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Background and Aims: Schizophrenia leads to significant 
personal costs matched by high economic costs. Cognitive 
function is a strong predictor of disabilities in schizophrenia, 
which underpin these costs. This study of cognitive reme-
diation therapy (CRT), which has been shown to improve 
cognition and reduce disability in schizophrenia, aims to 
investigate associations between improvements in cognition 
and cost changes. Methods: Eighty-five participants with 
schizophrenia were randomized to receive CRT or treat-
ment as usual and were assessed at baseline, posttherapy, 
and 6  month follow-up. Four structural equation models 
investigated associations between changes in cognitive 
function and costs of care. Results: All 4 models provided 
a good fit. Improvement in 3 individual cognitive variables 
did not predict total cost changes (model 1). But improve-
ment in a single latent cognition factor was associated with 
a reduction in depression, which in turn was associated with 
reduced subsequent total costs (model 2). No significant 
associations with constituent daycare and special accommo-
dation cost changes were apparent with 3 individual cogni-
tive change variables (model 3). But improvement in a single 
latent cognitive change variable was associated with subse-
quent reductions in both daycare and special accommoda-
tion costs (model 4). Conclusion: This study exemplifies a 
method of using cost changes to investigate the effects and 
mechanisms of CRT and suggests that executive function 
change may be an important target if we are to reduce dis-
ability and resultant health and social care costs.
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Introduction

A diagnosis of schizophrenia is frequently characterized by 
recurrent episodes of psychosis and chronic and pervasive 

disability, affecting employment, social relationships, and 
independent living.1 These problems not only detrimen-
tally impact recovery and quality of life but also are asso-
ciated with high economic costs, resulting directly from 
medication, psychiatric admissions, and outpatient mental 
healthcare and indirectly from the high levels of support 
for the concomitant disability.2,3 An economic costs report 
by the Schizophrenia Commission estimated the total soci-
etal cost in England to be £11.8 billion per year.4

One of the best predictors of the disabilities that drive 
high costs in schizophrenia is cognitive function, which 
is pervasively and chronically impaired.5 Overall neuro-
psychological performance, as well as specific executive 
function, working and long-term memory and process-
ing speed scores, are consistently strongly associated with 
employment,6–8 functional outcome9; social functioning,10 
dependence on psychiatric care,11 and quality of life.12 
Cognitive impairment is associated with medical treat-
ment nonadherence13 and poor medical decision-making 
capacity,14 which may also negatively influence costs.15 
Although the relationship between cognition and func-
tioning is not necessarily direct,16,17 we might extrapolate 
that cognitive function will be related to costs.

This has been investigated in only 2 studies. In a study 
of older psychiatric patients, overall cognitive impair-
ment was longitudinally associated with higher mental 
healthcare costs.18 Using an adult schizophrenia sample, 
our own group investigated associations between health 
and social care costs and type and severity of cognitive 
impairment using structural equation models (SEMs).19 
Although no significant relationships were found between 
3 independent cognitive components and costs, models 
with covarying cognitive components and with a single 
global cognitive construct both fit the data and showed 
a significant relationship between poor cognition and 
high costs.
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If  this association between costs and cognitive function 
is causal, improvements in cognitive function may lead 
to reduced costs. Cognitive remediation therapy (CRT) 
is a psychological therapy that aims to improve cogni-
tive functioning in people with schizophrenia. There is 
good evidence of moderate effect sizes for durable cog-
nitive benefits and functional improvements following 
CRT.20 In a randomized controlled trial (RCT) of CRT 
compared with treatment as usual (TAU), for which the 
baseline data were investigated for the cost analyses by 
Patel et al,19 there was a nonsignificant cost advantage for 
the therapy group posttreatment.21 On the other hand, in 
a smaller RCT, there were increased costs in day care only 
for the CRT group, suggesting greater uptake of day care 
services.22

CRT studies investigating mechanisms of change have 
shown that improvements in functional outcome are 
predicted by improvements in cognition, particularly in 
executive function and memory.16,17,23–25 No study has 
investigated cognitive change predictors of cost change.

In this study, we extended the model building in Patel 
et al19 to investigate associations between changes in cog-
nitive function and costs over time following CRT. Data 
were from the same RCT reported in Patel et  al19 and 
Wykes et al.21 Previously, structural equation modelling 
investigated 2 models that showed a significant cross-sec-
tional relationship between cognition and cost at base-
line, using (a) 2 covarying cognitive components and (b) 
a single latent cognitive construct.19 However, here we 
use change in these variables over time rather than the 
baseline values. We include change in positive symptoms, 
depression, social withdrawal, and antisocial behavior 
scores as possible predictors of costs. We hypothesized 
that improvements in cognition at posttreatment would 
be associated with reduced subsequent total costs and 
that, as with the previous study, a model using a single 
latent cognitive component may provide the best fit. To 
elucidate the relationships further, we also looked at 
constituent costs. We hypothesized that improved cogni-
tion would be associated with increased community day-
based service costs, as people engage more frequently 
with services, but that special accommodation costs (ie, 
staffed residential care, including long-stay psychiatric 
rehabilitation wards) be reduced because this is likely to 
be underpinned by the social functioning disability that 
may be reduced following an improvement in cognitive 
function.

Method

Design

This was a single blind RCT comparing CRT with TAU. 
CRT was associated with significant durable improve-
ments in memory and a significant improvement in cog-
nitive flexibility posttreatment but not at follow-up.21 The 
trial registration number is ISRCTN44277627.

Participants

Participants were 85 people (1) with a DSM-IV diagnosis 
of schizophrenia, (2) aged at least 17 years, (3) at least 1 
problem behavior on the social behavior schedule (SBS),26 
and (4) cognitive inefficiency: (a) “poor” score on the 
Rivermead Behavioural Memory test,27 (b) <16th percen-
tile on the Wisconsin Card Sorting test (WCST),28 and/
or (c) “poor” score on the Hayling Sentence Completion 
test.29 They were recruited from local community mental 
health teams in the South London and Maudsley NHS 
Trust in a structured geographical rotation.

Procedure

All participants gave informed, written consent and were 
assessed at baseline (“time 1”), posttherapy (“time 2”) and 
6  months posttherapy (“time 3”). Assessments were car-
ried out by a graduate psychologist who was blind to group 
allocation although there were occasional accidental disclo-
sures. Symptoms were rated by a blind independent psy-
chiatrist. Social behavior data were collected from clinician 
or relative informants who were independent but not blind.

Measures

The following subset of measures was used. Demographic 
and clinical history information was collected from par-
ticipants and clinical records. Premorbid intelligence 
quotient (IQ) was assessed using the National Adult 
Reading test.30

Cognition. These are categorized using the 3 cogni-
tive domains represented in the SEMs that were initially 
based on the component structure suggested by a previ-
ous exploratory principal components study.16 An addi-
tional variable was included in the “response inhibition” 
factor to increase its robustness.

Cognitive Shifting Trail-making test31—time taken for 
part B.
Behavioural Assessment for the Dysexecutive Syndrome 
(BADS)32: Zoo map test—total raw score.
BADS: Key Search—total raw score.
Spatial Response Inhibition (SRI)33—median time taken 
for incompatible response condition minus simple reaction 
time.
Stroop test34—Color-word task, number correct in 120 
seconds.

Verbal Working Memory Wechsler Adult Intelligence 
scale, Third Edition (WAIS-III-UK)35: Letter-Number 
Sequencing—total raw score.
Controlled Oral Word Association test36—total correct.
BADS: Six Elements—total raw score.
WAIS-III-UK: Digit Span—total raw score.

Response Inhibition WCST—perseverative errors.
WCST—categories completed.
Hayling Sentence Completion test—converted error score.
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Symptoms. Positive and Negative Syndrome Scale 
(PANSS)37—total positive symptoms and depression items.

Social Functioning. SBS—antisocial behavior and social 
withdrawal subscores.

Costs. Health, social care, and criminal justice system 
resource use was assessed using the Client Service Receipt 
Inventory,38 completed retrospectively at the 3 time points, 
based on participant self-report and/or information from 
healthcare staff  and case records. Costs at time 1 and 
time 3 were based on the previous 6-month period, and 
at time 2 on the previous 3-month period, so were multi-
plied by 2 for consistency. Unit costs were combined with 
individual-level resource volumes to obtain a cost-per-
participant. Unit costs for health and social care services 
were based on UK national estimates, adjusted to reflect 
higher London costs.39 Medication costs were based on 
prices reported by the Joint Formulary Committee.40 
Specialist education services costs were estimated from 
Chartered Institute of Public Finance and Accountancy 
statistics.41 Social security benefit rates were obtained 
from the UK Department for Work and Pensions.42 
Estimates for police contact costs were made using Finn 
et al.43 Unit costs were standardized to 2000/2001 prices. 
All costs were reported as mean values in pounds sterling 
(£). Three cost variables were used: (1) total costs, (2) spe-
cial accommodation (ie, staffed residential care, including 
long-stay psychiatric rehabilitation wards) costs, and (c) 
community day-based service costs.

Therapy

An individual pencil-and-paper CRT program targeting 
attention, working and long-term memory, and executive 
functioning used a series of simple repetitive tasks that 
gradually increase in difficulty and that can be individu-
ally tailored.44 The tasks are taught using scaffolding and 
errorless learning to help people develop the use of strate-
gies to facilitate a more organized and systematic approach. 
Explicit attempts are made to transfer these strategies to 
everyday living skills, which are identified through personal 
therapy goals. The aim was to deliver therapy on at least 
3 days a week until participants had received 40 sessions. 
Therapists were graduate psychologists supervised by a 
clinical psychologist, and therapist fidelity was checked 
using the therapists’ session records and direct observation.

Statistical Analysis

Thirteen out of eighty-five cases had some missing 
data. Missing values for all but the cost variables were 
imputed for 11 cases (final n = 85). Imputation was car-
ried out using the regression method imputation func-
tion in SPSS, based on all cognition, social behavior, 
and symptomatology variables included in the models. 

Seven cases had missing cost data. This was not imputed 
because there was no reasonable basis on which to do 
so. All analyses were carried out in Mplus that uses a 
maximum likelihood method, so that the models could 
be fitted even when there are some missing values on the 
outcomes. The 7 cases with missing cost data were simi-
lar to those included in terms of age, gender, time since 
first contact with psychiatric services, predicted premor-
bid IQ, PANSS total score, and present accommodation. 
The missing participants, however, had significantly more 
years in education (mean years in education 13 vs 11) and 
lower SBS scores (mean of 6 vs 13). Such a profile would 
suggest that the excluded cases may have had lower costs 
than those included in the SEMs although their accom-
modation use was similar.

Where necessary, cognitive variables were multi-
plied by −1 to ensure that a high score indicated good 
performance.

For the cognition variables, symptom, and functioning 
variables, change scores were calculated from time 1 to 
time 2. For costs, 2 change scores were calculated: from 
time 1 to time 2 and from time 1 to time 3.

Using change scores for (1) cognition, (2) social func-
tion, (3) symptoms, and (4) costs, a series of SEMs were 
fitted. Initially, we fitted 2 models based on the models 
identified in Patel et  al.19 A  second pair of models was 
subsequently fitted to investigate the associations between 
cognitive change and constituent costs. In each case, if  
the initial full model was not a good fit, the symptom and 
social functioning change variables were subsequently 
excluded. In each model, all pathways were estimated.

Model 1—Three Cognitive Variables, Total 
Costs. Initially, 3 cognition factors, representing 
change in verbal working memory, change in cogni-
tive shifting, and change in response inhibition, were 
intended for inclusion in the first SEM. However, change 
in the individual variables was not in a uniform direction 
within factors, and an exploratory factor analysis of  the 
cognitive change scores suggested a 5-factor model and 
therefore the 3-factor model was excluded. The alterna-
tive model fitted had 3 individual cognitive variables in 
place of  each factor: change in Digit Span (verbal work-
ing memory), change in the Trail-Making test (cogni-
tive shifting), and change in Hayling Task (response 
inhibition), selected because they each had the highest 
loadings on the relevant cognitive change factor in the 
initial model. In addition, change in the functioning and 
symptom variables were included. Finally, changes in 
total costs (time 1 to time 2 or time 3) were included and 
allowed to be dependent on both the cognition factors 
and treatment group.

Model 2—Single Latent Cognitive Factor, Total 
Costs. A single cognition factor directly based on 
change scores was estimated. This factor was allowed 
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to be dependent on treatment group. Change in func-
tioning and symptoms were also included. The same 2 
measures of  change in health care costs were included 
as in model 1.

Model 3—Three Cognitive Variables, Special 
Accommodation, and Day Care Costs. This model 
was the same as model 1 but included change in special 
accommodation costs and change in daycare costs (time 
1 to time 2 and time 1 to time 3) instead of total costs.

Model 4—Single Latent Cognitive Factor, Special 
Accommodation and Day Care Costs. This model was 
the same as model 2 but included change in special 
accommodation costs and change in day care costs (time 
1 to time 2 and time 1 to time 3) instead of total costs.

Results

Participant Characteristics (n = 85)

Seventy-three percent were men, and there was a mean 
age of  36  years. Eighty-four percent were married. 
Forty-five percent were white, 16% black Caribbean, 5% 
black African, 8% black other, 11% Indian, and 16% 
described as “other” (n = 84). This ethnic diversity is 
characteristic of  the population of  people with a schizo-
phrenia diagnosis in inner London.45 The mean num-
ber of  years in education was 12 (range 2–17 years) and 
mean estimated full-scale IQ was 93 (69–127). Fifty-two 
percent had been in contact with psychiatric services for 
>10 years. Twenty-seven percent participants were living 
alone or with a spouse, 22% with a parent or other rela-
tive, 20% in supervised accommodation, and 31% were 
hospital inpatients. Ten percent people were currently 
in paid, voluntary, or sheltered employment and 12% 
had never been employed (n = 84). Ninety-six percent 
participants were receiving state social security benefits 
(n = 84).

Supplementary table 1 shows baseline scores for the 
cognition, social function, and symptom variables. Use 
of  health and social care services and societal costs 
in the previous 6 months from baseline are shown in 
supplementary table 2. Fifty-four percent participants 
were currently living in a hospital or other specialized 
accommodation, such as a 24 hour–staffed residential 
setting. The use of  hospital outpatient services was 
dominated by 3 participants who each had a mean of 
55 day hospital attendances over the 6-month period. 
Only 1 person had any criminal justice contacts (1 
night in a police cell). Seventy-five percent used atypi-
cal antipsychotic medication and only person reported 
no prescribed medications. Overall, the mean total cost 
was £15 113.91 (SD £10 929.23) for the 6-month period 
prior to the baseline assessment. There were no partici-
pants with zero costs.

Supplementary table 3 shows summaries of  each of 
the variables used in the SEMs. Some of  these vari-
ables have been rescaled by dividing by a constant, 
because the latent factors can be most easily estimated 
when the variance of  the individual indicators is on a 
similar scale.

Model 1—Three Cognitive Variables, Total Costs. The 
goodness-of-fit statistics of the initial full model indicated 
poor fit and so symptom and social functioning change 
variables were excluded. This subsequent model was a 
good fit (table 1). There were no significant associations 
between cognitive change and total cost change. Treatment 
group significantly predicted Digit Span change (figure 1).

Model 2—Single Latent Cognitive Factor, Total Costs 
Variable. There was reasonable model fit. Some cogni-
tive change scores had negative loadings on the latent 
cognition factor, so increased cognitive factor change 
scores cannot strictly be interpreted as an improve-
ment in cognition. However, all significant loadings 
on the latent cognitive factor were in a positive direc-
tion. Cognitive improvement was significantly associ-
ated with a reduction in depression, which in turn led 
to significantly decreased costs at time 3. Reduced anti-
social behavior and increased positive symptoms were 
also significantly associated with increased costs at time 
3. Neither of  the functioning nor symptom changes was 
significantly associated with cognitive changes (figure 2).

Model 3—Three Cognitive Variables, Special 
Accommodation, and Day Care Costs. Treatment group 
predicted change in Digit Span. No other associations 
were significant (figure 3).

Model 4—Single Latent Cognitive Factor, Special 
Accommodation, and Day Care Costs. This model 
showed significant associations between improvements 
in cognition and reductions in both day care and special 
accommodation costs at time 3 (figure 4).

Discussion

Does Change in Cognition Predict Total Cost Change?

Two SEMs investigated the association between cog-
nitive change and cost change. Cognitive change was 

Table 1. Goodness-of-Fit Statistics for Structural Equation 
Models

χ2 Df P

Model 1 2.697 3 .4407
Model 2 159.968 136 .0784
Model 3 2.697 3 .4407
Model 4 122.749 108 .01572

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbu046/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbu046/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbu046/-/DC1
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represented either as (1) 3 individual working memory 
and executive function change variables or as (2) a 
single latent global cognitive change factor. Within the 
first model, the only significant association was between 
treatment group and digit span change, which is consis-
tent with previous findings that CRT had a positive effect 
on verbal working memory.21 In the second model, there 
was no direct relationship between cognitive and total 
cost changes, but improved cognition predicted reduced 
depression, which in turn was associated with a reduc-
tion in subsequent costs. These associations may reflect 
an indirect relationship between cognition and subse-
quent cost change. The link between reduced depres-
sion and lower costs makes conceptual sense because 
better mood is likely to be associated with behavioral 
activation and an increased capacity to work (leading 
to a reduction in the reliance on state benefits) and to 
carry out activities of  daily living independently (lead-
ing to reduced need for residential or community sup-
port). The cognition-depression link can be accounted 
for by changes in depression-related state-dependent 
cognitive impairments.46 Alternatively, it may be medi-
ated by a third factor, such as increased self-esteem. 
This is consistent with findings from Rose et al,47 which 
showed that if  participants noticed improvements in 
their cognition, then self-esteem improved. Presumably, 
perceptions of  improvements were more likely if  cogni-
tion had actually improved. Whatever the mechanism, 
depression may make a useful intervention target if  a 
goal is to reduce costs, and this may better be targeted 
directly through medication and CBT rather than indi-
rectly through CRT.

Increased costs were also significantly associated 
with an increase in positive symptoms and a decrease in 
antisocial behavior in model 2.  The former may reflect 
increased psychiatric acute admissions as a result of 
worsening mental state, but the latter finding is more dif-
ficult to interpret. Because costs were calculated in terms 
of service use rather than allocation, it maybe that with 
a decrease in antisocial behavior, patients were able and 
willing to engage to a greater extent in health care services.

Does Change in Cognition Predict Change in Day Care 
or Special Accommodation Costs?

Both SEMs were a good fit. The first, with 3 individual cog-
nitive variables, showed no significant associations between 
cognitive and cost changes. The second, with 1 latent cog-
nition factor, showed that improvements in cognition were 
associated with significant reductions in subsequent day 
care and special accommodation (ie, staffed residential 
care, including long-stay psychiatric rehabilitation wards) 
costs. The residential care finding was consistent with our 
hypothesis that improved cognition would lead to a reduc-
tion in disability and a consequential reduced requirement 
for specialized accommodation. The reduced day care 
costs finding was not consistent with our hypothesis, nor 
findings from Wykes et al.22 Although our study related to 
improved cognition specifically, rather than receiving CRT 
more generally, it seems unlikely that the differences in 
results could be attributed to the nonspecific effects of CRT 
because Wykes et al included a therapist-matched control 
therapy. An alternative explanation may be the difference 
in sample size. Wykes and coworkers’ study included only 

Fig. 1. Model with 3 cognitive variables with standardized parameter estimates. All pathways were estimated but small parameter 
estimates are not shown. **P < .05.
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35 people and so would have been more susceptible to rela-
tively few people making substantial changes.

Change in the single latent cognition factor was con-
sistently a better predictor of  change in costs than the 3 
individual cognitive variables. Although we cannot draw 
conclusions relating to causation from a correlational 
study, this may suggest that the quantity rather than type 
of  cognitive improvement is important in promoting 

cost change. Alternatively, it is of  note that, although 
the single latent cognition change factor was estimated 
using all 12 cognitive change scores, change scores for 
only 4 (Trails, Key Search, Spatial Response Inhibition, 
and WCST perseverative errors) had significant load-
ings on this factor. Therefore, this cognitive change 
factor appears to reflect certain aspects of  executive 
function change and not change in working memory or 

Fig. 2. Single latent cognition factor model with standardized parameter estimates. Although all pathways were estimated in the model, 
some small parameter estimates are not shown. *P < .1; **P < .05, ***P < .01.
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even global cognition. The finding that improved execu-
tive functioning is predictive of  improved functioning is 
becoming increasingly consistent in the literature.16,23,25,48 
This is supportive of  models that suggest that the trans-
fer of  new cognitive skills to everyday living skills relies 
on top-down, executive thinking processes, such as meta-
cognition,49 rather than the development of  bottom-up 
basic processing skills that then cascade forward to more 
complex thinking.50

Although this study is limited by its relatively modest 
sample size and the presence of some missing data (which 
were estimated to avoid further exclusion of participants), 
we were able to estimate models of good fit and to iden-
tify significant associations between cognitive change and 
costs. Due to limitations of numbers, we were not able 
always to include the symptom and function variables 
that might have elucidated relationships between cogni-
tion and functioning. However, this approach serves as an 
exemplar of what may be possible in terms of investigat-
ing the relationships between cognitive change and cost 
outcomes.

Two characteristics of costs may need to be consid-
ered in investigating these relationships. First, changes 
in service use, such as special accommodation, may be 
uncommon and rely on large functioning changes to 
occur. Small functional changes may not affect cost and 
a longer time span may be required for significant change 
to occur. Our trial took place over a relatively short time 
frame and with no additional adjunctive rehabilitation 
opportunities to accompany the CRT. It is notable that 

cognitive changes were specifically associated with subse-
quent cost change, rather than costs occurring during the 
same period as the therapy. Thus, while it is encourag-
ing that despite these constraints significant associations 
were apparent, studies taking place over longer time peri-
ods and with concomitant rehabilitation may be more 
successful in elucidating associations between cognitive 
and cost changes.

A second characteristic of measures of cost is that the 
variance is very wide and may be skewed by costs for a few 
participants. For example, inpatient costs, even for a brief  
admission can disproportionately swamp more moderate 
costs of regular appointments or medication. To avoid 
this problem, in our second pair of models, we excluded 
inpatient costs and focused only on day care and special 
accommodation. On the other hand, while many costs 
may only affect a few participants, the fact that a wide 
range of functional difficulties may be reflected in costs 
for different uses of resources may make costs a useful 
way to account for functional change, which may mani-
fest itself  in enormously varied ways between individuals.

In summary, this study exemplifies a method of inves-
tigating some of the effects and mechanisms of treatment 
using a rarely studied outcome—cost. It generated a num-
ber of hypotheses, particularly that executive change may 
be important if  we are to reduce disability and resultant 
costs to society and healthcare systems, and that depres-
sion may play an important and frequently overlooked 
role in accounting for links between cognitive and func-
tional changes.

Fig. 3. Model with 3 cognitive variables and 2 cost variables, with standardized parameter estimates. Although all pathways were 
estimated, small parameter estimates <0.1 are not shown. *P < .1; **P < .05, ***P < .01.



1479

Cognitive Change Predictors of Cost Changes

Supplementary Material

Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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