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Abstract 

In schizophrenia, modelling techniques may be needed to estimate the long-term costs and 
effects of new interventions. However, it seems that a simple direct link between symptoms 
and costs does not exist. Decisions about whether a patient will be hospitalized or admitted 
to a different healthcare setting are based not only on symptoms but also on social and 
environmental factors. This paper describes the development of a model to assess the 
dependencies between a broad range of parameters in the treatment of schizophrenia. In 
particular, the model attempts to incorporate social and environmental factors into the 
decision-making process for the prescription of new drugs to patients. The model was 
used to analyse the potential benefits of improving compliance with medication by 20% 
in patients in the UK. A discrete event simulation (DES) model was developed, to describe 
a cohort of schizophrenia patients with multiple psychotic episodes. The model takes into 
account the patient’s sex, disease severity, potential risk of harm to self and society, and 
social and environmental factors. Other variables that change over time include the number 
of psychiatric consultations, the presence of psychotic episodes, symptoms, treatments, 
compliance, side-effects, the lack of ability to take care of him/herself, care setting and risk of 
harm. Outcomes are costs, psychotic episodes and symptoms. Univariate and multivariate 
sensitivity analyses were performed. Direct medical costs were considered (year of costing 
2002), applying a 6.0% discount rate for costs and a 1.5% discount rate for outcome. The 
timeframe of the model is 5 years. When 50% of the decisions about the patient care setting 
are based on symptoms, a 20% increase in compliance was estimated to save £16 147 and to 
avoid 0.55 psychotic episodes per patient over 5 years. Sensitivity analysis showed that the 
costs savings associated with increased compliance are robust over a range of variations in 
parameters. DES offers a flexible structure for modelling a disease, taking into account how 
a patient’s history affects the course of the disease over time. This approach is particularly 
pertinent to schizophrenia, in which treatment decisions are complex. The model shows that 
better compliance increases the time between relapses, decreases the symptom score, and 
reduces the requirement for treatment in an intensive patient care setting, leading to cost 
savings. The extent of the cost savings depends on the relative importance of symptoms and 
of social and environmental factors in these decisions.



MODELLING THE TREATED COURSE OF SCHIZOPHRENIA

45

Ch
ap

te
r 3

Introduction

Schizophrenia is a chronic psychiatric disease and affects approximately 1 in 100 inhabitants 
of western societies. The illness is characterized by the occurrence of positive symptoms 
such as hallucinations and delusions, and negative symptoms such as restricted emotional 
experience and a low social drive. Positive symptoms may be concentrated in so-called 
psychotic episodes. The number of such episodes during a patient’s lifetime is variable. 
Approximately 16% of patients suffer only one episode, after which they recover completely.
[1] Approximately 19% experience multiple episodes but are relatively free of symptoms 
between episodes. The majority of patients (52%) experience a continuously deteriorating 
health state with each psychotic episode. Finally, approximately 13% of patients remain in a 
permanent psychotic state.[1] 

To date, a definitive curative treatment for schizophrenia is unavailable. However, drugs 
that delay the occurrence of psychotic episodes and reduce the severity of symptoms 
are available. Two types of antipsychotic medication represent the cornerstones of the 
management of schizophrenia: these are the first-generation ‘conventional’ drugs such as 
haloperidol and the second-generation ‘atypical’ drugs such as risperidone, olanzapine and 
clozapine. Both types of drug are effective in reducing the positive symptoms of schizophrenia 
(e.g. delusions and hallucinations). In addition, atypical antipsychotic agents treat negative 
and cognitive symptoms and are associated with a lower incidence of side-effects such as 
involuntary movement disorders and tardive dyskinesia. Atypical antipsychotic agents have 
been found to delay the occurrence of psychotic episodes more effectively than haloperidol.
[2,3] Also, with regard to efficacy, atypical agents appear to have slight advantages over 
conventional antipsychotic drugs, both for acute and maintenance treatment.[4] However, 
some atypical medications are associated with weight gain and metabolic side-effects such 
as hyperglycaemia and dyslipidaemia. 

From cost of illness data, it is known that a large part of the costs of schizophrenia is related 
to shortterm hospitalizations and long-term care in, for example, healthcare institutions and 
sheltered living arrangements.[4] As a consequence, when assessing the cost and outcomes 
of a therapy, if there is information about the effect of that therapy on symptom scores only, 
it is important to establish a link between those scores and the main contributors to cost. 
When data are lacking, as is the case here, clinical experts have to be consulted to establish 
this link. 

During such consultations it was found that the decision about whether a patient should 
be hospitalized or admitted to a different healthcare setting is based not only on symptoms 
but also on social and environmental factors (e.g. whether a patient is married, has a job 
or lives alone). Moreover, it was found that patients who are admitted to sheltered living 
arrangements and longterm care facilities often stay there for a long time, despite a decrease 
in symptoms as a result of some effective therapy. A simple direct link between symptoms 
and costs thus does not appear to exist. Whenmodelling using a Markov chain, such a link 
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is always assumed and when this link becomes complicated the solution is to define more 
health states. However, in such cases the Markov chain may become very large and the 
decision tree may become a decision forest. This may become a very dense forest if multiple 
patient characteristics and other phenomena are taken into account such as sex, type of 
patient (based on the occurrence of psychotic episodes and whether the patient deteriorates 
after episodes), severity of the disease (in terms of symptom score, duration of episodes and 
duration between episodes), medication, compliance, whether the patient is a risk of harm 
to him/herself or his/her environment, and social and environmental factors. This ‘explosion’ 
of states can be dealt with in standard state-transitionMonte Carlomodels in which the data 
of only one patient are in the model at a given time. However, it should be realised that if 
numerous health states are discerned, many transition tables would have to be derived and 
drawn from in successive cycles, which is data intensive and computationally inefficient. 

Another modelling method is discrete event simulation (DES). The overwhelming advantage 
of this method is its ability to represent multiple factors in a model simultaneously; the 
model can create queues and can deal with competition for resources. DES may also be 
used to model a single individual passing through a set of disease states and to evaluate 
what happens to a population by running data from large numbers of people through the 
model.DES is a way of modelling that offers a rather natural way of covering all the above-
mentioned aspects.[5] This paper summarizes some of our results using this approach to 
analyse the potential benefits of improving compliance with medication in the UK. This is 
done with a focus on the extent that decisions about the patient’s care setting are guided 
either by symptoms or by other considerations such as social and environmental factors. 
This is a topic within the field of schizophrenia aboutwhich no data are available, but which 
may be crucial in any assessment of whether a therapy is cost effective. Introducing a 
more effective but more expensive drug will not lead to cost savings when the decision on 
healthcare setting is based solely on social and environmental factors. 

Methods

The model was originally designed to simulate the histories of patients with schizophrenia 
from the age at onset until death. Information on model structure, epidemiology and 
treatment patterns was derived from the literature. When specific data were lacking, two 
panels of experts in psychiatric diseases were consulted. On the basis of the input of the 
Dutch expert panel, we developed a concept model. This concept model was described in a 
document, with questions about the structure of the model. The document was sent to the 
members of the UK panel, who were asked to provide information based on their clinical 
experience and their knowledge of the literature. The model was adapted on the basis of the 
panel discussions and subsequent individual interviews with the panel members. All experts 
were asked to evaluate the model structure, the underlying assumptions, and all estimates 
concerning epidemiology and treatment patterns. 
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The main aim of this paper is to illustrate the model and its methodology. We limited 
ourselves to a 5-year time horizon and to patients who deteriorate over time, and we 
excluded firstepisode patients. The 5-year time horizon was chosen as being sufficiently long 
to observe the dynamics in the histories of patients and not too long to lose any predictive 
power. The model can also be applied to different time horizons varying from 1 month to 
a lifetime. We chose patients who deteriorate over time because the disease process and 
treatment of these patients are the most dynamic, and they are the most common group. 
First-episode patients were not considered because the disease course of these patients 
has yet to become apparent, e.g. they may only suffer one episode or remain continuously 
psychotic. Therefore, the model starts with patients experiencing their second or third 
episode; more specifically, the moment at which a decision about a potentially long-term 
medical therapy is taken. Figure 1 displays an overview of the variables that are included in 
the modelling process. 

There are two methods of implementing time advances in simulation models: time sliced or 
event oriented. Using the time-sliced method, the patient variables [Positive and Negative 
Syndrome Scale for Schizophrenia (PANSS), relapses etc.] are updated at constant time slices. 
At a constant rate the simulator checks, for every patient, whether a limit has been crossed, 
and whether the patient will consequently have a change in health state. Using the event-
oriented method, the simulator has to compute the time when a patient will change their 
state. This approach is used by @risk and Excel, by simulating individual patient histories; 
running one iteration in @risk is equal to simulating the history of one patient. Patients 
progress through the disease by drawing the duration of relapses and subsequent time 
between relapses until the 5-year time horizon is completed. The central clock mechanism 
is not applied, as patient histories are simulated one by one and not at the same time. The 
latter would require a central clock.

Time-independent Parameters

What is expected to happen in the course of a patient’s life may depend on a number of 
patient characteristics, which are assumed not to be affected by the disease process or by 
any treatment decisions. The parameters considered in the model are age (on entering and 
at death), sex, severity, potential risk to society, whether the patient will suffer side-effects, 
and the patient’s social and environmental factors. As reflected by the rectangle in the left 
column in figure 1, each simulation run starts with simulating such characteristics per patient 
by drawing at random from predefined distributions. 

The sex of the patients is generated by drawing from a binomial distribution assuming that 
50% of patients are male.[6] The age on entering the model is drawn from a normal distribution 
with an average age of 22 years and a standard deviation of 3 years. 
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Whether a patient will suffer side-effects given the type of medication being taken is modelled 
as a patient characteristic. Naturally, whether the patient will suffer from side-effects depends 
on whether the medication is indeed used. A distinction is made between: (1) conventional 
drugs such as haloperidol; (2) atypical antipsychotic agents such as risperidone and 
olanzapine; and (3) clozapine. Clozapine is treated separately from the other atypical drugs 
because it has a distinct side-effect profile, including a 1% probability of agranulocytosis.
[6] The likelihood of adverse events is drawn per patient using binomial distributions with 
probabilities as presented in table I, based on data from Csernansky et al.,[8] McIntyre et al.[9] 
and Wirshing et al.[10] 

Four care settings were identified for the model: community treatment at home, intense 
community treatment at home, a staffed hostel, and a hospital. The choice of care setting is 
influenced by whether the psychiatrist considers the patient to present a significant risk of 
harm to him/herself or to society. Some patients may present such a risk, others may never 
present such a risk. Whether a patient may be able to present such a risk is modelled as 
a patient characteristic using a binomial distribution; whether this will happen in time is 
modelled as a time-dependent variable depending on the symptom score and the potential 
risk. Based on expert opinion, it is estimated that 30.0 and 7.5% of men and women, 
respectively, are a potential risk to themselves or society. 

In this application of the model, we limit ourselves to patients who will deteriorate over 
time. Within this group of patients there are of course differences in severity, and those 
who are less severe have, for example, fewer or less severe symptoms, shorter relapses and 
a longer time between relapses. If severity is conceptualized as a continuous variable, the 
distribution of this variable and its impact on psychotic episodes and symptom scores has 
to be estimated. No direct data were available and estimates had to be obtained from the 
expert panels. To facilitate this task, severity was limited to three values: nonsevere, medium 
severe and very severe. ‘Nonsevere’ was defined as being 10% of patients and ‘very severe’ 
as the 10% of patients with the highest severity. Consequently, medium severe corresponds 
to the remaining 80% of patients. The impact of severity on the outcomes is addressed in the 
sensitivity analyses. It is assumed that very severe patients have longer relapses, a higher 
PANSS and shorter times between relapses than non-severe patients.

As has already been noted, decisions about the patient care setting are first based on 
whether the patient actually presents a risk of harming him/herself or society. If the patient 
does not present a risk, care-setting decisions are based partly on symptoms; however, 
during expert interviews it became clear that symptoms, as initially proposed, do not solely 
determine the patient’s location. Other factors that are not affected by medication, such as 
whether the patient is married, has a job, and their socio-economic status, also influence 
the location decision. Therefore, it was decided to include a random variable called social 
and environmental factors (SEF), which would, in addition to PANSS, also influence the 
location decision. This was modelled as a latent variable diluting the effect of symptoms on 



MODELLING THE TREATED COURSE OF SCHIZOPHRENIA

49

Ch
ap

te
r 3

the decision about patient care setting. Because no data are available to define SEF, it was 
modelled as a uniform distribution with scores ranging from 0 to 100. The extent to which the 
care-setting decision depends on symptoms or SEF is a subject of our sensitivity analysis. In 
the base case it will be assumed that, if the patient presents no risk, decisions about the care 
setting are 50% related to the symptom score and 50% to SEF. 

The variable ‘death’ was modelled as an independent predefined variable, as no estimates 
could be given on how it related to the disease process or treatment decisions. Several 
distributions were fitted on population survival statistics, leading to the choice of Weibull 
distributions, for which the parameter was corrected to mimic an 11%lifetime suicide risk[1] 
and premature death as a result of other causes.[15] As a result, the average predefined age at 
death for men was estimated at 63 years and for women at 67 years.

Variables Changing over Time

In relation to patient characteristics, the model simulates patient histories, using a number 
of variables that may change over time: whether the patient is having a psychotic episode (‘in 
relapse’ or ‘between relapses’), appointments with the psychiatrist, treatment, compliance, 
the occurrence of side-effects, symptoms (represented by the PANSS), the patient’s lack of 
ability to take care of him/herself, actual risk of harm and patient care setting. These time-
dependent variables can be visualized on separate timelines that have the same starting 
and endpoint, as shown in figure 1. Patients enter the model during an appointment with a 
psychiatrist, when suffering a first or second relapse.

Visits to Psychiatrist

The first two important timelines are those that represent the visits to the psychiatrist and the 
patient suffering from psychotic episodes. They are represented by the two upper horizontal 
lines in figure 1.

At the first appointment, patients are assumed to be treated in an outpatient setting,where 
the decision is taken to start treatment with a conventional oral antipsychotic agent and a 
schedule is made for subsequent appointments. A fixed schedule is modelled starting at one 
month after initiating the treatment, then after 2 months, then after 4 months, and thereafter 
at intervals of 6 months. At each appointment the model evaluates the patient’s treatment 
and care setting. The patient’s treatment depends on previous treatment, the number of 
relapses suffered during treatment and whether the patient suffers from side-effects. Whether 
the psychiatrist will refer a patient to another care setting depends on the patient’s lack of 
ability to take care of him/herself, the current care setting, and whether the patient presents 
a risk to cause harm. The patient’s lack of ability to take care of him/herself depends on 
symptoms and the timeindependent parameter SEF. Whether the patient actually presents a 
risk depends on the symptoms (PANSS) and on the patient characteristics ‘sex’ and ‘potential
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� 2005 Adis Data Information BV. All rights reserved. PharmacoEconomics 2005; 23 Suppl. 1

Fig. 1. Example of patient history from time of entering model during relapse at visit to psychiatrist.
CT = Community treatment; GH = group home; ICT = intense community treatment; SEF = social and 
environmental factors.
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Table I. Overview of quantified model input parameters

As has already been noted, decisions about the
patient care setting are first based on whether
the patient actually presents a risk of harming

him/herself or society. If the patient does not
present a risk, care-setting decisions are based
partly on symptoms; however, during expert

22 Heeg et al.

Table I. Overview of quantified model input parameters

Time-independent parameters Source

Conventional Atypical Clozapine Non-compliant Expert
opinion

Reference

Probability of side-effect
Extrapyramidal symptoms 0.176 0.070 0.000 No [8]

Tardive dyskinesia 0.027 0.006 0.000 No [8]

Sedation 0.250 0.070 0.000 No [9]

Weight gain 0.100 0.120 0.000 No [10]

Agranulocytosis 0.000 0.000 0.010 No [7]

Model variables
Probability of being compliant
between episodes

[11]

Community treatment 0.600 0.650 0.650 Yes
Intense community treatment 0.750 0.800 0.800 Yes
Staffed hostel 0.650 0.700 0.700 Yes
Hospital 0.800 0.850 0.850 Yes

Probability of switching treatment [2]

Extrapyramidal symptoms 0.700 0.000 0.000 Yes
Tardive dyskinesia 0.950 0.000 0.000 Yes
Sedation 0.350 0.000 0.000 Yes
Weight gain 0.950 0.000 0.000 Yes
Agranulocytosis 1.000 1.000 1.000 Yes
> 2 relapses on treatment 0.700 0.700 0.000 Yes

Times between relapses (months) [8,12–14]

Non-severe 12.5 14.4 14.4 2.9 Yes
Medium severe 11.3 13.1 13.1 2.6 Yes
Very severe 10.2 11.8 11.8 2.4 Yes

Probabilities to switch care setting

Patients who present risk Community
treatment

Intense
community
treatment

Staffed
hostel

Hospital

Community treatment 0.050 0.000 0.000 0.000 Yes
Intense community treatment 0.150 0.200 0.200 0.000 Yes
Staffed hostel 0.000 0.000 0.100 0.000 Yes
Hospital 0.800 0.800 0.700 1.000 Yes

Patients who can take care of self
Community treatment 0.980 0.900 0.300 0.800 Yes
Intense community treatment 0.020 0.100 0.000 0.100 Yes
Staffed hostel 0.000 0.000 0.700 0.100 Yes
Hospital 0.000 0.000 0.000 0.000 Yes

YesPatients who can moderately
take care of self

Community treatment 0.700 0.050 0.050 0.750 Yes
Intense community treatment 0.100 0.850 0.00 0.100 Yes
Staffed hostel 0.100 0.00 0.900 0.150 Yes
Hospital 0.100 0.100 0.050 0.000 Yes

YesPatients who cannot take care of self
Community treatment 0.100 0.000 0.000 0.050 Yes
Intense community treatment 0.100 0.500 0.000 0.200 Yes
Staffed hostel 0.200 0.000 0.150 0.120 Yes
Hospital 0.600 0.500 0.850 0.630 Yes

� 2005 Adis Data Information BV. All rights reserved. PharmacoEconomics 2005; 23 Suppl. 1

risk’. The visiting schedule is restarted after each treatment switch and after each stay in a 
hospital. Patients could also visit the psychiatrist when no visit is scheduled. We estimate 
that this occurs when they experience the third relapse after their last visit. In that case, 
the duration of time between visits is shortened to the time between the last visit and the 
beginning of the third relapse. When a patient is referred to a hospital, he/she will stay there 
for 49  39.1 days, which is independent of the visiting scheme.[16]



CHAPTER 3

52

Duration of Episodes and Time

Between Relapses The duration of the first new episode within the model (all patients have 
already had at least one episode) and the duration of subsequent episodes are drawn from a 
probability distribution with an average duration that depends on the severity of the patient 
(which is a predefined patient characteristic). No data are available about the duration 
of a psychotic episode, so on the basis of expert opinion, it was estimated that the mean 
duration is 9.6 months for the least severe 10% of patients, 12 months for the most severe 
10% of patients, and 10.8 months for the medium severe 80% of patients. The duration of 
the psychotic episode (or relapse) is independent of the medication taken. There are also no 
data available about the variance in the duration of the relapse, and so we assumed that this 
would be equal to the variance in the time between episodes. The standard deviation was

therefore estimated at 0.36 months (taken from Csernansky et al.[8]). A Weibull distribution 
was chosen for its flexibility. This implies, given our estimates of mean and variance, that 
the duration is almost ‘normally’ shaped (but without negative values), with a slightly higher 
probability that the duration would be lower, instead of higher, than the mean.

To simulate the time between relapses, Weibull distributions were used. Csernansky et al.[8] 

found that patients who are treated with risperidone or haloperidol were free from relapses 
for approximately 15 and 13 months, respectively. The average time between relapses for 
patients who do not take their medication (non-compliant) was estimated at 3 months.
[12–14] The standard deviation of 0.36 months was obtained from Csernansky et al.[8] Again, 
almost ‘normally’ shaped duration distributions result in a slightly higher probability that 
the duration would be lower, instead of higher, than the mean. It is noted that the latter may 
also reflect a type of unobserved heterogeneity, patients with a high probability to end their 
duration being the first to do so. Experts further indicated that non-severe patients have 
longer times between relapses than very severe patients, and would have an average time 
between relapses of 12.5 months on an atypical antipsychotic drug and 14.4 months on 
a conventional drug. For medium severe patients these values are 11.3 and 13.1 months, 
respectively, and for very severe patients these values are 10.2 and 11.8 months, respectively. 
Without medication the average time between relapses was estimated at 2.9 months for 
non-severe patients, 2.6 months for medium severe patients, and 2.4 months for very severe 
patients (see also table I).[12–14] 

Treatment 

The third line in figure 1 indicates the treatment variable. It is assumed that patients will 
always have a prescription and that treatment can only be changed during visits to the 
psychiatrist. According to guidelines from the National Institute for Clinical Excellence 
(NICE), treatment switches should be considered when side-effects occur and when there 
is a lack of response.[2] We assume that psychiatrists will always start with a conventional 
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drug. They may switch twice: first to an atypical antipsychotic agent, second to clozapine. 
Psychiatrists may decide to switch because side-effects occur or a patient experiences too 
many relapses. However, they may also choose not to switch and so the decision to switch is 
modelled on the basis of probabilities. These probabilities are presented in table I when we 
can see that the probability to switch is 0.7 when a patient treated with a conventional drug 
suffers extrapyramidal symptoms (EPS); the probability of suffering such symptoms is 0.176. 
The occurrence of EPS is less common and less severe with atypical antipsychotic drugs, 
which explains the difference between the probabilities of switching when EPS emerges with 
a conventional versus an atypical antipsychotic medication. Patients receiving clozapine 
remain on this medication except when they experience agranulocytosis, in which case they 
are switched back to an atypical antipsychotic agent. In all cases, binomial distributions are 
used. 

Guided by the experts, we further estimated that, if a patient suffered more than two relapses 
while being treated with a specific medication, there is a 70% probability that the psychiatrist 
will switch the treatment at the next visit.

being treated with a specific medication, there is a
70% probability that the psychiatrist will switch the
treatment at the next visit.

2.2.4. Compliance
The fourth line in figure 1 represents whether

patients are compliant, which affects the time
between relapses. In practice, there are numerous
ways to be partly compliant and there may be
numerous contributing factors.[11] Limited data are
available about the effects of partial compliance, so
it was assumed that patients are either compliant or
non-compliant, and that changes in compliance can
occur during visits or at the beginning or end of a
psychotic episode. Furthermore, it was assumed
that when a patient decides to be non-compliant,
he/she would remain non-compliant until the next
visit. In addition, it was estimated that compliance
is affected by the patient care setting, medication
and whether the patient is having a psychotic
episode. The probability of being non-compliant
between relapses, as a function of care setting and
medication, is presented in table I. It was further
assumed that compliance would be 5% lower
during a relapse than between relapses when
treated with the same medication in the same care
setting.

2.2.5. Symptoms
The fifth line in figure 1 represents the extent to

which a patient suffers from symptoms (positive
and negative), which is modelled here using a
single symptom score from the PANSS scale. The
PANSS scores vary between 30 and 210, with the
score being high during a psychotic episode and
decreasing at the end of a psychotic episode.
Because we are modelling patients who deteriorate
between episodes, the score increases with time
between episodes. The symptom score is estimated
to be dependent on the type of medication taken by
the patient. In addition, on the basis of the
literature, the symptom score was estimated to
be higher the longer the duration of a psychotic
episode.[17] Figure 2 shows the typical relapse
history of a partial recovery patient with medium
severity of illness.

The symptom score during relapses is depen-
dent on the symptom score of the previous time
between relapses, the duration of the relapse, the
type of treatment, and whether the patient is
compliant. During the first new episode of
patients in the model, the PANSS score is set
at 90 and is increased by a factor of 60 times the
duration in years of the psychotic episode. So, if
the duration (as drawn from the Weibull
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Time between relapses (months)
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Time (months)
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NO treatment: 2.6
Conventional drug: 11.3
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Duration of relapse
= 10.8 months

Fig. 2. Treatment effects in partial recovery patients.
PANSS ¼ Positive and Negative Syndrome Scale.
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Fig. 2. Treatment effects in partial recovery patients.
PANSS = Positive and Negative Syndrome Scale.

Compliance

The fourth line in figure 1 represents whether patients are compliant, which affects the time 
between relapses. In practice, there are numerous ways to be partly compliant and there may 
be numerous contributing factors.[11] Limited data are available about the effects of partial 
compliance, so it was assumed that patients are either compliant or non-compliant, and 
that changes in compliance can occur during visits or at the beginning or end of a psychotic 
episode. Furthermore, it was assumed that when a patient decides to be non-compliant, 
he/she would remain non-compliant until the next visit. In addition, it was estimated that 
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compliance is affected by the patient care setting, medication and whether the patient is 
having a psychotic episode. The probability of being non-compliant between relapses, as a 
function of care setting and medication, is presented in table I. It was further assumed that 
compliance would be 5% lower during a relapse than between relapses when treated with 
the same medication in the same care setting.

Symptoms

The fifth line in figure 1 represents the extent to which a patient suffers from symptoms 
(positive and negative), which is modelled here using a single symptom score from the 
PANSS scale. The PANSS scores vary between 30 and 210, with the score being high during 
a psychotic episode and decreasing at the end of a psychotic episode. Because we are 
modelling patients who deteriorate between episodes, the score increases with time between 
episodes. The symptom score is estimated to be dependent on the type of medication taken 
by the patient. In addition, on the basis of the literature, the symptom score was estimated to 
be higher the longer the duration of a psychotic episode.[17] Figure 2 shows the typical relapse 
history of a partial recovery patient with medium severity of illness.

The symptom score during relapses is dependent on the symptom score of the previous time 
between relapses, the duration of the relapse, the type of treatment, and whether the patient 
is compliant. During the first new episode of patients in the model, the PANSS score is set 
at 90 and is increased by a factor of 60 times the duration in years of the psychotic episode. 
So, if the duration (as drawn from the Weibull distribution) is 1 year, the PANSS score is set 
at 150 (90 þ 60 1). This score is reduced by a factor of 0.83 when the patient is compliant 
with atypical antipsychotic medication and by a factor of 0.89 when the patient is compliant 
with conventional medication. These estimates are based on the evaluations from the 
Dutch expert panel, Csernansky et al.[8] and Geddes et al.[18] When the patient becomes non-
compliant, the PANSS score returns to its non-reduced level. When the calculations lead to 
a score above the maximum of 210 (during a psychotic episode), the PANSS score is set at 
this maximum. The probabilistic character of the PANSS score is completely driven by the 
probabilistic character of the duration of the episodes and no additional random variation 
is introduced. In addition, based on expert opinion we estimated that the medication affects 
only the PANSS during relapses not the PANSS between relapses. 

Most patients with schizophrenia will recover from a relapse even without medical treatment. 
However, according to the expert panel, the more ill a patient is, the less strong is the recovery 
after relapse. As explained earlier (in the paragraph on time-dependent parameters), a patient 
is characterized from the onset of his history as a person whose illness is non-severe, medium 
severe or very severe. The extent of recovery is expressed as a decrease in the number and 
level of symptoms as reflected in the PANSS score. The recovery process after a relapse of a 
nonsevere patient results in a decrease in the PANSS score of 40 points. For a medium severe 
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patient the PANSS score after relapse decreases by 30 points and for a very severe patient by 
20 points. 

Lack of Ability to Take Care of Oneself

The sixth line in figure 1 represents a variable indicated as ‘lack of ability to take care of 
oneself’ [LC(t)]. In the model, it is calculated as a score ranging from 0 to 10 that depends 
on the patient’s symptoms and on predefined social and environmental factors. The extent 
to which the LC(t) depends on SEF is modelled using a factor, a, which defines the extent to 
which the choice of location is dependent on the patient’s symptoms or on the patient’s SEF. 
When a = 0, LC(t) is completely explained by the symptoms score. When a is closer to 1, a 
higher dependency between the social/environmental factors and LC(t) is modelled. Guided 
by the expert panel, this factor was defined uniformly between zero and one, because it was 
expressed that choices concerning location are as often based on symptoms as on social or 
environmental factors. The formula used is:

distribution) is 1 year, the PANSS score is set
at 150 (90 þ 60 � 1). This score is reduced by a
factor of 0.83 when the patient is compliant with
atypical antipsychotic medication and by a factor
of 0.89 when the patient is compliant with
conventional medication. These estimates are
based on the evaluations from the Dutch expert
panel, Csernansky et al.[8] and Geddes et al.[18]

When the patient becomes non-compliant, the
PANSS score returns to its non-reduced level.
When the calculations lead to a score above the
maximum of 210 (during a psychotic episode),
the PANSS score is set at this maximum. The
probabilistic character of the PANSS score is
completely driven by the probabilistic character
of the duration of the episodes and no additional
random variation is introduced. In addition, based
on expert opinion we estimated that the medi-
cation affects only the PANSS during relapses not
the PANSS between relapses.

Most patients with schizophrenia will recover
from a relapse even without medical treatment.
However, according to the expert panel, the more
ill a patient is, the less strong is the recovery after
relapse. As explained earlier (in the paragraph on
time-dependent parameters), a patient is charac-
terized from the onset of his history as a person
whose illness is non-severe, medium severe or
very severe. The extent of recovery is expressed
as a decrease in the number and level of
symptoms as reflected in the PANSS score.
The recovery process after a relapse of a non-
severe patient results in a decrease in the PANSS
score of 40 points. For a medium severe patient
the PANSS score after relapse decreases by
30 points and for a very severe patient by 20
points.

2.2.6. Lack of Ability to Take Care of Oneself
The sixth line in figure 1 represents a variable

indicated as ‘lack of ability to take care of oneself’
[LC(t)]. In the model, it is calculated as a score
ranging from 0 to 10 that depends on the patient’s
symptoms and on predefined social and environ-
mental factors. The extent to which the LC(t)

depends on SEF is modelled using a factor, a,
which defines the extent to which the choice of
location is dependent on the patient’s symptoms or
on the patient’s SEF. When a ¼ 0, LC(t) is
completely explained by the symptoms score.
When a is closer to 1, a higher dependency between
the social/environmental factors and LC(t) is
modelled. Guided by the expert panel, this factor
was defined uniformly between zero and one,
because it was expressed that choices concerning
location are as often based on symptoms as on
social or environmental factors. The formula used
is:

LCðtÞ ¼ ða � SEF þ ð1 � aÞ � ðssðtÞ

� 30ÞÞ=ð18 � a � 8Þ

Here, SEF reflects the patient characteristic
reflecting the social and environment factors with
values between 0 and 100 and ss(t) reflects the
PANSS score at time t with values between 30 and
210. Note that LC(t) may only take values between
0 and 10.

2.2.7. Risk of Harm to Self or Society
The seventh line in figure 1 represents whether

the patient is at risk to harm him/herself or other
persons. The set of time-independent variables,
which is determined at the beginning of the
simulation of a patient history, includes a 1–0
variable specifying whether a patient is a person
who can potentially be a danger to him/herself or to
other persons. If a patient is potentially no danger to
him/herself then the probability of that patient
doing harm to him/herself or others is zero during
the whole patient history. If a patient is charac-
terized at the beginning of the patient history as a
person potentially harming him/herself or others,
then the actual occurrence of such an act during the
patient history is dependent on the PANSS score at
the time. If the PANSS score is higher than 120 the
patient actually harms him/herself or others. If the
PANSS score is equal to or lower than 120 he/she
does not do so.[19–21]
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Here, SEF reflects the patient characteristic reflecting the social and environment factors with 
values between 0 and 100 and ss(t) reflects the PANSS score at time t with values between 30 
and 210. Note that LC(t) may only take values between 0 and 10.

Risk of Harm to Self or Society

The seventh line in figure 1 represents whether the patient is at risk to harm him/herself or 
other persons. The set of time-independent variables, which is determined at the beginning 
of the simulation of a patient history, includes a 1–0 variable specifying whether a patient is 
a person who can potentially be a danger to him/herself or to other persons. If a patient is 
potentially no danger to him/herself then the probability of that patient doing harm to him/
herself or others is zero during the whole patient history. If a patient is characterized at the 
beginning of the patient history as a person potentially harming him/herself or others, then 
the actual occurrence of such an act during the patient history is dependent on the PANSS 
score at the time. If the PANSS score is higher than 120 the patient actually harms him/herself 
or others. If the PANSS score is equal to or lower than 120 he/she does not do so.[19–21]

Patient Care Setting

The last line in figure 1 represents the care setting. Patients may switch care setting after 
a visit to the psychiatrist, and the decision to do so is based on the current care setting, 
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whether they are perceived actually to present a risk of causing harm, and whether they are 
able to take care of themselves (LC(t)). 

It is assumed that patients who present a significant risk to cause harm to themselves or 
society have a very high probability of being referred to a hospital. Moreover, patients who 
present a risk and who are located in a hospital have a high probability of staying there. 
The estimated transition probabilities are presented in table I. For patients who present 
no significant risk, it is assumed that the probability of switching location depends on the 
current location and the lack of ability to take care of themselves. Patients were divided into 
three groups relating to their lack of ability to take care of themselves. The views of experts 
were sought to determine the probability of changing the healthcare setting for the bottom 
10%, the middle 80% and the top 10% of patients. The estimated probabilities of switching 
location are presented in table I.

Costs

This economic evaluation is limited to healthcare costs related to schizophrenia in the UK 
(i.e. the costs of the medication, visits to the psychiatrist, and costs associated with residing 
in specific treatment locations). The costs of medication were retrieved from the Drug Tariff 
2002, and daily costs were estimated at £0.16 for a conventional drug, £3.10 for an atypical 
drug, and £5.88 for clozapine.[22] The location costs were retrieved from the Personal Social 
Services Research Unit Report (costs in 2002).[23] Costs were estimated as £277 per outpatient 
visit, £48 per 2 weeks for community care, £144 per week for intensive community care, £229 
per week for a staffed hostel, and £165 per day for hospital care.

Outcomes

Outcomes are defined by the point estimates and the distributions of: (1) the cumulative 
direct costs over a 5-year period; (2) the cumulative number of relapses; (3) the cumulative 
time spent in a psychotic health state; and (4) the duration of time on first-line treatment after 
entering the model. 

The DES model was built using Microsoft ExcelTM(Redmond,Washington,USA)and@RISK 
4.5TM by Palisade Corporation (New York, New York, USA). For each simulation, the model 
was run 2000 times by Latin hypercube sampling. 

Scenarios 

In the basic scenario, treatment is started with a conventional antipsychotic medication. If 
the drug is ineffective or side-effects are intolerable, patients are subsequently switched to 
an atypical antipsychotic drug, and in cases of a second unsatisfactory outcome the patient 
is switched to clozapine. Patients remain on this drug indefinitely, except when they develop 

agranulocytosis. If this occurs, medication is switched back to an atypical antipsychotic 
agent.

The main alternative scenario is defined as one in which patients have a 0.20 absolute 
increased probability of being compliant in each location during each treatment compared 
with the base case. This concerns all drugs, and this scenario aims to reflect a situation in 
which measures are taken to increase compliance.

The medical and economic outcomes were generated by running the model for 2000 
hypothetical patients, randomly generated from the baseline distributions of patient 
characteristics. This paper uses a 6.0% discount rate for the costs and a 1.5% discount rate 
for outcome, as recommended by NICE at the time of the analyses.[24]

Table II. Overview of (discounted) costs and discounted effects with and without improved 
compliance

univariate sensitivity analyses were carried out,
addressing the following estimates. The effect of
atypical antipsychotic agents on symptoms during
relapse was varied from a 23% to an 11%
reduction, the latter implying no difference in
symptom reduction between conventional and
atypical medications. The PANSS threshold for
risk to cause harm was varied from 110 to 130, and
the dependency between the duration of a psychotic
episode and the PANSS score was varied � 10%.
The location costs were varied between 0.8 and 1.2
of the costs in the base case. The probability of a
patient being a risk to him/herself or his/her
environment was varied from zero to twice the
potential risk used in the base case. In addition, the
probabilities of switching treatment as a result of
the number of relapses or side-effects were varied
by � 10% of the base case probabilities. The
difference in time between relapses with atypical
and conventional antipsychotic agents was
assumed to be zero as an alternative scenario.
Finally, further sensitivity analyses were conducted
for non-severe, medium severe and very severe
patients simulated separately.

In addition, attention is given to the ‘unobserved
variable’ LC(t), reflecting the lack of ability of the
patient to take care of him/herself, being a function
of SEF and symptoms. This variable defines the
decision about the patient care setting, and the
degree to which these decisions are related to either
symptoms or SEF was determined by a factor that
was uniformly distributed between 0 and 1. In the
sensitivity analyses, the factor was varied between
0.2, 0.5 and 0.8.

2.6.2. Multivariate
A multivariate sensitivity analysis was per-

formed by varying the same parameters and using
the same ranges as in the univariate sensitivity
analyses. In addition, the 0.2 difference in
compliance probabilities between the base case
scenario and the alternative scenario was varied
between 0.00 and 0.40. Uniform distributions were
used to describe the uncertainty. Severity was not
included in this probabilistic analysis because it
causes variability not second-order uncertainty.

28 Heeg et al.

Table II. Overview of (discounted) costs and discounted effects with and without improved compliance

(1) Base casea (2) Improved
compliancea

(1)–(2)a

Costs (undiscounted) (£) Medication 3008 2696 312
Community treatment 5774 6337 �563
Intense community treatment 5550 4997 553
Staffed hostel 6476 6714 �238
Hospital 85 564 68 084 17 480
Total 106 372 88 828 17 545

Total cost (discounted) (£) 99 073 82 925 16 147
Patients (%) with 1 relapse 0.2 1.2 �1.0

2 relapses 15.1 45.7 �30.6
3 relapses 57.6 46.3 11.4
4 relapses 24.5 6.2 18.3
> 4 relapses 2.3 0.4 2.0

Average number of relapses 4.08 3.53 0.55
Total duration of psychosis (years) 3.35 2.92 �0.44
Time between relapses (years) 1.56 2.00 0.44
Average ss(t) during relapse 151 143 8
Average ss(t) in between relapses 109 102 6
Time on first-line treatment (months) 31.35 34.28 �2.93

aValues have been rounded.
ss(t) ¼ Symptom score at time t.

� 2005 Adis Data Information BV. All rights reserved. PharmacoEconomics 2005; 23 Suppl. 1

Sensitivity Analysis
Univariate

To analyse the extent to which the incremental results depend on the underlying assumptions, 
univariate sensitivity analyses were carried out, addressing the following estimates. The effect 
of atypical antipsychotic agents on symptoms during relapse was varied from a 23% to an 
11% reduction, the latter implying no difference in symptom reduction between conventional 
and atypical medications. The PANSS threshold for risk to cause harm was varied from 110 
to 130, and the dependency between the duration of a psychotic episode and the PANSS 
score was varied  10%. The location costs were varied between 0.8 and 1.2 of the costs in the 
base case. The probability of a patient being a risk to him/herself or his/her environment was 
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agranulocytosis. If this occurs, medication is switched back to an atypical antipsychotic 
agent.

The main alternative scenario is defined as one in which patients have a 0.20 absolute 
increased probability of being compliant in each location during each treatment compared 
with the base case. This concerns all drugs, and this scenario aims to reflect a situation in 
which measures are taken to increase compliance.

The medical and economic outcomes were generated by running the model for 2000 
hypothetical patients, randomly generated from the baseline distributions of patient 
characteristics. This paper uses a 6.0% discount rate for the costs and a 1.5% discount rate 
for outcome, as recommended by NICE at the time of the analyses.[24]

Table II. Overview of (discounted) costs and discounted effects with and without improved 
compliance

univariate sensitivity analyses were carried out,
addressing the following estimates. The effect of
atypical antipsychotic agents on symptoms during
relapse was varied from a 23% to an 11%
reduction, the latter implying no difference in
symptom reduction between conventional and
atypical medications. The PANSS threshold for
risk to cause harm was varied from 110 to 130, and
the dependency between the duration of a psychotic
episode and the PANSS score was varied � 10%.
The location costs were varied between 0.8 and 1.2
of the costs in the base case. The probability of a
patient being a risk to him/herself or his/her
environment was varied from zero to twice the
potential risk used in the base case. In addition, the
probabilities of switching treatment as a result of
the number of relapses or side-effects were varied
by � 10% of the base case probabilities. The
difference in time between relapses with atypical
and conventional antipsychotic agents was
assumed to be zero as an alternative scenario.
Finally, further sensitivity analyses were conducted
for non-severe, medium severe and very severe
patients simulated separately.

In addition, attention is given to the ‘unobserved
variable’ LC(t), reflecting the lack of ability of the
patient to take care of him/herself, being a function
of SEF and symptoms. This variable defines the
decision about the patient care setting, and the
degree to which these decisions are related to either
symptoms or SEF was determined by a factor that
was uniformly distributed between 0 and 1. In the
sensitivity analyses, the factor was varied between
0.2, 0.5 and 0.8.

2.6.2. Multivariate
A multivariate sensitivity analysis was per-

formed by varying the same parameters and using
the same ranges as in the univariate sensitivity
analyses. In addition, the 0.2 difference in
compliance probabilities between the base case
scenario and the alternative scenario was varied
between 0.00 and 0.40. Uniform distributions were
used to describe the uncertainty. Severity was not
included in this probabilistic analysis because it
causes variability not second-order uncertainty.
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Table II. Overview of (discounted) costs and discounted effects with and without improved compliance

(1) Base casea (2) Improved
compliancea

(1)–(2)a

Costs (undiscounted) (£) Medication 3008 2696 312
Community treatment 5774 6337 �563
Intense community treatment 5550 4997 553
Staffed hostel 6476 6714 �238
Hospital 85 564 68 084 17 480
Total 106 372 88 828 17 545

Total cost (discounted) (£) 99 073 82 925 16 147
Patients (%) with 1 relapse 0.2 1.2 �1.0

2 relapses 15.1 45.7 �30.6
3 relapses 57.6 46.3 11.4
4 relapses 24.5 6.2 18.3
> 4 relapses 2.3 0.4 2.0

Average number of relapses 4.08 3.53 0.55
Total duration of psychosis (years) 3.35 2.92 �0.44
Time between relapses (years) 1.56 2.00 0.44
Average ss(t) during relapse 151 143 8
Average ss(t) in between relapses 109 102 6
Time on first-line treatment (months) 31.35 34.28 �2.93

aValues have been rounded.
ss(t) ¼ Symptom score at time t.
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Sensitivity Analysis
Univariate

To analyse the extent to which the incremental results depend on the underlying assumptions, 
univariate sensitivity analyses were carried out, addressing the following estimates. The effect 
of atypical antipsychotic agents on symptoms during relapse was varied from a 23% to an 
11% reduction, the latter implying no difference in symptom reduction between conventional 
and atypical medications. The PANSS threshold for risk to cause harm was varied from 110 
to 130, and the dependency between the duration of a psychotic episode and the PANSS 
score was varied  10%. The location costs were varied between 0.8 and 1.2 of the costs in the 
base case. The probability of a patient being a risk to him/herself or his/her environment was 
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varied from zero to twice the potential risk used in the base case. In addition, the probabilities 
of switching treatment as a result of the number of relapses or side-effects were varied by  
10% of the base case probabilities. The difference in time between relapses with atypical 
and conventional antipsychotic agents was assumed to be zero as an alternative scenario. 
Finally, further sensitivity analyses were conducted for non-severe, medium severe and very 
severe patients simulated separately.

In addition, attention is given to the ‘unobserved variable’ LC(t), reflecting the lack of ability 
of the patient to take care of him/herself, being a function of SEF and symptoms. This variable 
defines the decision about the patient care setting, and the degree to which these decisions 
are related to either symptoms or SEF was determined by a factor that was uniformly 
distributed between 0 and 1. In the sensitivity analyses, the factor was varied between 0.2, 
0.5 and 0.8. 

Multivariate

A multivariate sensitivity analysis was performed by varying the same parameters and using 
the same ranges as in the univariate sensitivity analyses. In addition, the 0.2 difference in 
compliance probabilities between the base case scenario and the alternative scenario was 
varied between 0.00 and 0.40. Uniform distributions were used to describe the uncertainty. 
Severity was not included in this probabilistic analysis because it causes variability not 
second-order uncertainty.

3. Results

The main results are presented in table II. A 20%
increase in compliance reduced the 5-year direct
medical costs of schizophrenia by approximately
£16 000 per patient, and reduced the number of
suffered relapses. Figure 3 presents the cumulative
costs and the total time a patient spends in
psychosis.

In the base case, patients were hospitalized for an
average of 16 months. This represents 80% of the
total 5-year costs. Overall, it was estimated that
36% of the patients never need hospital treatment
and that 5% of the patients had average costs less
than approximately £10 000. Moreover, 5% had
average costs higher than £295 000. The second
highest costs were generated by staffed hostels. The
mean estimated duration of stay in staffed hostels
was 6.5 months.

Improving compliance decreased the total costs
as a result of the longer duration that patients stayed
on the relatively less expensive first-line therapy.
Patients remained in community treatment longer,
and needed less of the more intensive and
expensive treatments.

3.1. Sensitivity Analyses

As explained earlier, in calculating the LC(t)
score, when a ¼ 0 the choice of care setting is
completely explained by the symptom score; with a

value of a closer to 1, the care setting decision is
mostly influenced by SEF and less by symptoms.
Consequently, it may be expected that the highest
incremental costs are generated when a ¼ 0 and the
lowest incremental costs are generated when a ¼ 1.
This expectation was confirmed in figure 4.
It should be noted that the incremental costs are
still positive when a ¼ 1. This is because the
choice of care setting also depends on whether a
patient presents a significant risk, and improved
compliance indirectly reduces the number of
patients who present a risk.

Table III shows the incremental outcomes of
the univariate sensitivity analyses. Although the
incremental costs and effects are sensitive to the
considered parameters, the incremental outcomes
remain positive.
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Fig. 3. (a) Distribution of costs. (b) Distribution of duration of psychosis, for the base case and for a 
20% increase in compliance.  Base case;  c(t) R0.2, c(t) = Probability of compliance at 
time t.

Results

The main results are presented in table II. A 20% increase in compliance reduced the 5-year 
direct medical costs of schizophrenia by approximately £16 000 per patient, and reduced 
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the number of suffered relapses. Figure 3 presents the cumulative costs and the total time a 
patient spends in psychosis.

In the base case, patients were hospitalized for an average of 16 months. This represents 
80% of the total 5-year costs. Overall, it was estimated that 36% of the patients never need 
hospital treatment and that 5% of the patients had average costs less than approximately 
£10 000. Moreover, 5% had average costs higher than £295 000. The second highest costs 
were generated by staffed hostels. The mean estimated duration of stay in staffed hostels 
was 6.5 months.

Improving compliance decreased the total costs as a result of the longer duration that patients 
stayed on the relatively less expensive first-line therapy. Patients remained in community 
treatment longer, and needed less of the more intensive and expensive treatments. 

3. Results

The main results are presented in table II. A 20%
increase in compliance reduced the 5-year direct
medical costs of schizophrenia by approximately
£16 000 per patient, and reduced the number of
suffered relapses. Figure 3 presents the cumulative
costs and the total time a patient spends in
psychosis.

In the base case, patients were hospitalized for an
average of 16 months. This represents 80% of the
total 5-year costs. Overall, it was estimated that
36% of the patients never need hospital treatment
and that 5% of the patients had average costs less
than approximately £10 000. Moreover, 5% had
average costs higher than £295 000. The second
highest costs were generated by staffed hostels. The
mean estimated duration of stay in staffed hostels
was 6.5 months.

Improving compliance decreased the total costs
as a result of the longer duration that patients stayed
on the relatively less expensive first-line therapy.
Patients remained in community treatment longer,
and needed less of the more intensive and
expensive treatments.

3.1. Sensitivity Analyses

As explained earlier, in calculating the LC(t)
score, when a ¼ 0 the choice of care setting is
completely explained by the symptom score; with a

value of a closer to 1, the care setting decision is
mostly influenced by SEF and less by symptoms.
Consequently, it may be expected that the highest
incremental costs are generated when a ¼ 0 and the
lowest incremental costs are generated when a ¼ 1.
This expectation was confirmed in figure 4.
It should be noted that the incremental costs are
still positive when a ¼ 1. This is because the
choice of care setting also depends on whether a
patient presents a significant risk, and improved
compliance indirectly reduces the number of
patients who present a risk.

Table III shows the incremental outcomes of
the univariate sensitivity analyses. Although the
incremental costs and effects are sensitive to the
considered parameters, the incremental outcomes
remain positive.
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Fig. 4. Impact of varying weight a (which determines weight of symptoms and social and 
environmental factors on health care setting decision) on incremental cost savings.

Sensitivity Analyses

As explained earlier, in calculating the LC(t) score, when a = 0 the choice of care setting is 
completely explained by the symptom score; with a value of a closer to 1, the care setting 
decision is mostly influenced by SEF and less by symptoms. Consequently, it may be expected 
that the highest incremental costs are generated when a ¼ 0 and the lowest incremental 
costs are generated when a = 1. This expectation was confirmed in figure 4. It should be 
noted that the incremental costs are still positive when a = 1. This is because the choice of 
care setting also depends on whether a patient presents a significant risk, and improved 
compliance indirectly reduces the number of patients who present a risk.

Table III shows the incremental outcomes of the univariate sensitivity analyses. Although the 
incremental costs and effects are sensitive to the considered parameters, the incremental 
outcomes remain positive.

Figure 5 presents the second-order uncertainty included in this model. Within the uncertainty 
margins considered here, the result of dominance appears to be relatively robust. This is 
of course related to the model structure, in which no costs are associated with an increase 
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Figure 5 presents the second-order uncertainty
included in this model. Within the uncertainty
margins considered here, the result of dominance
appears to be relatively robust. This is of course
related to the model structure, in which no costs are
associated with an increase in compliance. When
cutting off the lower and upper 2.5% of the
simulations, we found that 95% of the incremental
costs fall into the range £274 to� £39 821, and that
95% of the decrease in the number of relapses is

between 0.04 and 0.99. In addition, variance
increases with the increase in cost savings. This
can be explained by the difference in compliance.
In the multivariate sensitivity analyses, the base
case compliance difference of 20% was varied
between 0 and 40%. Subsequently, if there is no
difference in compliance between two scenarios,
no cost differences will occur and no relapses will
be avoided. In cases in which difference in
compliance is high, the difference in relapses
suffered is high, whereas the cost savings depend
on the degree to which the decision on care setting
depends on symptoms or social/environmental
factors.

4. Discussion

In assessing the costs and benefits of specific
measures for treating schizophrenia, analysts will
often have access to short-term data about efficacy
and no data about costs or quality of life. Moreover,
data collection has often taken place in a well-
controlled environment in selected patients or
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Table III. Incremental outcomes of univariate sensitivity analyses

Parameter Range Incremental outcomes

Cost
savings (£)

Reduction in
number of
relapses

ss(t )

Base case 16 147 0.55 55
ss(t ) reduction atypical drugs 0.89 18 157 0.57 55

0.77 15 266 0.52 51
ss(t ) risk threshold 110 16 686 0.57 54

130 15 835 0.55 57
PANSS 10% decrease 17 048 0.55 51

10% increase 15 135 0.57 56
Location costs 120% base case 19 295 – –

80% base case 13 282 – –
Potential risk Male ¼ 0, female ¼ 0 14 281 0.58 55

Male ¼ 60%, female ¼ 15% 20 065 0.55 52
Probability to switch medication Probablility 1.1 14 863 0.54 55

Probablility 0.9 19 607 0.55 55
TBR TBR with conventional ¼ TBR with atypical 15 886 0.55 52
Severity Non-severe 10 303 0.61 48

Medium severe 15 933 0.54 57
Very severe 16 934 0.48 57

PANSS ¼ Positive and Negative Sydrome Scale; ss(t) ¼ symptom score at time t; TBR ¼ time between relapses.
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in compliance. When cutting off the lower and upper 2.5% of the simulations, we found 
that 95% of the incremental costs fall into the range £274 to   £39 821, and that 95% of the 
decrease in the number of relapses is between 0.04 and 0.99. In addition, variance increases 
with the increase in cost savings. This can be explained by the difference in compliance.  In 
the multivariate sensitivity analyses, the base case compliance difference of 20% was varied 
between 0 and 40%. Subsequently, if there is no difference in compliance between two 
scenarios, no cost differences will occur and no relapses will be avoided. In cases in which 
difference in compliance is high, the difference in relapses suffered is high, whereas the cost 
savings depend on the degree to which the decision on care setting depends on symptoms 
or social/environmental factors.
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Figure 5 presents the second-order uncertainty
included in this model. Within the uncertainty
margins considered here, the result of dominance
appears to be relatively robust. This is of course
related to the model structure, in which no costs are
associated with an increase in compliance. When
cutting off the lower and upper 2.5% of the
simulations, we found that 95% of the incremental
costs fall into the range £274 to� £39 821, and that
95% of the decrease in the number of relapses is

between 0.04 and 0.99. In addition, variance
increases with the increase in cost savings. This
can be explained by the difference in compliance.
In the multivariate sensitivity analyses, the base
case compliance difference of 20% was varied
between 0 and 40%. Subsequently, if there is no
difference in compliance between two scenarios,
no cost differences will occur and no relapses will
be avoided. In cases in which difference in
compliance is high, the difference in relapses
suffered is high, whereas the cost savings depend
on the degree to which the decision on care setting
depends on symptoms or social/environmental
factors.
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in compliance. When cutting off the lower and upper 2.5% of the simulations, we found 
that 95% of the incremental costs fall into the range £274 to   £39 821, and that 95% of the 
decrease in the number of relapses is between 0.04 and 0.99. In addition, variance increases 
with the increase in cost savings. This can be explained by the difference in compliance.  In 
the multivariate sensitivity analyses, the base case compliance difference of 20% was varied 
between 0 and 40%. Subsequently, if there is no difference in compliance between two 
scenarios, no cost differences will occur and no relapses will be avoided. In cases in which 
difference in compliance is high, the difference in relapses suffered is high, whereas the cost 
savings depend on the degree to which the decision on care setting depends on symptoms 
or social/environmental factors.
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Discussion

In assessing the costs and benefits of specific measures for treating schizophrenia, analysts 
will often have access to short-term data about efficacy and no data about costs or quality 
of life. Moreover, data collection has often taken place in a wellcontrolled environment in 
selected patients or settings. Modelling techniques may be the most appropriate way to 
obtain results that reflect real clinical practice, incorporating knowledge of epidemiology 
and treatment patterns. Models may also be most appropriate if assessing the balance 
between cost and effects beyond the time horizon of the available clinical data. However, 
longitudinal data regarding treatment patterns are very scarce and expert opinion often has 
to be relied on. When experts are interviewed about treatment patterns, information is often 
anecdotal about individual patients, and decisions are taken after the consideration of a 
variety of aspects. This type of information fits the way DES approaches the modelling of a 
disease. It simulates individual patient histories and allows the inclusion of a large variety 
of factors when modelling the decisions made by clinicians. Our experience suggests that 
discussing the model appeals to the way clinical experts think about their patients and that, 
as such, it offers face validity.

The model as described here predicts positive outcomes for improving compliance. Better 
compliance increases the time between relapses, decreases the symptom score, and 
decreases the lack of ability to take care of him/herself (i.e. increases the ability to take care 
of him/herself). 

The latter, together with fewer or less severe symptoms, means that the decision to transfer to 
a more intensive treatment setting is taken less often, leading to cost savings. The model also 
shows that the extent of the cost savings depends on how important symptoms are in these 
decisions, and how important the social and environmental factors are. Our calculations 
suggest that if one is able to improve compliance by 20%, the cost saving will be £16 147 per 
patient. The model also shows that this conclusion may be highly dependent on the reason 
why patients are receiving more intensive treatments. Savings may be much lower if there 
is only a weak relationship between symptoms and the reasons for more intensive types of 
care.

The idea that treatment decisions are based on factors other than symptoms alone suggests 
that it may be worthwhile to try to quantify aspects such as ‘being able to take care of 
him/herself’ and to try to measure this when assessing the effectiveness of a therapy. This 
is important in finding the costs and consequences of improving compliance. It may be 
particularly important, for example, when giving therapy to the parents of a schizophrenia 
patient aimed at improving the patient’s potential to take care of him/herself. The modelling 
framework outlined here may be particularly useful to assess these types of measures in the 
long run.
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When comparing DES to a Markov chain approach, the most striking difference is that this 
type of modelling offers an easy way of communicating with clinicians, and we conclude 
that this type of modelling is especially useful when relying on expert opinion regarding 
some crucial variables that define either costs or effects. It may be that all the dependencies 
that have been modelled here could also have been included in a Markov-type structure. 
However, this would have implied a very large number of health states, and it would have 
forced clinicians (when asked for their input) to think about many transition probabilities.

The ‘explosion’ of states may be dealt with by using Monte Carlo evaluation methods. 
However, it should be noted that if numerous health states are discerned, at least as many 
transition tables would have to be derived and drawn from in successive cycles, which is 
very data intensive and computationally inefficient. In addition, DES seems more realistic 
because patients may switch health states at any moment, depending upon the parameters 
considered in the model, whereas in Markov models switching is bound by the cycles. 

Given that many of the model inputs had to be obtained from experts, the validity of the 
model remains a problem. The model estimates the average annual costs per patient at 
approximately £20 000. This is substantially higher than the £12 000 presented by Guest 
and Cookson[25] on the basis of data from 1997. The difference may be explained partly by 
inflation caused by the 6-year time difference, and partly by the fact that the model only 
includes patients who deteriorate over time. Other types of schizophrenia patients, such as 
those with only one episode, those with multiple episodes who recover between episodes, 
and those who are continuously in a psychotic state, were not included.

The model still holds a number of simplifications. Some of those concern the way that 
noncompliance is modelled. Overall, a patient’s drug exposure is dependent on persistence 
and compliance. Persistence defines whether or not a patient is taking their medication, 
whereas compliance is a qualitative measure of the accuracy with which a persistent patient 
is taking the medication. The majority of patients will have some degree of noncompliance 
in the sense that they do not take the drugs at a fixed hour every day, sometimes forget a 
daily dosage or even have a ‘drug holiday’ of several days. These omissions may influence 
the effectiveness of the drug to some extent, and differentially so between competing agents, 
but little is known about the quantitative effects of these various degrees of non-compliance 
for any of the drugs used in the current treatment of schizophrenia. It was, therefore, 
decided to model patients as being either compliant or not, as no data are available and 
the experts are very reluctant to offer estimates. Consequently, in this model compliance 
equals persistence and non-compliance equals non-persistence. Another simplification is 
that psychiatrists may switch a patient’s treatment for reasons other than relapses or side-
effects. Psychiatrists may also switch because the duration of a psychotic episode is too long. 
Even though a new treatment may reduce the duration of the episode, only very limited data 
are available. Therefore, in accordance with the expert panel, the duration of a relapse is 
assumed to be independent of treatment. Consequently, the duration of psychosis could not 
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be implemented as a parameter that influences the patient’s treatment. Furthermore, the 
possibility of several combinations of drugs or several dosages could be included. Although 
common in practice, data on the effectiveness of various combinations and the effectiveness 
of changing dosages are lacking.

In addition, one may argue that the probability of a side-effect is correlated with the 
probability of other side-effects. This is not included in the model because we had no access 
to individual trial data. Including it, however, would mean that fewer patients in the model 
would switch to second or third-line treatment because side-effects would occur in fewer 
patients. However, the impact on the outcomes may only be small because the univariate 
sensitivity analyses showed that varying the probability of switching treatment did not affect 
the outcomes considerably.

Another additional subtlety that may be included in the model concerns the way the 
symptom score is used. Here it was based on the total PANSS score, but using subscores may 
be more appropriate, especially when considering the treatment decisions. Finally, linking 
utility scores to symptoms (= PANSS) score could also be beneficial. This would allow the 
costs of new treatments for schizophrenia to be compared with those of other diseases in 
terms of effectiveness.

Conclusion

DES offers a flexible structure for modelling a disease such as schizophrenia in which many 
dependencies play a role and a large quantity of data has to come from expert opinion. 
Application of a DES model using the costs of treating patients with schizophrenia in the UK 
over a 5-year timeframe showed that an increase of 20% in compliance is associated with 
cost savings, and that the savings are maintained over a range of variations in the parameters 
used in the model.
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