OWSA comparing lurasidone with olanzapine and lurasidone with risperidone are shown in Figure 2, with the top 10 influential parameters presented in the tornado diagram.


[image: Figure 2]
FIGURE 2
 Tornado diagram for one-way sensitivity analyses. (A) The net monetary benefit for lurasidone vs. olanzapine. (B) The net monetary benefit for lurasidone vs. risperidone. HR, hazard ratio; RR, risk ratio.


The PSA of 5,000 simulations also showed lurasidone to be cost-effective compared with either olanzapine or risperidone at all willingness-to-pay thresholds. The probabilities that lurasidone was the cost-effective strategy were 99.7, 99.9, and 100% at the willingness-to-pay thresholds of 1, 2, and 3 times of Chinese per capita GDP in 2020 [namely CN¥72,447.00 (US$10,499.57)/QALY, CN¥1,44,894.00 (US$20,999.13)/QALY, and CN¥2,17,341.00 (US$31,498.70)/QALY], respectively. The results of PSA are presented in the cost-effectiveness acceptability curve (Figure 3).


[image: Figure 3]
FIGURE 3
 Cost-effectiveness acceptability curve for probabilistic sensitivity analysis. GDP, gross domestic product; ICER, incremental cost-effectiveness ratio.





Discussion

In recent years, the NHSA of China has been incorporating drugs into NRDL through the drug pricing negotiation, to improve the availability and affordability of patented drugs for patients and optimize the structure of NRDL. Lurasidone was incorporated into China NRDL through the drug pricing negotiation in 2020, with the drug price decrease of 82.7%. To the best of our knowledge, this study, using the latest NRDL-negotiated price of lurasidone, is the first economic evaluation of lurasidone in treating patients with schizophrenia in China.

In this study, a published Markov model was applied to assess the cost-effectiveness of lurasidone vs. olanzapine and risperidone in China from a healthcare system perspective. Findings of this analysis suggested that, compared with these two commonly prescribed antipsychotics, lurasidone was found to be a dominant strategy associated with greater QALY gains at lower costs. The results were mainly attributed to the lower risk of weight gain of lurasidone than olanzapine and risperidone, which led to a lower risk of developing diabetes and a lower cost of AEs treatment. A variety of OWSA and PSA demonstrated the robustness of base-case results, and all sensitivity analyses yielded NMBs >0 at the strictest willingness-to-pay threshold of CN¥72,447.00 (US$10,499.57)/QALY.

Economic evaluations evaluating lurasidone vs. other available atypical antipsychotics have been conducted in a few countries. One study from a US payer perspective evaluated the cost-effectiveness of lurasidone compared with risperidone, olanzapine, ziprasidone, aripiprazole, and quetiapine through a 5-year Markov model (40). Health states included in the model were patients: on an initial atypical antipsychotic; switched to a second atypical antipsychotic; and on clozapine after failing a second atypical antipsychotic. The results showed olanzapine, ziprasidone, aripiprazole, and quetiapine were dominated by other comparators and removed from the comparative analysis, and lurasidone was cost-effective at willingness-to-pay thresholds of >US$25,844 per hospitalization avoided compared with risperidone. Another study from the perspective of Scotland and Wales healthcare services evaluated the cost-effectiveness of lurasidone vs. aripiprazole through a 10-year Markov model (23), the structure of which was adopted in the present study. The findings of the prior study suggested that lurasidone was a dominant strategy, with an increase of 0.005 QALYs and cost savings of £3,383 in Scotland and £3,072 in Wales. Thus, previous studies and our study are consistent in demonstrating the economic advantages of lurasidone compared with other atypical antipsychotics in treating patients with schizophrenia over a variety of time horizon.

There are some limitations to this study that should be considered when interpreting its results. First, to compare lurasidone vs. olanzapine and risperidone in the model, indirect comparisons were used to inform the clinical efficacy and safety. While healthcare decision-makers increasingly recognize indirect comparisons as an acceptable alternative method of comparison in the absence of real-world parallel-group data, differences in study populations may limit their comparability. Therefore, future studies evaluating the cost-effectiveness of lurasidone compared with olanzapine and risperidone based on direct comparison data are needed to verify the findings of this study. Second, due to the lack of data, a face-to-face survey of clinical experts was conducted to understand the healthcare resource utilization related to standard schizophrenia treatment and AEs treatment, which may lead to the uncertainty associated with schizophrenia-related outpatients, inpatient, and AEs treatment costs. Nonetheless, sensitivity analyses showed that changes in these costs had limited effect on the ICER value. Third, utility values used in this study were obtained from foreign studies as we did not identify available data on Chinese schizophrenia patient. As discussed in a recent publication, applying utility values derived from the previous studies to cost-utility analyses may result in the heterogeneity among results, which might be impacted by the differences in survey responders, elicitation methods, and regions (41). We therefore tested model utility parameters in sensitivity analyses and found that these values did not have a major impact on the study results. However, caution should be taken when extrapolating our findings to other health systems, as all model inputs in this study were specific to the Chinese healthcare setting. Finally, one limitation of our analysis is that it relies on the post-hoc analysis of clinical trials, in which assessing economic value is rarely the primary purpose. Since the results of this study could be regarded as preliminary, it will be important to further explore the cost-effectiveness of lurasidone in China based on the real-world evidence or to conduct an economic evaluation alongside the clinical trial of lurasidone.

As far as this study was concerned, compared with olanzapine and risperidone, lurasidone was a dominant strategy that yield more QALY gains with lower costs for the first-line treatment of schizophrenia in China. The robustness of the results was verified by sensitivity analyses. As the first analysis accessing the cost-effectiveness of lurasidone in China, the results may assist to fill gaps in clinical decisions regarding pharmacotherapies of schizophrenia.
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A corrigendum on
 Cost-utility analysis of lurasidone for the first-line treatment of schizophrenia in China

by Liu, J., Cao, L., and Wu, J. (2022). Front. Public Health 10:987408. doi: 10.3389/fpubh.2022.987408




In the published article, there was an error. The name of the drug “risperidone” was mistakenly written as “aripiprazole” in the Abstract and Results sections.

A correction has been made to the Abstract section, Results sub-section, Paragraph 1. This sentence previously stated: “Over a 15-year time horizon, lurasidone yielded an improvement of 0.197 QALYs with a cost saving of CN¥12,093 (US$1,753) vs. olanzapine and an improvement of 0.116 QALYs with a cost saving of CN¥6,781 (US$983) vs. aripiprazole.” The corrected sentence appears below: “Over a 15-year time horizon, lurasidone yielded an improvement of 0.197 QALYs with a cost saving of CN¥12,093 (US$1,753) vs. olanzapine and an improvement of 0.116 QALYs with a cost saving of CN¥6,781 (US$983) vs. risperidone.”

Three corrections have been made to the Results section, Base-case analysis sub-section, Paragraph 1. One sentence previously stated: “Compared with olanzapine and aripiprazole, lurasidone was the dominant strategy associated with reduced costs and increased QALYs.” The corrected sentence appears below: “Compared with olanzapine and risperidone, lurasidone was the dominant strategy associated with reduced costs and increased QALYs.” Another sentence previously stated: “Over a 15-year time horizon, the total cost of patients treated with lurasidone was CN¥1,28,662 (US$18,647) and CN¥12,093 (US$1,753) lower than that of patients treated with olanzapine, and CN¥6,781 (US$983) lower than that of patients treated with aripiprazole.” The corrected sentence appears below: “Over a 15-year time horizon, the total cost of patients treated with lurasidone was CN¥128,662 (US$18,647), CN¥12,093 (US$1,753) lower than that of patients treated with olanzapine, and CN¥6,781 (US$983) lower than that of patients treated with risperidone.” The other sentence previously stated: “Total QALYs of patients treated with lurasidone were 8.147, 0.197 higher than those of patients treated with olanzapine, and 0.116 higher than those of patients treated with aripiprazole.” The corrected sentence appears below: “Total QALYs of patients treated with lurasidone were 8.147, 0.197 higher than those of patients treated with olanzapine, and 0.116 higher than those of patients treated with risperidone.”

Two corrections have been made to the Results section, Sensitivity analyses sub-section, Paragraph 1. One sentence previously stated: “Similar results were observed when assessing the cost-effectiveness of lurasidone compared with aripiprazole.” The corrected sentence appears below: “Similar results were observed when assessing the cost-effectiveness of lurasidone compared with risperidone.” The other sentence previously stated: “The results of OWSA comparing lurasidone with olanzapine and lurasidone with aripiprazole are shown in Figure 2, with the top 10 influential parameters presented in the tornado diagram.” The corrected sentence appears below: “The results of OWSA comparing lurasidone with olanzapine and lurasidone with risperidone are shown in Figure 2, with the top 10 influential parameters presented in the tornado diagram.”

A correction has been made to the Results section, Sensitivity analyses sub-section, Paragraph 2. This sentence previously stated: “The PSA of 5,000 simulations also showed lurasidone to be cost-effective compared with either olanzapine or aripiprazole at all willingness-to-pay thresholds.” The corrected sentence appears below: “The PSA of 5,000 simulations also showed lurasidone to be cost-effective compared with either olanzapine or risperidone at all willingness-to-pay thresholds.”

The authors apologize for this error and state that this does not change the scientific conclusions of the article in any way. The original article has been updated.
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Background: The increasing development and use of digital health interventions requires good quality costing information to inform development and commissioning choices about resource allocation decisions. The Narrative Experiences Online (NEON) Intervention is a web-application that delivers recorded mental health recovery narratives to its users. Two randomized controlled trials are testing the NEON Intervention in people with experience of psychosis (NEON) and people experiencing non-psychosis mental health problems (NEON-O).

Aim: This study describes and estimates the cost components and total cost of developing and delivering the NEON Intervention.

Materials and methods: Total costs for the NEON Trial (739 participants) and NEON-O Trial (1,024 participants) were estimated by: identifying resource use categories involved in intervention development and delivery; accurate measurement or estimation of resource use; and a valuation of resource use to generate overall costs, using relevant unit costs. Resource use categories were identified through consultation with literature, costing reporting standards and iterative consultation with health researchers involved in NEON Intervention development and delivery. Sensitivity analysis was used to test assumptions made.

Results: The total cost of developing the NEON Intervention was £182,851. The largest cost components were software development (27%); Lived Experience Advisory Panel workshops (23%); coding the narratives (9%); and researchers' time to source narratives (9%). The total cost of NEON Intervention delivery during the NEON Trial was £118,663 (£349 per NEON Intervention user). In the NEON-O Trial, the total delivery cost of the NEON Intervention was £123,444 (£241 per NEON Intervention user). The largest cost components include updating the narrative collection (50%); advertising (19%); administration (14%); and software maintenance (11%). Uncertainty in the cost of administration had the largest effect on delivery cost estimates.

Conclusion: Our work shows that developing and delivering a digital health intervention requires expertise and time commitment from a range of personnel. Teams developing digital narrative interventions need to allocate substantial resources to curating narrative collections.

Implications for practice: This study identifies the development and delivery resource use categories of a digital health intervention to promote the consistent reporting of costs and informs future decision-making about the costs of delivering the NEON Intervention at scale.

Trial registration: NEON Trial: ISRCTN11152837, registered 13 August 2018, http://www.isrctn.com/ISRCTN11152837. NEON-O Trial: ISRCTN63197153, registered 9 January 2020, http://www.isrctn.com/ISRCTN63197153.

KEYWORDS
 narrative, psychosis, mental health, recovery, healthcare costs, digital health intervention, online


Introduction

In recent years, there has been a rapid increase in digital health technologies (DHTs) to deliver mental health interventions remotely, either to replace or supplement face-to-face healthcare, with that increase accelerating during the COVID-19 pandemic (1, 2).

Digital health technologies range from predefined functions such as remote diagnosis or disease monitoring, to more complex functions around supporting behavior change through interactive and personalized interactions. A sub-type of DHTs are digital health interventions (DHIs), which provide users with remote access to treatment through text messaging services, smartphone apps, and web-based resources. Recent reviews of the growing number of trials have shown promising but varied effectiveness for DHIs in a wide range of mental health conditions, including but not limited to depression (3, 4), eating disorders (5), post-traumatic stress disorder (6), and schizophrenia (7).

Investment in mental health DHIs is increasing, partly to improve access to care in overstretched health systems and partly due to emerging patient and user preference for DHI delivery of mental health care (4). This means that decisions are being made about effectiveness and affordability of individual DHIs. Economic evaluations inform healthcare resource allocation decisions and treatment recommendations by comparing the costs and health benefits of alternative ways to treat patients (8). Demonstrating cost-effectiveness is an important factor for delivering DHIs into healthcare systems across Europe (9). Economic evaluations of mental health DHIs have been conducted for a range of conditions such as anxiety (10, 11), depression (10–12), eating disorders (10, 13), and substance abuse disorders (10, 14). The quality of economic evaluations has been suggested to be very variable including heterogeneous reporting of costs, outcomes and comparators (15). Such inconsistencies may be a barrier to the adoption of effective DHIs for mental health within healthcare systems or may lead policymakers to invest in services that are not cost-effective (16–18).

There is a lack of standardization in how costs are reported and described for economic evaluations of DHIs (11, 15). The National Institute of Health and Care Excellence's (NICE) evidence standards framework for DHTs recommends reporting all costs associated with the intervention and costs relevant to a health and social care decision maker (19). The framework focuses on delivery (implementation) costs, as these are relevant to health and social care providers looking to commission a service, and includes initial investment costs such as training, as well as operation, and maintenance costs (19). Apart from the initial fixed set-up costs, including infrastructure and training costs, evolution of the DHI over time (interface design, software updates, and content updates) requires more flexible data collection tools that can keep pace with these changes. For example, the marginal cost is the additional cost incurred when one more person uses the product. DHIs tend to have a low marginal cost (one more user accessing an app tends to a zero marginal cost) up to a certain threshold, beyond which there is a large increase due to the need to re-engineer components of technology (such as centralized servers maintaining user account records and delivering web-based content) to provide additional capacity. Other challenges for DHI costing include having to respond to rapidly changing prices (such as exchange rate fluctuations) and short life-cycles of technology, short depreciation periods, and attribution of cost from a shared resource such as a wireless network (20).

Development costs are not typically considered in economic evaluations as, by definition, they have already been incurred prior to delivery. Historically, these development costs are sunk costs, and may include cross-subsidization of product development where there is a failure to reach product launch. Development costs can be included in a market price, which will fall as the market share, or the number of users increases. A recent systematic review reported development costs were only reported in four out of 24 economic evaluations of internet-based interventions for anxiety and depression (11). There are no guidelines for estimating the development cost of DHIs, resulting in non-standardized approaches and a lack of comparability across studies. However, development costs are relevant to publicly funded research groups, research funders, university enterprise offices and private companies and by informing decisions to develop DHIs or scale an existing technology. DHI development incurs significant research and development costs prior to launch, and the resources consumed during development can be very different from pharmaceuticals and physical medical devices. DHIs have other unique characteristics that can affect development processes and thus costs, including faster evolution, active and more dynamic user input (21). DHI development costs are usually incurred for content and software design, website and graphic design, digital platform development and regulatory approval processes. A recent study focusing on the development of a mental health DHI proposed a costing framework for development costs and we have applied this framework to our development costs methods (22).

The aim of this study is to describe, estimate, and present the associated cost components and total cost of developing and delivering the Narrative Experiences Online (NEON) Intervention, using current recommendations for costing DHIs (11, 19, 21, 22).


Digital health intervention under investigation: NEON Intervention

The NEON Intervention is a web-based application that delivers recorded recovery narratives to its users. A systematic review (23) and qualitative validation study (24) defined mental health recovery narratives as first-person lived experience accounts of recovery from mental health problems, which include elements of adversity or struggle and of self-defined strengths, successes or survival. The impact of recovery narratives was then investigated in a systematic review (25), qualitative interviews (26), and experimental studies (27, 28). Approaches to curation of recorded recovery narrative collections were developed through systematic review (29), stakeholder consultation (30) and best practice guidelines development (31). These studies, together with related work on post-traumatic growth (32, 33), non-service user perspectives (34), institutional injustice (35), and clinician perspectives on use of narratives in practice (36), provided the theory base.

The NEON Intervention was then developed (37). The NEON Intervention allows recipients to engage with recovery narratives by watching, reading, or listening to narrator-led stories on the website. Access to these narratives is provided through different avenues: a hybrid recommender system using collaborative and content-based filtering to recommend appropriate stories; self-selected stories from the entire collection of narratives (referred to as the NEON Collection); randomly selected stories; recommendations sent to users in emails, to serve as a mechanism for engaging people with the intervention; and re-requested narratives that have been previously seen. The recommender system uses feedback data from stories received by participants, characteristics of the participants, and characteristics of each recorded recovery narrative assessed using the Inventory of Characteristics of Recovery Stories (INCRESE) measure (38), to match participants to narratives intended to be of benefit. The website was engineered to work on personal computers, mobile devices, or communal computers such as in a public library to enable participation by people experiencing digital exclusion (39).

An economic evaluation is being conducted as part of two definitive randomized controlled trials (RCTs) to evaluate the cost-effectiveness of offering the NEON Intervention to individuals with experience of psychosis (NEON Trial, n = 739) and people experiencing non-psychosis mental health problems (NEON-O Trial, n = 1,024) (40, 41).

This study reports the estimation of development and delivery costs for the NEON Intervention, which is used in both trials.




Materials and methods

This study was conducted as part of the Narrative Experiences Online (NEON) Programme (researchintorecovery.com/neon), which is investigating whether receiving recorded mental health recovery narratives improves the quality of life in people who experience mental health issues.


Design of costing study

Estimated total cost and individual cost components for the development and delivery of the NEON Intervention are reported. The development costs included those incurred from the perspective of the research body who funded the development and testing of the NEON Intervention. The delivery costs included those incurred from the perspective of the health and social care provider (National Health Service, NHS England) (19). The length of time over which delivery costs were collected was from the beginning of delivery (9th March 2020) to the end of the trial periods (13th May 2022 for NEON Trial, 23rd June 2022 for NEON-O Trial). The NEON Intervention was identical for both NEON and NEON-O trials, since both trials provided participants with access to the same narrative collection. A separate cost of delivery of the NEON Intervention is presented for both trials. Downstream costs (those incurred as a result of using the intervention from the perspective of the NHS) will be reported in a subsequent full economic evaluation.

The development costs begin from the start of the current research program funding, comprising software and intervention development, through feasibility testing and up to the starting point of the definitive trial. Early conceptual development work, and research-related tasks including the randomized controlled trials which contribute to a large part of the program grant, are excluded in the development cost estimates. The duration of the development of the NEON Intervention was considered over the period January 2017 to January 2021.

The total cost for the development stage of the NEON Intervention was constructed with reference to a development costing checklist for a digital program for training community health workers to deliver treatment for depression (22). The costing strategy consisted of: identifying resource use categories involved in the development and delivery of the intervention; accurate measurement or estimation of resource use; and a valuation of resource use to generate overall costs (42). Identifying resource use categories was carried out through consultation with published literature relevant to DHIs, costing reporting standards and expert consultation with team members involved in intervention development and delivery.

The product of resource use and unit costs generated total cost estimates, and this is referred to as the base-case analysis. In this study, the resource use data obtained for development and delivery was obtained for the whole user cohort (top-down costs), rather than data relevant to a specific user (bottom-up costs). Therefore, the approach taken was to generate total development and delivery costs and then apportion to individual users as a “mean cost per user.” The number of users was defined as the number of people randomized to the intervention group (370 in the NEON Trial and 512 in the NEON-O Trial).

In the base-case analysis, costs for human resources were obtained by multiplying the personnel's midpoint hourly salary plus on-costs (pension contributions and payroll taxes) by the proportion of hours spent on the task. For external experts and consultants their costs were recorded as invoices to the NEON study. In some cases where records were not kept, the proportion of hours spent on a task was estimated through expert consultation to produce the maximum and minimum plausible duration; with the midpoint (average) selected during the base-case analysis. For information technologies used in the development and delivery of the NEON Intervention, financial records were used to calculate the cost of the components purchased. In one case, an estimate was derived from the NEON budget proposal.

Deriving estimates of certain cost components required some assumptions to be made with uncertainty further associated with the true values of several components. To assess the impact of our assumptions and parameter uncertainty, all input parameters were adjusted to their extreme values individually in a one-way sensitivity analysis. Tornado diagrams (43) were used to illustrate which input parameters had the most impact on cost estimates. Structural uncertainty resulting from the assumptions made were examined through scenario analysis.

This costing study was developed and reported in accordance to standard validation and reporting criteria (44). A team member not involved in the analysis used the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) 2022 checklist to ensure that relevant items were reported completely (see Appendix 1). Face validity of cost categories and costing methods was ascertained through continuous feedback from clinical and patient experts. All costs are presented in UK Sterling (£) for the costing period 2020–2021.



Costing the NEON Intervention

We identified several resource use categories in intervention development and delivery, summarized in Table 1. This section provides detail on how resource use and unit costs were obtained for each category.


TABLE 1 Summary of NEON Intervention development and delivery resource use categories.
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NEON Intervention development resource use

Four components that incurred resources were needed to develop the NEON Intervention:

• building a collection of recovery narratives (the NEON Collection) that would be used in the intervention (consisting of sourcing narratives, securing ethical approval to use those narratives, liaising with collection organizers to source narratives from existing collections, Lived Experience Advisory Panel (LEAP) workshops to develop recommendations on (1) the ethical issues around narrative curation and (2) the initial curation procedures, Collection Steering Group (CSG) meetings to make decisions on (1) the inclusion of individual narratives and (2) refinement of the curation procedures, training researchers to use the INCRESE tool, coding narratives using INCRESE);

• developing the web-application as a platform to deliver the NEON Intervention [consisting of reporting a database specification to support the development of the web-application, developing source code for the web-application (software development), conceptualizing and developing a recommender system that matches users with the most appropriate narratives, integrating the recommender system into the web-application codebase, and designing the intervention to ensure it was appealing to both operate aesthetically (graphic design) and practically (interaction design)];

• additional communications necessary to develop the intervention [consisting of NEON study team task meetings for general discussions, International Advisory Board (IAB) meetings to advise on safety and ethical concerns, and Intervention Development Group (IDG) meetings to provide (feedback on the intervention)];

• testing the intervention (consisting of testing the intervention's performance on the web-application including the collection of outcome data, and a feasibility study evaluating a prototype of the intervention in a small sample of mental health service users (baseline: n = 25; follow-up: n = 22) with experience of mental health problems);

Resource use during the development of the NEON Intervention was measured through examinations of records and/or derived estimates with assistance from expert consultation. Tables 2–5 summarize resource use and unit cost categories and sources for the four components of NEON intervention development.


TABLE 2 Development resource use and unit cost input parameters: NEON Collection curation.
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TABLE 3 Development resource use and unit cost input parameters: Web-application development.
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TABLE 4 Development resource use and unit cost input parameters: Additional communication.
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TABLE 5 Development resource use and unit cost input parameters: Testing the intervention.
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An essential component of the development of the NEON Intervention was building the NEON Collection (37). The recovery stories used were sourced based on the objective of maximizing the diversity of the types of stories within the collection based on different diversity domains (such as narrator ethnicity, sexuality, gender identity, neurodiversity, etc.). There were two routes in which narratives were sourced for the collection: individual donations (~7% of the collection) and existing collections (~93% of the collection). Both routes required work to secure permission to use the narratives within the NEON Collection. For donated narratives, this involved liaising directly with the narrator to secure permission for the re-use of the story. For narratives sourced from existing collections, the curator either had prior permission for the narratives to be redistributed or they approached the narrators for whom they did not already have the appropriate permission for the re-use of the narratives. The eligibility for a narrative to be adopted within the collection was assessed based on the inclusion/exclusion criteria identified through NEON task meetings and Lived Experience Advisory Panel (LEAP) workshops with any ethical uncertainties resolved during Collection Steering Group (CSG) meetings.

The NEON study LEAP workshops were chaired 13 times with attendance from 10 LEAP members, a LEAP meeting chair, and members of the NEON team. It was estimated that 60% of these workshops were necessary for the development of NEON as opposed to other research-related activities by examining the workshop agendas. The LEAP members had personal experiences of mental health problems and advised on the ethical principles of curating narratives, categorizing narrative content warnings, general issues raised by the research team, and the types of narratives to be included/excluded from the NEON Collection (28). As with all in-person meetings/workshops run by the NEON study all participants were paid for their attendance. Additionally, before the COVID-19 pandemic, travel expenses and hospitality (including venues and refreshments) were covered as expenses and recorded through invoices.

A CSG had the authority to make all final ethical decisions regarding the approval of narratives into the collection where the research team expressed uncertainty surrounding whether all inclusion criteria were met and/or whether an exclusion criterion was met. Moreover, the steering group could make recommended updates to the inclusion and exclusion criteria (see researchintorecovery.com/research/neon/neoncollection). This group was comprised of four LEAP members, a senior research fellow, and a research assistant. In total, there were eight meetings lasting 2 h per session with preparation for the meetings completed by an administrator; referred to as an Administrator, Professional, Managerial level 3 (APM3) within the host university. All the CSG meetings were necessary for the development of the NEON Intervention.

Once permission to use the stories were granted, the narratives were characterized using a standardized 77-item INCRESE tool (38). Researchers were trained to rate narratives to identify latent characteristics (e.g., the stage of recovery, genre) and manifest characteristics (e.g., narrator gender and content warnings). Each narrative was double rated for the content warning section of INCRESE. Training to code the recovery narratives using INCRESE was conducted as a part of a 10-day pilot study to test the validity of the tool, in which 100 narratives were rated. The cost of training researchers to use the INCRESE tool only accounts for the trainers' costs with the trainees' costs captured within the total coding time estimate.

For the process of coding the narratives, the researchers recorded the time taken to read, watch, or listen to the narratives. Although this provides an accurate estimate of the time taken to code the narratives, it does not contain a record of the length of breaks the researchers used during the process. Apart from rest periods being a standard part of a working day, a selection of the recovery stories may have caused an emotional or distressing impact on the researchers. Therefore, including breaks may more closely reflect the practical reality of coding the narratives (37). It was assumed that for every 6 h spent coding the coder had a 2-h break. After the recovery stories had been rated with INCRESE, they were added to the NEON Collection.

The NEON Intervention was delivered through a web-application to its users. A database specification document was required to support database implementation and source code development. Fundamental to the NEON Intervention is a recommender system that matches users with narratives intended to be of benefit. The researchers' time to conceptualize and develop the recommender system was challenging to estimate without records. The proposed budget line from the NEON trials was used as an informed approximation of the cost involved in developing the recommender system. Following this, the recommender system was integrated into the web-application codebase. As both developing and integrating the recommender system into the web-application are related tasks, they were combined into one cost.

An important component of developing the NEON Intervention was ensuring the web-application was appealing to use. Graphic designers made improvements to the aesthetical appeal of the web-application interfaces following feedback during the feasibility study and from LEAP members. The costs of keeping users engaged in the intervention (e.g., gamification, testimonials from other users, etc.) are spread between both graphic design and software development costs. Interaction design was also important to ensure the web-application's functions operated as intended (i.e., navigations).

Throughout the NEON study, task meetings were used to communicate and raise general discussions surrounding the interventions development. An assumption was made, through inspection of meeting agendas, that 33% of task meetings were necessary for the purpose of developing the intervention (i.e., excluding research costs). A total of 86 meetings were held with recorded attendance from members of the NEON team.

The international advisory board was used to provide expert consultation on safety strategies for the development of the NEON Collection and to provide advice on intervention engagement strategies. The meeting was attended by four professors and members of the NEON study team. During the intervention development stage, there was a single Intervention Design group meeting aimed at discussing particular features of the intervention and how they could be improved. This meeting was attended by two LEAP members and a senior research fellow. As before, all meetings had expenses covered.

To ensure that the evolving intervention operated as intended, the web-applications functions were tested by researchers using dummy accounts as well as data collection tools. This included testing of forms used to collect demographics and outcome data, and interactive features included to provide access to recovery narratives. During the analysis, the full intervention testing costs were deemed necessary for the development of the NEON Intervention on the basis that monitoring routine outcomes and usage data, necessary for the NEON trials, is commonplace in clinical practice (45).

Finally, a feasibility study to evaluate a prototype delivery of the NEON Intervention in a population of people with experience of mental health problems was conducted (37). The user feedback from this feasibility evaluation led to improvements in the intervention, for example, updating the color scheme to resemble the UK NHS website less closely. Digital technologies generally test a prototype of their technology on a sample of potential users for their feedback. Therefore, the full cost of the study was deemed relevant to development of NEON.



NEON Intervention delivery resource use

Table 6 summarizes resource use and unit cost categories and sources for the components required to deliver the NEON Intervention.


TABLE 6 Resource use and unit cost input parameters for the delivery stage.
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The web hosting capacity of the site, together with associated cyber-security features, is supplied by Amazon Web Services Lightsail (https://aws.amazon.com/lightsail/). This service allows websites to host a specific number of users for a publicly advertised price. The current intervention is designed to host 2,000 users. Therefore, a specific level of resource use was predetermined. The invoices from the supplier were made over a monthly billing period in US Dollars (USD); the exchange rates were determined by the credit card issuer.

The cost of personnel training for the administrator, within the host university, is referred to as Administrative, Professional and Managerial level 2 (APM2). The number of days spent training the administrator was recorded for each personnel conducting the training (see Table 5). Training costs would need to be incurred every time there is an administrative staff turnover. Therefore, an assumption was made that a new administrator would need to be trained every 1.5 years. Similarly, the cost of personnel training for the researchers who rated recovery narratives using the INCRESE tool is included as a delivery cost. It was assumed that training costs would need to be incurred every year.

The NEON Intervention required new narratives to be introduced into the collection over time to maintain diversity and relevance to users. Firstly, we consulted with the NEON team to estimate that an additional 200 narratives per year would be needed based on preliminary work looking at the diversity of the current NEON Collection. The cost per narrative was calculated from the current collection size of 659 recovery stories then re-scaled to 200 narratives. Although the cost per narrative approach can provide an estimate of the cost to update the narrative collection, it explicitly assumes a linear relationship between the cost and the narrative collection size. There is uncertainty about whether the cost of updating the narrative collection will increase or decrease for newly sourced narratives. In reality, the process of updating the narratives may become more streamlined and productivity gains can be made in coding the narratives. On the other hand, the cost of updating the narrative collection may be greater if sourcing new narratives becomes more cumbersome, e.g., exhausting the number of existing collections to source narratives.

The web-application requires ongoing maintenance to ensure the NEON Intervention can be delivered as intended for its users. There are challenges in costing for web-application maintenance due to the variability in need for maintenance and the broad definition of what maintenance means in practice. In this case, we define web-application maintenance as any change, modification, or update to the web-application codebase to correct faults, to improve performance, or to update the content on the web-application.

To deliver the NEON Intervention, it was assumed that 9.75 h per week of administrative support by an APM2 is required to conduct operational tasks (e.g., intervention engagement support tasks). The hours per week was estimated by assuming a smaller proportion (50%) of the administrative support observed during the NEON trials (19.5 h per week) would be required in a routine operational setting.

Operational activities that may have influenced the NEON Intervention's effectiveness (i.e., Advertising and Engagement strategies) were also considered to be a delivery cost. Advertisement for the study following agreed advertising principles (46) to recruit eligible participants for both NEON trials. Since the effectiveness and types of adverts may have impacted upon the effectiveness of the intervention it is included as a delivery cost. To ensure users of the NEON Intervention were making use of the intervention, engagement strategies (such as message prompting) were used to encourage use. As these strategies encourage the use of the intervention, they may impact the effectiveness of the intervention and are therefore a part of the delivery cost.

Throughout the delivery of the NEON Intervention, the NEON study was responsible for the wellbeing of those using the NEON Intervention. Safeguarding concerns were dealt with during the trials by the clinical principal investigator.




Sensitivity analysis plan

To assess the impact of our assumptions and parameter uncertainty, all input parameters were varied to their extreme values in one-way sensitivity analysis. To examine the impact of the structural assumptions, scenario analysis was used. The assumptions that were made during the base-case analysis for both the development and delivery of the NEON Intervention and the sensitivity and scenario analyses are shown in Table 7.


TABLE 7 Sensitivity and scenario analysis plan.
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Results


Costs of developing the NEON Intervention

In the base-case, the total number of hours to develop the intervention (excluding resource use external to the NEON team) was 2,709 h (45.2 days). The resource items that required the most personnel time were the staff time to code the narrative collection (1,092 h); the staff time to source recovery narratives (562 h); task meetings (341 h); and LEAP workshops (328 h). The members of staff that contributed the most hours include the coding researchers (1,092 h), the research assistants (895 h), and the senior research fellows (394 h). The cost per unit of staff time varied from £18.25 to £69.91 per hour.

A summary of the estimated costs of developing the NEON Intervention is provided in Table 8. The total cost of developing the NEON Intervention was £182,851. The largest cost components include software development (27%); LEAP workshops (23%); coding the narratives using the INCRESE tool (9%); and researchers' time to source narratives (9%). The total cost of curating the narrative collection was £82,710. The majority of this cost is attributed to the LEAP meetings (50%), coding the narratives using the INCRESE tool (20%), and the researchers' time to source narratives (19%). The total cost of developing the web-application was £64,067. The largest contributions to the development cost of the web-application were the software development (77%); developing the recommender system (12%); and the graphic design (7%).


TABLE 8 Cost of developing the NEON Intervention (base-case).

[image: Table 8]



Costs of delivering the NEON Intervention

In the base-case, the total number of personnel hours to deliver the intervention during the NEON trial was 1,708 h (28.5 days). In the NEON-O trial, the total number of personnel hours to deliver the intervention was 1,776 h (29.6 days). The resource items that require the most personnel time were the administrative support (54%); maintenance (19%); advertising (17%). The cost per unit of resource use varied between £2.40 and £125.

A summary of NEON Intervention delivery costs is provided in Table 9. The total cost of delivering the NEON Intervention during the NEON trial was £118,663 (£321 per user). In the NEON-O trial, the total delivery cost of the NEON Intervention was £123,444 (£241 per user). Therefore, the total delivery cost during the NEON trial was 4% lower than during the NEON-O trial. However, the cost per user during the NEON trial was 33% higher than the NEON-O trial. The proportion of fixed costs (advertising, engagement, and safeguarding) was 22% during the NEON trial compared to 21% during the NEON-O trial. The largest cost components include updating the narrative collection (50%); advertising (19%); administration (14%); and software maintenance (11%). The cost of delivering the intervention for a 1-year period is £68,521.


TABLE 9 Cost of delivering the NEON Intervention (base-case).
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Sensitivity analysis

The one-way sensitivity analysis of the most sensitive cost components for NEON Intervention development are presented as a Tornado diagram in Figure 1. Uncertainty in the cost of the LEAP meetings had the greatest impact on the base-case estimate. Specifically, the total cost may be 5.8% higher or lower than the base-case estimate. The difference between the extreme values of the LEAP meetings, task meetings and recommender system development are £21,041; £17,910; and £11,513, respectively. Varying cost components such as intervention testing and efforts to secure ethical approval had a relatively smaller effect on the total development cost. By varying these costs to their extreme values, the impact on total cost of intervention testing and effort to secure ethical approval was +/- £1,296 and +/-£1,003, respectively. Other components had comparatively little effect on the overall development cost such as the database specification (+/- £150).


[image: Figure 1]
FIGURE 1
 One-way sensitivity analysis - NEON Intervention development costs.


The one-way sensitivity analysis of the cost components for the NEON Intervention delivery during the NEON trial are presented as a Tornado diagram in Figure 2. Uncertainty in the cost of administration was shown to have the largest effect on the base-case estimate. Specifically, the total cost may be 7% higher or lower than the base-case estimate. Cost components such as the web-application maintenance and updating the narrative collection had a relatively smaller effect on delivery costs. For example, the impact on the total delivery cost of varying web-application maintenance to its extreme values was £6,534 higher or lower than the base case estimate. Cost components such as engagement had a relatively small effect on the delivery of the NEON Intervention during the NEON trial. The impact on the total delivery cost of varying the engagement component to its extreme values was 0.5% higher or lower than the base case estimate. Similar results can be seen in the one-way sensitivity analysis of the cost components for the NEON Intervention delivery during the NEON-O trial (see Figure 3).


[image: Figure 2]
FIGURE 2
 One-way sensitivity analysis - NEON Intervention delivery costs during the NEON trial.
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FIGURE 3
 One-way sensitivity analysis - NEON Intervention delivery costs during the NEON-O trial.


The scenario analysis of the structural assumptions for developing the NEON Intervention are presented as a Tornado diagram in Figure 4. The impact on the total cost of the best and worst case scenario analyses show a feasible total cost range to develop the NEON Intervention. The cost of developing the NEON Intervention given the best possible scenario is £54,724 lower than the base-case estimate of £181,851. Similarly, given the worst possible scenario, the cost of developing the NEON Intervention is £60,805 higher than the base-case estimate.
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FIGURE 4
 Scenario analysis - NEON Intervention development costs.


The scenario analysis of the structural assumptions for the NEON Intervention delivery during the NEON trial are presented in Figure 5. The best-case scenario is £39,213 lower than the base-case estimate, and the worst-case scenario cost is £71,180 higher than the base-case estimate. Similar results can be seen in the scenario analysis of the structural assumptions for the NEON Intervention delivery during the NEON-O trial (see Figure 6).


[image: Figure 5]
FIGURE 5
 Scenario analysis - NEON Intervention delivery costs during the NEON trial.
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FIGURE 6
 Scenario analysis - NEON Intervention delivery costs during the NEON-O trial.


As expected, increasing the number of users, reduced the cost per user year, such that 500, 1,000, or 2,000 users cost £137.04, £68.52, £34.26, respectively.




Discussion


Key findings

We identified several resource use categories for intervention development and delivery through a literature review and work with experts on the research team. Developing the NEON Intervention cost £182,851, which was largely attributed to building the NEON Collection (£82,710) and developing the web-application (£64,067). The curation costs were mostly made up of LEAP meetings (50%); narrative coding using the INCRESE tool (20%); and the researchers' time to source recovery narratives (19%). The largest components of the web-application costs included software development (77%); developing the recommender system (12%); and the graphic design costs (7%).

Delivering the NEON Intervention during the NEON trial and NEON-O trial costed £118,663 and £123,444, respectively. This equates to £349 (NEON trial) and £241 (NEON-O trial) per user. Over an annual period, the NEON Intervention cost was £68,521. Delivery costs were driven by updating the narrative collection (50%); advertisement (19%); and administrative support. Similarly to other studies (20), we found that total costs are dependent on usage rates, which are difficult to predict. Due to a high proportion of fixed costs, costs per user were high for the lower caseload in NEON-O but would be expected to decline with increasing volume of use.



Strengths and limitations

The strength of our study is the use of published guidelines where available to inform our costing methods. We have provided detailed and transparent reporting of cost components and we have utilized multi-disciplinary input into identifying categories, including strong service user involvement. We have carried out sensitivity analysis to make explicit which parameters are associated with uncertainty, and the direction and magnitude of that uncertainty.

The limitations of our study include the necessary use of expert opinion sources where primary data were not collected or available. Due to limitations in patient-level resource use data availability, we have had to use top-down costing methods rather than bottom-up, or micro-costing approaches, which arguably does not provide a patient-level cost sensitive to different levels of usage by individual patients. This limitation is common to costing DHIs, due to the nature of the costs involved (47).

Defining a starting point for development costs necessarily meant excluding early development costs. As with other research-led endeavors, this work is supported by the accumulation of an existing knowledge base and the experience and expertise of the research team, as well as the opportunity cost of the researchers. This can be conceptualized using the health service research payback model which examines the complex interaction and costs of early and late publicly-funded research, and their effect on research outputs (48). There has been a substantial program of earlier research to support the development and testing of the NEON Intervention, which is outside the scope of this work to quantify. Other costs which were outside the scope include the intellectual work involved in the development of the NEON proposal for funding, the other types of resource such as existing collaboration networks which could be accessed for advice, and work conducted in other studies in the research group which may have cross-fertilized the NEON work. We also did not include the RCT costs in our development costs as we explicitly examined development costs up to the point of the beginning of the RCTs. The impact that the trial's findings will have upon the NEON Intervention is currently uncertain. As such, it is unclear what changes the NEON trials may inform to improve, scale, or discontinue the intervention in its current form. Therefore, trial costs were not considered as a development cost during the current development period.

The delivery costs provided here are derived from the delivery of the NEON Intervention during the trials, so it is likely that delivery costs in practice will be different, and health care payers need to be prepared for costs to vary once the intervention is implemented outside a clinical trial environment. How the NEON Intervention is implemented in the NHS will likely determine what resources will be needed in future versions of the intervention. As the NEON trials do not compare the NEON Intervention with a face-to-face version of the same intervention, we are not able to examine the differences in costs (or effectiveness) between these two scenarios.

Assumptions had to be made around tasks and roles taken up by researchers in the trial that would actually be covered by healthcare professionals, administrators, and other members of the healthcare team when the intervention is delivered in practice. Necessarily there are likely to be some differences between trial delivery and practice delivery. For example, the clinical principal investigator coordinated all safeguarding activities during NEON Intervention delivery as part of the RCT. If the NEON Intervention is rolled out in practice, at a substantial scale, then the safeguarding approaches and infrastructure needed will necessarily be different. Safeguarding approaches will need to scale with safeguarding demands, and to take into account different regulatory requirements in everyday practice compared to clinical trials. We have treated advertising costs in the trials as a proxy for accessing patients in practice. Recruitment for the NEON Trial was targeted carefully, for example through the production of several 100 online messages with content specific to a psychosis trial and the design and dissemination of targeted adverts (for example displayed as banners on websites used by health and social care professionals and potential participants). This involved human effort and expertise to design these materials. If the NEON Intervention is rolled out to a general mental health population on a larger scale through online mechanisms, then less targeting of recruitment material might be needed, and individual messages or adverts can also be reused and redeployed. This means that the human cost of generating recruitment material might be less and the dominant cost might be spent on the services that social media companies provide to promote messages to a relevant audience. Especially at the point where the NEON Intervention is deployed on a wider scale, the cost of recruiting one person through social media promotion should be routine to estimate.

Implementation of the NEON Intervention beyond the trials will lie on a spectrum. On the one end, the implementation through statutory mental health services (costs associated with staff awareness and training, implementing safeguarding procedures etc.), through to the implementation via primary care or the voluntary sector, to “direct to consumer” (costs associated with advertising), and the value for money offered by these different implementation routes (which may be separate or additive) that could be evaluated in relation to reach and engagement. The most efficient way to implement DHIs like the NEON Intervention is very relevant in a resource-constrained system as implementation methods cost money and affect the effectiveness and cost-effectiveness of the DHI (49).

Other limitations in the delivery costs include the lack of regulatory or scale-up costs, such that these costs may be an underestimate of true costs once the NEON Intervention is implemented in practice. The derivation of costs per user from top-down costs necessarily means that the cost per user is related to the number of users assumed in the calculations. The number of users could be the number of people in each trial, the number of people eligible to use the NEON Intervention in the real world (21), or we would suggest, the maximum capacity of the current technology implementation to provide an appropriate level of quality of service (50) to its users (for example with sufficient responsiveness of interactive features to allow for a satisfying engagement). If we use the number of people in each trial to estimate cost per user, the mean cost per user could be overestimated as the maximum technological capacity consistent with acceptable service quality has not been reached. However, using the number of people eligible to use the NEON Intervention in the real world is not straightforward. This is for a number of reasons: the computational complexity of the algorithms used in the technology may not scale linearly with the size of the user base (meaning that needed server performance and hence server cost may not scale linearly), and at discrete points, technology re-engineering may be needed to maintain service quality, for example by replacing propriety content delivery system with commercially-provided Content Delivery Networks (51). This reflects the development cycle for web-based DHIs. It is similar to most start-ups that proceed through a series of versions of their systems, re-engineering them each time for a larger number of users. Costs associated with capacity-related engineering and enhanced server capacity should be spread across the anticipated number of users, and allocated equally per user. For example, additional costs required to scale the intervention from 2,000 to 5,000 users should be spread equally across those 3,000 extra users to prevent spikes in costs per user. In the final report for the NEON trials, we will examine this issue further and look at scenarios for future costs for the NEON Intervention as it is scaled up to a range of anticipated user base sizes.

Given the evolving nature of DHIs, input parameters into economic evaluations (like delivery costs) need to be re-examined at different stages of the intervention capacity. It is likely that certain cost components will change over time. Hosting costs are likely to reduce due to increases in process performance and reductions in storage cost per unit (Moore's Law) (52), and salaries may increase (given human resources have quite a large impact on the delivery, this is important).

Another issue beyond the scope of this study is the likelihood that the intervention will be delivered differently once it is implemented in practice. This will have an impact not only on resource use but also on effectiveness of the intervention. However, the data we have provided will provide healthcare providers with approximations of the resources required to deliver the intervention in practice.



Comparisons with existing evidence

We are not aware of a DHI that has focused on the use of narratives to support recovery in mental health, so it is not possible to compare our development and delivery costs with another equivalent intervention or directly relevant costing study. It is also unclear as to the utility of comparing the costs we have estimated with other mental health DHIs costs, due to the lack of comparability of costing methods between studies. The reporting of different development and delivery cost components of mental health DHIs varies, making meaningful comparison difficult (11, 15).

Development costs are reported in a minority of economic evaluations, as they are usually seen as sunk costs and not relevant to the health and social care provider. The list price of commercially developed healthcare products such as pharmaceuticals are perceived to include development costs and thus recoup those costs. Development costs are more difficult to determine for DHIs. Opinions differ on the inclusion of development costs, and it is the perspective that should determine whether they are included or not (47). When development costs are included, a judgement has to be made regarding when development costs are considered to begin and end, as we had to make in our study, and this judgment can have a significant effect on the overall costs derived.

When reported, development costs vary from as little as £19,000 (53) to £500,000 (54), but whether this variation stems from the varied nature of the DHIs or from the methods used to collect resource use data is challenging to untangle. However, they can influence whether development occurs, so explicit methods for deciding on resource categories to include, methods of resource use data collection and sources of unit costs should be explicitly given in any study. We used a similar approach to Joshi and colleagues who reported explicit methods to derive development cost for a digital program for training community health workers to deliver treatment for depression in rural India (22). Similarly to our study, they reported that staffing costs constituted 61% of development costs.

In a recent review of methods used in economic evaluations of mental health DHIs, 16 out of 66 did not report staffing costs as part of delivery costs (15). Given the human resource intensive nature of DHI delivery as found in our study, this omission would lead to a significant underestimate of costs. Only 14 out of 66 studies included costs for website maintenance and hosting, again we found that this constituted a significant delivery cost.

We used the NICE guidance to support our costing methodology. However, there have been questions raised surrounding how fit for purpose this guidance is for costing DHIs in practice (21). Like other economic evaluation guidelines, although they provide a costing framework, there is little practical guidance on specific costing (47). We identified several resource use categories in intervention development and delivery, and future developers of DHIs should consider including these categories, and working with relevant experts to identify any further categories specific to their intervention. We also recommend keeping formal resource use records to allow easier derivation of costs. Since DHIs (in keeping with commercial web-applications) are typically subject to ongoing periods of maintenance punctuated by periodic redevelopment and reengineering work which will have an impact on the cost per user, we would advocate for the collection of a broad range of case studies providing evidence on the cost over the life of a DHI of ongoing development work. We have excluded conceptual work conducted before the NEON program was funded, and in the early stages of the NEON program. Future studies might consider approaches to costing in such activities.

Human resources constituted a large proportion of our development and delivery costs. These estimates were affected by uncertainties around which costs to include, other than salary, so we followed the PSSRU approach to include employers' costs, as well as estates and indirect costs for the organization employing that person (55). Our sensitivity analysis demonstrated that inclusion of these latter costs had a significant effect on overall costs.




Conclusion

This study makes two knowledge contributions. First, it provides a usable estimate of the cost of developing and implementing a DHI from software and intervention development, through feasibility testing and up to commencement of the definitive trial. This can be used to inform commissioning of new DHIs in general, giving explicit consideration to all the different types of resources required, and the quantity and cost, as well as specifically, the implementation of the NEON Intervention. Second, the costing challenges which have been identified indicate the need for updated best practice guidance for economic evaluation of DHIs by NICE and other clinical and funding agencies.



Relevance for clinical practice

The NEON Intervention is intended for widespread use as a low-cost self-management intervention. Two uses are envisaged: adjunctive to clinical treatment and direct access. This study identifies the costs associated with population-level roll-out of the NEON Intervention. In relation to use within services, the staff costs needed to support access are identified. In relation to direct access, the public health costs associated with maintaining and developing the intervention are estimated. We are currently evaluating the effectiveness of the NEON intervention based on the two RCTs described in this study. Data analysis is near completion and will be published separately building on the findings in this study. These findings will inform decision-making about whether, and how, to implement the NEON Intervention at scale.
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Background: Bipolar disorder is an often recurrent mood disorder that is associated with a significant economic and health-related burden. Increasing the availability of health-economic evidence may aid in reducing this burden. The aim of this study is to describe the design of an open-source health-economic Markov model for assessing the cost-effectiveness of interventions in the treatment of Bipolar Disorders type I and II, TiBipoMod.

Methods: TiBipoMod is a decision-analytic Markov model that allows for user-defined incorporation of both pharmacological and non-pharmacological interventions for the treatment of BD. TiBipoMod includes the health states remission, depression, (hypo)mania and death. Costs and effects are modeled over a lifetime horizon from a societal and healthcare perspective, and results are presented as the total costs, Quality-Adjusted Life Years (QALY), Life Years (LY), and incremental costs per QALYs and LYs gained.

Results: Functionalities of TiBipoMod are demonstrated by performing a cost-utility analysis of mindfulness-based cognitive therapy (MBCT) compared to the standard of care. Treatment with MBCT resulted in an increase of 0.18 QALYs per patient, and a dominant incremental cost-effectiveness ratio per QALY gained for MBCT at a probability of being cost-effective of 71% when assuming a €50,000 willingness-to-pay threshold.

Conclusion: TiBipoMod can easily be adapted and used to determine the cost-effectiveness of interventions in the treatment in Bipolar Disorder type I and II, and is freely available for academic purposes upon request at the authors.

KEYWORDS
economic evaluation, Bipolar disorder, cost-effectiveness, open-source, manic or depressive episode, health economic modeling, Markov model


Introduction

Bipolar disorder (BD) is an often recurrent mood disorder that is characterized by episodes of depression and (hypo)mania alternated with periods of remission (1). In a largescale pooled analysis from the World Mental Health survey the lifetime prevalence’s for BD type I (BD-I), type II (BD-II), and subthreshold were 0.6, 0.4, and 1.4%, respectively (2). During a depressive episode patients generally experience strong feelings of sadness and hopelessness, a loss of pleasure and interests in normal activities, and even suicidal thoughts. During episodes of mania patients may experience a strong increase in energy, feelings of excessive euphoria or agitation and a decreased ability to sleep and control impulsive behavior. Depending on the severity and duration of manic episodes BD can be classified according to four types, type I, type II, cyclothymia and unspecified or subthreshold BD. BD-I describes patients experiencing manic episodes with a duration of at least one week and a severity that significantly limits their functioning, and is more likely to result in psychosis or require admission. BD-II describes patients experiencing hypomanic episodes with a duration of at least four days where manic symptoms are less severe and functioning is affected but not limited. With cyclothymia patients experience milder forms of manic and depressive mood episodes, and patients with symptoms indistinctive of the other types are classified as unspecified or subthreshold (1, 3).

Treatment options for BD generally consist of both pharmacological and non-pharmacological interventions that aim to prevent the relapse of manic and depressive episodes, decrease the severity of manic and depressive symptoms, and improve inter-episodic functioning (4–6). As BD is most commonly diagnosed during early adulthood, its lifelong and highly variable nature often requires long-term treatment, whilst introducing significant detriments to the coping individual’s quality of life and productivity (7, 8). Consequently, BD is associated with both substantial healthcare costs and productivity losses, incurred by patients as well as caregivers, introducing a significant economic burden on society (7, 9–12).

When aiming to create an efficient and sustainable healthcare system, policy-makers require not only information on the effectiveness of interventions but also their relative value for money, as this guides decisions ultimately impacting a finite healthcare budget (13). Such decisions can for example encompass whether or not to implement new (treatment) strategies in practice, to adopt certain treatments over others in new clinical guidelines, or to reimburse treatments by health insurers. Economic evaluations can provide decision-makers with such information by determining the relative efficiency and costs (or cost-effectiveness) of new interventions when compared to current interventions. When the evidence needed to perform an economic evaluation is not available from a single source, decision-analytic models allow combining data from various sources and its extrapolation over a sufficiently long time horizon while explicitly taking into account uncertainty (14, 15).

Given the significant economic and health-related burden of BD, as well as the wide variety of interventions that exist for the treatment of BD, we believe that a better understanding of their relative cost-effectiveness may aid to reduce this burden. Therefore, the aim of this study is to present and describe a flexible decision-analytic model, Trimbos institute’s BipoMod (TiBipoMod), that can be used to examine the long-term cost-effectiveness of user-defined pharmacological and non-pharmacological interventions in the treatment of adults with Bipolar Disorder type I (BD-I) and type II (BD-II). The model will be made available for all researchers with interest upon request. Similarly, easily adaptable decision-analytic models aiming to increase the availability of cost-effectiveness evidence for treatment and prevention are already available for psychosis and depression (16, 17). To provide complete transparency toward its potential users, this paper describes (1) the process of developing a conceptual model, (2) the final structure of the model and its assumptions, (3) the parameters used by the model, and 4) a case study to illustrate the use and results generated by the model. Overall, the model’s details described here may aid its users in the process of adapting the model and its parameters to match the context and research question at hand.



Materials and methods


Model development

As the aim of this study is to create a flexible decision-analytic model to examine the long-term cost-effectiveness for treatment of Bipolar Disorder, TiBipoMod was developed as an easy-to-use Microsoft Excel-based Markov cohort model. In a Markov cohort model a cohort of patients is modeled over a predefined time period during which they transition between the various included health states, accumulating costs and health effects associated with each health state given the treatment condition over time (15).

The model was developed in line with the guidelines of the Professional Society for Pharmacoeconomics and Outcomes Research (ISPOR) for conceptualizing a model (18). First, the research problems to be answered with this model were formalized, providing the foundations for the conceptual model. To conceptualize the model structure, a scoping literature review on the disease progression of BD and existing cost-effectiveness studies was performed, after which its final structure was validated by an expert panel (see below). The expert panel for this study consisted of two healthcare professionals in the treatment of BD in the Netherlands who were consulted throughout the development process to validate assumptions and parameter values.

After finalizing the model structure, health state parameters and model assumptions were formulated using available treatment guidelines, national databases, published literature and expert opinions. This iterative process finally resulted in the following PICOT for TiBipoMod:


•Population: Adults with the diagnosis of Bipolar Disorder, type I and type II, as defined by the 2013 DSM-V1 (1).

•Intervention: User-defined interventions are modeled in addition to the reference treatment(s), and compared to the standard of care (SOC) alone. In order to model an intervention, users are required to insert the relative risks of experiencing a manic and depressive episode given the intervention of interest, and its associated costs. The model is able to compare two interventions simultaneously using separate Markov traces, and present its outcomes. Interventions may be pharmacological and non-pharmacological.

•Comparator: The modeled comparator is the SOC, which by default has been parameterized based on clinical treatment guidelines and expert opinion. The SOC may be easily adapted to a user-defined SOC by adjusting parameter values. By default, the comparative scenario includes commonly prescribed pharmacotherapy and psychotherapy, outpatient mental specialist care, community treatment, and episode crisis care.

•Outcome: Costs per quality-adjusted life year (QALY) gained.

•Time Horizon: Given the lifelong nature of BD, costs and health effects are modeled over a lifetime horizon, but also a 5-year horizon when shorter horizons are preferred. The model uses a cycle-length of three months.



To provide in the varying demands of guidelines for health-economic evaluation both a healthcare and societal perspective can be applied, and future costs and effects are discountable by user-defined rates (by default: 4 and 1.5%, respectively) (19). A half-cycle correction is applied to account for the fact that transitions between states may occur at any time during the cycle (20).

For deciding on a willingness-to-pay (WTP) threshold to be applied, country-specific guidelines for economic evaluation can be used or, when absent, the WHO recommends using a threshold of three times the national GDP (21). For example, in the Netherlands the guidelines for Disease Burden in economic evaluations provides WTP thresholds based on disability weights (22). According to the Global Burden of Disease 2013 study BD disability weights are estimated at 0.40 and 0.49 for depressive and manic episodes, respectively, resulting in a recommended WTP threshold of €50,000 in the Netherlands (23). When using a GDP-based threshold this would result in a WTP of €147,300 (2021 GDP in the Netherlands: €49,100).



Model conceptualization

The first step in the development of TiBipoMod was to explore disease progression of BD and the conceptualization of BD in published health economic models by performing a scoping literature review. In this process ten model-based health-economic evaluations for the treatment of BD were identified (Supplementary Material I). In this and in clinical literature six potential health states became apparent that were to be considered for model inclusion; depression, mania, hypomania, rapid cycling, remission/euthymia, and death. Whereas mania, depression and remission were found in previous economic evaluations, hypomania and rapid cycling were not (6, 24–29). Reasons in the literature for the exclusion of hypomania as a separate health state are the lack of evidence surrounding parameters for hypomania, and that the burden imposed on the patient by hypomania is considered less severe than during a depressive or manic episode of BD-I. As for rapid cycling, clinical guidelines stated that depending on the polarity of the episode this is treated as either a manic or depressive episode. Finally, patients with BD experience an elevated risk of suicide and higher mortality rates due to comorbidity and poorer lifestyle choices throughout their life course, contributing to an overall reduction in life-expectancy, supporting the inclusion of death as health state (30–32).

Based on the considerations above, our conceptual model aimed to include the health states depression, (hypo)mania, remission, and death. From the existing models identified during the literature review the schematic model structure published by Ekman et al. (33) best matched these health states and was considered to best fit the Markov modeling approach of this study. In the study of Ekman et al. (33), a discrete event simulation was used to simulate the occurrence of four health states to determine the cost-effectiveness of quetiapine in patients with acute bipolar depression and maintenance treatment (33). The possibility of treatment discontinuation in this model described by Ekman et al. is not included for the current purpose.

As a second step, an expert panel of healthcare professionals was consulted to validate the conceptual model based on Ekman et al. The panel confirmed the structure of the initial conceptual model, however, as the initial model only included a transition from depression to mania, the panel collectively recommended the inclusion of the transition from mania to depression, which may occur in response to the excitatory processes of mania (34, 35). In addition to this, the panel was consulted on the differences between manic and hypomanic episodes including its implications for treatment. The experts stated that despite similarities, important differences are often observed in the time spent in the mood episodes, quality of life, and experienced during episodes.

Given that the aim of the current model is to represent both BD-I and BD-II, the Markov model was built with two separate Markov traces for each type, estimating costs and effects for both subpopulations, which can then be combined into a single weighted ICER using the proportion in prevalence. The final model structure therefore includes the health states depression, (hypo)mania (i.e., mania for BD-I and hypomania for BD-II), remission, and death (Figure 1).
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FIGURE 1
Final conceptual Markov model for the treatment of Bipolar Disorder. Adapted version of the model published by Ekman et al. (33).




Model parameters


Mood state epidemiology and transition probabilities

To populate our conceptual model with health state transition probabilities, available literature on the epidemiological characteristics of BD and its longitudinal disease course was reviewed and compared. In this process, multiple studies were identified that report on the differences in long-term symptomatic status of BD-I and BD-II, the time spent in the various mood states, and recurrence rates (36–42). When looking at studies that present the percentages of time spent in various mood states, large variations can be observed in their findings (see discussion) (36, 39–41). Here, comparison and drawing conclusions is challenged by the highly heterogenous study designs and definitions of mood states. As such, a single study was selected to inform prevalence rates as our main guidance in selecting and verifying the modeled epidemiology. Based on the assessment frequency of reported symptoms, the study by Kupka et al. (36) was chosen, which describes the largest naturalistic cohort of patients (n: BD-I = 405, BD-II = 102), where patient’s daily self-reported symptoms were assessed weekly to monthly for one year by their physicians, and translated to DSM-IV mood episodes (36). The following paragraphs describe studies (or study arms) which have been selected to inform model transition probabilities. In those studies all patients are provided with some form of pharmacological treatment typical to the respective mood episode studied, meaning the model does not simulate untreated disease progression, but rather progression given commonly prescribed or naturalistic pharmacotherapy.

First, the probabilities of relapsing from remission to both depression and mania were informed by the literature review and meta-analysis of Vazquez et al. (42) (BD-I: 96% of patients), combined with the reported time spent in depression/mania ratio by Kupka et al. (36) (BD-I: 81% of patients). Vazquez et al. (42) report an annual recurrence rate for any mood relapse while treated with active medications of 21.9% based on 15 RCTs, which could be translated to the quarterly transition probability of 5.99% (42). To correct for differences seen in the time spent in depressive and manic mood episodes, and to match the prevalence of mood episodes seen in BD-I and BD-II epidemiology, days spent in depression and mania (excluding days with mild/subsyndromal symptoms) reported by Kupka et al. (36) were used to construct a depression/mania ratio (36). This resulted in depression/mania ratio for BD-I of 4.7 and BD-II of 10.7, which combined with the probability of recurrence by Vazquez et al. (42) resulted in the final probabilities for relapsing to mania or depression presented in Table 1. The probability of remaining in remission was found by subtracting the probabilities of leaving the health state.


TABLE 1    TiBipoMod state transition probabilities per (three-month) cycle and health state utilities.
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Second, to determine the probabilities of remaining in a mood episode, time-to-recovery estimates provided by Solomon et al. (41) were used. This study was performed using data of an observational study where patients of predominantly BD-I patients (n = 219) who were not controlled for any somatic treatment received. They report 50% of patients remaining in a major depressive episode after 15 weeks, 25% of patients remaining in a manic episode after 15 weeks, and 25% of patients remaining in a hypomanic episode after 6 weeks, with a median duration for a mood episode of 13 weeks (41). Using R statistical software, exponential regression equations were applied to the reported number of weeks per quantile for patients to recover from each mood episode type to estimate the transition probabilities per model cycle (13 weeks) (43). This results in a probability of remaining in a depressive, manic and hypomanic episode after 13 weeks of 56.1, 29.8, and 4.8%, respectively.

Then, to inform the probabilities of transitioning between mood states, Weibull distributed parameters reported by Ekman et al. (33) (BD-I: 66% of patients) were combined with the relative risks for receiving pharmacotherapy with mood stabilizers and olanzapine. Given these conditions, the probability of transitioning from depression to mania was 7.4% (33). Despite being recognized frequently in clinical practice by the expert panel, little evidence was found on the transition probability of mania to depression. In consultation with the expert panel, the probability of this transition was set equal to the transition of depression to mania (7.4%). The probabilities of transitioning from mania to remission and depression to remission were found by subtracting the probabilities of leaving the health states.

Finally, transitions to death were based on general mortality statistics in the Netherlands as reported by Statistics Netherlands. To account for the increased risk of suicide and death by comorbidities associated with BD relative mortality rate ratios (MRR) from Westman et al. (44) were applied to the general mortality. For comorbidities and lifestyle effects of BD a MRR of 2.06 was applied independent of the health state, and for suicide an additional MRR of 9.65 was applied to the depressive state only, as suicide occurs less frequently during mania or remission (44, 45).



Validating modeled epidemiology

Combining the above mentioned transition probabilities in the Markov chain resulted in the modeled epidemiology presented in Figure 2. Here, from the patients not transitioned to death, around 78% of patients are in remission, 18% are experiencing a depressive episode, and 4% a manic episode.
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FIGURE 2
Mood state prevalence of simulated patient cohort with Bipolar Disorder type I (BD-I) and type II (BD-II) in TiBipoMod, consisting of ∼ 4% of live patients in mania, ∼ 18% in depression, and ∼78% in remission.


To validate the modeled epidemiology with the empirical data by Kupka et al. (36), a comparison was made between the time spent in the various mood states. To this extent, distinctions were made between the severity of mood episodes, as the degree to which functional impairment occurs is an important factor in the increasing need of health services and reduced productivity. As such, we assigned time spent with mild or subsyndromal symptoms to the remission states, and only included time spent with moderate to severe symptoms to the respective health states. Based on the prevalences reported by Kupka et al. this assumption would translate into a guiding estimate of patients spending 74.0-76.2% of time in remission/euthymia, 4.6-7.5% in (hypo)mania and mood cycling, and 18.4-19.1% of time in depression. It is important to note that this distribution was used as a guidance during the process of informing state transition parameters. However, given the variation seen in the available evidence we chose not to calibrate parameters to match these guiding estimates exactly.

Based on the above mentioned heterogeneity and uncertainty (also discussed later), the modeled prevalence estimates were considered in agreement with the guiding estimates reported by Kupka et al. (36).



Defining the standard of care

Similar to the heterogeneity in clinical presentation of patients suffering from BD, the amount of health services that patients use is also highly heterogenous (3, 46). In addition to this, a wide variety of treatment options are available for the treatment of BD, including various forms of pharmacotherapy, psychological therapy, community-based treatments, and inpatient treatments. As a result, defining the “standard of care” for the treatment of BD is challenging. Given that this current model aims to serve as a health-economic tool that is easily adaptable by its users to match their needs, by default the model is designed as such that the SOC during each health state included all most commonly provided treatment options identified in the treatment guidelines and by expert opinion (3, 46–48). This resulted in the identification of five major care components that are generally included in treatment regimens for BD and are included in the model. These components are:


1.Pharmacotherapy: For patients with BD pharmacotherapy most commonly consists of either monotherapy or polypharmacy with mood stabilizers, antipsychotics, anticonvulsants or antidepressants, depending on the health state and patient-specific preferences.

2.Outpatient mental specialist care: Routine treatment and monitoring by, e.g., psychiatrists and a mental health nurse (practitioner) is recommended to promote relapse prevention, stimulate self-management, and adjust treatment during episodes.

3.Psychotherapy: Consensus exists on the importance of psychotherapy programs for patients and relatives to stimulate successful long-term management and relapse prevention. Commonly recommended outpatient psychotherapy programs are psycho-education, cognitive behavioural therapy (CGT) and interpersonal and social rhythm therapy (IPSRT).

4.Community-based care: For patients with a more severe form of BD, a form of community-based treatment may be indicated where multidisciplinary teams provide continuous, flexible and outreaching treatment and monitoring. Examples of such service models are collaborative care models, (flexible) Assertive Community Treatment models, and crisis models such as Crisis Resolution Teams or Intensive Home-based Treatment.

5.Inpatient care: During severe mood episodes patients may also be admitted to a psychiatric hospital. Depending on the local availability of alternative crisis treatments, the incidence and duration of hospitalization may vary.



Based on these individual components, the SOC for each of the model health states is assumed to consist of the treatment options presented in Table 2. Here, pharmacotherapy and outpatient specialist care is included for both the remission and mood episode states. Despite commonly being provided during periods of remission, in consultation with the expert panel the majority of psychotherapy sessions has been assigned to the mood episode health states to account for the fact that patients often participate in these upon remitting from an episode. Inpatient care is included only for the mood episode states.


TABLE 2    Treatment components of the standard of care per health state included in TiBipoMod.
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To account for the fact that not all patients may need or want to make use of these treatment components during a depressive or manic episode, use of care can be weighted by means of percentages based on three categories for treatment intensity; “outpatient low intensity,” “outpatient high intensity,” and “inpatient care.” For example, patients with a less severe mood episode may receive additional treatment with low intensity, patients with more severe episodes may receive additional treatment with high intensity, and only patients with very severe episodes may be admitted. By default, the category “outpatient low intensity” constitutes of outpatient mental specialist care and community-based treatment with increased frequency as compared to remission care, and “outpatient high intensity” constitutes of outpatient mental specialist care, a psychotherapy program and community-based treatment. Pharmacotherapy is included for all patients. Both the assigned percentage weights and components of the treatment categories can be altered to match the local context of the user.



Valuation of cost components

TiBipoMod offers analysis from both a healthcare perspective as well as a societal perspective, including productivity costs and patient and family costs. From the healthcare perspective, direct medical costs consist of pharmaceutical costs, costs relating to outpatient specialist care, psychotherapy, community-based treatment and inpatient care. Indirect medical costs included in the model are the periodic costs for drug-induced renal failure testing and medical costs for unrelated diseases during other and the last year of life, calculated using the tool Practical Application to Include Disease Costs (PAID) (49, 50). Productivity loss estimates associated with BD for absenteeism and presenteeism are included in the model based on literature estimates (9). Costs included in the model for the patient and family are limited to the hours spent by caregivers on informal care (7, 51). All cost components are comprised of individual units for resource use and unit costs. Costs related to the intervention are included by a separate parameter, applied only to the intervention arm. Also, adjustable parameters are included allowing to adjust the number of cycles with which intervention costs and effects are experienced. By default, TiBipoMod will be populated with resource use and unit cost inputs based on the Dutch context (section 3.1), however, as all inputs can be adjusted, we encourage users to adjust accordingly to match their local context.



Quality of life

Quality of life experienced during each health state was described using utility scores published by Revicki et al. Utilities are based on both inpatient and outpatient treated patients suffering from BD type I (n = 96) and measured using the standard gamble (SG) method (52). Health state utility scores for patients suffering from BD type II were not found in the literature. However, based on the differences in clinical presentation of mood episodes seen with BD type I and type II, differences may be expected in quality of life experienced and thus utility scores. For example, differences in clinical presentation are especially significant for mania and hypomania, where in general hypomania is shorter in duration but, most importantly, not associated with severe functional impairment (1, 3).Therefore, to include QoL estimates in our model better representable for both BD-I and BD-II, assumptions were made based on its clinical presentation and considering the model cycle time of 90 days. As such, we assumed QoL during a hypomanic episode for the patients with BD type II to be equal to the quality of life during remission (0.80), rather than that of mania (0.54), as measured by Revicki et al. Health state utilities for remission and depression (0.29) are assumed equal for BD type I and type II, as presented in Table 1.




Model outputs

Model outputs of TiBipoMod are expressed in costs, life years (LYs) and QALYs for both the intervention(s) and comparator (discounted and undiscounted). Outcomes are compared using the incremental cost-effectiveness ratio (ICER). The ICER is calculated as followed: (Costs intervention - Costs control)/(QALYs intervention - QALYs control). Here, the ICER represents the incremental costs per QALY gained.



Probabilistic sensitivity analysis

To assess the uncertainty surrounding the parameters included in the model probabilistic sensitivity analyses (PSA) can be performed. Probability distributions are assigned to each parameter in the model based on its characteristics, e.g., beta distributions for utilities with a value between 0 and 1, the skewed gamma distribution for costs, and Dirichlet distributions for transition probabilities that sum up to 1. For parameters of which its value was to remain between predefined bounds (e.g., in case of treatment guidelines stating a minimum and maximum amount of treatment sessions) a beta-PERT distribution was applied. Subsequently, the PSA can be run 5,000 times, each time drawing a random value from the distribution for each parameter. As incremental costs and effects are simulated 5,000 times they can be plotted in an incremental cost-effectiveness (CE) plane, with the incremental QALYs on the x-axis and the incremental costs on the y-axis, illustrating its uncertainty. In addition to this, a cost-effectiveness acceptability curve (CEAC) is constructed illustrating the likelihood of the intervention being considered cost-effective given a series of willingness-to-pay (WTP) thresholds (15).



Validation

To validate the final model, both internal and external validations have been performed. First of all, for external validation of conceptual ideas and input parameters the expert opinion panel played a key factor. In addition to this the Assessment of the Validation Status of Health-Economic decision models (AdViSHE) tool was used, a 13-item questionnaire assessing four typologies; conceptual validation, data validation, computerized model validation and operational validation (53). For internal validation the black box test TECH-VER checklist was applied, ensuring technical verification, completeness and consistency (54). The results of both tools are presented in Supplementary Material II.




Case study: Mindfulness based cognitive therapy in the Dutch context

To apply TiBipoMod to a real-world example, the effectiveness of a mindfulness-based cognitive therapy (MBCT) intervention, as described in the results of a randomized controlled trial performed, was combined with the costs of providing the intervention. The MBCT intervention aims to reduce the chance of relapse, and to reduce the severity of depressive symptoms during an episode. This effect was studied in the RCT by Perich et al. (55), where the intervention group received MBCT and the SOC, and the control group only received the SOC. The RCT’s primary outcome was the 12-month recurrence rates of depressive and (hypo)manic episodes. Despite not being significantly different, 59% of the participants in the MBCT group had suffered a (hypo)manic episode in the past year and also 59% a depressive episode, while in the SOC group 48% of the participants had a (hypo)manic episode and 68% a depressive episode (55). These annual recurrence percentages were calibrated to quarterly recurrence rates and used to determine the relative risks for a mood episode. This resulted in relative risks of 0.81 and 1.32 for transitioning to depression and (hypo)mania when treated with MBCT, respectively. This effect was modeled to persist for 4 cycles (separate parameter).


Valuation of unit costs

Cost parameters for the SOC in this case-study were determined using a bottom-up costing approach. Direct medical costs incurred to each patient by the use of included treatment options were determined using treatment guidelines (56–58), expert panel estimates, national cost databases (59, 60), and reference prices published in the Dutch manual for cost research (19, 51). For example, costs related to specialized mental healthcare are based on estimates for hours spent on consultations provided by the expert panel, and combined with the hourly reference physician rates. Productivity costs are included in the model up until the Dutch retirement age of 67, were informed by the literature (9). Costs of informal care for the patient and family are valued at the Dutch reference price for unpaid work (7).

Costs relating to the MBCT intervention were based on its 8 sessions in groups of 8 to 12 people offered by two mental health nurse practitioners. This resulted in average additional costs of €291 per person per quarterly cycle for MBCT, which was modeled for a single cycle. The relative risks for (hypo)manic and depressive episodes and its intervention costs were added to the model to determine interventional transition probabilities and costs for MBCT + SOC. All costs were expressed in 2021 Euros by indexing unit cost prices with the consumer price index when necessary (61).



Sensitivity and scenario analyses

To provide insight in the impact of changes in modeled epidemiology of BD-I and BD-II, two one-way sensitivity analyses were performed with alternative ratios for time spent in depression/mania. For these scenarios the studies of Joffe et al. (40) and Judd et al. (37, 38) were used which found significantly higher ratios for BD-I = 6 and BD-II = 14, and BD-I = 3.6 and BD-II = 38.7, respectively.



Results

Finally, the cost-effectiveness of MBCT + SOC compared to the SOC alone was determined from a healthcare and a societal perspective. From a societal perspective, MBCT + SOC resulted in an average per-patient increase of 0.017-0.019 QALYs and a decrease in costs of €339- €674 depending on the simulated BD subtype, resulting in a dominant ICER per QALY gained. All outcomes for modeled scenarios are presented in Table 3.


TABLE 3    Costs included in the model per patient per (three-month) cycle for each health state.
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When running sensitivity analyses this resulted in the cost-effectiveness plane and CEAC presented in Figures 3A,B. When considering a WTP threshold of €50,000, there was a 71% probability that MBCT + SOC is cost-effective.
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FIGURE 3
(A) Cost-effectiveness plane and (B) cost-effectiveness acceptability curve for adding mindfulness-based cognitive therapy (MBCT) to the standard of care (SOC) compared to the SOC alone.





Discussion

We have presented TiBipoMod, a Markov model that is able to evaluate the (long-term) cost-effectiveness of both pharmacological and non-pharmacological interventions for patients suffering from both BD-I and BD-II. When provided with the necessary input parameters describing the intervention and local context (e.g., relative risks for a depressive and manic episode, intervention costs, expected duration of effect, unit costs), our model is able to present outcomes from a healthcare and societal perspective, a 5-year and lifetime time horizon, and includes various built-in parameters to adjust for the heterogeneity of BD, e.g., in terms of quality of life, functional impairment, healthcare resource use, and differences in epidemiology between BD-I and BD-II. In addition to this, because the model is Excel-based, its use does not require advanced health-economic modeling skills and the model is easily adjustable in its functionalities. The model was developed in line with (inter)national clinical treatment guidelines, available literature on its epidemiology, treatment, intervention effects and costs, and in consultation with Dutch healthcare professionals in the treatment of BD. Additionally, these professionals provided important input in the validation process of our input sources and model assumptions, supplemented by the AdViSHE and TECH-VER validation tools.

To illustrate the outcomes generated by this model a case study was performed assessing the cost-effectiveness of MBCT + SOC compared to the SOC, which found that MBCT + SOC is dominant over the SOC alone when considering a societal perspective, but is associated with an ICER of €15,993 - €28,987 per QALY gained from a healthcare perspective. This difference illustrates the impact of including societal costs such as productivity loss and caregiver costs, and their relevance for inclusion when evaluating interventions for BD.


Strengths and limitations

Strengths of our model are related to its potential to aid in the generation of cost-effectiveness evidence that is more easily comparable across intervention (compared to outcomes derived from different economic models), while also based on methods that are fully transparent. Though cost-effectiveness of both pharmacological and non-pharmacological interventions in the treatment of BD have been studied and systematically reviewed, common conclusions were drawn that 1) the number of available studies was relatively low and 2) the methods applied were heterogeneous, creating a need for more robust and better comparable (long-term) evidence to inform policy decisions (4–6, 62). In addition to that, increasing interest emerges toward health-economic models that are open source, i.e., available to anyone who wishes to access it (63–65). Important arguments for this have been its potential for increasing knowledge-sharing, efficiency, consistency and, perhaps most importantly, transparency and credibility of evidence generation in cost-effectiveness research thereby reducing uncertainties. Here, transparency is achieved by providing full access and insight to all methods and assumptions made throughout the model (66, 67). In addition to that, TiBipoMod includes additional background information sheets in the Excel model to ensure full disclosure on all sources used and subsequent assumptions made.

The development of the model should be seen in light of some limitations that are important to acknowledge when considering to adopt our model. First, TiBipoMod is constructed as a Markov cohort model, a model type that is widely used in estimating cost-effectiveness resulting from its relative simplicity, transparency and useability whilst often maintaining sufficient accuracy depending on its application (68). However, limitations of Markov models that have been frequently identified in the literature are its lack of memory (i.e., the subsequent health state only depends on the present health state, and not the sequence of preceding states), fixed cycle length and state-transition probabilities, and its limited ability to model complex diseases better represented by a larger numbers of health states (68, 69). For example, the wide variation in duration of mood episodes is not well represented by the fixed blocks of time, and little distinction can be made in the severity of the mood episodes of the respective episodes when represented by a single health state (70–72). When interested in capturing time- or patient-specific effects, one should consider modeling approaches that allow for greater complexity and detail such as discrete-event simulation (DES) models. However, considering the limitations of a DES model, being that its complexity requires advanced modeling skills, resources, and the fact that it is more data heavy, we felt it did not align with our aim of creating an easily-adaptable model, opting for a Markov model with additional parameters attempting to correct for the heterogeneous nature of BD presentation and treatment (73).

A second potential limitation of our model relates to uncertainty following from the epidemiological parameters included in our model. First of all, our transition probabilities have been derived from multiple sources where the study populations existed of varying patient population characteristics, such as the proportion of patients included with a BD-I and BD-II diagnosis (ranging from 66% to 96% BD-I). Multiple studies report on the long-term symptomatic status and time spent in various mood states by patients suffering from BD-I and BD-II (36–41). Although comparability of studies is complicated by several factors, such as the use of different rating scales [i.e., the National Institute of Mental Health Life Chart Methodology (NIMH-LCM) or the Longitudinal Interval Follow-up Evaluation (LIFE) system (74, 75)] discrepancies present, stressing the importance of acknowledging the uncertainty underlying the epidemiology. For example, despite comparable findings on the amount of time spent in remitting phases (44%-54%) of BD-I and BD-II, some studies report on significant differences in time spent in depressive and (hypo)manic episodes (36, 39, 40). However, when looking at reported ratios for time spent in depression/mania per BD subtype, Kupka et al. (36) find relatively comparable ratios for BD-I and BD-II with 2.9 and 3.8 including mild symptoms (when excluding mild symptoms this becomes BD-I = 4.7 and BD-II = 10.7), respectively, and no differences in episode frequency which suggest similar tendencies in mood switching and symptomatic status. When comparing this to the depression/mania ratios found by Joffe et al. (40) (BD-I = 6 and BD-II = 14), and even more so to those found by Judd et al. (37, 38) (BD-I = 3.6 and BD-II = 38.7), these suggest significant differences in clinical course between BD-I and BD-II. Although these discrepancies can be partially explained by differences in mood state definition, study design and patient assessment frequency, favoring the outcomes by Kupka et al. (36), significant uncertainty surrounding the true clinical trajectories of BD subtypes remains. It is therefore important to emphasize that differences in modeled epidemiology for BD-I and BD-II should be subjected to sensitivity analyses, which is also why this feature has been implemented in TiBipoMod.

A third limitation of our model stems from a lack of available evidence to inform model parameters, e.g., for QoL, resource use, health-state transitions and societal losses, either in general or specifically for BD-II when only available for BD-I. For example, the available health state specific SG utilities published by Revicki et al. (52) were measured in BD-I patients only, requiring additional assumptions (52). Collectively, this lack of evidence for QoL, and the subsequent assumptions made introduce additional uncertainty, stressing the need for further research (i.e., especially in BD-II).

A fourth limitation that stems from this lack of evidence also relates to the studies used to inform transition probabilities in this model. Current transition probabilities are based on RCTs or observational studies in which (most) patients have received pharmacological treatment, which treatment(s) exactly, however, is not clear for each study. Therefore, our model simulates interventions that have been added to some form of best practice treatments, including pharmacotherapy, rather than untreated disease progression. As a result, the relative risk for experiencing a mood episode given the intervention considered for evaluation should, ideally, be measured in patients that receive some form of baseline pharmacotherapy.

Fifth, simplifying BD to a model with only four health states is a strong simplification of the true population heterogeneity. In general, BD is characterized by its strongly heterogeneous mood swings, fluctuating somewhere between severe depression and extreme manic states, alternated with periods of remission. Even within the categorization of BD in type I and II or unspecified/subthreshold, the severity of mood episodes may vary per patient and per episode independent of the specific BD diagnosis (3, 46). Similarly, transitions between mood episodes, i.e., mania to depression or depression to mania, are frequently observed but often do not occur consecutively and may be separated by weeks to months of remission (35). However, given this Markov model is population-based it aims to describe the average probability for an event to occur and costs associated, rather than individual sequences of events.

A sixth limitation that stems from this heterogeneity is the wide availability of treatment options available to patients suffering from BD, and a lack of evidence regarding the use of these various options, as well as non-compliance to treatment over time which is currently not included in the model. As such, our model was limited to a selection of treatment options identified by (inter)national guidelines and expert opinion. With regards to the Dutch context, concordance with treatment guidelines assessed in the outpatient setting was found to be high (48). Moreover, as the main source for validating transition probabilities was based on empirical data stemming from the Dutch clinical setting, it is reasonable to assume that the modeled treatments (i.e., as part of SOC) are in line with the interventions provided in the Dutch study.

A seventh limitation concerns the generalizability of TiBipoMod’s current model parameters, structure and assumptions across countries, for example in terms of locally available treatment options and the organization of care nationally. Currently, included treatment components (pharmacotherapy, psychotherapy, and community-based treatment etc.) are based on clinical guidelines published by the National Institute for Health and Care Excellence (NICE) in the United Kingdom and the Dutch National Health Care Institute, therefore likely better representing countries with similar health systems. In addition to that, by default the model is informed with healthcare resource use and unit costs representative of the Dutch context. Also, the model currently does not provide a detailed overview of the various accumulated costs carried across providers, which may be relevant for countries with a multiple payer system. Overall, depending on country-specific contexts, some future users may have to perform more model adaptations, or have limited information available to inform necessary parameters.

A final limitation of this model is that there remains room for further model development and implementation of novel concepts in health economic modeling. Examples of such novel concepts are the use of the expected value of (partial) perfect information (EV(P)PI), the value of hope, the inclusion of a broader societal perspective (i.e., costs related to public health, criminal justice, education, housing, or the environment), or alternative quality of life measures such as the Capabilities Approach, which contrasts the use of utilities in mental health by focusing on an individual’s subjective wellbeing (76, 77). The use of EV(P)PI could, for example, provide insight in the expected costs of the decision uncertainty surrounding model input parameters, such as the transition probabilities. Outcomes of this analysis may identify if additional research is worthwhile, and what consequences could be when adopting the wrong treatment strategy (78, 79).




Conclusion

We presented TiBipoMod, a Markov model that is able to evaluate the long-term cost-effectiveness of pharmacological and non-pharmacological interventions in the treatment of adults with BD-I and BD-II from a healthcare and societal perspective. Overall, TiBipoMod aims to support researchers in adding conclusive knowledge to the limited health-economic evidence of treatments of BD in the clinical setting, supporting policy makers to make decisions considering the costs and effects of BD treatment. Moreover, TiBipoMod is freely available for academic purposes upon request from the authors. To support the development of this and other health-economic models for BD, future research should focus on increasing the availability of evidence to inform its parameters, and reduce related uncertainty for both BD-I and BD-II.
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Footnotes

1     As little differences are observed in the classification of bipolar disorder between the DSM-IV and V, studies using the DSM-IV to inform model parameters were also included.
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To provide full potential benefits to patients, behavioral health interventions often require comprehensive and systematic implementation efforts. The costs of these efforts should therefore be included when organizations decide to fund or adopt a new intervention. However, existing guidelines for conducting economic analyses like cost-effectiveness analyses and budget impact analyses are not well-suited to the complexity of the behavioral healthcare pathway and its many stakeholders. Stakeholder engagement, when used effectively with recent innovations in economic analysis, advance more equitable access to interventions for individuals living with behavioral health conditions. But early and ongoing stakeholder engagement has not yet been incorporated into best-practice guidelines for economic evaluation. We discuss our perspective, as researchers and clinicians in a large integrated health system, on how the integration of stakeholder engagement with existing economic analysis methods could improve decision-making about implementation of behavioral health interventions.
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Introduction

Treating behavioral health conditions is imperative. Mental health and substance disorders are the world’s leading cause of disability and fifth highest cause of death (1). Treatment is also expensive; treatment of major depressive disorder in the U.S. alone exceeds $300 billion annually (2). If a new efficacious intervention is introduced, how much benefit will it provide in improved function or reduced mortality? What will it cost to implement it with fidelity so that it is effective in practice? Is it affordable? Economic analyses aim to answer these kinds of questions. Like clinical trials, they are conducted with the goal of obtaining sufficient information to make a policy decision. These analyses are a standard method by which policymakers and payers decide if a new treatment should be available. However, existing pharmacologic-focused guidelines for conducting economic analyses do not easily extend to behavioral health interventions (2, 3) or their implementation (4).

While there are myriad challenges, many relate to the complexity of the behavioral healthcare pathway. Costs and benefits of behavioral health interventions are distributed unevenly and in meaningful ways to stakeholders beyond the payer and patient. When successful treatment depends on patients, their close contacts, and their clinicians, then decision makers are best served by analyses that incorporate these other perspectives. We believe that engaging all stakeholders increases the usefulness of economic analyses as a decision-making tool. We discuss our perspective on the challenges of applying economic analysis to behavioral health interventions, implementation thereof, and innovations in the field that may potentially improve equity in economic analyses.



Economic view of implementing behavioral health interventions

Implementing behavioral health interventions requires significant investment; trainings and manualized protocols for psychotherapies are not sufficient to ensure psychotherapies are used by clinicians (5). Other strategies are required to implement behavioral healthcare interventions, increase adoption by providers, and reach more patients. Such implementation strategies may include changing infrastructure (e.g., physical space alterations and re-organizing teams), increasing demand among patients through marketing, and engaging relevant personnel at multiple levels (e.g., leadership and frontline staff) (6). The economist sees a cost attached to not only new space or printed marketing materials, but the time spent training teams on new workflow and meetings to create buy-in.

When deciding to implement an intervention, economic analysis is one approach to inform organizational decision-making. In our work, economic analyses inform decisions about providing and funding behavioral health interventions in the US Department of Veterans Affairs (VA). Cost-effectiveness analyses have long been a feature of VA clinical trial research (7, 8); and research about implementation of new behavioral health interventions is incorporating these analyses too. VA’s Quality Enhancement Research Initiative now requires a budget impact analysis before implementing new interventions. We focus in this article on two methods we use most frequently as they most often meet needs of payers and decision makers: cost-effectiveness and budget impact analyses. Table 1 provides a brief overview of the two approaches. Other approaches (e.g., cost benefit analysis) also have applications to psychiatric care. Luyten et al. (9) provide an introduction and Knapp and Wong (10) provide a comprehensive review from a psychiatric perspective.


TABLE 1    Comparison of cost effectiveness and budget impact analysis.

[image: Table 1]

Cost-effectiveness analysis and budget impact analysis have different analytic goals but share some features. Cost-effectiveness analyses classically support decisions about whether an intervention should be made available to patients or to which patients it will be made available if there are heterogeneous treatment effects. Recently, they have examined the relative value of competing implementation strategy bundles to enhance uptake of behavioral health interventions (11, 12). By contrast, budget impact analyses support decisions about whether an intervention can be made available given the payer’s budget or under what conditions it would be possible to do so (e.g., patient copayment). The “payer” is typically an insurer or national health service. When evaluating implementations, the payer is more likely to be the adopting organization alone because a new intervention’s implementation is usually not directly reimbursable.

Care for behavioral health conditions is complex with many people involved in its delivery and use. An intervention incurs cost at each stage of the behavioral healthcare pathway. Some costs are easily identifiable (e.g., amount an insurer pays for a counseling session). But others are more complex. An office visit minimally involves scheduling clerks, screening technicians, and provider teams; inpatient and emergent care requires an even more diverse mix of staff and material resources. The immediate cost of time, measured by each staff member’s wage and fringe benefit rate, and other operating expenses is borne by the organization providing care. Ideally, insurer payments are sufficient to compensate for these costs. Less common “costs” to providers are more qualitative in nature (e.g., managing higher severity conditions). Receiving care also requires time from patients and, in the case of conditions involving diminished capacity (e.g., severe posttraumatic stress disorder), their caregivers.

Finally, there are costs associated with the condition the intervention seeks to ameliorate. For payers, these costs are incurred because of disease complications (e.g., psychiatric hospitalization). For providers, cost may be increased time for patient disease management and care coordination or the added stress of caring for a patient in crisis. The greatest costs though tend to be borne by patients (e.g., lost wages when unable to work) and their informal caregivers (e.g., spouse’s uncompensated time). Condition-related costs also include reduced quality of life for patients and, in the case of severe conditions (e.g., schizophrenia), for their families and close contacts. Some conditions reach even further into society (e.g., through cost of supportive housing).

Weighed against costs are the tangible and intangible benefits of treatment to patients, their families, close contacts, and the societies in which they live (e.g., improved health, jobs retained, and relationships stabilized). Providers benefit from seeing patient improvements and from implementation of interventions that improve workflow and reduce stress. Healthcare organizations benefit when implementation strategies are selected for cost-effectiveness and increased confidence in decisions. Payers benefit by avoiding the cost of disease complications.

The approach to measuring costs and benefits differs based on analytic goals. Cost-effectiveness analysis quantifies the benefit as a relative gain in some measure of health improvement (e.g., hospitalizations avoided) compared to the cost to health system or society. When benefits are measured in years added to a patient’s life and weighted for the quality of life experienced in those additional years, i.e., quality-adjusted life years (QALYs), analyses may be called cost-utility analyses. Following others (13), we include analyses with benefits measured in QALYs in our use of “cost-effectiveness analysis.” By contrast, budget impact analysis includes only cost incurred by the payer; benefits enter only if the payer avoids a cost. The two analyses differ in the time frame over which the measurement occurs as well. Cost-effectiveness analyses tend to be long-run projections while budget impact analyses are usually confined to a 1-to-5-year period based on the payer’s budgetary planning cycle.

Regardless of method, the analytic team makes choices about what costs and benefits are relevant to the decision and how to measure them (e.g., where the data comes from, how detailed it should be, over what period it is gathered). These choices rely on assumptions about importance and magnitude. The assumptions set and calculations it leads to are referred to as the economic model structure. For both cost-effectiveness and budget impact analyses, the degree of uncertainty about costs and benefits increases the farther into the future projections occur. When this uncertainty is due to decisions about the assumptions themselves, it is called structural uncertainty.



Challenges analyzing behavioral health interventions and their implementation

The complexity of behavioral healthcare makes fundamental decisions that determine model structure particularly challenging. Challenges begin with defining which patients should be considered “treated” and what the intervention costs. Behavioral interventions like psychotherapy are tailored to patient needs; completion of treatment and likelihood of obtaining full benefits varies by patient. The amount of time, and thus labor, also depends on individual patient needs. Labor costs vary by provider type, geographic region, and other local factors. This contrasts with pharmaceuticals, which generally have a common “list price” from the payer’s perspective.

Further, while efficacy and patient adherence to treatment mostly determine outcomes from pharmaceutical treatment, effectiveness of behavioral health interventions also depends on clinician fidelity. Measures of fidelity are sometimes gathered in the context of a trial but rarely collected otherwise. At the clinic or organizational level, proper implementation is necessary to ensure fidelity and thus patient improvements. The cost of the implementation effort is thus relevant to the payer but the implementation strategies, like the intervention itself, lack a list price (4, 14). Implementation cost data may be collected during a trial using existing methods (15) but they likely overstate cost in practice when cost per patient declines as each clinician treats more patients and as caseloads increase beyond typical trial size (3).

Another complication is the relative heterogeneity of the “usual care” comparator across geographic regions, healthcare systems, and individual providers. Standard treatment of some behavioral health conditions has been codified. But for many, a variety factors contribute to what is considered usual care, such as duration of sessions in scheduling grids, match between patient severity and available services, or local norms regarding therapeutic orientation.

In cost-effectiveness analysis, these challenges are compounded when determining relevant costs and benefits. Recommendations are clear that an enhanced health-system perspective, and ideally a societal perspective, should provide the reference case (13). When non-health system costs and benefits are high, the choice between the health system and societal perspective can alter the conclusion about whether an intervention is cost-effective (16, 17). Regardless, it is common for analyses to omit costs and benefits that are time consuming to gather or that researchers do not conceptualize as relevant (17). Yet, many behavioral health interventions result in substantial non-health system costs (e.g., caregiver time) and benefits (e.g., opioid use disorder therapy reducing criminal justice involvement) (3, 10). Behavioral health interventions are subject to substantial uncompensated patient time costs (3), such as time spent integrating practices learned in psychotherapy into daily life. Neglecting these costs could skew the estimated cost-effectiveness if they ultimately change behavior of non-payer participants in the behavioral healthcare pathway.

Budget impact analysis confronts a similar challenge, even though defining costs from the payer perspective seems straightforward (18). The payer perspective may oversimplify how organizational change occurs, particularly for implementation of new behavioral health interventions with multiple intra-organization budget holders and stakeholders who incur disproportional costs (e.g., an integrated health system implements emergency department-based suicide screening that refers more patients to specialty mental health). Additionally, outside of integrated systems, budget impact analyses conducted from an insurer’s perspective omit implementation costs incurred by providers (e.g., time spent training for required credentials) unless these costs are reimbursed.

Striking the right balance of detail for all stakeholders is critical. If the analytic team spends time gathering data on costs that ultimately have little effect on the conclusion, the timeliness of the analysis to the decision maker is reduced.



Discussion

Understanding needs of decision-makers and matching these to the knowledge of other stakeholders ensures the analysis provides useful information. Importantly, our operational and clinical partners often have concerns beyond cost, including health equity, when considering implementing an intervention. Understanding their concerns and successfully using other stakeholders’ knowledge requires early and frequent engagement. Stakeholder engagement spans the continuum of intensity from unidirectional consultations (least intensive) to potentially co-produced evaluations (most intensive) (19).

As applied to economic analysis, stakeholder engagement can help specify relevant analytic goals. Applying principles of community-based participatory research (20) and implementation science (21) to engage those most affected by the decision being made may also make economic analyses more equitable. Stakeholder engagement can also help determine and refine the economic model structure when faced with the complexities of behavioral healthcare. Although economic analyses are increasingly acknowledging a role for stakeholder engagement, best-practice guidelines have not yet incorporated advice for when or how to do so.


Specifying analytic goals

Identifying and communicating with relevant stakeholders is essential for economic analyses. An analysis that omits key components needed for the decision leaves decision makers no better informed, and possibly worse, if the wrong conclusion is presented. While cost is a necessary consideration for budget holders, it may need to be weighed against other stakeholder-identified factors. If so, stakeholders can be involved when developing an economic analysis plan to specify goals. Despite its promise, this practice is not widely adopted (22) and has mostly involved pharmaceutical manufacturers requesting input from regulatory agencies (23).

More recently, implementation scientists are focusing on cost as a factor that enables or hinders uptake of an intervention and the value of cost information to decision-makers (4, 24, 25). What staff and providers stand to gain from offering or improving behavioral health interventions depends on their context (e.g., funding structures, existing capacity for quality improvement). Depending on their role, they may incur substantially different costs as well, which can influence the rapidity of the new intervention’s diffusion in practice. Knowing such information in advance may help anticipate reluctance to engage during implementation.



Scoping and measuring costs and benefits with stakeholder engagement

Decision makers and other stakeholders exist all along the behavioral healthcare pathway. It is essential to ensure that senior leadership and core staff involved in quality improvement at the organization are involved in scoping and measuring cost and benefits (21, 26). This improves decision maker confidence and minimizes the risk that the model structure relies on poor assumptions about costs and benefits (22). For example, when conducting a budget impact analysis, stakeholders within an organization can rely on institutional knowledge to highlight areas where structural uncertainty may exist, particularly in later years. Consider the case of rapid organic practice change. If a new behavioral intervention is being introduced when “usual care” patterns are already shifting, frontline staff will be best positioned to know this. Economists can then incorporate this knowledge with alternate scenarios to present more useful information.

As a technical matter, stakeholder engagement can reduce the analytic burden and ensure primary data collection efforts are focused where the value of information is highest. For example, in the absence of a standard list price for a behavioral health intervention, clinicians can identify the current local standard of practice and which components of usual care are most relevant. Clinical leadership can clarify which strategies and processes are required for implementation and how long it takes an organization to move from planning to offering a new intervention to patients. It is possible to quantify the value of additional information through a formal value of information analysis (27). Such analyses have become more common when conducting cost-effectiveness analyses.

Early and ongoing stakeholder engagement with those who will bear cost or stand to benefit from an intervention during implementation also helps identify if multiple perspectives are needed when scoping and measuring costs and benefits (25, 28, 29). Incorporating other stakeholder perspectives on costs and benefits offers insights to behaviors like treatment engagement, adherence, and clinician adoption of and fidelity to interventions. This may mean incorporating measures of departmental level cost within the organization to determine if cost is being shifted. Or, to the extent that provider-assessed value influences adoption of promising new interventions, it may mean adding non-cost outcome measures salient to providers (e.g., patient gains and reduced caseload). Because the benefits and costs do not always accrue to the same stakeholders, conflicts may arise. Many approaches to resolving such conflicts have been proposed (30–32) and their application to stakeholder engagement in economic analyses should be explored in future work.



Equity in economic analyses of behavioral health interventions

We use the term “health equity” broadly, referring to a range of ethical concerns from opportunity to achieve full health to respect for individual autonomy (33). As a US federal agency, VA must now incorporate equity into its program evaluations (34). As more program evaluations incorporate an economic component, equity concerns and economic analyses are increasingly intersecting. Fortunately, several innovations in economic analysis methods, along with insights from other fields, support addressing these concerns.

Evaluators can incorporate equity into the economic analysis process as early as goal specification. For example, decision-makers may request having patient financial costs included alongside a traditional budget impact analysis if they want to identify which of similar interventions is the least burdensome to patients. The emerging field of distributional cost-effectiveness analysis provides a framework for explicitly considering questions about how an intervention changes the distribution of health, health service access, cost, and protection from financial risk (35). Approaches borrowed from other fields, such as community-based participatory research, further increase equitable practices when those affected by the decision are given a greater voice in how it is framed.

Scoping costs and benefits is another potential point of intersection between economic analysis and equity. Economists necessarily specify the initial model structure; their choices about what costs and benefits are important will be shaped by their lived experience. However, stakeholders along the full continuum of the behavioral healthcare pathway may prioritize costs and benefits differently from those scoped into economic analyses with the standard decision-maker perspective. Patients likely have different perceptions of value (36), especially those like individuals living with serious mental illness who experience marginalization or are part of minoritized populations. Teams can engage in reflexivity practices throughout the process by explicitly considering differences in perceived value to enhance a focus on ethical, equitable use of economic evaluation (37, 38). Frequent interaction should be continued until the economic analysis is complete, with the team asking questions, sharing updates, and listening to and incorporating stakeholder feedback (26).

Once the scope is determined, equity can also inform decisions about processes for measuring costs and benefits. For example, many US federal agencies prohibit the use of cost-per-QALY measures to make decisions about whether an intervention will be available to patients, though some permit comparisons to choose between treatments for the same cohort of patients (39). The primary factor leading to US restrictions on QALYs was concern about discriminatory effects for people with chronic health conditions (39). Adopting more sensitive measures of health status change and better assessment of the value of that change could mitigate potential discrimination. Organizations, like VA, that conduct trials and have access to large populations of patients with behavioral health conditions are ideally positioned to further develop instruments that capture changes in quality of life salient to individuals with behavioral health conditions (40–42) and explore how decisions change when of using quality of life valuations from those with experience of a behavioral health condition instead of standard societal valuations (43). Research should also explore the result of incorporating spillover quality of life effects in analyses of behavioral health interventions and their implementation (44).

Economic analysis and equity also intersect when the decision is made to implement an intervention. Distributional cost-effectiveness analysis provides economists with a framework for ensuring decision-makers have sufficient information to balance total health and equity tradeoffs. Another approach is the individualized comparative effectiveness framework that focuses on the relative benefit of different interventions for subgroups of patients (45). This information can be used by clinicians, patients, and caregivers to assume a greater role in the decision-making process.

As an example of where these principles apply, consider integration of mental health services into primary care, which reduces depression symptoms in patients and costly utilization (46, 47). A traditional economic analysis may be a cost-effectiveness analysis for policymakers considering endorsing the change or budget impact analysis for clinic owners. An equitable analysis would identify any pre-existing inequities that may be exacerbated. For example, decision-makers may want to know if the intervention disproportionately benefits patients who already have good access to primary care services. To be relevant to patients, the analysis also may include multifaceted “success” metrics that address symptom reduction and quality of life. Finally, integration may affect job satisfaction and burnout for primary care clinicians (48). Implementation scientists could use the results of such an analysis to design approaches to mitigate clinician burnout effects.
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Background: The extraordinarily high prevalence of treatment-resistant depression (TRD), coupled with its high economic burden to both healthcare systems and society, underscore how critical it is that resources are managed optimally to address the significant challenge it presents.

Objective: To review the literature on economic evaluation in TRD systematically, with the aim of informing future studies by identifying key challenges specific to the area, and highlighting good practices.

Methods: A systematic literature search across seven electronic databases was conducted to identify both within-trial and model-based economic evaluations in TRD. Quality of reporting and study design was assessed using the Consensus Health Economic Criteria (CHEC). A narrative synthesis was conducted.

Results: We identified 31 evaluations, including 11 conducted alongside a clinical trial and 20 model-based evaluations. There was considerable heterogeneity in the definition of treatment-resistant depression, although with a trend for more recent studies to use a definition of inadequate response to two or more antidepressive treatments. A broad range of interventions were considered, including non-pharmacological neuromodulation, pharmacological, psychological, and service-level interventions. Study quality as assessed by CHEC was generally high. Frequently poorly reported items related to discussion of ethical and distributional issues, and model validation. Most evaluations considered comparable core clinical outcomes – encompassing remission, response, and relapse. There was good agreement on the definitions and thresholds for these outcomes, and a relatively small pool of outcome measures were used. Resource criteria used to inform the estimation of direct costs, were reasonably uniform. Predominantly, however, there was a high level of heterogeneity in terms of evaluation design and sophistication, quality of evidence used (particularly health state utility data), time horizon, population considered, and cost perspective.

Conclusion: Economic evidence for interventions in TRD is underdeveloped, particularly so for service-level interventions. Where evidence does exist, it is hampered by inconsistency in study design, methodological quality, and availability of high quality long-term outcomes evidence. This review identifies a number of key considerations and challenges for the design of future economic evaluations. Recommendations for research and suggestions for good practice are made.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=259848&VersionID=1542096, identifier CRD42021259848.
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1. Introduction

Major depressive disorder (MDD) affects approximately 5% of the global population and continues to be a major contributor to the overall global burden of disease (1). There is strong evidence that the prevalence of MDD is increasing (2), with the COVID-19 pandemic driving prevalence rates yet higher. Response to the global health crisis and strategies used to prevent the spread of the virus, constructed an environment whereby factors contributing to MDD onset and reoccurrence were exacerbated; contributing to a 28% rise in global prevalence rates (3). Since many of these factors persist (including, but not restricted to: constrained healthcare resources; widened socioeconomic inequality; social isolation; neuropsychiatric sequelae), this trend is not expected to retreat in the near-term (4, 5).

Response to treatment of MDD varies, with many patients requiring more than one treatment step (6). A third of patients do not report improved symptoms despite multiple interventions, resulting in a persistent form of depression commonly described as “treatment-resistant depression” (TRD) (7). Defining TRD is problematic, since failure to respond to treatment “exists on a continuum” (8). A recent review found that while the most widely used definition for TRD was a failure to respond to two or more treatments at an adequate dose and duration, only 19% of recent interventional TRD studies were consistent with that definition (9).

Reflecting this heterogeneity in classification of TRD (10), and indeed in the patient population (11), no single treatment pathway exists, although a stepped-care approach is recommended. Such a model aims to address scarce treatment resources by ensuring that the most effective, least restrictive treatments (in terms of both healthcare resources, and patient convenience), are delivered first, with patients “stepped up” to more intensive treatments as needed (12). Recent UK National Institute for Health and Care Excellence (NICE) guidelines (13) advocate starting treatment for moderate to severe MDD with psychological interventions, such as cognitive–behavioural therapy (CBT), combined with an antidepressant. Where symptoms persist after 4–6 weeks, additional treatments and referral to secondary/specialist mental health services should be considered. Further treatments may include increasing the antidepressant dose, switching to another antidepressant medication of the same or different class, switching to another psychological therapy, adding a second-generation antipsychotic or lithium, or augmenting with electroconvulsive therapy (ECT), lamotrigine, or triiodothyronine. Other treatment options include repetitive transcranial magnetic stimulation (rTMS) and implanted vagus nerve stimulation.

Despite this diverse armamentarium, there remains a high unmet need for new and cost-effective interventions (14, 15). Unfortunately, the condition is highly recurrent—80% of TRD patients experience relapse within a year of remission and the probability of sustained remission over 10 years is just 40% (16). A well-established body of evidence has demonstrated that increasing treatment resistance is associated with poorer health-related quality of life (HRQoL) (8), increased direct medical costs (8, 17, 18), and indirect costs to society attributed to impairments in work productivity and activity (15, 19), and social care demands (20).

Against a background of increasingly constrained healthcare budgets, it is important that decision makers consider not only clinical effectiveness, but the economic evidence for interventions, in order to identify and prioritize those that make the best use of available resources (21). Previous systematic reviews of economic evaluations of interventions for MDD have reported considerable uncertainty in their findings due to inconsistent methodological quality and results (22), and highlighted a lack of evidence and good quality data in TRD (23, 24). Johnston et al. (8) reviewed the literature on the economic burden of TRD, and found significant methodological and population disparities, highlighting heterogeneity in defining TRD, the outcomes measured, and the health state utility values reported.

The aim of this review is to appraise the existing evidence and methods used in economic evaluations of interventions for TRD, and to make best-practice recommendations to inform the development of future evaluations. Promoting consistency in evaluation methodology will improve confidence when making resource allocation decisions, and increase the likelihood that promising interventions receive appropriate funding or support.



2. Concepts in health economic evaluation


2.1. Type of economic evaluation

A “full” health economic evaluation compares both the costs and the consequences of alternative courses of actions (25). The output of the evaluation is (typically) an incremental cost-effectiveness ratio (ICER) (26). Depending on the outcome measure used, economic evaluations may be classified as: cost-effectiveness analyses (CEA), when a clinical outcome measure is used; cost benefit analyses (CBA), when outcomes are valued in monetary terms; cost utility analysis (CUA), when health outcomes are valued as health state utilities to derive quality adjusted life years; cost consequence analysis (CCA), where multiple outcomes not easily summarized in a single summary measure are presented in a disaggregated format; and cost minimisation analysis (CMA), which assumes that the outcomes from the alternatives under consideration are equivalent (27).



2.2. Health state utilities

Health state utilities are used to represent the “value” of different health states, based on a surveyed population’s strength preferences for those health states. Utilities are conventionally scaled between 0 and 1, with 1 representing the value of perfect health and 0 representing the valuation of death (28). Some systems allow a negative utility value, whereby very poor health states may be valued as less preferable than death. When measured over time, utilities may be used to derive the quality adjusted life years (QALYs) associated with living in a particular health state (29).



2.3. Perspective

The perspective of the evaluation refers to the breadth of costs and benefits that are to be considered in the evaluation. Most commonly, the perspective of the healthcare provider or payer is adopted; at the broadest, a “societal” perspective reflects a comprehensive range of social opportunity costs associated with the alternatives under consideration (30). Where significant opportunity costs exist outside the healthcare system, for example in public health interventions, a broad perspective is advised, and there is growing support for such a broad perspective to be used in mental health economic evaluation (21). The 2016 Second Panel on Cost Effectiveness in Health and Medicine recommends analysts adopt a comprehensive approach, reporting separately both healthcare sector and societal perspectives (31). The Panel further recommends the societal perspective report costs and consequences in a comprehensive “impact inventory,” and where possible, that non-health consequences are quantified and valued (31). While methodological guidance on choice of perspective varies by jurisdiction, it is generally agreed that the choice should be explicitly stated and determined by the study sponsor (and any stakeholders identified by the sponsor) (32).



2.4. Time horizon

The time horizon refers to the period over which the costs and benefits of the evaluation are captured. Choice of time horizon is influenced by the nature of the condition and intervention under evaluation, and the framework and purpose of the analysis. Ideally, the time horizon for economic evaluations should be sufficiently long to capture relevant differences in costs and outcomes between the comparators; for many interventions, this requires a lifetime horizon (33, 34). Where extrapolated data are used, this is likely to require the analyst to make assumptions about the continued efficacy of the interventions (35).



2.5. Study design

Economic evaluations of health care interventions typically follow one of two study designs: “within-trial” evaluations, where the costs and benefits of alternative courses of action are collected alongside clinical data in interventional clinical studies; and those that use decision analytic models.


2.5.1. Within trial designs

Within-trial evaluations have the advantage that the costs and consequences of the interventions under investigation are measured directly, but are constrained by the follow-up period, frequently precluding assessment of long-term cost effectiveness (36). Extrapolation may be possible using survival analysis models, though this approach requires related long-term data on costs, benefits and complications of the interventions (37).

Sample size and power estimates for trials are most commonly based on the primary clinical outcome. Owing to the tendency of cost variables to have much greater variance than clinical outcomes, trial-based economic evaluations are often underpowered to detect statistically significant differences in cost (38). Accordingly, health economic evaluations assess the probability of cost effectiveness against a certain threshold of willingness-to-pay (WTP), rather than employing statistical hypothesis tests concerning cost effectiveness (37). Typically, probability of cost-effectiveness is assessed against a range of WTP values, and is represented in a cost effectiveness acceptability curve, representing from the joint distribution of incremental costs and effects (37, 39). Most commonly, this distribution is estimated using non-parametric bootstrapping to address sampling uncertainty (39).

Best practice guidelines encourage the use of robust methods to address missing data, since exclusion of cases with missing or censored data may introduce bias (33). While several approaches may be adopted for handling missing data, (including complete case analysis, single imputation and inverse probability weighting), the use of multiple imputation models are usually recommended (40), although this approach may be contested when evaluating data with a high degree of missingness (41).

Combining methods for addressing sampling uncertainty and those for addressing missing data, however, is non-trivial and presents challenges both practical challenges (e.g., computational intensivity), and statistical challenges (e.g., the artificial reduction of sampling uncertainty through imputation) (33, 42). There is a need for further research in this area, as currently no consensus exists for best practice approaches (41).



2.5.2. Decision analytic model designs

Decision analytic models may be used to extrapolate the findings of clinical trial over a longer “time horizon,” or to a different population, or may be used to compare interventions for which no head-to-head trials have yet been conducted. Economic models are mathematical abstractions of the real world: analysts will work with subject-matter experts to conceptualize a specific structure, the contingent assumptions, and required input parameters (43). The models describe the probability of specific outcomes following an intervention, with the costs and benefits of each outcome having an associated value. The expected value of that intervention is expressed as the sum of values for each outcome, weighted by the probability of the outcome (43).

Three approaches are commonly used in decision analytic economic evaluation models. The decision tree is a simple but widely used approach used to evaluate short-term prognoses, represented by a series of pathways (44). Markov cohort models may be used to evaluate outcomes over a lifetime horizon, and typically model a homogeneous population transitioning through a series of “health states.” Transitions are modeled in a series of cycles (of a length defined by the analyst); a key property (and frequently a problematic assumption) of Markov models is that no “memory” of the events of previous cycles is retained through each transition (45). Individual-level microsimulation models, which may take the same form as a Markov model, facilitate modeling of a heterogeneous population, and the impact of past events (e.g., number of treatment failures, or adverse events), on prognosis (46).

Analogous to bootstrapping in within-trial evaluations, parametric methods (e.g., Monte Carlo simulation), are recommended to generate sampling distributions of joint mean cost and efficacy estimates (47).





3. Methods

This systematic review follows guidance provided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) group (48). The study protocol was registered with the International Prospective Register of Systematic Reviews (PROSPERO; registration CRD42021259848).


3.1. Eligibility criteria

Predefined inclusion criteria, defined by the Population, Intervention, Comparator, Outcome, Study type (PICOS) framework (Table 1) were used to determine study selection. Evaluations were included if the author defined the population as “persistent/treatment-resistant/treatment-refractory depression,” within adult populations (i.e., individuals aged at least 18 years). Any intervention, across all treatment settings (primary, secondary, and/or community care), relating to the treatment or management of TRD were eligible. Evaluations were excluded if there was no comparator, where comparators could include placebo, an alternative to standard treatment, or treatment as usual.


TABLE 1    Review inclusion criteria.
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Evaluation types included any “full” economic evaluation that considered incremental changes across both costs and consequences (CUA, CEA, CBA, CMA, and CCA).

Included evaluations were required to be full-length, peer-reviewed interventional, observational, or modeling reports in journal or Health Technology Authority (HTA) publications in the English language. No date restrictions were imposed. Additionally, bibliographies of systematic reviews were examined to identify further potentially relevant evaluations; however, such reviews themselves were excluded.



3.2. Information sources and search strategy

Searches across seven electronic databases (MEDLINE; Embase; Cochrane Database of Systematic Reviews; NHS Economic Evaluation Database; Health Technology Assessment database; CINAHL; and PsycINFO) were conducted from inception to 19th May 2021. Searches used two primary concepts (population AND study type), described by Medical Subject Heading (MeSH) and free text search terms. Search terms were refined using Boolean, truncation and adjacency operators. Full search strategies are available in Supplementary Table 1.



3.3. Study selection

Records identified in the search strategy were uploaded to the Rayyan platform,1 for de-duplication and screening. All papers were examined against the PICOS inclusion and exclusion criteria independently by two reviewers (RC and LH) in a two-stage process; title and abstract followed by full-text screening. Reviewers discussed conflicts after each phase and a consensus was reached.



3.4. Data extraction and quality assessment

Key study information was extracted using a pre-defined spreadsheet in Microsoft Excel. Two reviewers (RC and LH) conducted data extraction with a 30% overlap in evaluations. Level of agreement between the overlapping extractions were compared and discussed. Disagreements regarding the content of the extraction fields were resolved through discussion. Data extraction fields included: evaluation details (publication type, setting, objectives); population; general evaluation characteristics (type of intervention and controls, perspective, type of evaluation used, study design, time horizon and reference year); resource use and costs (type of category and costs, data source, and methods used to calculate costs); outcomes (primary clinical outcomes, other clinical outcomes, economic outcomes, and data source for outcomes); economic evaluation results (incremental costs and effects, summary measure of benefits, cost effectiveness results, analyses of uncertainty, and author’s conclusions); and model-based evaluation characteristics (model type, model structure and assumptions, rationale for model type and structure, consideration of population heterogeneity).

The Consensus on Health Economic Criteria (CHEC) was used for quality-of-reporting assessment (49). The 19-item CHEC is recommended for systematic reviews that incorporate both trial-based and model-based economic evaluations (50). Additional items related to model conceptualization were included in the assessment: rationale for model type; rationale for model structure; whether sufficient information was provided to reproduce the model. These items have not been validated, but were informed by items within the “Phillips checklist” for decision analytic models (51).



3.5. Analysis

Evaluation characteristics, design, key cost and outcome parameters, and results were synthesized in summary tables and a narrative synthesis approach was used to describe common features and key differences amongst identified economic evaluations.




4. Results


4.1. Search results and evaluation selection

The evaluation selection process is summarized in Figure 1. A total of 539 records were identified through the literature searches, and one more was found through screening reference lists (52). After removing 85 duplicates, 400 records clearly failed to meet the inclusion criteria, or met at least one exclusion criterion, leaving 52 for full-text screening. Of these, 31 satisfied the inclusion criteria and were selected for review (52–82).
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FIGURE 1
PRISMA flow diagram of study identification, adapted from (48).




4.2. Summary of included evaluations

Key characteristics of the included economic evaluations are provided in Tables 2A–D. The interventions considered are categorized into four groups:


TABLE 2A    Characteristics of economic evaluations of non-pharmacological neuromodulation interventions.
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TABLE 2B    Characteristics of economic evaluations of pharmacological interventions.
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TABLE 2C    Characteristics of economic evaluations of psychological interventions.
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TABLE 2D    Characteristics of economic evaluations of service-level interventions.
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(a) Non-pharmacological neuromodulation (hereafter referred to as “neuromodulation”), n = 14:


1.Repetitive transcranial magnetic stimulation (rTMS) versus Electroconvulsive therapy (ECT), n = 10.

2.ECT versus treatment as usual (TAU), n = 2.

3.rTMS versus TAU, n = 2.



(b) Pharmacological agents n = 9:


1.Adjunctive esketamine versus TAU or placebo and TAU, n = 3.

2.Adjunctive atypical antipsychotics versus lithium or hypothetical monotherapy, n = 2.

3.Mirtazapine versus TAU, n = 1.

4.Multiple alternative antidepressant therapies, n = 3.



(c) Psychological therapies n = 6:


1.Cognitive-behavioral therapy (CBT]) versus TAU, n = 3.

2.Radically open dialectical behavior therapy [RO-DBT] versus TAU, n = 2.

3.Intensive short-term dynamic psychotherapy [ISTDP] versus TAU, n = 1.



(d) Service-level interventions versus TAU, n = 2:

The 31 evaluations, relate to 29 unique studies, with multiple economic evaluations included for two studies: a trial comparing the cost effectiveness of rTMS and ECT; (58, 69) and a trial of CBT as an adjunct to pharmacotherapy (73, 82). Of the 31 evaluations included, 11 were trial-based (predominantly psychological [n = 6], or service-level [n = 2] interventions), and 20 were model-based (predominantly non-pharmacological neuromodulation [n = 12] or pharmacological [n = 8] interventions). Twenty-four of the evaluations adopted a cost-utility analysis (CUA) as their primary analytical approach, six used cost-effectiveness analysis (CEA), and one adopted a cost-consequence analysis (CCA) as the primary method of evaluation. Six evaluations used multiple analytical approaches. The median time horizon was 1 year, eight evaluations used a time horizon of less than a year, and only two evaluations considered a lifetime horizon. The primary analysis for most evaluations (n = 28) considered costs from a healthcare provider perspective, three evaluations considered a (partial) societal perspective, and seven presented both societal and healthcare provider perspectives. The evaluations came almost exclusively from high income countries (UK [n = 11]; US [n = 10]; Canada [n = 5]; Australia [n = 2]; Singapore [n = 1]; Spain [n = 1]), with a single evaluation from Iran) (57).



4.3. Quality of reporting assessment

Quality of reporting of the evaluations was predominantly high; the range of fulfilled CHEC criteria across the evaluations fell between 47 and 100%, with an average of 83% of criteria fulfilled. Five evaluations met all criteria from the CHEC-list, and only two evaluations fulfilled fewer than 60% of the criteria (57, 61). The lowest-scoring items from the checklist were: discussion of ethical and distributional issues (45% of evaluations); reporting of structural assumptions and validation methods of models (55% of relevant evaluations); consideration of the generalizability of the results (61% of evaluations). Additional items used to evaluate reporting of conceptualization of model-based evaluations were less well reported: only 15% provided a rationale for choice of model type, and 55% provided a rationale for the model structure. Results of the quality assessment are presented in Supplementary Table 2.



4.4. TRD population

There was variation in patient populations considered by the included evaluations, reflecting a lack of consensus on the definition of TRD (83). Most commonly, treatment resistance was defined as a failure to achieve an adequate response to antidepressive treatment (n = 24), with half of these specifying a requirement for failure of at least two lines of therapy. Three evaluations used a definition based on the number of previous episodes, or duration of the current episode, and four evaluations did not clearly define treatment-resistant depression or the studied population. At baseline, the populations considered were typically severely depressed, however, severity was not well defined in most model-based studies and had to be intuited from the utility values reported.



4.5. Effects


4.5.1. Clinical outcomes

Trial-based evaluations tended to use either response (n = 4) or change in depressive symptoms (n = 5) as their primary clinical outcome, with only one evaluation using remission (in addition to change in depressive symptoms). Other outcomes included relapse (n = 2), and depression-free days. Model-based evaluations tended to include both response and remission (n = 13), with five evaluations modeling remission only, one evaluation modeling response, and one modeling change in depressive symptoms.

In trial-based evaluations, the most common outcome measure was the Hamilton Depression Rating Scale (HAM-D, n = 6), followed by the Beck Depression Inventory II (BDI-II, n = 3). Other measures included the Montgomery–Åsberg Depression Rating Scale (MADRS, n = 1), Symptom Checklist–90 (SCL-90, n = 1), Beck Depression Inventory (BDI, n = 1), and the Global Assessment of Functioning scale (GAF, n = 1). Model-based evaluations typically synthesized outcomes from multiple sources, where outcomes may have been measured using several scales, though most frequently mentioned scales included the MADRS (n = 10) and the HAM-D (n = 9).

Response was typically defined as an improvement of ≥50% from baseline against the scales used, however, there was some variation in the scores used to define remission (HAM-D: <7 [n = 1]; ≤7 [n = 6]; ≤8 [n = 3]; MADRS:≤10 [n = 7]; <12 [n = 1]; ≤12 [n = 2]). In doing so, most evaluations diverged from broadly accepted cut-offs for defining remission: ≤7 for HAM-D (84), and <10 for MADRS (85, 86).



4.5.2. Health economic outcomes

All CUA evaluations used quality-adjusted life years (QALYs) as the primary economic outcome measure. Of these, for most (n = 20), utility values underpinning QALY estimates were derived from the EuroQol 5-Dimension 3-Level Health Scale (EQ-5D-3L), the most widely recommended measure of health-related quality of life by HTA authorities globally (87). Other measures included the EuroQol 5-Dimension 5-Level Health Scale (EQ-5D-5L, n = 1) (88), the Short-Form Six-Dimension health index (SF-6D, n = 4) (73, 89), McSad (n = 2) (90), Health Utilities Index 3 (HUI3, n = 1) (91), and a vignette-based valuation of various levels of severity of MDD (n = 4) (92).

Of the nine evaluations that used a CEA approach (including four as secondary analyses), the most common economic outcome measures were cost per unit change in depression scale rating (n = 4), and cost per remitter (n = 3). Alternative outcomes included cost per relapse prevented (78), and cost per depression-free day (80).

The single CCA evaluation used maintenance of response and maintenance of relapse as outcome measures (72). All clinical and health economic outcome measures used are summarized in Supplementary Table 3.




4.6. Resource use and cost data

Generally, costs were well reported, although several evaluations only reported costs at an aggregate level (53, 57, 60, 61, 64, 65). Trial-based evaluations primarily used self-report questionnaires to collect resource use data (n = 8), but also relied on registry or hospital chart data (n = 4), and claims databases (n = 2). Most model-based evaluations drew data from the literature (n = 10), claims databases (n = 6), or registry or hospital chart data (n = 5).

Direct costs reported for all evaluations included treatment costs, with most also including outpatient (n = 27) and inpatient costs (n = 26); only three evaluations explicitly included costs for adverse events (AEs). Reported detail concerning assumptions and methods for estimating attribution of capital equipment costs for neuromodulation interventions varied considerably. Indirect costs were considered by the ten evaluations that considered a broader cost perspective, but the scope of items collected varied considerably. Most (n = 9) considered productivity (in most cases measuring only absenteeism, although one also measured presenteeism) (76) others additionally considered out-of-pocket payments (n = 4), informal care (n = 4), formal societal or community care (n = 3), or transport (n = 3), but no two evaluations included the same set of indirect cost measures.



4.7. Modeling approaches and scope

The details of the 20 models appraised are given in Tables 3A, B. Six evaluations used a decision tree approach, the majority of which (n = 5) were evaluations of non-pharmacological neuromodulation interventions, while the sixth compared novel selective serotonin reuptake inhibitors (SSRIs)/serotonin and norepinephrine reuptake inhibitors (SNRIs) and generic SSRIs (61). In keeping with the associated restrictions of this analytical approach, all used a short time horizon, typically 6 months or less. The decision trees largely followed a similar structure, modeling three possible outcomes: remission, response (with no remission), and non-response. A representation of the generic decision tree structure is shown in Figure 2.


TABLE 3A    Model characteristics for economic evaluations of non-pharmacological neuromodulation.
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TABLE 3B    Model characteristics for economic evaluations of pharmacological interventions.
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FIGURE 2
Generic decision tree structure for economic evaluations in TRD.


There were several notable variations from this structure. Both Kozel et al. (60) and Ghiasvand et al. (57) assumed that any response equated to full remission. This is a significant limitation as it does not allow for partial improvements in symptoms, and thereby is likely to overestimate the benefits of interventions.

Kozel’s model also allowed for relapse. The model described by Malone et al. (61) compared the costs and consequences of various pharmaceutical treatment regimens, and augmented this generic structure with further steps that considered adverse events (AEs), and treatment changes. While four of the six evaluations described the conceptualization of the model structure, none described the rationale for selecting a decision tree approach, and only half described any structural assumptions or indicated that any validation assessment was undertaken.

Twelve evaluations used Markov cohort models, and three extended this approach with more sophisticated Markov microsimulation models (all for neuromodulation interventions). A key characteristic of this extension is that it enables the tracking of individual patient characteristics or event history through the model. Most Markov models had a minimum horizon of 12 months, but only two had a lifetime horizon (53, 56). A similar “base” generic structure, shown in shown in Figure 3, was used across the majority of models, with three key “health states”: remission, response, and relapse (and/or non-response).
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FIGURE 3
Generic Markov model structure for economic evaluations in TRD. Patients solid lines indicate pathways that are common amongst the majority of models; dashed lines indicate pathways that are included in a subset of models.


Several evaluations extend beyond this base structure, varying the levels of complexity and sophistication. Seven evaluations preceded the Markov model with a decision tree to represent a distinct acute phase of treatment. Other additional health states used (either as Markov health states or transition health states) included: death – particularly for models with a time horizon greater than 1 year (n = 7); treatment change (n = 7); severe depression (n = 6); discontinuation (n = 7); adverse events (n = 4); hospitalization (n = 2). Only one evaluation used an entirely different structure, modeling health states defined by four different levels of severity of depression (defined by MADRS score) (39).

The reporting of these models was generally good, with a majority describing a rationale for model structure (n = 9) and structural assumptions (n = 8). Nevertheless, some aspects of the health states included or omitted require some important limiting assumptions. Only seven models accounted for discontinuation of treatment, and none of those omitting discontinuation justified the omission. Discontinuation might feasibly be rolled into the “non-response” health state, however, this was not explicitly stated in any evaluation that omitted a “discontinued” health state; these may consequently overestimate treatment benefits by failing to account for discontinued patients. Of those evaluations that did include discontinuation, four either did not distinguish between discontinuation related to AEs or lack of efficacy, or assumed discontinuation due to AEs to be embedded in loss of treatment effect (53, 55, 67, 68). These four evaluations therefore considered AEs implicitly, but assumed no continued impact on quality of life beyond that of discontinuation due to lack of efficacy – an assumption that may not hold for severe or long-lasting AEs. AEs were considered explicitly in only five evaluations. Two considered both costs and utility decrements associated with AEs (52, 62), two considered only utility decrement (64), and one considered only costs (71). The majority did not model AEs and in most cases a rationale was not given, although it was suggested in two evaluations that the impact of AEs was expected to be limited, and similar between comparators (55, 59). While this assumption may be true of some comparators, it is an important structural assumption to validate, as omission will bias toward those interventions that have higher rates of AEs.


4.7.1. Utility data

There was considerable heterogeneity used in approaches to sourcing utility data for use in cost utility models: 11 different sources, using six different methods of deriving utility (EQ-5D-3L [n = 13]; standard gamble [n = 4]; McSad [n = 2]; SF-6D [n = 1]; HUI-3 [n = 1]) were identified. The two main sources of utility values were studies by Sapin et al. (93) (n = 7) and Revicki et al. (92) (n = 4). The utility values derived from these two studies were based on MDD rather than TRD populations, and report only crude unadjusted values. Notably, only two evaluations used values derived from patients with TRD (53, 70). Use of values derived from the broader MDD population was driven by the scarcity of health-related quality of life data specific to patients with TRD. Ideally, values used should be population specific (94, 95) – the extent to which MDD values generalize to TRD is unknown. All evaluations that modeled the disutility of adverse events (n = 3) drew these values from a study of AEs associated with SSRIs in MDD (96). As a consequence of the heterogeneity in sources used (and concomitantly, the heterogeneity of the populations from which the source data were drawn), there was also considerable variability in the values used for common health states: baseline depression, 0.25–0.55; remission, 0.76–0.91; response 0.71–0.76; no response 0.52–0.58; relapse 0.30–0.63. Utility values used in the models, and their information sources are summarized in Supplementary Table 4.




4.8. Results of evaluations

Table 4 summarizes evaluation results. Consistency of results varied across interventions. Four evaluations comparing neuromodulation (rTMS or ECT) to TAU consistently found the intervention to be cost-effective, and a dominant strategy (both more effective and less costly) in three evaluations. Direct comparisons of ECT and rTMS, however, were less consistent: six favored ECT and four favored rTMS. The source of these variations is not immediately clear; however, those that favored ECT tended to have a shorter (<12 month) time horizon, which may not have been long enough to capture benefits of maintenance treatment with rTMS. Those that adopted a societal perspective tended to favor rTMS, reflecting the higher indirect costs (care, time off work) of ECT. There is no clear indication that study or model design biased results in either direction. Notably, over half of these evaluations did not explicitly define the patient population in terms of severity or number of previously failed treatments. There was variation in the treatment protocol used for rTMS, which is likely to have a considerable impact on costs, as will the extent to which capital costs are attributed across different evaluations.


TABLE 4A    Summary of authors’ conclusions, and key drivers of uncertainty for economic evaluations of non-pharmacological neuromodulation interventions.
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TABLE 4B    Summary of authors’ conclusions, and key drivers of uncertainty for economic evaluations of pharmacological interventions.
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TABLE 4C    Summary of authors’ conclusions, and key drivers of uncertainty for economic evaluations of psychological interventions.
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TABLE 4D Summary of authors’ conclusions, and key drivers of uncertainty for economic evaluations of service-level interventions.
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Only three pharmacotherapy evaluations considered the same comparators (esketamine vs TAU). Two CUAs found that despite improved outcomes esketamine was unlikely to be cost effective. The third evaluation, which was industry-sponsored, used a CEA approach, and found esketamine was likely to be cost efficient. In addition to differences in analytical approaches used, the two CUAs had much longer time horizons (5 years and lifetime), compared to the 12 month CEA. It is likely that the consideration of relapse over those longer horizons had a significant impact on cost-effectiveness.

The evaluations evaluating psychological interventions, which were all trial-based, were generally consistent in their findings: two CUAs comparing CBT to TAU and one comparing ISTDP to TAU found that these interventions were likely to be cost effective; two CUAs comparing RO-DBT found that the intervention was highly unlikely to be cost effective. The key driver of the cost inefficiency for RO-DBT were the costs of intensive treatment.

We reviewed two trial-based evaluations of service-level interventions which are not directly comparable. A US-based collaborative care program was found to be cost effective (80), while an evaluation of a specialist depression service in the UK found limited additional benefits associated with the service and concluded it was unlikely to be cost-effective (77).

All except one evaluation explored uncertainty in parameters and/or results (72). Bootstrapping or similar methods were used to account for sampling uncertainty in almost all (n = 9) trial-based evaluations, while probabilistic sensitivity analyses were used to account for the joint uncertainty of all key parameters in over half (n = 13) of the model-based evaluations. Although most (n = 16) model-based evaluations conducted some degree of one-way sensitivity analysis, fewer than half (n = 9) conducted a comprehensive sensitivity analysis, incorporating all important variables. Key drivers of uncertainty included the probability of response and remission, utility values used for acute/severe depression, and cost of intervention (particularly for rTMS where number of treatment courses varied).




5. Discussion

The aim of this review was to appraise the literature systematically to describe the methods used in the economic evaluation of interventions for the management of TRD, to inform design and development of future evaluations in this field. We identified 31 evaluations, including 11 trial-based and 20 model-based evaluations. A broad range of interventions and designs were considered by the included evaluations, but almost half evaluated the cost effectiveness of neuromodulation interventions (rTMS and/or ECT), enhancing our ability to consider consistency of evaluation design, and the factors that most strongly influence results.

There was a distinct paucity of evidence relating to the economic evaluation of service-level interventions, with only two studies identified in the literature search. In their evaluation of a dedicated specialist depression service for TRD, Morris et al. (77) noted significant loss to follow-up during the trial and indicated the evaluation may have been underpowered to detect statistical improvements in symptoms at follow-up. It has been argued that the objective of economic evaluation is estimation of expected value of an intervention, and that decision making should therefore be based upon the weight of evidence, rather than the application of statistical inference rules (38, 97). Lack of statistical significance may, however, suggest that there is value in obtaining further evidence (97).

Despite a growing interest in the application of digital technologies in the management and delivery of mental health care (98), no economic evaluations of such interventions were identified. Recent studies suggest the implementation of digital technologies (e.g., virtual reality, artificial intelligence) may improve diagnosis, intervention delivery, monitoring, access to care, and potentially reduce costs (98, 99). Economic evidence supporting digital technologies in healthcare generally is underdeveloped: there is a clear need for early-stage economic evaluations to support the development of these promising approaches (100).

The quality of reporting as assessed by the CHEC criteria was generally good, and some aspects were found to be relatively consistent across the evaluations. Most evaluations considered comparable clinical outcomes – encompassing remission, response/non-response to treatment, and relapse. There was good agreement on the definitions and associated threshold for these outcomes, and these were assessed by a relatively small pool of clinical outcome measures. The resource criteria used to inform the estimation of direct costs including inpatient stays, outpatient appointments, and pharmaceutical costs, were reasonably uniform. Predominantly, however, there was a high level of heterogeneity in terms of evaluation design and sophistication, quality of evidence used (particularly with respect to health state utility data), time horizon, population considered, and cost perspective adopted. The impact of these inconsistencies is highlighted by the fact that despite the inclusion of 10 evaluations comparing rTMS and ECT, there is still inconclusive evidence as to the cost effectiveness of rTMS vs ECT.

Our findings are in general agreement with the literature relating to economic evaluation of MDD, where reviews have found the evidence for multiple interventions to be inconclusive due to inconsistencies in evaluation design and methodological quality (21, 22), and that the paucity of evidence related to long-term outcomes in TRD restricts our ability to inform the long-term value of interventions in TRD (23, 24). In order to inform future economic evaluations in TRD, and promote greater consistency among them, a number of linked methodological considerations are identified and good practices suggested.


5.1. Evaluation population and incorporation of patient heterogeneity

There was considerable variation in the definition used to describe the TRD population under study, with a fifth of evaluations providing no explicit definition. The absence of a standardized definition of the population reduces the validity of comparison and data synthesis across evaluations (101). However, one must acknowledge that the population is highly heterogeneous, in terms of both degree of treatment resistance, and medical and psychiatric co-morbid conditions (102). Evaluations that restrict the their population to a narrow definition or TRD, or that model a homogeneous cohort will limit generalizability of the findings. Despite this, very few model-based evaluations in this review explored the impact of patient heterogeneity – and where heterogeneity was considered, only a narrow range of aspects of heterogeneity were considered (age, gender, number of previous treatments). Equally, the under-reporting of severity at baseline is problematic when comparing economic evaluations, since this is likely to significantly impact outcomes (103).

To improve consistency across economic evaluations, we suggest that the widely used TRD definition of “failure to respond to two or more treatments at an adequate dose and duration” (9) be used as the base case for evaluation. Reflecting the concept that various degrees of resistance exist (102), more sophisticated evaluations might consider staging (for example by number of previous treatments), or at least characterizing the study population in this manner. Good practice guidelines for health economic models already highlight the importance of consideration of heterogeneity (47, 104). Cohort models can achieve this through sensitivity testing of results with alternative patient cohorts; more sophisticated patient-level models incorporate the facility to directly model heterogeneity.



5.2. Time horizon

The persistent and highly recurrent nature of TRD is not well reflected in many of the evaluations: the time horizon for most models was only 12 months, and the average for trials was 18 months. Only two evaluations used a lifetime horizon, extrapolating outcomes from clinical evaluations with follow-up periods of 12 months or less (53, 56). A key driver for the use of models in economic evaluation is to extrapolate the results of clinical trials to a longer-term horizon (47). In the context of TRD, a short time horizon may underestimate the cost effectiveness of an intervention by failing to account for smaller incremental improvements in mental health (accruing substantially with a longer horizon), or the improvements that persist beyond the evaluation horizon – for example, MDD patients receiving cognitive therapy have been found to exhibit reduced relapse rates for up to 6 years (78). Conversely, bearing in mind the highly recurrent nature of TRD over periods of up to 36 months (105, 106), cost effectiveness might be overestimated through censoring of relapse or recurrence events. Extrapolation implicitly introduces additional uncertainty into the model, but one must balance the impact of that additional uncertainty on results against the benefits of decision support that reflects the longer-term costs and consequences of the intervention in question.



5.3. Analytical framework

Most evaluations included in this study used a CUA design, typically estimating incremental QALY changes associated with each alternative, with only five (mostly older evaluations) using only a CEA or CCA design. While the CEA approach has advantages – the results can be more intuitive for decision makers, and uncertainty is reduced since conversion of outcome measures to utility scores is not required – the results are of lesser value than those of a CUA for informing resource allocation decisions. Firstly, there is no immediately obvious decision rule: at what threshold of cost should a depression-free day be considered cost effective, for example? Perhaps more important, though, is the facility enabled by CUA to evaluate the cost effectiveness of an intervention within the whole healthcare sector. Mental healthcare provision is underfunded globally (107), and budgets for provision of mental healthcare are typically not ringfenced, but must compete with other healthcare priorities. To justify support for novel interventions, commissioners must be able to appraise the value of those interventions within the context of these competing priorities – e.g., mental health vs cardiovascular disease.



5.4. Summary measures of benefit

The most common economic outcome measure was the QALY, in most cases estimated using the EQ-5D-3L measure. Model-based evaluations predominantly used low-quality evidence to inform this parameter: sources were typically outdated, used unsophisticated valuation methods, and were usually drawn from the broader MDD population, rather than TRD specific. There is good evidence that an increased number of treatment failures within an episode is associated with both increased depression severity and decreased HRQoL (8). This would indicate that HRQoL in TRD follows a somewhat distinct profile from the broader MDD population, and highlights the importance of using values specific to the population under study. Generic preference-based HRQoL measures are increasingly deployed in interventional evaluations (including eight described in this review): synthesis of contemporary data specific to the TRD population should therefore considered for future economic evaluations.

Generic measures are typically recommended over condition-specific measures, since they facilitate comparable outcome collection across the healthcare spectrum, and (due to their brevity) are easy to collect (93). Despite their widespread use, however, there is a growing consensus amongst health economists working in mental health that generic measures such as the EQ-5D are not sufficiently sensitive to capture important changes in symptoms, functioning, or wellbeing in mental health conditions (108). While there is evidence that these issues may be valid in depression, concordance between generic HRQoL measures and clinical measures has been shown to reduce with severity (109). Partly in response to these concerns, there has been increased focus on measurement of wellbeing and quality of life in mental health (110), but to date, there exists no mental health domain-specific preference-based measure that has been sufficiently validated that it can be recommended as an alternative to the EQ-5D or the SF-6D. In the absence of such a measure, the quality of the evidence used to inform EQ-5D generated utility data is of particular importance, and extensive sensitivity testing of utility values is imperative. It should be noted that increasingly, the updated EQ-5D-5L (rather than the -3L) measure is used in interventional studies, owing to is superior psychometric properties (111). The value of supplementing a CUA with a secondary CEA or CCA analysis (for example incorporating mental-health specific outcomes, or patient preferences), in order to increase confidence in results, may additionally be considered.

Where a CEA approach was adopted, various outcomes were used (cost per remitter, cost per depression-free day, cost per relapse prevented, or simply incremental change in outcome). Cost per remission is arguably a more intuitive measure to present to decision makers, and conversion of the cost per unit change to this measure should be relatively straightforward, providing adequate availability of information.



5.5. Patient preference and priorities

Recent years have seen increasing interest in the adoption of a “values-based” framework for delivery of mental health care, explicitly incorporating the preferences, priorities, and values of mental health service users (112, 113). The incorporation of patient preferences in decisions related to resource allocation is justifiable on grounds of both ethics (since patients have agency in the decisions that affect their health), and on improving outcomes (patients are more likely to engage with interventions that match their preferences) (114). Despite this, none of the evaluations described incorporated patient values, preferences, or priorities in the presentation of their analysis. The HTA report by Atlas et al. (53) incorporated feedback from patient advocates, importantly highlighting concerns that the clinical outcome measures typically used do not reflect the full burden of TRD, and calling for the incorporation of measures of impact on work, productivity, disability, and family or caregiver wellbeing. Elsewhere, patients have argued that remission is more accurately described by the presence of positive mental health features (optimism, vigor, and self-confidence) than the absence of symptoms (115). Although currently not a pre-requisite for HTA submissions, or best practice guidance, the growing recognition of the importance of the perspective of the patient in resource allocation decisions warrants serious consideration of how this might be incorporated explicitly in future economic evaluations. Longer-term objectives might consider the co-development of outcome measures that better reflect patient priorities; more immediately, methods such as discrete-choice experiments may be used to directly elicit and value both health and non-health impacts of interventions, facilitating direct incorporation of patient preferences in economic evaluations (116).



5.6. Reporting of resource use and cost data

Resource use in economic evaluation is highly context-specific – owing to the breadth of interventions, jurisdictions and cost perspectives considered by the evaluations in this study, a granular critical evaluation and comparison of resource use is unlikely to be informative. Focusing instead on broader resource item considerations, we found a reasonable level of consistency for direct costs across the evaluations. A third of the evaluations reviewed included indirect non-healthcare costs, although with considerable variation in the items included. In many cases this simply including productivity gains or losses which, when measured over relatively short time horizons, had a relatively small impact on results compared to the healthcare perspective. A minority considered a more comprehensive set of indirect costs. Variability in indirect costs that contribute to the broader “societal” perspectives is in part a reflection of the different contexts in which these evaluations were conducted: out-of-pocket costs, reliance on informal care, or transport costs may vary significantly between jurisdictions and in some cases may be so negligible that they are not considered for inclusion.

Good practice guidance relating to selection of costs for inclusion in economic evaluations recommends that either all relevant costs should be included, or (for more pragmatic studies) those costs that are most likely to meaningfully differ between comparators and thereby impact the result of the evaluation (47).



5.7. Perspective

The choice of cost perspective should be informed by the intended audience of the economic evaluation (47). Most commonly, the audience for economic evaluations is the payer; in the UK, NICE (whose remit is to determine if interventions should be funded by the NHS), requires that the perspective for economic evaluations should be that of the health service (104). Effective management of depression though, has been shown to have significantly greater impacts on productivity costs alone than on health care costs (21). When considering the global costs to society of poor mental health, choosing a narrow perspective that disregards those costs (or benefits) may be problematic, or even misleading.

Since mental health care is typically funded through public health care budgets, a health system perspective will be a pre-requisite for most decision makers, but we would reiterate the call from Knapp and Wong (21) that by providing a societal perspective in parallel, the broader societal impacts can also be taken into account. This broader perspective, however, is somewhat juxtaposed with our earlier recommendation that the primary analysis should use a CUA design. An immediate approach therefore might consider a secondary CCA analysis, adopting a societal perspective and reporting the non-health costs and benefits of alternatives.



5.8. Conceptualization and validation of model-based evaluations

None of the evaluations reviewed explicitly reported a formal conceptualization process, few presented a rationale for choice of model or model structure, and very few reported any robust validation of the model. The key health states described in most of the evaluations were consistent with established treatment goals of trials in MDD/TRD, including response, remission, and relapse (117). Sensitivity analyses of model-based evaluations frequently showed that it was these outcome parameters that were most likely to affect the results of the evaluations. Beyond these key endpoints, there was considerable variation in the structural complexity of model-based evaluations. Adverse events were rarely considered explicitly, although a minority of evaluations indicated that they had been considered and dismissed as having a negligible impact. Similarly, discontinuation was rarely considered, and where it was the reasons for discontinuation were poorly described.

Good practice guidance recommends an explicit process of conceptual modeling prior to implementation, to arrive at an appropriate scope for perspective, time horizon, choice of model type and structure, and which outcomes and costs to consider (118). The requirement to explicitly detail model conceptualization in reports has recently been added to the NICE HTA manual section 4.6.3 (104).



5.9. Limitations

This review restricted search criteria to English language only evaluations; by excluding foreign language records, our review may have limited consideration of aspects of economic evaluation that are prioritized differently in non-English speaking jurisdictions.

The review was deliberately designed with a “broad-brush” approach. Our aim was to develop a resource to inform the design of future economic evaluations in TRD agnostic of intervention, setting, or perspective. The review consequently incorporated all intervention types and all study design types; however, this introduces heterogeneity into the review, and limits the detail with which differences between evaluations may be explored. In keeping with the broad-brush approach, evaluation appraisal and recommendations are necessarily made at a generic level, and are not specific to context. Comparative evaluation of the results of included studies was conducted at a superficial level to illustrate how different evaluation design considerations may influence study conclusions. Where comparison of results is undertaken to inform resource allocation decisions, it is critical that context is accounted for. Key factors that should be considered in further detail in such comparisons include severity; number of previously failed treatments; treatment setting; and jurisdictional variations in resource costs and cost-effectiveness thresholds.




6. Conclusion

Consistent with reviews of economic evaluations in MDD (23), our review found that the economic evidence for interventions in TRD is underdeveloped, particularly so for service-level interventions. Where evidence does exist, it is hampered by inconsistency in study design, methodological quality, and availability of high quality long-term outcomes evidence. Consequently there is limited data available to reassure policy makers involved in commissioning interventions and services in TRD of their cost effectiveness.

To strengthen the evidence base, this review identifies a number of key considerations and challenges for the design of future economic evaluations. While some considerations may be addressed immediately (e.g., appropriately defining the evaluation population, and selection of appropriate time-horizon and perspective), we also identify longer term challenges related to methodology development and building consensus in the research community to promote consistency in study design. The lack of long-term outcomes data limits the value of current economic evaluations. In particular we identified a need for more robust health-state utility data specific to TRD; consensus for a core outcome set that incorporates the measures from which these are derived would be a significant step forward.

Reflecting the growing recognition of the importance of incorporating the values of the patient in resource allocation decisions, we also suggest there is a need to develop methods to incorporate those values in economic evaluation frameworks systematically.
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Introduction: Mental health problems are common globally, and typically have their onset in adolescence and early adulthood—making youth (aged 11–25) an optimal target for prevention and early intervention efforts. While increasing numbers of youth mental health (YMH) initiatives are now underway, thus far few have been subject to economic evaluations. Here we describe an approach to determining the return on investment of YMH service transformation via the pan-Canadian ACCESS Open Minds (AOM) project, for which a key focus is on improving access to mental health care and reducing unmet need in community settings.

Approach: As a complex intervention package, it is hoped that the AOM transformation will: (i) enable early intervention through accessible, community-based services; (ii) shift care away toward these primary/community settings and away from acute hospital and emergency services; and (iii) offset at least some of the increased costs of primary care/community-based mental health services with reductions in the volume of more resource-intensive acute, emergency, hospital or specialist services utilized. Co-designed with three diverse sites that represent different Canadian contexts, a return on investment analysis will (separately at each site) compare the costs generated by the intervention, including volumes and expenditures associated with the AOM service transformation and any contemporaneous changes in acute, emergency, hospital or service utilization (vs. historical or parallel comparators). Available data from health system partners are being mobilized to assess these hypotheses.

Anticipated results: Across urban, semi-urban and Indigenous sites, the additional costs of the AOM transformation and its implementation in community settings are expected to be at least partially offset by a reduction in the need for acute, emergency, hospital or specialist care.

Discussion: Complex interventions such as AOM aim to shift care “upstream”: away from acute, emergency, hospital and specialist services and toward community-based programming which is more easily accessible, often more appropriate for early-stage presentations, and more resource-efficient. Carrying out economic evaluations of such interventions is challenging given the constraints of available data and health system organization. Nonetheless, such analyses can advance knowledge, strengthen stakeholder engagement, and further implementation of this public health priority.

KEYWORDS
economic evaluation, youth mental health, service transformation, return on investment, service utilization


Introduction

Following an era of relative neglect, mental health—and particularly the mental health of young people–is now seen to be of essential importance. Mental health problems usually begin before the age of 25, and can evolve or persist to adversely impact social, vocational and other trajectories (1–3). Mental health and substance use disorders are common worldwide and major contributors to the global disease burden, surpassing both cardiovascular disease and cancer (4, 5). In Canada, one in five young people are affected by them, making early identification and intervention during the critical period of age 12–25 central to reducing suffering and ensuring prompt, high-quality care (6). Particularly when these elements are absent, mental health problems are likely to have a substantial impact at both individual and population levels, and an associated economic cost.

From the perspective of youth mental health (YMH) services, better access to care in community settings should help to identify and provide services earlier on in the course of illness, with a corresponding improvement in population-level outcomes. Simultaneously, the provision of evidence-informed care should improve outcomes at the individual level. In response to a 2013 call for a pan-Canadian network in YMH service transformation, the ACCESS Open Minds (AOM)/Esprits ouverts project was conceived to implement related innovations for youth aged 11–25 years at 14 different sites across Canada (7, 8). Evaluation of data around five operational objectives of the project (Box 1) is now underway to determine the extent to which the project has increased youth referrals and help-seeking, sped up response times to requests for assessment, provided access to appropriate services, eliminated age-based transitions, and engaged youth and families (9).


BOX 1  At each site, the ACCESS Open Minds “intervention” transforms services to provide the following for youth aged 12–25.

1. Early case identification: targeted outreach, community awareness campaigns, etc., such that more youth self-refer or are referred sooner [16].

2. Rapid access that is engaging, including a offer of initial evaluation within 72 h in a non-emergency, community-based environment. A trained “ACCESS Clinician” will be deployed to conduct first evaluations; include family members in the process; and connect youth with services tailored to their needs and preferences. There are multiple portals of access; the elimination of referral or administrative requirements; and appropriate use of helplines, social media, etc.

3. Appropriate evidence-informed, illness-appropriate interventions offered within 30 days of initial evaluation (per Canadian Psychiatric Association benchmarks) (17). Treatment planning is guided less by symptoms (which can be non-specific and overlapping) or diagnoses and more by self-reported distress and functioning, and clinicians’ impressions of problems and their severity. Care is focused on youth-defined goals, and provided in friendly, non-stigmatizing, and recovery-oriented settings. Where appropriate treatments are not available on site, youth will be connected to external services/specialists.

4. Continuity of care is prioritized to ensure that youth receive appropriate care for as long as needed. There is an emphasis on collaboration across services, stakeholders, sectors, and disciplines to reduce eliminate barriers, such as age-based transitions or transitions between other needed services, e.g., from primary to specialized care.

5. Engagement and involvement of youth and family/carers. Youth and families will be part of network- and site-level service design, oversight, and hiring committees; their input will be sought in designing youth spaces; intervention menus will be individualized, appointment times and venues will be flexible where possible; and clinician training will prioritize strengths-affirming and youth-friendly approaches. Transformation plans at all sites include core strategies such as deploying an ACCESS Clinician, responding to help-seeking/referrals within 72 h, designing and creating a physical space that is youth-friendly, and incorporating relevant evidence and local conditions.



The project was designed to harness multiple methods including a minimum evaluation protocol, a pragmatic trial, and qualitative approaches, which are or will be described in separate publications (8, 9). Here we articulate the protocol for a linked project—AOM’s economic evaluations, taking place in three specific sites—in which we examine whether the AOM transformation was able to shift care toward community-based services, whose cost is at least partially offset by a reduction in acute, emergency, hospital or specialist care. It is hoped that a return on investment analysis will provide additional rationale for the effectiveness of broad, principles-based YMH service transformation, ultimately serving to inform policy-makers of sustainable solutions for mental health services for young people.



Methods


Rationale and selection of outcomes

Economic evaluations of complex intervention packages such as AOM are widely recognized to be worthwhile (10, 11), and yet are relatively rare in mental healthcare and healthcare in general (12, 13) as compared to the more common economic evaluations of specific health technologies (14). In part this may be because (i) such intervention packages are difficult to standardize; (ii) capturing key elements of local context and variation in implementation can be elusive; and (iii) the multiple links between intervention and outcome are complex (15).

In light of these challenges, the AOM economic evaluations are being designed to inform decision-makers about the extent to which a novel and complex intervention can achieve its projected impact of increasing access to and shifting provision of care away from acute/emergency or hospital/specialist services and toward community-based settings. To do this, we developed a conceptual model in which the AOM intervention was likely to have multiple effects (via rapid assessment, loose entry criteria, youth-friendly services, efficient triaging, etc.) with feed-back and feed-forward loops as in any complex mental health system. Through a process of stakeholder engagement with site-level partners, we determined that reducing unmet mental health needs in young people was a meaningful population-level distal outcome, with multiple benefits for individuals as well as communities and health systems (7). Proximal to this outcome, however, is a YMH system in which patients are seen in primary care/community rather than acute or specialist care settings, due to key aspects of the AOM intervention such as sustained outreach and early case identification activities. If such efforts encourage youth to seek care at earlier stages of illness, then appropriate interventions reduce the need for later, more invasive or resource-intensive treatments and services.

The conceptual linkage between intervention and outcome is illustrated in Figure 1: traditional systems pose substantial barriers to accessing care, leading to individuals whose needs go unmet during early (and presumably less acute/severe) stages of illness. A lack of accessible treatments results in a proportion of these cases developing later-stage mental health problems that have a subsequent need for higher intensity care (including emergency or specialist services) (Figure 1A). In contrast, an AOM-transformed system of care is hypothesized to have reduced barriers to accessing services; this along with tailored outreach activities and youth-friendly services could encourage young people to access care at earlier stages of need, in lower-intensity primary/community care rather than high-intensity settings (Figure 1B). In at least some of these youth, obtaining treatment earlier would prevent or reduce the need for higher intensity care.
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FIGURE 1
(A) Traditional service systems are characterized by being unfriendly to youth, having strict entry criteria, long wait times, and fragmented, poorly coordinated services. Youth are less likely to attempt to access such services when their needs are in early (less intense) stage, resulting in more individuals with unmet needs and difficulties accessing care when these needs grow. Care therefore becomes acute and intense in nature, including via emergency departments and other more costly services. (B) ACCESS Open Minds (AOM’s) service transformations result in more welcoming and youth-friendly services, looser entry criteria, rapid assessments, improved triaging and better coordination. This, along with AOM’s outreach programming, should result in more youth accessing services and reduced levels of unmet needs. When needs do arise, they are at earlier stages so can be met with lower intensity and less costly service settings.




Objectives

Based on the principle that youth-friendly and stage-appropriate mental health services delivered in the community are preferable to and deliver an improved experience of care than in acute/hospital-based settings, the main AOM project seeks (among other things) to determine whether AOM’s model significantly increases the number of youth receiving mental health-related services (9).

In AOM’s economic evaluation, we will augment this at three study sites representing diverse Canadian settings to understand if:


•Hypothesis 1: There will be a significant increase in the average number of mental health-related primary care or community visits per person during the post-AOM period compared with the pre-AOM period.

•Hypothesis 2: There will be a significant reduction in the average number of mental health-related acute, emergency, hospital or specialist visits per person during the post-AOM period compared with the pre-AOM period.

•Hypothesis 3: The increase in the cost of mental health-related community/primary care visits in the post- compared with the pre-AOM period will be offset at least in part by a reduction in the cost of acute, emergency, hospital and specialist visits.

•Exploratory Objective: Where possible, we will attempt to examine non-mental health-related service use.





Setting/Sites

Overall, AOM examines how and to what extent the transformations identify youth in need (defined as any mental health problem), improve their access to high-quality mental healthcare, and the ways in which transformations are beneficial with respect to both individual- and service-level outcomes. Its 14 sites represent Canada’s diverse geography, culture, resources, and population density. In recognition of this breadth, the AOM economic evaluation will take place at three sites representing different facets of the Canadian landscape:


•A remote Indigenous community, Eskasoni First Nation in the province of Nova Scotia (18). Indigenous communities tend to have relatively large youth populations, and some of them have experienced high rates of suicidality, vocational disengagement, involvement with youth protection and justice systems, as well as addiction and violence – much of which has been linked to colonial policies and the ensuing intergenerational trauma and cultural fragmentation.

•A semi-urban and rural community, Chatham-Kent in the province of Ontario (19). Prior to AOM, Chatham-Kent was an example of a siloed mental health system with resulting overlaps, lack of coordination and uncertainty regarding where individuals should access care.

•A large urban center, Edmonton in the province of Alberta (20). In Canada, cities are pluralistic and multicultural, including youth with particular vulnerabilities (ethnic minorities, homeless youth, post-secondary students, immigrants, refugees, etc.).



Beyond their sociodemographic contexts, these sites are located in different parts of Canada and therefore situated in different health systems. In keeping with the Canadian Institutes of Health Research–Strategy for Patient-Oriented Research stream under which AOM was funded, a high degree of site engagement and involvement of local communities was needed when designing the economic evaluations (7, 8). This co-design has enabled alignment with local priorities, ensured access to needed data, and is consistent with values articulated by Indigenous and patient-oriented research advocates.



Study designs

AOM’s multi-pronged programme of work includes a minimum evaluation protocol, qualitative methods, mapping exercises, stakeholder consultations, and other facets (9). The transformations are being studied through a multi-stakeholder led Research Advisory Group that includes individuals from all sites, amidst a broader governance structure (7).


Participants

Following a principles-based site-specific transformation of services, young people either self-refer, directly access (e.g., via walk-in sessions), or are referred by others to the AOM service. The referral process is open, meaning that referrals can be made by anyone—including but not limited to health providers. Youth are either seen initially, followed at the same site and/or during subsequent referral to an appropriate local service that is also affiliated with the overall transformation. While individuals could provide informed consent for the main AOM research project in the context of inclusion and exclusion criteria,1 they can obtain services from the site even without consenting to the main project.

Unlike the main project, however, the economic evaluations will rely on secondary use of service data routinely collected by the surrounding health system during the course of care–regardless of individuals’ involvement in the main AOM study. This means that the economic evaluations require no opt-in or opt-out consent; they instead utilize administrative data regarding all youth within the age range who received services at the site [or its comparator setting(s)].



Data

As costs will be estimated using administrative data, the perspective of each economic evaluation is that of the healthcare system.

The AOM economic evaluation integrates data collected at the site level with data collected via the “host” provincial health system. Because this system of care varies a great deal from site to site, the three economic evaluations are independent of each other: they will separately assess relevant service utilization alongside costs in those attending their AOM-transformed service, relative to the pre-AOM period and, where possible, a comparison site.



Costs

Provincially-held administrative data will be used at all sites to estimate costs of acute, emergency, hospital and specialist services received outside of the AOM site both before and after its transformation. Hospitalization costs will be estimated using the Canadian Institute of Health Information case-mix group plus (CMG+) or cost per weighted case (CPWC) methodology (21).


Eskasoni

For Eskasoni, we will assess changes in local (community) and provincial (emergency, hospital and outpatient physician billing) service utilization over time in the population of youth aged 11–25. We will compare these as well as associated costs before versus after the advent of the AOM service. Including both those who did or did not use local services (See Table 1 for details) will permit inclusion of the entire Eskasoni youth population, along with potential changes in case-mix and their impact on outcomes and costs. Site-level data will be encrypted then linked with provincial administrative data by Health Data Nova Scotia (HDNS).


TABLE 1    Summary of relevant information for three sites undertaking economic evaluations for ACCESS Open Minds.
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Chatham-Kent

As in Eskasoni, population-level clinical and service-related outcomes (and their associated costs) for youth aged 11–25 years under AOM in Chatham-Kent will be compared with those prior to AOM. In addition, however, the difference between the two will be compared with the equivalent time period in a neighboring community, Sarnia, which did not have an AOM site. Services in Sarnia have not changed during the observation window; at no point did they correspond to those under AOM. Relevant service outcomes include emergency visits, hospitalizations, outpatient psychiatric and non-psychiatric visits assembled using physician billing and other provincial databases available via Institute of Clinical and Evaluative Sciences (formerly the Ontario ICES; see Table 1). Encrypted site-level data will be linked with provincial administrative data within secure ICES holdings where it will be analyzed.



Edmonton

In Edmonton, youth aged 15–25 attending provincial community mental health clinics that did not implement AOM will be compared with those receiving the AOM clinic’s intervention package during the same observation period, and in the post-AOM versus the pre-AOM period. Outcomes of interest include the health services provided and their costs, for: hospitalizations, emergency department visits, outpatient clinic visits, specialist and family physician visits, prescription drug usage, community mental health clinic visits, and residential stays. These are available through provincially collected datasets (Table 1).

AOM implementation costs include infrastructure and setup, staff salaries, outreach/support, and overhead. These costs will be estimated using data collected at the site level.




Data linkage, encryption and transfer

At each site, service usage data will be sent securely to the responsible provincial department which will encrypt identifiers, including for those with unique health card numbers (via deterministic data linkage) and those without (via probabilistic data linkage). The data will then be linked to the respective health administrative data records. Once linked, the AOM and site team (with the support of an administrative data analyst if needed) will collaboratively conduct data analyses. All access to data will be via secure platform/systems; data and files will be destroyed upon termination of site-specific data sharing agreements. Figure 2 illustrates the data linkage process.


[image: image]

FIGURE 2
Data linkage, encryption, and transfer process. Site-level data will be sent to a responsible provincial department to encrypt identifiers via direct or probabilistic linkage. Following encryption, this will be linked to provincial health administrative data to create a final, combined dataset for analyses.




Study reporting

Each site’s studies will be reported in separate manuscripts. The results will be developed in accordance with the Consolidated Health Economic Evaluation Reporting Standards (22), and a CHEERS 2022 checklist will accompany the site-specific reports.




Ethical considerations

The study has been approved centrally by the Douglas Research Centre’s ethics review board, as well as by the designated ethics boards at each site. For Edmonton, ethics approval has been granted by the University of Alberta’s research ethics board. In the case of Eskasoni and Chatham-Kent, since site data were to be linked with data held in provincial registries, ethics review took place both at the site level [Nova Scotia Mi’kmaw Client Linkage Registry (MCLR) Data Management Committee and Mi’kmaw Ethics Watch and Chatham-Kent Research Ethics Board, respectively] as well as privacy assessments at the provincial level (HDNS and Ontario’s ICES, respectively). The First Nations-led principles of data ownership, control, access and possession (OCAP) (23, 24, 25), as well as the Tri-Council Policy Statement regarding ethical conduct in research involving Indigenous peoples of Canada (26), have been acknowledged and privileged in partnership agreements between the Montréal-based central office and Indigenous sites and communities.




Analyses and anticipated results

Following confirmation that there is growth in the numbers of cases seen at each of the three sites, we will test hypotheses 1 and 2: namely, that there will be increases in the average number of mental health-related outpatient community visits per person, and decreases in the average number of mental health-related emergency and hospital visits per person, during the post-AOM period compared with the pre-AOM period. For hypothesis 3, a return on investment analysis will be conducted for which the costs generated by the intervention are compared in monetary terms to the costs in the absence of the intervention. At each site, net costs will be calculated separately for each outcome as the costs of services under AOM (including its implementation costs) minus the costs of services for the comparator intervention (whether a historical or parallel control).

Difference-in-differences (DID) approaches help researchers to control for unobserved biases or secular trends; any remaining difference between group-specific differences can be interpreted as likely to reflect (at least in part) the causal effect under investigation. In Eskasoni, changes in utilization of acute, emergency, hospital and specialist services and associated costs will be compared before and after AOM in two groups: those who did and those who did not receive local (AOM) mental health services. For sites where a parallel control exists, we will employ DID analyses that capture both the changes in costs and service utilization between the two periods, as well as the difference between those changes. For example, in Chatham-Kent, changes in acute, emergency, hospital, specialist as well as CMHA/AOM and primary care services will be examined for all youth in the region before and after AOM began, and compared with the same in Sarnia. For Edmonton, the costs and provision of similar services as well as prescription drug usage and residential admissions received by individuals before and after the AOM start date will be compared for two groups: those attending the AOM site and those attending the comparison community mental health clinics. The resulting data inputs into a return on investment calculation to ascertain the extent of net savings or expenditures due to the intervention.

To reduce bias due to differences in demographic and clinical characteristics between the intervention and comparator groups, we will apply adjusted regression models or propensity score matching techniques as needed. Where possible and appropriate, sensitivity analyses will be performed (see Table 1).


Dissemination plan

As mentioned, the project plan has been co-designed and executed in partnership with the sites themselves, ensuring that the knowledge generated will be meaningful and salient for local decision-makers and advocacy (27). It has already been disseminated to various stakeholder groups via the AOM website as well as through an extensive series of user-friendly graphics and reports, slide shows, and charts for youth, family, service providers, policy makers, and others. Similar accessible, engaging knowledge translation strategies will be employed once results are available and chosen in partnership with each site and other key stakeholders in AOM such as its national youth, family and executive councils to ensure uptake and translatability of our findings. Once available, analyses will be added to these materials for scientific conferences and further dialogue with policy-makers.

Peer-reviewed journal publications will also be created for scientific audiences. In all cases, ownership, control, access and possession (OCAP) principles will take precedence in dissemination of findings involving Indigenous communities (23, 28). Project authorship guidelines (which prioritize inclusion of co-authors from the community and site) have been formulated by the AOM national publications committee, and are available upon request.




Discussion

Along with the main AOM study, its economic evaluations will manifest as three return on investment analyses. They will inform the extent to which YMH transformations that reduce barriers and improve access can also shift service provision away from relatively intensive and expensive care, and toward primary and community-based care that is also more resource-efficient. They will consider changes in health service utilization as well as associated costs, hypothesizing that the additional expenditures associated with implementation of new community-based care models (including the setup and operating cost of the transformed AOM site) will be at least partially offset by shifting care upstream with corresponding reductions in emergency, hospital, and other more resource-intensive services.

In our model, it is hoped that the service transformations will provide accessible and appropriate care at earlier stages of illness, thereby avoiding or reducing the risk of developing more severe conditions. Future work might complement the current studies by extrapolating longer-term consequences using economic modeling (which could provide disability- or quality-adjusted life year estimates if required) to complement our empirically measured service and cost metrics with cost-utility analyses. Of course, this will require conceptual advances, such as consensus around definitions and measurement of stage of illness (29); as well as substantial resourcing to scale up YMH services such that access is much improved across entire communities or regions, with data collected longitudinally over the course of routine clinical care. Finally, any reduction in development of late-stage mental illness due to care provision at earlier stages might yield additional benefits for education, justice, or social care. Capturing this would be greatly facilitated by the availability of linked datasets across jurisdictions and ministries.

Our approach to economic evaluations of YMH transformation is notable in its attempts to assess the effects of improved access to care and its desire to include a community-wide focus where possible. Previous economic evaluations of mental health interventions have often examined individual-level metrics such as quality- or disability-adjusted life years under a proposed intervention, compared with treatment as usual and often using a randomized design. While this would have been theoretically possible for AOM, it would be difficult to implement in practice for multiple reasons (30). First, the interventions integrated into AOM are consistent with existing best practices rather than experimental; a control condition in which some subjects were exposed to sub-standard care (or no formal services whatsoever) would not be ethically defensible. Second, a study in which individuals within a site were randomized to treatment arms would be unable to capture the community-level effect of improved access to care. The intensive, broad focus of the transformation means that its effects are unlikely to be specific or limited to AOM itself: the transformation has already been documented as having spillover effects on capacity and other outcomes (19, 31). Finally, the complexity of the main AOM study meant that additional data specifically for an economic evaluation (such as DALY- or QALY-based data) would be difficult to collect in a representative or comprehensive manner compared to secondary use of routine data collection. Instead, capturing changes in service provision (and the resulting costs) can be accomplished using a combination of site and administrative data.

Given recent and forthcoming investments and policy commitments to YMH both in Canada and globally, it is surprising that there are few if any economic evaluations of broad YMH service transformations, especially those that are inclusive of conditions that do not meet DSM/ICD threshold level criteria. In addition to this, AOM’s economic evaluations will yield data across diverse contexts, including both urban as well as rural/remote and–critically–Indigenous communities whose youth have generally been neglected in service reform efforts. Together, the breadth of these contexts along with their tailored outcomes and data collection protocols should strengthen the generalizability of our findings, enabling sites to better advocate for sustainability and substantiating the benefits of the AOM transformation and network. Our project will also generate valuable insights on how to co-design, implement and disseminate economic evaluations with diverse stakeholders and community involvement.

The nature of the described economic evaluation does have its limitations. For example, the fact that we will evaluate the site model in its entirety with respect to changes in service utilization and associated costs means that it will be challenging to draw conclusions about which specific aspect(s) of the intervention are driving any observed shifts in care or cost. That said, our inclusion of comparison groups in each of the Eskasoni, Edmonton, and Chatham-Kent studies can (in different ways) account at least in part for unobserved biases and secular trends. Second, the timespan for the return on investment analysis is not the same as the timespan for the AOM intervention: while each site’s transformation was assigned a discrete start date at which point the “AOM phase” of the economic evaluation also began, the momentum for transformation started before this and continued to evolve beyond the economic evaluation’s end date. Thus, the long-term economic implications of these transformations cannot be depicted or understood within the scope of the current project. Indeed, beginning in March 2020 the COVID-19 pandemic wrought dramatic changes in service delivery and context which cannot be fully captured here.



Conclusion

With growing recognition of the large burden of unmet need in YMH, evaluation and implementation studies have increasingly considered shifts in care provision as a core metric of success. The AOM economic evaluations are designed to integrate an analysis of service utilization with an assessment of costs and the return on investment, furthering community-oriented research in YMH across a range of Indigenous, semi-urban, and urban settings across Canada. In doing so, the project’s outcomes will be well poised to inform practice and to support decision-making around the future structure and function of YMH service transformations.
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Footnotes

1  For the main AOM project (9), site clinicians identified potential study participants to research staff who would then explain the project and seek, in a youth-friendly fashion, written informed consent either at intake or at a later/more appropriate point. For minors or those with reduced capacity, consent was sought from a parent or legal representative but with assent from the youth [following applicable provincial/institutional regulations around age; see details in Iyer et al. (9)]. Most AOM projects are nested within the local service that aimed to provide care to a broad sample of youth within the 11–25 age range and their families/carers who were seeking help for mental health or substance-related problems. Exclusion criteria for research purposes included individuals younger than 11 or older than 25 (with the exception of family members/carers), those with a diagnosed intellectual disability, a history of organic brain damage, those unable to provide informed consent, or those who had received mental health or addiction services within the 6 months prior to site transformation (9).
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Background: Mental health acute crisis episodes are associated with high inpatient costs. Self-management interventions may reduce readmission by enabling individuals to manage their condition. Delivery of such interventions by Peer Support Workers (PSWs) may be cost-effective. CORE, a randomized control trial of a PSW self-management intervention compared to usual care, found a significant reduction in admissions to acute mental healthcare for participants receiving the intervention. This paper aims to evaluate the cost-effectiveness of the intervention over 12 months from a mental health service perspective. Analysis methods of increasing complexity were used to account for data missingness and distribution.

Methods: Participants were recruited from six crisis resolution teams in England from 12 March 2014 to 3 July 2015 (trial registration ISRCTN: 01027104). Resource use was collected from patient records at baseline and 12 months. The EQ-5D-3L was collected at baseline and 4 and 18 months, and linear interpolation was used to calculate 12-month values for quality-adjusted life-years (QALYs). The primary analysis of adjusted mean incremental costs and QALYs for complete cases are calculated separately using OLS regression. Secondly, a complete-case non-parametric two-stage bootstrap (TSB) was performed. The impacts of missing data and skewed cost data were explored using multiple imputation using chained equations and general linear models, respectively.

Results: Four hundred and forty-one participants were recruited to CORE; 221 randomized to the PSW intervention and 220 to usual care plus workbook. The probability that the PSW intervention was cost-effective compared with the workbook plus usual care control at 12 months varied with the method used, and ranged from 57% to 96% at a cost-effectiveness threshold of £20,000 per QALY gained.

Discussion: There was a minimum 57% chance that the intervention was cost-effective compared to the control using 12-month costs and QALYs. The probability varied by 40% when methods were employed to account for the relationship between costs and QALYs, but which restricted the sample to those who provided both complete cost and utility data. Caution should therefore be applied when selecting methods for the evaluation of healthcare interventions that aim to increase precision but may introduce bias if missing data are heavily unbalanced between costs and outcomes.

KEYWORDS
 crisis resolution teams, peer-support, cost-effectiveness, quality adjusted life years, economic evaluation, EQ-5D, mental health


1. Introduction

Between 1998 and 2012, the number of psychiatric beds in England fell by 39%, shifting activity away from acute services and toward care focused on recovery and self-management for those going through an acute crisis episode (1, 2). Crisis Resolution Teams (CRTs) were introduced in England with the aim of encouraging early discharge from hospital or providing intensive home treatment when possible (3. Evidence suggested that these have been successful in reducing hospital admissions and in turn reducing health service costs (4–6). However, more recent evidence has found that CRTs’ service delivery and organization varies and model fidelity is not high, both in the UK (7) and internationally (8). Naturalistic studies suggest they may not consistently have an impact on hospital admissions to an acute mental health ward (9, 10). This may be related to high relapse rates given around 50% of patients are readmitted to acute care within 1 year of contact with a CRT (11). Self-management interventions, which aim to educate and empower individuals to control or reduce the impact of their condition (12), may be useful in reducing readmission to acute care by enabling individuals to keep the severity of their condition in check following discharge from a CRT. There is evidence to suggest that the delivery of such interventions by Peer Support Workers (PSWs) may be cost-effective (13). PSWs are individuals who have shared experiences with the patients, facilitating their ability to provide support and mentorship to those receiving the intervention (14–16). Studies have found that the benefits of employing PSWs, such as reduction in hospital admission to an acute mental health ward and improvement in other aspects of patients’ lives such as social functioning (17–19), outweighed the costs of employing PSWs (13, 18). PSWs are increasingly commonly employed within the English National Health Service (NHS) mental health services and internationally and are advocated in the mental health implementation guidance for the NHS Long term Plan (20–22). The findings from the CORE trial (23) provide evidence to support this approach, demonstrating significant reduction in admissions to acute mental healthcare for participants receiving the CORE peer-supported self-management intervention compared with the control. To our knowledge, the cost-effectiveness of such an intervention following a mental health crisis has not previously been tested. We therefore carried out an economic evaluation alongside the clinical trial with the aim to calculate the probability that the CORE peer-provided self-management intervention was cost-effective compared to control. The control was Treatment as Usual (TAU) accompanied by a self-management workbook without guidance on how to use it.

Recruitment, retention and follow-up are known issues in clinical trials; loss to follow up may occur if the participant’s state of health, particularly mental health worsens, and they are no longer able to engage with the trial. These issues can be more pronounced in mental health trials, especially those involving complex interventions, where the participant commonly knows if they have been randomized to the intervention or control. Participants randomized to control may lose interest once they know they will not immediately receive the trial intervention (24).

Economic evaluations alongside clinical trials often face a high level of missing cost data due to their reliance on self-reported measures such as the Client Service Receipt Inventory (CSRI) to collect resource use information (25), that ask participants or carers to recall what appointments and other treatments they have had. Trial participants who are missing this type of outcome data may be systematically different from participants with complete data, so to simply ignore the missing data potentially introduces bias. As a result, different methods have been explored in order to minimize missing cost data in economic evaluations (26), including using electronic healthcare records to supplement or replace self-completed questionnaires, and in this study resource use information is collected using medical records from mental health Trusts. While the use of electronic healthcare records has some shortfalls in terms of scope, it reduces the risk of missing data caused by illness, disengagement with the trial, patient recall and questionnaire design (27). Instead, there may now be more missing data on the self-reported health-related quality of life side of the equation, which may affect the interpretation of the results in a different way to missing data on the cost side.

The aim of this paper is to report the 12- month cost-effectiveness of CORE, a peer-provided self-management intervention, compared with the control, where data were collected over 12 months for resource use and 18 months for health-related quality of life. The analysis used data from patient medical records for healthcare resource use in addition to self-completed questionnaires for health-related quality of life to calculate utilities and quality adjusted life years (QALYs). Medical records are considered to be relatively complete, whereas self-completed questionnaires are subject to a larger quantity of missing data. This imbalance in data completeness between costs and outcomes leads to methodological challenges which must be addressed in order to achieve our aim. As a result, in this paper we explore the differential impact of economic evaluation methods of increasing complexity to account for missing data. We also explore the impact of accounting for resource use skew, which, although always present in economic evaluations, is particularly marked in acute crisis care due to the high use of expensive inpatient care.



2. Methods


2.1. Sample

Participants were identified from caseloads from CRTs in six NHS Trusts in London, South East and South West England from 12 March 2014 to 3 July 2015. Participants were recruited after they were discharged from the CRT and were eligible if they had been on the caseload for at least a week because of a crisis. More detail on the eligibility and exclusion criteria is available elsewhere (23). The study included an internal pilot in which 40 participants were recruited (23).



2.2. Treatment offered

Participants and care providers were not blinded but neither were they informed of the participants’ allocation until after they had been discharged from the CRT, to minimize any impact on discharge planning from trial participation. Those in the treatment group were given a personal recovery workbook and offered up to 10 sessions with a PSW, aimed to be completed within 4 months, to support them in the completion of the workbook in addition to usual care. For a more detailed description of the intervention components please see Johnson et al. (23). Those in the control group received usual care and the workbook by post only, without additional guidance.



2.3. Measures


2.3.1. EQ-5D-3L

The EQ-5D-3L (28) was collected at baseline and 4 months initially. During the trial, additional funding was received to add a follow-up point for the self-completed questionnaire at 18 months, so EQ-5D-3L was also collected at this point. The formula developed by Dolan (29) and the area under the curve method were used to calculate QALYs for each group from baseline to 4 and 18 months (30). For participants who died during the trial their utility was assessed as 0 at the date of death and a straight line was assumed from their last completed EQ-5D-3L to the time of death. To calculate the mean difference in QALYs and 95% confidence intervals between the intervention group and control, a regression with 5,000 bootstrapped replications was used controlling for group, baseline EQ-5D-3L utility score and clustering by peer support worker (30). For the 18-month analysis, a discount rate of 3.5% was used to discount QALYs from 12 to 18 months in line with NICE guidance (31).

To match the QALY follow-up duration with resource use data collected from clinical records, QALYs were calculated over 12 months using linear interpolation, a straight line between the 4- and 18-month follow-up points, with the value on that line at 12 months assumed to be the utility value that would have occurred at 12 months.




2.4. Service utilization and costs


2.4.1. Cost of mental health service use

Acute and community mental health service use for both groups was collected at baseline and 12 months for the previous 12 months from electronic patient records held by mental health Trusts. Unit costs were gathered from published sources including the Personal Social Services Research Unit (PSSRU) (32) and NHS reference costs (33) to be applied to mental health service use over 12 months. The cost of mental health clusters was estimated based on diagnosis. Mental health clustering is used in the UK to allow patients to be grouped together by severity while still allowing a degree of variation in the combination and severity of needs.



2.4.2. Cost of intervention

The cost of training PSWs and supervision by clinical staff was included in the intervention cost. The hourly cost of an ‘Agenda for change’ Band 3 staff member (pay bands used by the NHS, example role: emergency care assistant, occupational therapy support worker) from the PSSRU (32) was used for the hourly cost of a PSW. Costing for supervision was varied by grade and frequency (see Supplementary material), with clinical supervision predominately being provided by Band 8a. The cost of the intervention also included PSWs time providing support based on the number of appointments participants had and the duration of appointments. The cost of the workbook is not included in the intervention costs as both groups received it.

A linear regression with 5,000 bootstrap replications, controlling for baseline service use, and clustered by peer support worker, was used to calculate the mean difference in costs between the intervention and control group and 95% confidence intervals.

As costs were reported for baseline and 12 months only, there was no discounting of costs. All costs reported are in 2015/2016 British Pounds.




2.5. Data analysis

The planned primary analysis was a complete-case analysis calculating the incremental cost per QALY gained by dividing the mean difference in costs between the two groups by the mean difference in QALYs found using the linear interpolation for 12-month utility. To account for any potential relationship between costs and QALYs, cost-effectiveness analyses commonly use seemingly unrelated regression (SUR; Stata command SUREG), which account for the relationship through correlated error terms, to calculate mean incremental costs and QALYs (34). This method does not allow for clustering by PSW. Ignoring clustering in randomized trials can lead to biased and incorrect conclusions (35, 36). In the case where a non-pharmaceutical intervention is delivered by multiple health professionals, those participants who are treated by the same health professional may have similarities or be clustered due to differences in the healthcare professionals. This violates the assumption of independence and appropriate statistical methods are needed to account for this (37, 38). As a result, for our original primary analysis, we calculated the mean incremental costs and QALYs using complete-case linear regression controlling for baseline service use and including clustering for PSW with 5,000 bootstrap replications. Regression analyses for costs and QALYs were run separately.

Other methods for use in cost-effectiveness analyses (CEA) of cluster randomized trials include non-parametric two-stage bootstrap (TSB) (35) which accounts for the relationship between the costs and outcomes by sampling the costs and effects in pairs which maintains the relationship between the two in the bootstrapped results (34). The different methods and their benefits and pitfalls were explored in the context of this analysis considering the high levels of missing data present for QALYs. They are laid out in this paper as follows:

i. The original separate primary regression analyses

ii. Sensitivity analyses including joint analysis of costs and QALYs using TSB

iii. Missing data analyses

iv. Sensitivity analysis around resource use skew


2.5.1. Original separate primary analyses


2.5.1.1. Incremental cost-effectiveness ratio

The planned primary analysis was a complete-case analysis calculating the incremental cost per QALY gained by dividing the mean difference in costs between the two groups by the mean difference in QALYs found using the assumed 12-month utility. 12 month was chosen as the more conservative option given we have costs at this timepoint and utility before and after. This was considered more robust than extrapolating costs to 18 months (cost data only being available up to 12 months). The analysis was also designed to be aligned with the main statistical analysis which was comparing readmission within 1 year between the two groups using a logistic regression (23).



2.5.1.2. Cost-effectiveness plane and cost-effectiveness acceptability curve

A CEP is used to report the bootstrapped 12-month QALYs and 12-month costs. These results are also reported on a CEAC to show the probability that the intervention was cost-effective compared with the control for a range of cost-effectiveness threshold values from £0 to £100,000, with probabilities reported for a £20,000 cost-effectiveness threshold. We also report the probability that the intervention was cost-effective compared with control for this range for:

i. 12-month costs and 18 months QALYs

ii. 12-month costs and 4 months QALYs

The primary 12-month costs and QALYs analysis was repeated using the non-parametric TSB.




2.5.2. Sensitivity analysis

Uncertainty around the following aspects of the analysis were explored in sensitivity analysis using the TSB method:

i. The cost of the intervention (Supplementary material)

The analysis was repeated using supervision and training costs provided by mental health Trusts to calculate the cost of PSWs as well as exploring how the results might change if supervision was weekly rather than fortnightly.

ii. Calculating 12-month utility

In the primary analyses, we assume that trial participants’ utility changes in a linear way between timepoints. To test the impact of this assumption, the last values were carried forward using utility at 4 months to impute utility at 12 months and recalculating QALYs at 12 months. We then did the same again but with next value carried backward, i.e., using utility at 18 months to impute utility at 12 months. We present these results on a CEAC alongside the estimated 12-month QALY results.



2.5.3. Missing data analysis

Only 52% of participants have complete data for all time points of the EQ-5D-3L. Given high proportions of missing data can lead to misleading results if not dealt with appropriately, we have followed the process laid out by Faria et al. (39), on how to deal with missing data in within-trial CEAs. The process is broken down into 3 stages: descriptive statistics to inform assumptions on the missing data mechanism, choosing an appropriate method to deal with the missing data for the base-case analysis using these assumptions, and finally, sensitivity analysis to explore how the results change with the asssumptions made. The first stage is to explore the data in order to inform whether the data are likely to be missing completely at random (MCAR), missing at random (MAR) or missing not at random (MNAR). The classifications of missing data are explained further in Faria et al. (39).

For the data to be MCAR, missing data must be independent of both observed and unobserved characteristics, although covariate dependent missingness (CD-MCAR) occurs when the probability of missingness is dependent on baseline covariates but is independent of the missing and observed outcome. Data can be MAR if missingness can be accounted for using the observed data and the probability of missingness is independent of unobserved characteristics. MNAR occurs when missingness is dependent on unobserved factors, and this may introduce bias if for example, individuals are more likely to have missing data depending on if they have good or bad outcomes.

To determine the type of missing data present, we used logistic regressions to investigate the relationship between observed variables and missingness. Predictors of missingness in 4- and 18-month EQ-5D-3L data included whether participants were in employment and their level of educational attainment. Being in employment and higher levels of educational attainment were associated with lower levels of missing data. This analysis included the main trial only as the wording of questions changed between the pilot and main trial.

We used logistic regression to test if there was a relationship between missingness and previously observed outcomes and found no association between utility score at 4 months and missing utility data at 18 months. This suggests that there was no association with having a worse or better observed outcome at 4 months and likelihood of missing outcome data at 18 months.

When using linear interpolation to calculate 12-month QALYs, there was 48% missing data for QALYs. Multiple imputation using chained equations (MICE) and predictive mean matching was therefore used to impute 4- and 18-month utility data for 48 imputations, stratified by group. The imputed utility scores were then used to calculate imputed 12-month QALYs using linear interpolation (40).

While the descriptive analysis suggested the data can be described as MAR as missingness can be accounted for using the observed data (employment and level of educational attainment), this is never certain given we cannot observe which unobserved factors we may be missing. As such, to evaluate the uncertainty around this assumption and avoid bias, it is best practice to explore how the results may change if we assume the data are MNAR. Leurent et al. (40) recommend conducting scenario analysis around the imputed values, and as such we apply a utility decrement of varying severity based on whether the participant has been readmitted to acute care. The multiple imputation process was repeated but with a utility decrement weighting applied to the imputed utilities so that the imputed utility was multiplied by 0.9 if the participant had been readmitted to acute care in scenario 2, 0.8 in scenario 3 and 0.7 in scenario 4. Scenario 1 is the MAR scenario where no utility decrement is applied.



2.5.4. Sensitivity analysis around resource use skew

The costs associated with healthcare resource use are often skewed, with a high number of participants accumulating at very low or zero values, and is certainly the case here due to the high costs associated with readmission. Therefore using TSB, we estimate a generalized linear model (GLM) using a gamma distribution to evaluate how accounting for this pattern in resource use costs may impact the cost-effectiveness results using the MICE data set.

All analyses were conducted in Stata 16.





3. Results


3.1. Baseline characteristics

Baseline characteristics are shown in Table 1. Participants are split into those with complete utility data and those missing utility data at one or more time points, to begin investigating whether there are any significant differences between these groups and if this varies between the intervention and control group. There is no evidence to suggest that there are any significant differences between the four groups at baseline.



TABLE 1 Comparison of sample characteristics at baseline.
[image: Table1]



3.2. Costs and effects


3.2.1. Cost of the intervention

PSWs are costed at £25 per hour (32). PSW supervision varied in frequency and grade of clinical staff providing the supervision. Supplementary Table 1 shows a comparison of the costs depending on whether supervision was weekly or fortnightly. The most common structure was a fortnightly session with a grade 8 supervisor. Therefore, to calculate the cost per PSW, sessions were assumed to be fortnightly, and the cost was weighted for supervisor seniority. Including overheads, the cost of training and supervision per PSW was £2,548. On average, each PSW was allocated 6.5 participants, which equated to a cost per participant in the intervention group of £392.

Participants on average had 5.8 (95% CI 5.3–6.3) appointments with their PSW. According to the intervention manual, each appointment was scheduled to last an hour, at a cost of £25 per hour of PSW time, the average cost of appointments per patient was £145 (95% CI £131 to £159). The total mean cost per participant of the intervention including training and supervision was £537 (95% CI £523 to £551). The cost of the workbook was not included given both groups received it.



3.2.2. Cost of 12-month mental health service use

Table 2 reports the mean cost of mental health service use at baseline and 12 months for both the intervention group and the control group. The total cost of mental health services at 12 months, adjusting for baseline differences was £6,586 (95% CI: £4,922–£8,249) for the intervention group and £6,605 (95% CI: £4,951–£8,259) for the control group. Including the cost of the intervention and adjusting for baseline, the complete-case mean incremental cost of the intervention group compared with the control group at 12 months was -£261 (95% CI: £2,450–£1928).



TABLE 2 Mean costs and 95% CIs for mental healthcare resource use.
[image: Table2]



3.2.3. QALYs

Mean unadjusted utility scores generated from participant-completed EQ-5D-3L are reported in Table 3. The four participants who died during the trial are included; these were all in the control group. The mean QALYs at 12 months, for which the utility value was taken by drawing a straight line between 4 and 18 months (shown in Supplementary Figure 1), were 0.651 (95% CI 0.612 to 0.689) for the intervention group and 0.640 (95% CI 0.600 to 0.679) for the control group, a mean difference of 0.011 (95% CI: −0.043 to 0.065). The mean QALYs at 18 months, adjusted for baseline and discounted at 3.5% per year after 12 months, were 0.991 (95% CI: 0.931–1.051) for the intervention group and 0.968 (95% CI: 0.907–1.03) for the control group. The mean difference between the two groups was 0.023 (95% CI: −0.062 to 0.107).



TABLE 3 Mean utility scores generated from the EQ-5D-3L and unadjusted 12- and 18-month QALYs. 3.5% discounting for utility scores over 12 months.
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3.3. Cost-effectiveness—original primary analysis

The intervention dominates the control group as it results in more QALYs and lower costs, although the differences were not significant. Figure 1 shows the CEP using the 12-month QALYs and 12-month costs from the original analysis. The CEAC in Figure 2 reports the probability of cost-effectiveness at different thresholds using 12-month costs with 4 and 18-month QALYs and 12 months calculated as a linear change between 4-and 18-month QALYs.

[image: Figure 1]

FIGURE 1
 Cost-effectiveness plane (CEP) for 12-month QALYs and 12-month costs based on running separate bootstrap regressions for costs and QALYs (Ncosts = 441/441, NQALYs = 223/441).


[image: Figure 2]

FIGURE 2
 Cost-effectiveness acceptability curves (CEACs) for 4-, 12-, and 18-month QALYs based on running separate bootstrap regressions for costs and QALYs (Ncosts = 441/441, NQALYs = 223/441).


At a cost-effectiveness threshold of £20,000 per QALY gained, the probability that the intervention was cost-effective compared to the control was 65% based on 12-month QALYs calculated using linear interpolation. The probability of the intervention being cost-effective compared to control increases as the duration of follow-up increases (see Figure 2). This occurs from a combination of the maximum QALYs achievable increasing with a longer follow-up duration and the difference in utility between the two groups appearing to persist through time. This is in addition to the costs remaining constant as we do not have any costs past 12 months.



3.4. Nonparametric two-stage bootstrap

The results of the TSB are shown in Figures 3, 4, showing the results on a CEP and CEAC, respectively. Using 12-month QALYs calculated using linearly interpolated utility at 12 months, the intervention is 96% cost-effective at a threshold value of £20,000 per QALY. Comparing the results from the CEP in Figure 3 to those in Figure 1, the CEP for the separate regressions, illustrates that this is because, for the TSB, the majority of bootstrap iterations lie in the bottom two quadrants (cost-saving). Despite the apparent advantage provided by the TSB of accounting for the relationship between costs and outcomes by sampling costs and QALYs at the same time, the analysis is potentially biased as it only includes costs for trial participants who have complete utility data (N = 223/441), hence missing many individuals. Table 4 shows how costs differ between those with complete and incomplete utility data across the two groups. Those with missing utility data have significantly higher acute care costs at 12 months than those with complete utility data [£5,855 (95% CI: £3,888–£7,822) vs. £1885 (95% CI: £1,045–£2,725); p < 0.001].

[image: Figure 3]

FIGURE 3
 CEP for 12-month QALYs (using TSB method, N = 223/441).


[image: Figure 4]

FIGURE 4
 CEAC using TSB method (N = 223/441).




TABLE 4 Mean cost of mental healthcare resource use for those with complete and incomplete utility data.
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3.5. Uncertainty in 12-month estimated QALYs (using TSB)

When the analysis was replicated using utility at 4 months to calculate 12-month QALYs using last value carried forward, the probability that the intervention was cost-effective compared to TAU fell to 85% at a cost-effectiveness threshold of £20,000/QALY gained. The analysis using utility at 18 months to calculate 12-month QALYs using next value carried backward had very similar results to the analysis using linearly interpolated utility at 12 months. This suggests that the results are driven by an improvement in recorded utility at 18 months (Table 3) rather than simply having more QALYs available and hence a larger potential incremental benefit. The CEAC is shown in Figure 5.

[image: Figure 5]

FIGURE 5
 CEAC for sensitivity analysis of 12-month QALYs (using TSB method, N = 223/441).




3.6. Missing data analysis


3.6.1. MAR analysis

Following multiple imputation, the mean difference in QALYs between the intervention and control group at 12 months was 0.012 (95% CI: −0.033 to 0.057). The CEP and CEAC were constructed using the TSB following multiple imputation, and are shown in Figures 6, 7. The probability that the intervention was cost-effective compared to the control was 66% at a cost-effectiveness threshold of £20,000/QALY gained.

[image: Figure 6]

FIGURE 6
 CEP MAR using 12-month QALYs and TSB method (using MICE data).


[image: Figure 7]

FIGURE 7
 CEAC MAR using 12-month QALYs and TSB method (using MICE data).




3.6.2. MNAR sensitivity analysis

The example provided by Leurent et al. (40) experiments with applying different weights to the imputed utility in different scenarios based on the assumption that those with missing utility data may be systematically worse off. This is likely to be the case here given those missing utility data have significantly higher acute care costs indicating they are in worse health than those with complete utility data. However, unlike the example in which they apply different weights to the treatment and control group, we apply a different weight based on whether the participant has been readmitted to acute care. Logistic regression showed that those who were readmitted to acute care within 1 year were 20% more likely to have missing utility data at 4 months and 7% more likely to be missing utility data at 18 months compared with those who were not readmitted. It is plausible that those who were missing utility data and had been readmitted to acute care had a lower health-related quality of life.

The probability of the intervention being cost-effective compared with TAU increased as the utility decrement weighting increased. All four scenarios are presented on a CEP in Supplementary Figure 2. The results were very close to those found in the MAR analysis with the probability of cost-effectiveness ranging from 64.7% (MAR) to 66.4% (imputed utility multiplied by 0.7 if the participant has been readmitted) at a threshold value of £20,000/QALY gained, shown on a CEAC in Supplementary Figure 3.



3.6.3. Accounting for resource use skew

Accounting for the skew in the resource use cost data by using a GLM model, the probability that the intervention was cost-effective compared with control is 57% at a cost-effectiveness threshold of £20,000 per QALY gained (see Figures 8 and 9 for the bootstrapped results illustrated on a CEP and CEAC). The mean cost difference is –£427, with 90% of iterations from the bootstrap falling between -£9,186 and £8,522.

[image: Figure 8]

FIGURE 8
 CEP for GLM model accounting for resource use skew using 12-month QALYs and TSB method applying a gamma distribution (using MICE data).


[image: Figure 9]

FIGURE 9
 CEAC for GLM model accounting for resource use skew using 12-month QALYs and TSB method applying a gamma distribution (using MICE data).


Table 5 summarizes the probability of cost-effectiveness for each analysis for ease of comparison.



TABLE 5 Summary of results from each analysis.
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4. Discussion

The aim of this study was to determine whether a peer-supported self-management intervention delivered by PSWs was cost-effective compared with a self-management workbook plus TAU control. As we had complete data for resource use at 12 months and baseline, and self-report data for utilities at baseline, 4 and 18 months with a large proportion of missing data, we conducted a range of analyses to evaluate the impact of conducting more complex analyses on the results. The intervention dominated the control, as it cost less and yielded more QALYs, although this difference was not significant and had wide confidence intervals. Both the complete-case linear regression and MAR multiple imputation analysis had a probability of 65% that the intervention was cost-effective compared to control at a £20,000/QALY cost-effectiveness threshold over 12 months. This increased to 69% if 18-month utility data and 12-month costs were used as the intervention had a sustained health-related quality-of-life increase.

Resource use came from mental health service use only, and as this was collected from patient records the analysis benefitted from a high level of follow-up for resource use (intervention = 218/221, control = 216/220). This meant that the cost perspective of the analysis was limited to mental health costs only. As the probability that the intervention was cost-effective increased with increasing follow-up periods from 4 to 18 months, this suggests that the benefit of the intervention may be maintained over time, potentially increasing the probability that the intervention is cost-effective through increased QALYs and cost-savings. Given the different follow-up duration for costs and QALYs these results should be interpreted with caution.

This analysis brings into perspective the importance of parsimony when choosing evaluation methods. Given that healthcare costs and health-related quality of life are intrinsically linked, it is sensible that we should seek to use methods which take this relationship into account when assessing the cost-effectiveness of a treatment. This, however, requires that both resource use and preference-based health-related quality of life information are present to calculate costs and QALYs, respectively. The results of the complete-case TSB provide evidence of the possible bias that can be introduced when, in this case, information for the denominator of the ICER (ICER = difference in costs/difference in outcome) is missing, restricting the number of cases available for the numerator. Here, analyses using complete case and multiple imputation of utility values are consistent in suggesting the intervention is cost-effective compared to control at 12 months, with a 65% probability that the intervention is cost-effective at a cost-effectiveness threshold of £20,000 per QALY gained. This decreased to 57% when the distribution of the data was taken to account. It is clear in this example that the complete-case TSB leads to an over-estimate of cost-effectiveness and if used incorrectly in other similar analyses, it could lead to an intervention which is not cost-effective being recommended for use, or to not recommending an intervention due to underestimating the cost-effectiveness resulting in patients not receiving the best care available. The results of this analysis show that, when the level of missing data is heavily unbalanced between costs and outcomes, multiple imputation can allow us to implement the preferred method while avoiding introducing bias into the results.


4.1. Strengths and limitations

This analysis was based on data from a randomized control trial in mental healthcare Trusts in England, and provides a robust estimate of the cost-effectiveness of the intervention in this setting. We had relatively complete follow-up for mental health service use data, although the choice of statistical methods for the cost-effectiveness analysis could potentially introduce bias into the analysis when incorporating QALYs, something we have explored in this paper. The cost perspective was limited to specialist mental health services given that this was all that we could obtain from patient files and asking patients to complete questionnaires regarding resource use was considered an onerous addition. Consequently, we are unable to say anything about impact on wider healthcare service resource use or employment and productivity as a result of the trial.

A complete analysis at 18 months was not possible, as although we had EQ-5D-3L data for participants for the calculation of QALYs, we had no resource use information beyond 12 months. A 4 month cost analysis was also not possible because of the way data was collected from clinical records, giving the number of attendances over 12-months, not when they occurred. Given improvements in utility continue through to 18 months, there may be further QALY gains and cost-savings to be made beyond 18 months, potentially further extending cost-effectiveness if these improvements are related to lower admissions and therefore lower costs. As a result the 18-month cost-effectiveness analysis is potentially a conservative one, if one that should be interpreted with caution given the different time horizon for costs and QALYs.

The EQ-5D is potentially not the best outcome measure to have used as it is not as sensitive in serious mental illness (41). Since the trial, a tariff for calculating utility scores from the Recovering Quality of Life (ReQoL) questionnaire has been developed (42). The measure was designed to assess the quality of life of people with different mental health conditions and may be more suitable in future studies of this patient population.



4.2. Conclusion

There is a high probability that PSW plus workbook is cost-effective compared to usual care plus workbook for a range of cost-effectiveness thresholds. This is likely to be driven by reduced readmissions (23). The probability of cost-effectiveness though is highly dependent on the statistical methods used for the analysis. As a result, it is important that analysts take into account the potential bias from missing data as part of trials in serious mental illness. We would recommend ensuring that resource use is collected as best as possible from patient files. This needs to be complemented though with methods to ensure minimum loss to follow-up for preference-based measures of health-related quality of life for calculating QALYs to reduce the potential bias in the analysis.
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Introduction: Child abuse and neglect are together considered to be an important public health problem with a high individual and societal burden. Different interventions have been developed to prevent, diagnose, or treat maltreatment. While their effectiveness has been synthesized in prior reviews, the analysis of their cost-effectiveness is less common. The aim of this study is to synthesize and analyse economic evaluations of interventions focusing on child abuse and neglect in high-income countries.

Methods: A systematic literature review was performed using MEDLINE, EMBASE, EconLit, PsycInfo and NHS EED. This study follows the PRISMA guidelines and double scoring was performed. The review includes trial- and model-based economic evaluations of preventive, diagnostic, and treatment related interventions in children up to 18 years or their caregivers. Risk of bias was assessed using the CHEC-extended checklist. The results are presented in a cost-effectiveness plane.

Results: Of 5,865 search results, the full texts of 81 were analyzed, resulting in the inclusion of 11 economic evaluations. Eight of the included studies focus on prevention of child abuse and neglect, one study on diagnosis, and two on treatment. The heterogeneity between studies did not allow for the quantitative pooling of results. Most interventions were cost-effective, with the exception of one preventive and one diagnostic intervention.

Conclusion: This study was subject to some limitations, as no gray literature was included, and the selection of studies may have been arbitrary due to varying terminologies and methodologies in the field. However, the quality of studies was high, and several interventions showed promising results.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021248485, identifier: CRD42021248485.
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Introduction

Child abuse and neglect is highly prevalent in high-income countries, having a great impact on the child and their surroundings, consequently leading to a high burden on society. According to a review by Gilbert et al. (1) 4–16% of children in high-income countries experience physical abuse yearly, and 10% experience neglect or psychological abuse. The cumulative prevalence for sexual abuse of children ranges between 5% and 30% (1). Current estimates by the Centers for Disease Control and Prevention (CDC) show similar results. The CDC (2) estimates that in 2020, one in seven children in the US experienced child abuse or neglect. Maltreatment prevalence rates are expected to be similar for various high-income countries, such as the US, Canada, and European countries (3). A vast number of studies have established an association between maltreatment and different adverse outcomes, including an increased risk for several physical and mental health conditions, emotional and functional impairment, lower wellbeing, and higher risk of delinquent behavior (3–5).

Besides the individual burden, child maltreatment represents a global public health issue with high economic and societal costs (3, 4). Based on several studies, the United Nations estimates that the global burden of violence against children ranges between 2 and 10% of the global Gross Domestic Product (GDP) (6). According to the European Commission, in European countries the annual economic burden of maltreatment represents 4% of the GDP (3). These estimates include costs related to child welfare services, educational services, criminal justice services and productivity losses, in addition to healthcare costs (3).

The current article focuses on economic evaluations of interventions in child maltreatment or child abuse and neglect. The latter terms, i.e., child maltreatment or child abuse and neglect, will be used interchangeably throughout the article. Child maltreatment or child abuse and neglect are defined in this study as “all forms of physical and/or emotional ill-treatment, sexual abuse, neglect or negligent treatment or commercial or other exploitation, resulting in actual or potential harm to the child's health, survival, development or dignity in the context of a relationship of responsibility, trust or power” (7). Four types of child abuse or neglect are commonly distinguished in the literature, namely physical abuse, emotional abuse, sexual abuse, and neglect (7, 8). The definitions of the different types of abuse and neglect can be found in the World Health Organization's (WHO) 1999 Report of the consultation on child abuse prevention (7).

The high burden of child abuse and neglect has led to the development of different interventions to prevent the maltreatment of children or adolescents and, in case of prior maltreatment, provide them with adequate help and treatment. Even though the effectiveness of child abuse and neglect related interventions has been extensively covered in prior reviews, the economic evaluation of these interventions has been given less consideration (9–11). Economic evaluations can be defined as “the comparative analysis of alternative courses of action in terms of both their costs and their consequences” (12). There are four types of full economic evaluations, namely cost-minimization analysis (CMA), cost-effectiveness analysis (CEA), cost-utility analysis (CUA) and cost-benefit analysis (CBA) (12, 13). In each of these types of economic evaluations, the costs and effects of two or more interventions are analyzed and compared. While the costs are analyzed in the relevant monetary unit or currency, the types of outcomes vary across the types of economic evaluations, ranging from monetary outcomes to clinical effectiveness or quality of life (12, 14). In a CMA, the outcomes for both interventions are the same and their costs are compared. In a CEA, clinical outcomes or assessments from validated tools, as well as their costs are compared. A CUA includes quality adjusted life years as outcome and in a CBA benefits are measured in monetary units (12).

The current literature reveals that several interventions to either prevent, treat, or diagnose child maltreatment have been developed. Some existing reviews have analyzed the cost-effectiveness of such interventions (9, 15, 16). According to Dalziel and Segal (9) the cost-effectiveness of home-based interventions varies strongly, and is highest for more complex interventions targeting high-risk populations through professionals from different disciplines. El-Banna et al. (15) conclude that most social care interventions seem cost-effective but highlight the lack of standardized procedures or methods for analyzing the cost-effectiveness of such interventions. Peterson and Kearns (16) came to a similar conclusion, analyzing violence prevention interventions.

Existing reviews, however, mainly differ from the current review in three aspects. First, they may be outdated, as they include relatively old studies conducted prior to 2010 (9). Second, they focus on a broader range of interventions, related to, e.g., general violence prevention and social care interventions (15, 16). Finally, the systematic assessment of the quality of individual economic evaluations is given less attention or is not reported.

The preliminary review of the literature consequently shows the necessity of an up-to-date review, focusing on economic evaluations of child maltreatment interventions in high-income countries conducted after 2010. Accordingly, the aim of this study is to analyze the current evidence on the cost-effectiveness of various interventions focusing on the prevention of child abuse and neglect or services aimed at children and adolescents who have experienced abuse or neglect.



Methods

To analyze the current evidence on economic evaluations of relevant interventions in high- income countries, a multipurpose systematic literature review of model- and trial-based economic evaluation was performed. A systematic review was considered appropriate to ensure a systematic and reproducible collection, analysis, and synthesis of relevant primary studies. A multipurpose systematic review was chosen, as the primary goal of the study is to identify knowledge gaps and inform policy decisions (17). The pre-specified methods follow the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (18) and the 5-step approach proposed by Van Mastrigt et al. (17). Furthermore, a protocol of this review (CRD42021248485) has been published in the International Prospective Register of Systematic Reviews (PROSPERO) and can be found in the Supplementary material (https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021248485). The study selection as well as the data extraction and quality appraisal were assessed by two researchers independently. Initial disagreements were discussed between the researchers and a third researcher was consulted to reach consensus if needed.


Data collection/literature search

A literature search was performed using MEDLINE, EMBASE, EconLit, PsycInfo, and NHS EED. As NHS EED, a database focusing on economic evaluations in health care, is no longer publishing, only publications up to March 2015 could be included from this source. Furthermore, the references from included studies were analyzed and a citation search was performed. The search strategy was constructed based on the following keywords related to the research aim: “Youth,” “Economic Evaluations,” “cost-of-illness” and “child abuse and neglect (interventions).” The search strategy includes “cost-of-illness” studies, as this article is part of a larger project by Maastricht University, in collaboration with the Dutch Youth Institute, looking at the economic impact of child abuse and neglect. Furthermore, the Pediatric Economic Database Evaluation (PEDE) was checked for additional, relevant studies.

As the development of a valid new search strategy is time-consuming, existing verified search filters were retrieved through the InterTASC Information Specialists' Sub-Group Search Filter Resource. In general, search filters with high sensitivity are most desirable for a systematic review of economic evaluations (19). The chosen Youth-related keywords were based on two search filters from the Canadian Health Libraries Association for children and adolescents. For “economic evaluations,” a search filter from the Canadian Agency for Drugs and Technologies in Health (CADTH) was included. For “Child Abuse & Neglect (interventions),” the search strategy from El-Banna et al. (15) was adapted to the aim and search strategy of this review. Finally, a conceptual approach was applied to establish a search filter to retrieve cost-of-illness studies.

Synonyms for one concept were combined through the Boolean operator “OR,” while different concepts were combined through the Boolean operator “AND.” The search strategy was adapted individually for each database, as the transferability of database-specific search filters is often limited (19). The literature search for all databases was performed on 4 May 2021. To manage and analyze the search results, EndNote (version X9.3.3) was used as reference software. Further details on the final search strategy for the different databases can be found in the Supplementary material. Reference checking and citation tracking was performed to identify studies which may have been missed through the search strategy.



Inclusion/exclusion criteria

The eligibility of retrieved studies was assessed based on the following inclusion and exclusion criteria. To be included, studies had to include a full economic evaluation (EE). Full economic evaluations are defined as a comparison between two or more programs or interventions in terms of both costs and effects or benefits (17). To include all the relevant literature, model-based and trial-based EEs were included. Second, to be included, studies had to focus on interventions for children and adolescents aged 0 to 18, according to the definition of child abuse and neglect (CAN) by the WHO, and/or interventions for their caregivers. Third, relevant studies had to include an intervention specifically focusing the prevention of CAN or services provided to children or their family after abuse or neglect occurred. To be included, interventions had to focus on either the prevention, diagnosis or treatment of children at risk of or experiencing abuse and neglect. Studies focusing on interventions not specifically addressing CAN or focusing on mental health conditions in parents or children were excluded. Only studies performed in a high-income country (based on the World Bank Atlas Method Classification in 2020) were included, as the rates of CAN and the interventions used in these countries are expected to be comparable. To ensure the inclusion of the most recent evidence, studies published prior to 2010 were excluded, as well as studies written in languages other than English, German, and French. Conference abstracts, editorials and letters were excluded. Although systematic reviews were excluded, their references were analyzed for further results.



Data extraction and quality assessment

An extraction sheet for systematic reviews of economic evaluations was constructed based on the 35 items described in Wijnen et al. (20). To ensure a systematic application of the extraction sheet, a picklist was constructed in Excel (version 2101). The results of the data extraction were summarized in two tables: one focusing on the study characteristics and the second focusing on the study results.

As the review includes model- and trial-based EEs, the extended Consensus Health Economic Criteria (CHEC) checklist has been applied to critically assess eligible EEs, as it is recommended by Cochrane (21). Furthermore, it is the only consensus based quality assessment tool (20). The CHEC-extended checklist includes 20 items or questions which can be answered by Yes, No or Suboptimal and scored to assess the methodological quality of full EEs. To adequately implement the checklist and increase transparency, the assessment instructions provided by Maastricht University were applied (https://www.maastrichtuniversity.nl/research/caphri/our-research/creating-value-based-health-care/chec-list-consensus-health-economic). The results of the risk of bias assessment were summarized in a table enabling the ranking of the studies based on their quality. The CHEC-extended checklist can be found in the Supplementary material.

All monetary units were adapted to a single currency and reference year using a tool provided by the Campbell and Cochrane Economics Methods Group (CCEMG) and the Evidence for Policy and Practice Information and Coordinating Center (EPPI-Center) (https://eppi.ioe.ac.uk/costconversion/default.aspx). Consequently, the values for benefit-cost estimates expressed as a ratio between benefits and costs do not change. The analysis of included studies was clustered according to the type of intervention. The results of all included studies were visualized in a cost-effectiveness plane with a fixed threshold for the willingness to pay per gain of quality-adjusted life-year (QALY). A threshold of 20,000 Euros per QALY was chosen based on the most conservative cost-effectiveness threshold value in the Netherlands (22).




Results

As can be seen in Figure 1 a total of 5,865 studies were retrieved through the previously established search strategy. After deduplication (n = 1,579), 4,286 studies remained eligible for initial screening. After scanning the title and abstract of these studies, 4,205 studies were excluded, and 81 studies remained eligible for full-text screening. The main reasons for exclusion in abstract scanning were the focus on lower income countries or on the prevention or treatment of specific mental health conditions in children and their caregivers. The full-text analysis of the remaining studies resulted in the inclusion of 11 economic evaluations and 19 cost-of-illness studies. In this article, only the retrieved economic evaluations are analyzed, while the cost-of-illness studies will be covered in a second article. The main reasons for exclusion in the full-text analysis were a study design which included neither a cost-of-illness nor an economic evaluation (n = 15), a focus on other things than maltreatment, including conditions or events such as depression, anxiety, self-harm, conduct disorder or behavioral disorders (n = 25). While similar interventions were identified in the studies focusing on the mentioned conditions or events, the studies focused on other outcomes not related to abuse and neglect. Nine articles were excluded as they included only the study protocol for economic evaluations. Finally, one study focused on medication costs only and one study included a review. The abstracts of identified systematic reviews were analyzed. Twenty-three systematic reviews were considered potentially relevant based on their abstract, and their references were screened for relevant economic evaluations. The analysis of references to relevant systematic reviews did not lead to the inclusion of any further studies. All checked references were either included already or did not fit the inclusion criteria. Other reviews did not include any relevant studies and were not further analyzed after scanning their abstracts. No additional relevant studies were identified through the PEDE database, as they were either already included, or did not meet all the inclusion criteria (conducted prior to 2010).
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FIGURE 1
 PRISMA flowchart (18).



General characteristics

Of the 11 studies deemed eligible, 4 studies include a trial-based EE (23–26), while 7 studies focus on model-based EEs (27–33). Regarding the type of economic analyses, 4 studies produced a cost-utility analysis (23, 24, 30, 31), 5 studies a cost-benefit analysis (26, 27, 29, 32, 33), and 6 studies a cost-effectiveness analysis (23–26, 28, 33). Two studies included both a cost-effectiveness and a cost-utility analyses (23, 24) and two studies included a cost-effectiveness and cost-benefit analysis (26, 33). However, QALYs in children were assessed in only two studies (30, 31). This may be due to the complications associated with determining QALY scores in young children. Five of the cost-effectiveness studies include prevented maltreatment cases as outcome (23–26, 33), while one study focuses on additional convictions (28). The CEA focusing on avoided cases of maltreatment and the CBA were the most applied types of economic evaluations. CBA may be beneficial, as the broad range of consequences of maltreatment and possible effects of interventions can be summarized in a single monetary value.

Five studies were performed in the United States (26, 28, 29, 32, 33), two in Australia (25, 31), two in the United Kingdom (23, 24), one in New Zealand (30) and one in Canada (27). Two studies applied a UK NHS and personal social services perspective (23, 24) and four studies a societal perspective (23, 25, 27, 33), with some studies additionally including more narrow perspectives. Finally, two studies applied a participant, taxpayer and society perspective based on the Washington State Institute for Public Policy (WSIPP) model for cost-benefit analyses (29, 32). For three studies the perspective had to be assumed, as it was not specifically mentioned (26, 28, 30). Eight studies focused on the prevention of maltreatment before or after first contact with child protection services (23–27, 30, 32, 33), one on diagnosis (28), and two studies on the treatment of CAN (29, 31). The age of included children ranged from birth to 17 years of age.

The analysis of the results of individual studies is divided according to the type of intervention. Preventive interventions, which account for most of the included studies, are analyzed first, followed by EEs of diagnostic- and treatment-related interventions. The general characteristics of all included studies can be seen in Table 1.


TABLE 1 Characteristics of included studies.
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Quality of the identified studies

Applying the CHEC-extended checklist for the quality of economic evaluations, the average quality of included studies was 89.21%. The lowest score was 58.3% (28). The highest score of 100% was achieved by three studies (24, 29, 31). The other studies all had scores ranging between 82.5% and 97.4%. No direct trends or associations between study characteristics or outcomes and quality scores were observed.

As can be seen in Table 2, most points were deducted for “Q7”, “Q8” and “Q15”. A complete list of the questions can be found in the Supplementary material. “Q7” is related to the chosen perspective. Points were deducted as some studies did not specifically mention the applied perspective, which consequently had to be assumed (26, 28, 30). “Q8” focuses on the inclusion and reporting of relevant costs for both the intervention of interest and the comparator. The deduction of points was caused by a lack of transparency in reporting costs for both alternatives or for missing costs that should be included, considering the chosen perspective (23, 25–28, 30). “Q15” asks whether costs and outcomes are discounted properly. In some studies, the discount rate was not reported or not applied to all relevant costs and outcomes (26, 28, 33).


TABLE 2 Quality assessment based on the CHEC-extended checklist.
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Results of the included study


Preventive interventions
 
Parents under pressure

Barlow et al. (23) analyze the cost-effectiveness of the Parents Under Pressure program compared to usual care from a UK NHS and personal social services and from a societal perspective. Parents under Pressure is a mainly home-based intervention based on “attachment theory, behavioral parenting skills, and adult psychopathology” (23). The aim is to improve emotional regulation in caregivers to decrease the risk of child maltreatment (23). Study participants were parents in substance abuse treatment with children aged 2.5 years or younger. The trial-based EE had a time frame of 12 months and analyzed QALY gains in parents, as well as the risk of child abuse through the Brief Child Abuse Potential Inventory (BCAP) (23). Even though quality of life gains in parents are valuable outcomes, they are less relevant regarding child abuse and the wellbeing of the children. Consequently, the analysis of the results focuses on the costs for improvements in BCAP scores. The study resulted in €1,234.8 per BCAP score improvement from the personal social services perspective and €2,037.9 per BCAP score improvement from the societal perspective (23).

Dalziel et al. (25) conducted a trial-based CEA to analyse over six months the Parents Under Pressure program in Australia, for methadone-receiving parents of children between 2 and 8 years of age. The authors focus on the Child Abuse Potential Inventory (CAP) to distinguish between abusive and non-abusive parents. The results suggest that the program could be cost-effective in preventing maltreatment with an ICER of €26,527.4 per case of maltreatment avoided (25). Dalziel et al. (25) furthermore report net cost savings ranging from €1.5 million to €6.2 million for 100 families profiting from the Parents Under Pressure program.

Both studies seem to be of high quality (>90%) and show results in favor of Parents Under Pressure compared to usual care. However, they differ in regard to the age of included participants, the time frame and the reported outcome measure. Barlow et al. (23) did not report individual costs, which affects the transparency of the study. Dalziel et al. (25) had a relatively short follow-up period to assess persisting intervention effects. The conclusions of both studies, however, seem justified considering the given data. Parents Under Pressure could be a cost-effective solution to reducing the risk of maltreatment in complex situations involving substance-abusing caregivers.



Group family nurse partnership

Barnes et al. (24) provide a trial-based CUA and CEA of the Group Family Nurse Partnership program compared to care as usual. As the name indicates, the intervention is conducted by family nurses in a group setting, following young mothers from pregnancy until their children are 1 year old (24). The principles of the intervention are adapted from the Family Nurse Partnership intervention. The aim of the program is to provide group sessions to mothers with similar characteristics and generally low educational levels to improve parenting skills and increase infant and maternal health (24). Similarly to the study by Barlow et al. (23), the QALY analysis focused on parents, and consequently the outcome of interest is the risk of child maltreatment. The Adult Adolescent Parenting Inventory (AAPI-2) and the CARE index for maternal sensitivity were used to distinguish between abusive and non-abusive parenting. The intervention showed a low probability for being cost-effective at a cost-effectiveness threshold of €20,000, with an ICER of €130,543 per AAPI-2 score improvement. The study fulfilled all the criteria in assessing the methodological quality, based on the CHEC-extended checklist (100%).



Abusive head trauma prevention

Beaulieu et al. (27) study the costs of abusive head trauma (AHT) and provide a CBA of the Period of PURPLE crying program, a prevention program for AHT. The Period of PURPLE crying intervention aims to educate parents about the normality of increased crying of their (healthy) baby in the first few months of their life, termed “period of PURPLE crying” (27, 34). The model-based study is based on the number of AHT cases reported in British Columbia (Canada) between 2002 and 2014 and estimates the lifetime costs of AHT. The cost-benefit estimates are based on a 35% prevention of AHT cases, on the average costs in the study population and the probability of AHT with or without the PURPLE program (27). The 35% are based on a study conducted in British Columbia, where a 35% decrease in AHT hospitalizations was observed after the implementation of the program (34). From a societal perspective, a one Euro investment would result in a savings of €54. From a healthcare perspective, a one Euro investment would result in a savings of €2.9. As the expected costs per child are lower in the intervention group compared to the group not receiving the program, and the effectiveness higher, the intervention is considered dominant.

Another study analyzing a prevention program for AHT has been conducted by Friedman et al. (30) in New Zealand. The intervention consists of the provision of information by maternity nurses on crying in babies and the risks and consequences of shaken baby syndrome, through a leaflet and a video (30). The authors conducted a model-based CUA of a national primary prevention program for AHT compared to no intervention, including lifetime costs. The costs were based on the review of a 5-year cohort and the incidence taken from a 3-year prospective study (30). QALYs were derived from the CHIP study conducted in the Netherlands. For an effectiveness of 5% and a cost of NZ$20 intervention (€12.5) the ICUR would be €4,436.5 cost per QALY saved. The study concludes that a higher effectiveness with reasonable costs would result in the intervention being dominant, saving money per QALY gained (30).

The quality of both studies was considered acceptable. Beaulieu et al. (27) did not describe the costs of the intervention in detail. Friedman et al. (30) did not mention the perspective, which had to be assumed. The quality of the study by Friedman et al. (30) was slightly lower as details on the perspective were missing, and not all outcomes were reported. However, based on the results from both studies, preventive interventions for abusive head trauma show a high likelihood of being dominant Consequently, both studies or interventions can be found in the SE quadrant in the cost-effectiveness plane (Figure 2).
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FIGURE 2
 (A) Cost-effectiveness plane for studies including a cost-effectiveness analysis (CEA). Block et al. (28) not included in graph due to scale: Block et al. (28): €89,268 for one additional criminal conviction (societal perspective assumed). (B) Cost-effectiveness plane for studies including a cost-utility analysis (CUA). (C) Results of benefit-cost ratio studies (Cost-savings from a one Euro investment).




Promoting first relationships

Kuklinski et al. (32) provide a CBA based on the WSIPP model to determine the cost-effectiveness of Promoting First Relationships in households with an open Child Protective Services report of possible abuse or neglect. Promoting first Relationships is a home-based intervention for children aged 0 to 5 years old and their caregivers (32). Out-of-home placements were used as a proxy to determine reductions in child abuse and neglect. As child abuse and neglect had to be deducted from out-of-home placements, different values were used for the effect size of monetizable child abuse and neglect benefits (32). Consequently, benefit-cost ratios for different effect sizes of abuse and neglect, as a percentage of the effect size of out-of-home placements, were calculated. For a 20% effect size of CAN compared to out-of-home placements, the authors estimated a benefit-cost ratio (BCR) of €4.13 in scenario 2, including systems and victims benefits, and a BCR of €5.19 in scenario 3, including quality-of-life related benefits. Besides the assumptions on the effect size, which may not be completely accurate, the study showed high quality (97.4%) and the intervention could be cost-effective



Safe environment for every kid

Lane et al. (26) provide an analysis of the cost-effectiveness of the Safe Environment for every Kid (SEEK) in comparison with routine pediatric care over 3 years in children below 6 years old. SEEK is embedded in pediatric primary care services and consists of a questionnaire filled out by the parents to assess psychosocial risk factors for child maltreatment. The identified risk factors are then addressed by the primary care provider (26, 35). Based on a trial conducted previously by Dubowitz et al. (36), the cost-effectiveness of SEEK was estimated for a population of 29,610 children (26). Even though the quality of the study was acceptable (83.3%), the perspective had to be assumed. Their results include an ICER of €257 per case of maltreatment averted, which is considered cost-effective (26).



Child parent centers and nurse-family partnership

Peterson et al. (33) provide estimates of the cost-effectiveness of Child Parent Centers (CPC) and the Nurse-Family Partnership in each US state. To simplify reporting of their results, the estimates of the net present value per avoided case of CAN for the total population were analyzed and adjusted. The CPC in preschool resulted in an ICER of only €49,627.1 per averted case of CAN (payer perspective) and savings of €84,211.5 per averted case of CAN (societal perspective). The CPC in preschool and school age resulted in an ICER of €45,600.2 per averted case of CAN (payer perspective) and savings of €88,336.6 per averted case of CAN (societal perspective). The Nurse-Family Partnership showed savings for both the payer and the societal perspectives, with €24,817.6 and €167,664.3 savings, respectively, per averted case of maltreatment. Furthermore, the BCR for the societal perspective was given, and equals to €1.73 per euro invested for CPC and €6.37 for the Nurse-Family Partnership (33). Both interventions—CPC and Nurse-Family Partnership—are considered dominant from a societal perspective as they result in savings per averted case of maltreatment.




Treatment and diagnosis
 
Multisystemic therapy

Dopp et al. (29) conduct a CBA of Multisystemic Therapy for child abuse and neglect. The community-based program is composed of different interventions involving the whole family and their surrounding to identify and address risk factors for maltreatment, treat consequences of maltreatment and prevent further abuse or neglect (29). The intervention was evaluated in families with recently diagnosed physical abuse in children aged 10 to 17. The cost-benefit ratio, based on trial data with a 16-month follow-up, shows that €3.3 could be saved for a 1 Euro investment (cost-effective). The authors reported all relevant aspects required by the CHEC-extended checklist.



Trauma-focused cognitive behavioral therapy and non-directive counseling

A model-based CUA was applied over a time frame of 12 months and 31 years, comparing different treatments from an Australian mental health system perspective in children aged 10 years at baseline (31). The CUA includes Trauma-Focused Cognitive Behavioral Therapy (TF-CBT), TF-CBT in combination with selective serotonin reuptake inhibitors (SSRI), and Non-Directive Supportive Counseling. TF-CBT and Non-Directive Counseling are both flexible treatment programs for post-traumatic stress disorder in children consisting of several sessions including the child or the child and caregivers (31). For a 12-month time frame the ICERs for the different interventions were equal to €22,211.3 per QALY gained (Non-Directive Counseling), €14,647 per QALY gained (TF-CBT) and €14,305.5 per QALY gained (TF-CBT & SSRI). For a 31-year timeframe, they were equal to €1,337.55 per QALY gained (non-directive counseling), €1060.34 per QALY gained (TF-CBT) and €1,096.61 per QALY gained (TF-CBT & SSRI) (31). TF-CBT as well as TF-CBT in combination with SSRI were more likely to be cost-effective than Non-Directive Counseling.



Multiple interviews

Block et al. (28) conducted a model-based CEA of Multiple Interviews in the diagnosis of possible sexual abuse in children compared to the usual interviewing procedure. The outcome of interest was the number of additional convictions based on a 6.1% increase in the likelihood of criminal convictions (28). The ICER given in the study is equal to €89,268.6 per additional criminal conviction, which the authors consider to be acceptable regarding the high costs of CAN and the number of cases that may be prevented through one additional conviction (28). Based on the comparatively low study quality (58.3%) and the methodological difficulties of measuring additional criminal convictions, no conclusion can be drawn whether Multiple Interviews are cost-effective in comparison with single interviews.




Cost-effectiveness plane

In Figures 2A–C, the results are summarized in cost-effectiveness planes (Figures 2A, B) and one additional graph for the studies including a BCR (Figure 2C). Figure 2A focuses on studies including a CEA or clinical outcomes, while Figure 2B focuses on CUA studies using QALY as outcomes. The cost-effectiveness planes visually presents the results from different EEs, based on their incremental effects and incremental costs. Due to the heterogeneity of individual studies, several graphs were created. As the outcomes are varying, the position of different studies or interventions may be to some extent arbitrary, but the figures provides first insight into the cost-effectiveness of different interventions. As can be seen, most included studies are situated in the north-eastern (NE) quadrant. This means that they show beneficial effects for additional costs, which requires a decision to be taken based on a willingness-to-pay threshold for a certain outcome. Four interventions seem particularly likely to be cost-effective, or dominant, as they have high incremental effects for lower costs (27, 30, 33). Dominant interventions can be found in the south-eastern (SE) quadrant. On the other hand, two interventions seem unlikely to be cost-effective compared to other interventions, as they show low effects for high incremental costs (24, 28).




Discussion

The aim of this review was to assess the current evidence on economic evaluations of interventions aimed at the prevention or treatment of child abuse and neglect in high-income countries.

Only a small number of economic evaluations focusing on child abuse and neglect have been retrieved and fulfilled the inclusion criteria. This highlights the need for further studies analyzing the cost-effectiveness of interventions relating to child abuse and neglect. Even though a sensitive search strategy was applied, only 11 economic evaluations were eligible. Most studies are considered to be cost-effective, which may be partly due to publication bias. Due to the heterogeneity of the studies, the results were not pooled as they are incomparable to a large extent.

The quality of the economic evaluations was high, with an average of 89.21%. Only one study scored below 80% on the CHEC-extended checklist. The applied methodology varied considerably between studies in regard to the type of economic evaluations performed and the type of outcomes measured. Most quality concerns were related to the description of the chosen perspective, the included costs, and discounting procedures.

The results have shown that most of the included studies were cost-effective in tackling child abuse and neglect. The Parents Under Pressure program has shown evidence of improving outcomes at lower costs than the comparators in caregivers of children aged 2.5 years or younger in the UK and in children aged 2 to 8 years in Australia (23, 25). Two studies have shown that interventions focusing on the prevention of abusive head trauma or shaken baby syndrome show a high likelihood of leading to beneficial outcomes at lower costs than the comparators. In other words, they show a high likelihood of being dominant. The Period of PURPLE crying implemented in Canada was compared to no program and showed an acceptable return on investment and cost-savings (27). Another basic shaken baby prevention program in New Zealand has shown low costs or even cost savings per QALY gain (30). Child Parent Centers and Family-Nurse Partnership also showed a high likelihood of being dominant, i.e., resulting in cost savings per case of maltreatment averted from a societal perspective (33).

Only one included study focused on an intervention implemented in primary care services. The implementation of Safe Environment for Every Kid in a population of around 30,000 children showed low costs per case of maltreatment averted (26). The Group Family Nurse Partnership did not show evidence of being cost-effective (24). The interventions focusing on the treatment of children who have experienced child abuse and neglect were also found to be cost-effective (29, 31). Cognitive Behavioral Therapy focused on trauma seems to be more cost-effective than non-directive counseling. The addition of selective serotonin reuptake inhibitors to Trauma-Focused Cognitive Behavioral Therapy may provide even lower costs per QALY gains (31). However, the use of selective serotonin reuptake inhibitors in children may also include other risks, not included in the economic evaluation. Multisystemic Therapy has shown an acceptable benefit-cost ratio (29). Based on the comparatively low study quality and the methodological difficulties of measuring additional criminal convictions, no definite conclusion can be drawn about whether multiple interviews are cost-effective in comparison with single interviews (28).

This review has several strengths. Following the PRISMA framework and guidelines on conducting a systematic review of economic evaluations is expected to ensure the methodological quality of this review. Furthermore, a PROSPERO protocol was developed before conducting the review. In addition, the data extraction and quality assessment was checked by two researchers independently.

The review is, however, subject to several limitations. Publication bias has not been estimated. No gray literature was included, and studies published in languages other than German, French or English were excluded. Due to the heterogeneity of retrieved studies and varying terminologies and methodologies, the selection of articles may have been arbitrary. While the selection of studies has been done by two researchers independently, no intercoder agreement score was determined. In addition, transferability was not assessed, as the review does not focus on the implementation of interventions in one particular country or setting.

Several shortcomings of individual economic evaluations in the field of child abuse and neglect were identified. There appears to be a need for more standardized reporting methods, as the results of the review depend strongly on methodological choices and the reporting quality of included studies. Dalziel et al. (25) and Barlow et al. (23), for example, include different methods for discriminating between abusive and non-abusive parents. Barlow et al. (23) report the cost per Brief Child Abuse Potential Inventory (BCAP) score improvement, while Dalziel et al. (25) report the cost per prevented case of maltreatment based on Child Abuse Potential Inventory (CAP) cut-off values and the respective risks of maltreatment. Preferably, studies applying either the CAP or the BCAP, which correlate strongly, should report the same outcome. The benefits and disadvantages of using BCAP or CAP scores, or cut-off points to estimate the number of prevented cases of maltreatment should be further analyzed. Standardized reporting of the outcome would allow further comparisons and pooling of results. Other methods used to assess the number of maltreatment cases or prevented maltreatment cases include the Adult Adolescent Parenting Inventory or the Conflict Tactics Scales: Parent-Child version (24, 26). These methods may yield different results and reflect prevented child abuse and neglect cases more or less accurately. The assessment of QALY in children is also subject to several limitations (37).

Possible influences could be the sample sizes, the handling of missing data or the models used, which may also have a large influence on the effectiveness and cost-effectiveness results. In addition, the included costs and time frames vary, highlighting the lack of a common methodology for analyzing cost-effectiveness of interventions for abuse and neglect. Therefore, the results of studies have not been pooled and comparisons between studies should be made with caution.

Furthermore, there is no common terminology applied in research on child abuse and neglect. A highly sensitive search strategy was applied to ensure the inclusion of relevant studies. However, as there are no strictly defined boundaries on what should be considered abuse and neglect, it is difficult to determine which studies to include. Furthermore, even if boundaries are well-defined, it is difficult to accurately measure the prevalence or number of maltreatment cases in a certain population.

The most recent identified reviews including economic evaluations of child abuse and neglect interventions reported similar limitations. Peterson and Kearns (16) mention the need for better reporting standards to increase comparability between economic evaluations of violence prevention interventions. El-Banna et al. (15) furthermore highlight the lack of standardized outcome measures and cost-effectiveness threshold in children's social care interventions. In addition, the time frame of the economic evaluations is often too short to include long-term costs and effects of the interventions (15). Based on the identified limitations, El-Banna et al. (15) developed ten recommendations for future systematic reviews of economic evaluations children's social care interventions.

Due to the mentioned limitations of the field of study and of the studies included, some arbitrary decisions had to be taken while developing and applying the inclusion and exclusion criteria. This study included articles focusing on the four main types of child abuse and neglect, including abusive head trauma. Intimate partner violence was not included as it does not necessarily lead to maltreatment. Furthermore, studies had to focus specifically on children at risk of abuse or neglect or children who experienced abuse or neglect. Economic evaluations of studies focusing on broader outcomes with possible effects on abuse and neglect did not meet the inclusion criteria. Children or caregivers with mental health disorders were not included. Other studies that did not meet the inclusion criteria but may provide additional information include, among others: Aas et al. (38), Dijkstra et al. (39), Johnson-Motoyama et al. (40), Lynch et al. (41) and Reynolds et al. (42). These studies were excluded for different reasons. Aas et al. (38) focused on children who experienced a trauma which does not exclusively focus on traumas related to abuse and neglect. Johnson-Motoyama et al. (40) focused on out-of-home placements in substance-affected families, which is not necessarily linked on abuse and neglect. Reynolds et al. (42) also did not focus specifically on abuse and neglect related outcomes. Lynch et al. (41) included children in foster care and permanent placements as main outcome, which does not reflect abuse and neglect. The outcome measure in Dijkstra et al. (39) was considered insufficient to measure prevented cases of maltreatment.

Regarding the generalizability of findings, it should be kept in mind that a study that has been found to be cost-effective in a specific setting and population is not necessarily cost-effective in another setting and population. The generalizability of the results presented in this study are limited to high-income countries. Primary care and childcare services vary across countries. Transferability analysis should be performed to ensure that an intervention will remain cost-effective in a different setting. Therefore, one should have a clear idea about the structure of childcare services in the country of interest and the basic level of care. For example, abusive head trauma prevention interventions which have been found to be cost-effective may already be part of the basic care provided to parents in other countries. Otherwise, it might be a cost-effective prevention measure to reduce abusive head traumas in maternal care or primary, pediatric care. Treatment interventions might be integrated into existing childcare services. To determine the transferability of the economic evaluation, the Welte checklist may be used, including general checkout criteria, methodological characteristics, healthcare system characteristics and population characteristics (20). To further investigate the transferability, the PIET-t model in “Models of Child Health Appraised” may serve as a helpful tool for assessing similarities between childcare systems and identifying possible barriers to implementation (43).

Based on the results of the review and the identified limitations, several recommendations for policy and future research will be made. The presented results are expected to provide insight to policymakers in high-income countries on financially sustainable possibilities to tackle child abuse and neglect. Interventions to prevent abusive head trauma through simple educational means (e.g., fact sheets) have shown high cost-effectiveness. As they show considerable effects for low costs and efforts, they are expected to be cost-effective in varying settings. Furthermore, home-based, individualized interventions to prevent maltreatment may be of interest for policymakers. While the priority should be on preventing abuse and neglect, the treatment options have shown promising results for being cost-effective.

To overcome current shortcomings, expertise from different fields is required when conducting economic evaluations in the field of child abuse and neglect and should be integrated into the development and evaluation of interventions. A common methodology would strongly benefit future reviews and economic evaluations of relevant interventions. More research is needed to determine the most accurate and useful outcome measure in economic evaluations on child abuse and neglect. Developing a common methodology and outcome measure will allow further comparisons or pooling of data in a meta-analysis. Additionally, a common methodology and outcome measure will facilitate the development and application of strict inclusion and exclusion criteria for future systematic reviews. Spillover effects should be estimated in future research as child abuse and neglect interventions impact various dimensions of a caregiver's and/or children's life as well as the people around them. Neglecting spillover effects such as costs of informal care and benefits to family members, may result in an underestimation of the benefits of child abuse and neglect interventions (44).

Further research is required to determine which intervention shows the most favorable cost-effectiveness in different settings. Future researchers should adhere to the guidelines established by the Professional Society for Health Economics and Outcomes Research (ISPOR). Furthermore, there are several reporting guidelines for economic evaluations, such as the recently updated Consolidated Health Economic Evaluation Reporting Standards (CHEERS), to ensure all relevant study aspects are reported (45). Using recognized guidelines ensures that all relevant study aspects will be reported, facilitating future reviews and the development of replicable methodologies.



Conclusion

This study provides an overview of economic evaluations of preventive, diagnostic and treatment interventions related to child abuse and neglect in high-income countries. The results show that little research has been done in this field, but the evaluated interventions have a high potential for cost-effectiveness, especially individualized home- or community-based interventions and educational interventions. The transferability should, however, be assessed before implementing the interventions in a new setting. Future research could benefit from a more strictly defined terminology for child abuse and neglect, and from clear boundaries on which caregiver practices are considered to be abuse or neglect. Furthermore, a common methodology could increase the comparability of interventions focusing on child abuse and neglect.
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TRD, Treatment-Resistant Depression; M|

F, Female; rounding to unit:

sults pr
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70,205,032

F

17,500,500
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6,085,475

43,222,144
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180,298,279

DSR, Major Depression with Suicide Risk; M,
ted in € (euro).
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Employment reduction €83,478,676,400
Premature death €5,660,441,500
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Total costs €110,246,920,100

TRD, Treatment-Resistant Depression; MDSR, Major Depression with Suicide Risk;

rounding to units; results presented in € (euro).
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F 34,613 4,187 38,800 58.5%
M+F 50,730 15,627 66,357

% 76.4% 23.6%

YLD, Years lived with disability; YLL, Years of Life Lost due to premature death;
DALYs, Disability-adjusted life years; TRD, Treatment-resistant depression; MDSR,
M, Male; E, Female; rounding to uni
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Hollinghurst et al. (73) CBT + TAU CBT + TAU is likely to be cost effective compared QoL measure used (more cost-effective with
UK TAU to TAU EQ-5d-3L ¢f. SF-6D)
Wiles et al. (82) CBT + TAU CBT + TAU is likely to be cost effective compared None identified

UK TAU to TAU

Scott etal. (78) CBT + TAU £12.50 per relapse-free day (conclusion dependson | None identified

UK TAU willingness to pay for a relapse free day)

Town etal. (81) ISTDP + TAU ISTDP likely to be cost effective compared to TAU None identified
Canada TAU

Shearer et al. (79) RO-DBT + TAU Highly unlikely that RO-DBT is cost effective None identified

UK TAU compared with TAU

Lynch et al. (76) RO-DBT + TAU RO-DBT unlikely to be cost effective compared None identified

UK TAU with TAU
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UK
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TAU

SDS unlikely to be cost effective compared to TAU

None identified

Simon et al. (80)
USA

Collaborative care
program
TAU

$21 per depression-free day - likely to be
comparable ROI to other widely accepted medical
interventions

None identified
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References Comparators Study design | Model type Horizon Main health states
modeled
Nguyen and Gordon rTMS CUA Markov 36 months Acute treatment
(62) TAU (pharmacotherapy) microsimulation Full remission
Partial remission
No response/relapse
Post treatment ECT
Post-treatment lithium augmentation
Acute episode hospitalization
Death
Simpson et al. (66) T™S CUA Markov model 12 months Well: MADRS 0-9
Pharmacotherapy Mild: MADRS 10-17
Sham TMS Moderate: MADRS 18-27
Severe: MADRS > 28
Ross et al. (64) ECT at different lines of CUA Markov model 48 months Remission
therapy Response
TAU (pharmacotherapy) Relapse
Non-response
Fitzgibbon et al. (56) rTMS CUA Markov Lifetime Acute treatment
ECT microsimulation Remission
combined rTMS + ECT Maintenance treatment
stepped pathway Severe depression
Death
Ghiasvand et al. (57) rTMS CEA Decision tree 7 months Remission
ECT CUA Relapse
Health Quality Ontario 'TMS CUA Decision tree 6 months Non-response
(58) ECT Response
sham rTMS Remission
Unit University of rTMS CUA Decision tree 6 weeks Response
Calgary (59) ECT Remission
Relapse
Kozel et al. (60) rTMS CUA Decision tree 12 months Non-response
ECT Response
combined rTMS + ECT Continued response
stepped pathway Relapse
Vallejo-Torres etal. (67) | ECT CUA Markov model 12 months Acute treatment/relapse
rTMS Continuation treatment
combined rTMS + ECT Stable with/without treatment
stepped pathway Moderate depression
Severe depression
Death
Xie etal. (69) rTMS CUA Decision tree 6 months Non-response
ECT Response
sham rTMS + TAU Remission
Galletly et al. (52) rTMS CUA Markov 36 months Acute treatment
ECT microsimulation Full remission
Partial remission
No response/relapse
Post treatment ECT
Post-treatment lithium augmentation
Acute episode hospitalization
Death
Zhao etal. (71) rTMS CUA Markov model 12 months Remission
ECT Non-remission

Relapse

Stable (remission)

Severe depression

Death (suicide or other causes)
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Study design

Model type

Horizon

Main health states
modeled

Atlas et al. (53) Esketamine + Antidepressant| CUA Markov model Lifetime Non-response
Antidepressant Partial response
Response
Remission
Treatment failure
Relapse
Discontinuation
Death
Desai et al. (54) Esketamine + Antidepressant| CEA Markov model 12 months Response
Placebo + Antidepressant Remission
Relapse
Ross and Soeteman (65) Esketamine + TAU CUA Markov model 60 months Remission
TAU Response
Relapse
Non-response
Edwards et al. (55) AAP + Antidepressant CUA Markov model 12 months Non-response
Lithium + Antidepressant Response (continue/discontinue)
Remission (continue/discontinue)
Relapse
Malone (61) Antidepressants CEA Decision tree 6 months Non-response
(escitalopram, paroxetine Response
CR, sertraline, venlafaxine) Remission
Generic SSRIs
Olgiati et al. (63) Sequenced treatment CUA Markov model 26 weeks Acute
(either switch or augment depression/non-remission/relapse
following citalopram Remission
non-response) No treatment
Continued citalopram
Wang et al. (68) Hypothetical monotherapy CUA Markov model 12 months Full remission discontinued
SSRI + AAP Full remission
Partial remission discontinued
Partial remission
In episode discontinued
Relapse discontinued
Young et al. (70) Vortioxetine CUA Markov model 24 months Non-response

SSRIs, SNRIs, agomelatine

Response
Remission
Recovery
Long-term AEs
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References

' Comparators

Evaluation conclusion

Key drivers of uncertainty!

Nguyen and Gordon (62) rTMS rTMS dominates (cheaper and more effective) TAU | Probability of response, remission & relapse
Australia TAU (pharmacotherapy)
Simpson et al. (66) T™S rTMS is likely to be cost-effective compared to Cost of r”TMS
USA Pharmacotherapy sham rTMS
Sham TMS rTMS dominates pharmacotherapy
Ross et al. (64) ECT at different lines of Offering ECT after 2 failed lines of Cost of ECT cost
USA therapy pharmacotherapy/psychotherapy likely to be the Utility value for non-response
TAU (pharmacotherapy) most cost-effective algorithm Probability of response
McDonald et al. (72) ECT ECT dominates TAU None identified
USA TAU
Fitzgibbon et al. (56) rTMS rTMS dominates ECT in first line Frequency of rTMS administration
Canada ECT
combined rTMS + ECT
stepped pathway
Ghiasvand et al. (57) rTMS ECT more cost effective than rTMS Costs of interventions
Iran ECT
Health Quality Ontario (58) rTMS ECT likely to be cost effective compared to rTMS Probability of response to ECT and rTMS
Canada ECT
sham rTMS
Unit University of Calgary (59) rTMS rTMS dominates ECT Probability of response & remission
Canada ECT rTMS treatment cost
Kozel et al. (60) rTMS ECT unlikely to be more cost effective than rTMS Probability of response & remission
USA ECT Stepped rTMS-ECT pathway dominates Intervention costs
combined rTMS + ECT
stepped pathway
Vallejo-Torres et al. (67) ECT ECT dominates rTMS None identified
Spain rTMS Stepped pathway unlikely to be cost effective
combined rTMS + ECT
stepped pathway
Xie et al. (69) rTMS Low probability of rTMS being cost effective using None identified
Canada ECT a non-inferiority framework (and a 75%
sham rTMS + TAU preservation of effectiveness threshold)
Galletly et al. (52) rTMS rTMS unlikely to be cost effective compared to Probability remission after treatment
Australia ECT ECT Probability remission after hospitalization
Number of rTMS and ECT sessions per treatment
course
Zhao etal. (71) rTMS rTMS likely to be cost effective compared to ECT Probability remission after
Singapore ECT Cost for hospitalization due to ECT
Knapp etal. (75) rTMS Very low probability that rTMS is cost effective None identified
UK ECT compared to ECT

!Ttems in bold denote studies that conducted a comprehensive one-way uncertainty analysis.
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Evaluation conclusion

Key drivers of uncertainty?

Atlas et al. (53)
USA

Comparators

Esketamine +
Antidepressant
Antidepressant

Esketamine unlikely to be cost effective

Utilities for severe depression
Probability of continued effect
Probability of discontinuing therapy if effective

Desai et al. (54)
USA

Esketamine +
Antidepressant
Placebo + Antidepressant

Esketamine cost per remitter ($14-39K) is
cost-effective

Probability of relapse free remission

Ross and Soeteman (65)
USA

Esketamine + TAU
TAU

Esketamine unlikely to be cost effective

Probability of response and remission

Edwards et al. (55)
UK

AAP + Antidepressant
Lithium + Antidepressant

Lithium dominates AAP (though subject to
considerable uncertainty)

Probability of acute efficacy
Probability of discontinuation

Malone (61)
USA

Antidepressants
(escitalopram, paroxetine
CR, sertraline,

Cost per remitter lowest for venlafaxine

None identified

following citalopram
non-response)
Continued citalopram

venlafaxine)

Generic SSRIs
Olgiati et al. (63) Sequenced treatment Sequenced treatment likely to be cost effective Utility values for acute depression and remitted
USA (switch/augment compared to remaining on citalopram depression

Wang et al. (68) Hypothetical Hypothetical monotherapy dominates SSRI + AAP | Probability of response and remission
UK monotherapy
SSRI + AAP
Young et al. (70) Vortioxetine Vortioxetine in the third line likely to be cost Secondary care costs
UK SSRIs, SNRIs, effective compared to SSRIs
agomelatine
Kessler et al. (74) mirtazapine No strong evidence that mirtazapine is None identified
UK placebo + TAU cost-effective

2Items in bold denote studies that conducted a comprehensive one-way uncertainty analysis.
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Exposed
population

and
comparators

Eskasoni First
Nation, NS

Exposed: Youth aged
11-25 years

Historical Control:
EMHS users from
January 1, 2012 to
July 20, 2016

Parallel control:
non-EMHS users
from January 1, 2012
to December 31,
2020

AOM
intervention*
start/end
dates

July 20, 2016 to
December 31, 2020

Service
utilization

e Number of
referrals seen at
site
e Number of visits
at site
e Number of ER
visits
e Number of
hospital
admissions

e Number of
inpatient days

e Number of
outpatient
psychiatry visits
and services

e Number of
non-psychiatry
visits

e Total cost of AOM
implementation

e Total cost of
hospital admissions
e Total cost of ER
visits

e Total cost of
physicians visits

Study design
and key
elements

ROI (costs generated
by the intervention
will be compared to
costs under control
condition)

Data sources
(location)

e Eskasoni Mental
Health Services (local
site)

e Mi’kmaw Client
Linkage Registry data
(Medavie Blue Cross)

e Health Data Nova
Scotia linked datasets:
DAD, MED™, NARCS,
MASTER*™ (Provincial)

Sensitivity
analysis

e Pre-post parallel
trend assumption
will be evaluated by
examining the
interaction between
time and
intervention

e Time horizon over
which the difference-
in-differences are
calculated will be
varied

o Analyses will be
reconducted with
inclusion of a
washout period

Chatham-Kent, ON
Exposed: Youth aged
11-25 years residing
in Chatham-Kent
from October 2016
to March 2020

Historical Control:
Youth in Chatham-
Kent catchment
from October 1,
2012 to September
30,2016

Parallel control:
Youth in Sarnia
catchment from
October 1, 2012 to
March 17, 2020

October 1, 2016 to
March 17, 2020

e Number of
referrals seen at
site
e Number of visits
at site
e Number of ER
visits
e Number of
hospital
admissions

e Number of
inpatient days

e Number of
outpatient
psychiatry visits
and services

e Number of
non-psychiatry
visits covered
under OHIP

e Total cost of AOM
implementation and
CMHA services
e Total cost of

hospital admissions
e Total cost of ER
visits
e Total cost o
physicians visits
e Total cost o

medications

ROI (costs generated
by the intervention
will be compared to
costs under control
condition)

Time Horizon: no
limit, repeated
cross-sections of

6 months between
October 1, 2012 and
March 17, 2020

Washout period:

6 months
before/after October
1,2016

e Canadian Mental
Health Association-
Chatham-Kent (local
site)

e ICES linked datasets
for cost analysis:
ESTSOB, CCRS, HCD,
DAD, NACRS, NRS,
ODB, OHIP, OMHRS,
SDS, ADP, CAPE,
(provincial)

e Additional ICES
linked datasets for cohort
description: CONTACT,
RPDB, CPDB, IPDB,
ONMARG, INST

e Pre-post parallel
trend assumption
will be evaluated by
examining the
interaction between
time and
intervention

e Models will be
re-run after
excluding
individuals with
out-of-catchment
service use

o Analysis will be
reconducted with
removal of the
washout period

Edmonton, AB
AOM users, age
15-25 years

Parallel control:
Mental health
service users from
non-AOM
community mental
health clinics

April 6,2017 to
September 30, 2018

e Number of
hospitalizations
e Numbers of
outpatient visits
(ED, clinic,
specialist, GP,
CMHC)

e Prescription
drug usage

e Residential
admissions

e Total cost of AOM
implementation
e Total cost o
hospital admissions
e Total cost of ED,
outpatient, specialist,
GP, CMHC visits

e Total cost of
residential

admissions

e Total cost o
physicians visits

ROI (costs generated
by the intervention
will be compared to
costs under control
condition)

Time Horizon:
Outcomes and costs
were estimated for

1 year from the date
of access to the AOM
or control service, up
to September 30,
2019

o Alberta Health
Services (AHS) Mental
Health and Addictions
patient service data and
associated costs

e AHS community visit
and residential stay data,
and unit costs

o Alberta Health (AH)
hospital discharge data,
outpatient visit data
using CIHI case mix
categories and associated
costs
o Alberta Health
physician service data
and Schedule of Medical
Benefits
o Alberta Health
pharmaceutical data and
unit costs

e Inclusion of all
service types
regardless of their
statistical
significance

e Deterministic and
probabilistic
sensitivity analyses
e Analysis will be
reconducted with
inclusion of a
washout period

ADP, Assistive Devices Program; AHCIP, Alberta Health Care Insurance Plan; AHS, Alberta Health Services; AOM, ACCESS Open Minds; CAPE, Client Agency Program Enrolment; CCRS,
Continuing Care Reporting System; CMHA LK, Canadian Mental Health Association Lambton Kent; CMHC, Community Mental Health Center; CONTACT, Yearly Health Services Contact;
CPDB, Corporate Provider Database; DAD, Discharge Abstract Database; EMHS, Eskasoni Mental Health Services; ER, Emergency Room; ESTSOB, Estimated Schedule of Benefits; HCD, Home
Care Database; HDNS, Health Data Nova Scotia; ICES, Institute for Clinical Evaluative Sciences; INST, Information about Ontario health care institutions funded by the Ministry of Health and
Long-Term Care (MOHLTC); IPDB, ICES Physician Database; MCLR, Nova Scotia Mi’kmaw Client Linkage Registry; MHS, Mental Health Services; NACRS, National Ambulatory Care Reporting
System; NRS, National Rehabilitation Reporting System; ODB, Ontario Drug Benefit Claims; OHIP, Ontario Health Insurance Plan Claims Database; OMHRS, Ontario Mental Health Reporting
System; ONMARG, Ontario Marginalization Index; PIN, Pharmaceutical Information Network; ROIL, Return on Investment; RPDB, Registered Persons Database; SDS, Same Day Surgery Database.
*ACCESS Open Minds is the intervention in all three sites (reference)- the start and end dates reflect the economic evaluation, not necessarily the main AOM project. * MED, MSI Physician’s Billings.
++ MASTER, Insured Patient Registry. Box 1 Study interventions.
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Drugs

Medical services
Psychological treatment
Home-based treatment
Indirect medical costs
Productivity losses
Patient and family costs
Admission costs

Intervention costs

Remission Depression Mania Sources

€39
€161
€271
€131
€40
€443

€291

€53
€786
€126
€153
€40
€3,637
€4,996
€617

€53 (3, 60)
€804 (51,57)
€722 (51,56,57)
€874 (51,57)
€40 (49)
€2,182 9,51)
€2,997 (7,51)
€6,166 (51,57)
- (51, 55)
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Cost effectiveness analysis

Budget impact analysis

Decision informed

Typical audience

Outcome of interest

Method of assigning value to benefits

Costs included

Method of assigning value to costs

Is the intervention worthwhile?

Policymakers

Disease/condition-specific clinical endpoint or generic utility-based measure for
quality of life

Direct (or “natural”) measurement of clinical endpoints or socially determined

preference-weights for quality-of-life measures

Health sector perspective:
Formal health sector costs
Additional cost for societal perspective:
Informal caregiver costs,
Non-health sector costs,
Productivity losses

Currency-denominated economic cost, including value of opportunity cost

Can the intervention be afforded within
current budget constraints?

Budget holders within an organization

Changes in treatment mix/resource use

after introduction of new intervention

Currency-denominated accounting cost

that is avoided (if any)

Costs incurred by the payer (typically only
health sector costs are incurred)

Currency-denominated accounting cost
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BD-I BD-II Distribution References

Proportion BD-type population 0.600 0.400 Beta 2)
Time spent mood states

Ratio Depression/Mania 4.7 10.7 (36)
% Time in Depression 0.744 0.792 Beta (36)
% Time in Mania 0.256 0.208 Beta (36)

Health state transitions - SOC

Remission to Remission 0.880 0.880 Dirichlef

Remission to Depression 0.094 0.117 Dirichlef (42)
Remission to Mania 0.026 0.003 Dirichlef (42)
Depression to Depression 0.56 0.561 Dirichlef (41)
Depression to Remission 0.365 0.365 Dirichlef

Depression to Mania 0.074 0.074 Dirichlef (33)
Mania to Mania 0.298 0.048 Dirichlef (41)
Mania to Depression 0.074 0.074 Dirichlef (33)
Mania to Remission 0.628 0.878 Dirichlef

Mortality

RR Premature death 2.060 2.060 Lognormal (44)
RR Suicide 9.660 9.660 Lognormal (44)
Intervention effect (see case study below)

RR Mania 1.320 1.320 Lognormal (55)
RR Depression 0.810 0.810 Lognormal (55)
Utilities

Remission 0.800 0.800 Beta (52)
Depression 0.290 0.290 Beta (52)

Mania 0.540 0.800 Beta (52)
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Patients assigned to treatment
intensity (%)

Remission Depression Mania References

Outpatient low 85% 90% 30% (45, 53),
intensity treatment expert
o Pharmacotherapy opinion)

o Outpatient mental

specialist care

Outpatient high 15% 7% 40% (45, 53),
intensity treatment expert
o Pharmacotherapy opinion)

o Outpatient mental
specialist care

o Community-based
treatment

o Psychotherapy/education

Inpatient care NA 3% 30% (45, 53),
o Pharmacotherapy expert
o Outpatient mental opinion)

specialist care
o Hospital admission
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References, TRD Comparators Evaluation Perspective(s)® | Time
country population/Definition type? horizon
Atlas etal. (53) Inadequate response to >2 AD Esketamine + Antidepressant CUA Model Health system Lifetime
USA reatments vs CEA Societal

Antidepressant
Desai et al. (54) Inadequate response to >2 AD Esketamine + Antidepressant CEA Model Health system (4 12 months
USA reatments vs alternative payer

Placebo + Antidepressant perspectives)
Ross and Soeteman Inadequate response to >2 AD Esketamine + TAU CUA Model] Health system 60 months
(65) reatments (pharmacotherapy) vs Societal
USA TAU
Edwards et al. (55) Inadequate response to >2 AD AAP + Antidepressant vs CUA Model Health system 12 months
UK reatments Lithium + Antidepressant
Malone (61) Inadequate response to single Antidepressants CEA Model Health system 6 months
USA AD treatment (escitalopram, paroxetine

CR, sertraline, venlafaxine)

Generic SSRIs
Olgiati et al. (63) Inadequate response to single Sequenced treatment CUA Model Health system 6 months
USA AD treatment (switch/augment following

citalopram non-response) vs

Continued citalopram
Wang et al. (68) Inadequate response to >2 AD Hypothetical monotherapy vs | CUA Model Health system 12 months
UK treatments SSRI + AAP
Young et al. (70) Inadequate response to >2 AD Vortioxetine vs CUA Model Health system 24 months
UK treatments SSRIs vs SNRIs vs

agomelatine
Kessler et al. (74) Inadequate response to single mirtazapine vs CUA Within-trial | Health system 12 months
UK AD treatment placebo + TAU CEA Societal

(pharmacotherapy)

2Primary analysis shown first. SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin/noradrenaline reuptake inhibitor; CR, controlled release; TAU, treatment as usual; AAP,

atypical antipsychotic.
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References, TRD Comparators Evaluation Perspective(s)? = Time
country population/Definition type? horizon
Hollinghurst et al. (73) Inadequate response to single CBT + TAU (usual clinical CUA Within-trial | Health system 12 months
UK AD treatment care for primary care TRD CCA Societal
patients) vs
TAU
Wiles et al. (82) Inadequate response to CBT + TAU (usual clinical CUA Within-trial | Health system Up to
UK >6 weeks AD treatment care for primary care TRD 46 months
patients) vs
TAU
Scott et al. (78) Current residual symptoms of CBT + TAU (usual clinical CEA Within-trial | Health system 17 months
UK >8 weeks’ duration following care) vs
and MDD episode between last TAU
2-18 months
Town etal. (81) Inadequate response to ISTDP + TAU (usual clinical CUA Within-trial | Health system 18 months
Canada >6 weeks AD treatment care for secondary care TRD CEA
patients) vs
TAU
Shearer et al. (79) MDD lasting > 2 years or >2 RO-DBT + TAU (usual CUA Within-trial | Health system 12 months
UK MDD episodes with inadequate clinical care for secondary CEA
response to > 6 weeks AD care TRD patients) vs
treatment TAU
Lynch et al. (76) Inadequate response to >2 AD RO-DBT + TAU (usual CUA Within-trial | Health system 18 months
UK treatments clinical care) vs Societal

TAU

2Primary analysis shown first. AD, antidepressant (drug).
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References, TRD Comparators Evaluation | Study Perspective(s)? | Time
country population/Definition type? design horizon
Morriss et al. (77) Inadequate response to Specialist depression service CUA Within-trial Health system 18 months
UK >6 months secondary mental (SDS) vs
healthcare TAU (usual clinical care for
secondary care TRD patients)
Simon et al. (80) >2 depressive episodes Collaborative care program CEA Within-trial Health system 6 months.

USA

vs
TAU (usual clinical care for

primary care TRD patients)

2Primary analysis shown first.
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Criteria Notes

Population Adults with treatment-resistant depression

Intervention Any intervention for the management of TRD

Comparator | Any intervention for the management of TRD

Outcome Incremental changes in costs and consequences

Study types Full economic evaluations: cost-utility analyses (CUA);
cost-effectiveness analyses (CEA); cost-benefit analyses (CBA);
cost-minimization analyses (CMA); and cost-consequence
analyses (CCA). Model and trial-based studies included

Language English
Time frame Any
Exclusion No comparator

No consideration of incremental Acost and Aconsequences
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References, TRD Comparators Evaluation Perspective(s)? | Time
country population/Definition type? horizon
Nguyen and Gordon Inadequate response to >2 AD rTMS vs CUA Model] Health system 36 months
(62) reatments TAU (pharmacotherapy)
Australia
Simpson et al. (66) Inadequate response to 1-4 AD TMS vs CUA Model Health system 12 months
USA reatmen TAU (pharmacotherapy) vs Societal

Sham TMS
Ross et al. (64) Inadequate response to >2 AD ECT at different therapy lines CUA Model Health system 48 months
USA reatments vs

TAU (pharmacotherapy)
McDonald et al. (72) Geriatric TRD on maintenance ECT vs CCA Within-trial | Health system 12 months
USA reatmen TAU (pharmacotherapy) (non-

TRD not explicitly defined randomized)

Fitzgibbon et al. (56) Not explicitly defined rTMS vs CUA Model Societal Lifetime
Canada ECT vs

rTMS + ECT stepped

pathway
Ghiasvand et al. (57) Not explicitly defined rTMS vs CEA Model] Health system 7 months
Iran ECT CUA
Health Quality Ontario | Inadequate response to > 2 AD rTMS vs CUA Model Health system 6 months
(58) treatments ECT vs
Canada sham rTMS
Unit University of Inadequate response to >2 AD rTMS vs CUA Model Health system 1.5 months
Calgary (59) treatments ECT
Canada
Kozel et al. (60) Not explicitly defined rTMS vs CUA Model Societal 12 months
USA ECT vs

rTMS + ECT stepped

pathway
Vallejo-Torres et al. Not explicitly defined ECT vs CUA Model Health system 12 months
67) rTMS vs
Spain rTMS + ECT stepped

pathway
Xie et al. (69) Inadequate response to >2 AD rTMS vs CUA Model Health system 6 months
Canada treatments ECT vs

sham rTMS + TAU
Galletly et al. (52) Inadequate response to >2 AD rTMS vs CUA Model Health system 36 months
Australia treatments ECT
Zhao etal. (71) Not explicitly defined rTMS vs CUA Model Societal 12 months
Singapore ECT
Knapp et al. (75) Not explicitly defined rTMS vs CEA Within-trial | Health system 6 months
UK ECT CUA Societal

2Primary analysis shown first.
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Records identified from databases
PsycINFO  (n=223)
CINHAL (n =159)
EMBASE (n =124)
Medline (n =68)

CRD (n =40)
Cochrane (n=8)
Total (n =622)

\4

Records removed before
screening:
Duplicates (n=169)
Other reasons (n = 0)

Records screened
(n = 453)

Records excluded
(n =401)

v

Reports sought for retrieval

(n=952)
'

Reports not retreved
(n=0)

Reports assessed for eligibility
(n=52)

\4

Reports excluded:
Wrong publication type (n = 9)
Wrong study design  (n = 8)
Wrong population (n=3)
Wrong language (n=1)
Duplication (n=1)

[ -~
ude

-

e — _— e

!
!

Inc

Studies included in review
(n=29)

Reports of included studies
(n=31)

Reports identified from reference

lists (n=1)
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Variable Base-case value OWSA PSA Source

Lower value Upper value distribution
Drug acquisition costs
Daily dosage, mg
Lurasidone 60.00 NA* Na® Na* Drug instruction
Olanzapine 12,50 NA* NA NA Drug instruction
Risperidone 500 NA® NA® NA* Drug instruction
Aripiprazole 20.00 Na®* NA* NA* Drug instruction
Clozapine 150.00 NA* Na® Na* Druginstruction
Unit cost per dosage, CN¥ (USS$)/mg
Lurasidone 0.240 (0.035) 0.180 0300 Gamma G
Olanzapine 1549 (0.224) 1162 1936 Gamma Gy
Risperidone 0,635 (0.092) 0476 0794 Gamma Gy
Aripiprazole 0787 (0.114) 0590 0984 Gamma Gy
Clozapi 0,001 (0.0001) 0.001 0.001 Gamma G
Schizophrenia related outpatient costs, CN¥ (USS)/6-week
Non-stable state and relapse state 615.88 (89.26) 46191 769.85 Gamma (32-36)
Stable state 31248 (45.29) 23436 390.60 Gamma (32-36)
Schizophrenia related inpatient costs
Duration, days
Non-stable state and relapse state 2640 19.80 33.00 Log-normal Expert survey
Stable state 380 285 475 Log-normal Expert survey
Relapse state 31.00 2325 3875 Log-normal Expert survey
Daily cost, CN¥ (US$)/day
Non-stable state and relapse state 52000 (75.36) 390 650 Gamma (32-36)
Stable state 240.00 (34.78) 180 300 Gamma (32-36)
Relapse state 52000 (75.36) 390 650 Gamma (32-36)
AEs management costs, CN¥ (US$)/6-week
Weight gain 78.62 (11.39) 5897 98.28 Gamma (32-36)
EPS 100.98 (14.63) 7574 12623 Gamma (32-36)
Diabetes 1,544.83 (223.89) 1,158.62 1,931.04 Gamma 37

“Variable not included in the sen:
EPS, extrapyramidal

E, adverse event; PSA, probabilisti
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Variable Base-case value OWSA PSA Source

Lower value Upper value distribution
Health state utility values
Stable 0919 0.874 0.964 Beta (39)
Non-stable/relapse 0.604 0522 0.686 Beta 9)
AE-related disutility values
Weight gain 0.089 0052 0.126 Beta (39)
EPS 0.256 0.227 0.285 Beta (39)
Diabetes 0151 0.135 0.167 Beta 39)

PSA, probabilisti
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Treatment Total costs, Total
CN¥ (USS$) QALYs
Lurasidone 128,662 (18,647) 8147
Olanzapine 140,755 (20,399) 7.950
Risperidone 135,443 (19,629) 8.031

incremental cos

Incremental
costs,
CN¥ (US$)

—12,093 (-1,753)
—6,781 (-983)

Incremental
QALYs

0.197
0.116

ICER, CN¥
(UsS)/
QALY

Lurasidone dominant

Lurasidone dominant
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Resource item

Web hosting

Personnel training (administrator)
Personnel training (researchers)

Periodic updates to the narrative collection
Web-application maintenance
Administrative support

Advertisement

Intervention engagement

Safeguarding

Total cost*

have been rounded.

NEON (&, 2020/21)*

1,907
1515
951
58,593
13,068
16,669
23,111
2,497
350
118,663

NEON-O (£, 2020/21)*

2,005
1,593
1,000

61,615

13,742

17,529

23,111

2,497
350

123,444

Yearly (£, 2020/21)*

875
696
437

26,901
6,000
7,653
23,111
2,497
350
68,521
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Resource Staff members  Quantity Method Cost per unit* Source
item and details consumed

Intervention RA 85days (7-10days)  Expert estimation  £28.80 per hr (£23.18-£34.47) [The University of Nottingham’s Aug
testing 2021 Clinical Salary Scales]
SRE 13.5 days (12-15 days) £41.34 per hr (£34.47-£49.54)
c 20 hrs (15-25 hrs) £69.91 per hr (£46.49-£102.26)
STAT 25 days (2-3 days) £50.74 per hr (£40.64-£60.46) Queen Mary University of London Aug
2021 Salary Scales
Feasibility study ~ RA 3hrs(225-375hrs)  Expertestimation  £28.80 per hr (£23.18-£34.47) [The University of Nottingham’s Aug
Bascline 2021 Clinical Salary Scales)
25 participants 3hrs (2.25-3.75 hrs) £20 perhr [Internal communication with NEON
study team]
Transcript 25 transeripts Direct observation  £72.13 per transcript [Invoice to the NEON study]
Travel 25 participants Expert estimation  £5.15 per participant (Internal communication with NEON

study team)

Follow-up RA Expert estimation  £28.80 per hr (€23.18-£34.47) [The University of Nottingham’s Aug
2021 Clinical Salary Scales)
22 participants 3hrs (225-3.75 hrs) £20 perhr [Internal communication with NEON
study team]
Transcript 22 transeripts Direct observation  £41.22 per transcript [1nvoice to the NEON study]
Travel 22 participants Expert estimation  £5.15 per participant [Internal communication with NEON
study team]
Analysis RA 30hrs (22.5-37.5hrs)  Expert estimation  £28.80 per hr (£23.18-£34.47) [The University of Nottingham’s Aug
2021 Clinical Salary Scales)
SRF 10 hrs (7.5-12.5 hrs) £41.34 per hr (£34.47-£49.54)

CI, Clinical Investigator; hr, hour; RA, Research Associate; S
As per the University of Nottingh
215 working da
“The unit costs usey

r Research Fellow ior Statistician.

ms “Normal Full-time Working Week; it was assumed that the number of hours worked per week was 36.25 h for all professionals. Given there were
sty holidays/closures), the number of hours worked per year was assumed to be 1,559 h.

odel contain direct salary plus on-costs [employer’ national insurance contributi s Superannuation Scheme (US
contribution, and the apprenticeship levy).

ncluding 30 days annual leave, 8 public holidays, and 7

in the base case

s, employer’s Universit

pension
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Resource Staff members  Quantity Method Cost per unit” (range) Source
item and details consumed (range)
Web hosting Amazon Web Maximum capacity:  Direct observation  £2.40 per day® [Invoice to the NEON study]
Services Lightsail 2,000 users
Personnel APM2 2 days Direct observation  £18.25 per hr (£15.61-£21.80) [The University of Nottingham’s Aug
training: 2021 Clinical Salary Scales]
Administrator  APM3 2 days £23.90 per hr (£19.92-£28.72)
SRE 1 day £41.34 per hr (€34.47-£49.54)
Personnel APM3 2hrs (1.5-25 hrs) Expertestimation  £23.90 per hr (£19.92-£28.72) [The University of Nottingham’s Aug
training: 2021 Clinical Salary Scales]
Researchers.
RA 2hrs (1.5-25 hrs) £28.80 per hr (€23.18-£34.47)
SRE 1hr (0.75-1.25 hrs) £41.34 per hr (€34.47-£49.54)
Researchers 2 days (1.5-2.5 days) £20 per hr [Internal communication with NEON
study team]
Periodically Scaling the costper 200 narratives per year  Expertestimation  £135 per narrative® (€127-£142)  [Authors’ calculations]
pdating narrative (100-300 per year)
narrative
collection
Web-application  Technici 20 days per year (20-30  Expert estimation  £300 per day [Invoice to the NEON study]

maintenance

days)

Administrative  APM2 9.8 hrs per week Direct observation  £18.25 per hr (£15.61-£21.80) [The University of Nottingham’s Aug
support (4.9-146 hrs) with assumption 2021 Clinical Salary Scales]
Advertisement  Paid adverts N/A Direct observation ~ £19.22 per day (duration: NEON  [Invoice to the NEON study]
Trial)
£18.29 per day (duration:
NEON-O Trial)
APM3 20days (15-25days)  Expertestimation  £23.90 per hr (£19.92-£28.72) [The University of Nottingham’s Aug
2021 Clinical Salary Scales]
RA 18 days (14-22 days) £28.80 per hr (€23.18-£34.47)
SRE 2 days (1-3 days) £41.34 per hr (£34.47-£49.54)
Intervention RA 58 hrs (4472 hrs) Expert estimation  £28.80 per hr (£23.18-£34.47) [The University of Nottingham’s Aug
engagement 2021 Clinical Salary Scales]
SRE 20 hrs (15-25 hrs) £41.34 per hr (£34.47-£49.54)
Safeguarding c Shrs(3.75-625hrs)  Expertestimation  £69.91 per hr (€46.49-£102.26) [Glassdoor March 2022]

APM2, Administrative, Professional and Managerial level 2 (APM2); APM3, Admi
Associate; SRE, Senior Research Fellow.

As per the University of Nottingham's “Normal Full-time Working Week? it was assumed that the number of hours worked per week was 36.25 h for all profes
ing days in 2021 (including 30 days annual leave, 8 public holidays, and 7 university holiday
*The unit costs used in the base case model contain direct salary plus on-costs (employer's national insurance contributions, employer’ Universities Superannuation Scheme (USS) pension
contribution, and the apprenticeship levy).

YThe web hosting cost per day is derived by dividing the total cost from the invoiced bills (converted SUSD to £GBP) by the number of days hosting services were supplied as of the time
of this research (1t March 2020 to 315t March 2022). The total cost of web hosting during the 760-day period was £1,823.92 givinga cost per day at £2.40.

“The cost to periodically update the narratives was calculated by dividing the total cost of curating the narratives by the number of narratives in the collection at the time of this research,
then rescaling to the selected narrative per year amount. The total cost of curating the narratives was £88,640.09 (low: £83,954.30; high: £93,325.89) and the number of narratives currently
in the collection was 659 giving a cost per narrative at £135.

rative, Professional and Managerial level 3 (APM3); CI, Clinical Investigator; hr, hour; RA, Research

215 worl

closures), the number of hours worked per year wasa
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LEAP workshops
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LEAP, Lived Experience Advisory Panel.

“Wages contain direct salary plus on-costs [employe

apprenticeship levy].
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60% resource use

Midpoint resource use

Midpoint resource use
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Midpoint resource use
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Max/Min resource use
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Direct salary only and direct salary plus
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3125-41.25
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stic/pessimistic assumptions

national insurance contributions, employer's Universities Superannuation Scheme (USS) pension contributions, and the
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Resource item Costs (£, 2020/21)*

Curation of the NEON Collection

Staff time to source recovery narrative 15,740
Staff time to secure ethical approval 5013
Collection organizers 1,650
LEAP workshops 41372
CSG meetings including preparation for meetings 2,555
Training researchers 470
Coding narratives using INCRESE. 21,840
Web-application development

Database specification 1,349
Software development 49279
Recommender system and integrating into the codebase 7531
Graphic design 4,560
Interaction design 1,349

Additional communication
Task meetings 12,575
International Advisory Board meetings 670

Intervention Design G

up meetings 131

Testing the intervention

Intervention testing 8,139
Feasibility study 8,629

Total cost 182,851

CSG, Collection Steering Groups INCRESE, inventory of characteristics of recovery

stories; LEAP, Lived Experience Advisory Panel.
* Costs have been rounded.
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g researchers
o Coding narratives

Web application development:

Database specification

Software development

Recommender system and integrating into the codebase

Graphic design

Interaction design
Communication:
o Task meetings
» Advisory Board meetings
» Design Group meetings

Interventios

 Intervention testing
o Feasibility study

Delivery resource use categories

Web hosting

Personnel training

Periodic updates to the narrative collection

Web-application maintenance

Administrative support

Advertisement

Intervention engagement

Safeguarding
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Resource Staff members  Quantity Method Cost per unit* (range) Source
item and details consumed (range)

Staff time to APM3 12.5 days Expert estimation  £23.90 per hr (£19.92-£28.72) [The University of Nottingham’s Aug
source recovery (10-15 days) 2021 Clinical Salary Scales]
narrative RA 65 days (50-85 days) £28.80 per hr (£23.18-£34.47)
Stafftime to el 2.5 days (2-3 days) £69.91 per hr (£46.49-£102.26) [Glassdoor March 2022]
secure ethical
approval SRE 12.5 days (10-15 days) £41.34 per hr (£34.47-£49.54) [The University of Nottingham’s Aug
2021 Clinical Salary Scales]
Collection N/A N/A Direct observation ~ £2.79 per collection organizer [Invoice to the NEON study]
organizers source narrative
LEAP workshop ~ APM3 23.4hr (13.7-332 hrs)  Direct observation  £23.90 per hr (£19.92-£28.72) [The University of Nottingham’s Aug
with assumption 2021 Clinical Salary Scales]
RA £28.80 per hr (£23.18-£34.47)
SRF £41.34 per hr (£34.47-£49.54)
a £69.91 per hr (£46.49-£102.26) [Glassdoor March 2022]
10 LEAP members £20 per hr [Internal communication with NEON
study team]
Travel/venue 13 workshops Direct observation ~ £128 per LEAP member meeting  [Invoice to the NEON study]
Collection RA 14hr Direct observation  £28.80 per hr (€23.18-£34.47) [The University of Nottingham’s Aug
Steering Group 2021 Clinical Salary Scales]
Meetings SRF £41.34 per hr (£34.47-£49.54)
4 LEAP members £20 perhr [Internal communication with NEON

study team]

APM3; preparation  7.25 hr £23.90 per hr (£19.92-£28.72) [The University of Nottingham’s Aug
for meetings 2021 Clinical Salary Scales]
Training APM3 5hr (3.75-6.25 hr) Expert estimation  £23.90 per hr (£19.92-£28.72) [The University of Nottingham’s Aug
researchers RA 5hr(3.75-6.25 hr) £28.80 per hr (£23.18-£34.47) 2021 Clinical Salary Scales]
SRE 5hr(3.75-6.25 hr) £41.34 per hr (£34.47-£49.54)
Staff time to code  Researchers 1,092 hr (819-1,638 hr)  Direct observation  £20 per hr [Internal communication with NEON
the narratives with assumption study team]

APM3, Administrative, Professional and Managerial level 3 (APM3); CI, Clinical Investigator; hr, hour; LEAP, Lived Experience Advisory Panel; RA, Research Associate; SRE,
Research Fellow.

As per the University of Nottinghams “Normal Full-time Working Week” it was assumed that the number of hours worked per week was 36.25 h for all professionals. Given there were
215 working days in 2021 (including 30 days annual leave, 8 public holidays, and 7 university holidays/closures), the number of hours worked per year was assumed to be 1,559 h.

he unit costs used in the base case model contain direct salary plus on-costs [employer’s national insurance contributions, employer’s Universities Superannuation Scheme (USS) pension
contribution, and the apprenticeship levy].
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Resource Staff members  Quantity Method Cost per unit* Source
item and details consumed

Database SRE 4.5 days (4-5 days) Expert estimation  £41.34 per hr (£34.47-£49.54) [The University of Nottingham’s Aug
specification 2021 Clinical Salary Scales]

Software N/A N/A Direct observation 100% of invoice [Invoice to the NEON study]
development

Recommender  Work package 3.1 N/A Direct observation  30% of budget [NEON study budget proposal]
system with assumption

development

SRE integratingthe 4 days (3-5 days) Expert estimation  £41.34 per hr (£34.47-£49.54) [The University of Nottingham’s Aug

algorithm into site 2021 Clinical Salary Scales]
Graphicdesign ~ N/A N/A Direct observation 100% of invoice [Invoices to the NEON study]
Interaction design SRF 4.days (3-5 days) Expert estimation  £41.34 per hr (£34.47-£49.54) [The University of Nottingham’s Aug

2021 Clinical Salary Scales]

i, hour; SRE, §
As per the University of Nottingham's “Normal Full-
215 working days in 2021 (including 30 days annual leave, 8 public holidays, and 7 university holidays/closures), the number of hours worked per year was assumed to be 1,559 h.

me Working Week” it was assumed that the number of hours worked per week was 36.25 h for all professionals. Given there were

“The unit costs used in the base case model contain direct salary plus on-costs [employer’s national insurance contributions, employer's Universities Superannuation Scheme (USS) pension
contribution, and the apprenticeship levy).
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Resource Staff members  Quantity Method Cost per unit* (range) Source
item and details consumed

Task meetings  CI 56.8hrs (1376-99.8  Expertestimation  £69.91 per hr (€46.49-£102.26) [Glassdoor March 2022]
hrs)
RA £28.80 per hr (€23.18-£34.47) [The University of Nottingham’s Aug
2021 Clinical Salary Scales]
SRF £41.34 per hr (£34.47-£49.54)
APM3 £23.90 per hr (£19.92- £28.72)
International c 1hr(075-125hrs)  Expertestimation  £69.91 per hr (£46.49-£102.26) Glassdoor March 2022]
AdvisoryBoard 4 Profs £69.91 per hr (£46.49-£102.26)
SRE £41.34 per hr (€34.47-£49.54) [The University of Nottingham’s Aug
2021 Clinical Salary Scales]
2 Profs; further £69.91 per hr (€46.49-£102.26) [Glassdoor March 2022]
consultations
Intervention SRF 1.5hrs Direct observation ~ £41.34 per hr (£34.47-£49.54) [The University of Nottingham’s Aug
Design Group 2021 Clinical Salary Scales]
meetings
2LEAP members £20 per hr [Internal communication with NEON
study team]
APM3, Admi rative, Professional and Managerial level 3 (APM3); CI, l Investigator; hr, hour; LEAP, Lived Experience Advisory Panel; Profs, Professors; RA, Research Associate;

SRE, Senior Research Fellow.
As per the University of Nottingham’s “Normal
ng days in 2021 (including 30 days a
“The unit costs used in the base case model contain direct salary plus on-costs [employer’ national insurance contributions, employer’s Uni
contribution, and the apprenticeship levy).

me Working Week” it was assumed that the number of hours worked per week was 36.25 h for all professionals. Given there were

215 worl

ual leave, 8 public holidays, and 7 university holidays/closures), the number of hours worked per year was assumed to be 1,559 h.
rsities Superannuation Scheme (USS) pension
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