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Introduction: Cognitive impairment is a core feature and shows the highest impact on functional outcome in patients with schizophrenia. There have been no previous studies investigating
the role of the pharmacist in a multidisciplinary team on cognitive outcomes in patients with
schizophrenia.
Purpose: We evaluated the impact of pharmacist intervention on cognitive outcomes in patients
with schizophrenia by focusing on anticholinergic discontinuation.
Patients and methods: A prospective, open-label, randomized, controlled study was conducted. Patients with schizophrenia were randomly assigned to either the pharmacist intervention or usual care groups. In the pharmacist intervention group, the pharmacist identified
drug-related problems (DRPs) and provided a pharmacotherapy suggestion, while there was no
intervention in the usual care group. The primary outcome was mean change from baseline of
executive function by using Wisconsin Card Sorting Test (WCST) perseverative errors within
the pharmacist intervention group at week 12.
Results: A total of 30 patients completed the study (13 in the pharmacist intervention group
and 17 in the usual care group). WCST perseverative errors at the end of the study within the
pharmacist intervention group improved significantly from baseline (P=0.003). DRPs at week
12 were reduced by 85.19% and 9.76% in the pharmacist intervention and usual care groups,
respectively. The most common intervention was the discontinuation of anticholinergics in
patients without extrapyramidal side effects.
Conclusion: Added-on pharmacist intervention in a multidisciplinary team could help to
improve cognitive functions in patients with schizophrenia by reducing DRPs and optimizing
the drug therapy regimen, especially for anticholinergic discontinuation.
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Schizophrenia is a chronic psychiatric disorder that comprises heterogeneous conditions including positive, negative, cognitive, and affective symptoms.1 These symptoms
can impair many aspects of the functional outcomes that are social and vocational
functioning. Positive and negative symptoms can be minimized by currently available
treatment options, while there are limited strategies to improve cognitive functions in
patients with schizophrenia.1 Cognitive impairment is a core feature of schizophrenia
that can be found prior to the development of first psychotic episode and continues
throughout the illness.2,3 In addition, cognitive impairment shows the highest impact on
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functional outcomes and is highly associated with relapse.4–7
Thus, improvement of cognitive functions is one of the key
components of disease recovery. The Measurement and
Treatment Research to Improve Cognition in Schizophrenia
(MATRICS), a project under the National Institute of Mental
Health, reported that the key cognitive domains in schizophrenia are attention/vigilance, speed of processing, verbal
learning and memory, visual learning and memory, working
memory, reasoning and problem solving (executive function),
and social cognition.2 Verbal learning and memory, attention,
and executive function are the most commonly impaired
domains in patients with schizophrenia.2,4 Of these domains,
executive function was strongly associated with community
functioning and skill acquisition.1
Current strategies to improve cognitive functions in
schizophrenia comprise non-pharmacological and pharmacological treatments. The main pharmacological intervention
is the avoidance or discontinuation of medication, especially
anticholinergic drugs, which can impair cognitive functions that are unnecessarily long-term used in patients with
schizophrenia. Other pharmacological interventions include
the selection of an appropriate antipsychotic agent, which
exhibits benefits either for negative symptoms or cognitive
functions, and adjunctive treatment with some antidepressants.8 However, the success of these strategies can prove
difficult if there is no collaboration between the clinical
pharmacist and physician in the health care team.
Pharmacist intervention by delivering pharmaceutical care in a multidisciplinary care team has been shown
to improve clinical outcomes in a variety of patients with
chronic diseases such as heart failure, hypertension, and
diabetes.9–11 As concerns psychiatric disorders, some clinical
studies have addressed pharmaceutical care in psychiatric
patients with depression and autism spectrum disorder.12,13
The results also revealed that pharmacist intervention could
help to improve clinical outcomes in these patients. Regarding schizophrenia, even though a high frequency of drugrelated problems (DRPs) has been reported, especially in the
use of long-term anticholinergic drugs,14,15 research on the
pharmacist’s role with these patients is still limited. A few
studies demonstrated that pharmacist intervention could help
to improve psychopathological symptoms more than usual
care.14 However, cognitive outcome has not been previously
investigated. Therefore, the objective of our study was to
evaluate the impact of pharmacist intervention on cognitive
functions in patients with schizophrenia by focusing on
anticholinergic discontinuation.
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Materials and methods
Setting
This was a 12-week, prospective, open-label, randomized,
controlled study designed to evaluate the effects of pharmacist intervention on cognitive functions in patients with
schizophrenia. The study was conducted at the outpatient
department of Somdet Chaopraya Institute of Psychiatry,
Bangkok, Thailand. Eligible patients were randomized into
pharmacist intervention and usual care groups by simple randomization. Real-life care by psychiatrists in the outpatient
department without pharmacist involvement was selected as
the usual care group. The study was approved by the ethics
medical committee of the Somdet Chaopraya Institute of
Psychiatry, and all patients had to sign an informed consent
prior to entering the study.

Participants
Patients who visited the outpatient department of Somdet
Chaopraya Institute of Psychiatry from February 2015 to June
2015 were recruited by a clinical pharmacist. The inclusion criteria were as follows: 1) aged between 18 and 50 years; 2) had
been diagnosed with schizophrenia according to the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition
(DSM-IV); 3) had received stable agent and dosage regimen
of antipsychotics for at least 2 months, which was an adequate
duration to assess the therapeutic effect of medications; 4) had
mild to moderate symptoms of schizophrenia as determined by
the Brief Psychiatric Rating Scale (BPRS) of 32–54; and 5) had
schizophrenia after first diagnosis for a duration of less than 10
years. Patients were excluded if they had mental retardation,
delirium, or had communication impairment, which affected
their ability to perform cognitive function tests.
Concerning the characteristics of participants, because
this study focused on cognitive functions, only patients with
stable and mild to moderate symptom severity of schizophrenia were recruited. If patients had severe or unstable psychotic
symptoms, the treatment goal might be distorted to focus on
the management of positive symptoms instead of cognitive
symptoms. Patients who had the illness for a duration of less
than 10 years were recruited because most studies found that
improvement in the executive function is seen in the early
phase of schizophrenia; however, there is no improvement if
the duration of illness is longer than 10 years.16–18

Pharmacist interventions
At baseline, all participants underwent cognitive function
tests by clinical psychologists. However, symptom severity,
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medication history review, medication adherence, and identification of DRPs were conducted by the clinical pharmacist
before the patients met psychiatrists.
In the pharmacist intervention group, a clinical pharmacist undertook the responsibility to provide pharmaceutical
care to all patients. These included conducting a treatment
plan that suggested treatment strategies to psychiatrists,
which could help improve the cognitive functions in their
individual patients (Figure 1). These strategies included
the following. 1) Avoiding or discontinuing medications
that interfere with cognitive functions, especially the use of
anticholinergic drugs in patients who had no extrapyramidal
side effects (EPS) from antipsychotics for at least 4 weeks
and no history of severe EPS.8,19,20 Severe EPS is defined as
life-threatening adverse effects or adverse effects that significantly interfere with the activity of daily living of patients.
Schedule for the tapering off anticholinergic drug was a
decreased dose of about 2–5 mg of trihexyphenidyl equivalent every 6 weeks. 2) Suggesting to add antidepressants
or substitute second-generation antipsychotics (SGAs) for
first-generation antipsychotics (FGAs) in patients who still
exhibited predominant negative symptoms.21–26 3) Considering the substitution of SGAs for FGAs in patients identified
as having cognitive impairment based on cognitive function
tests and with stable psychotic symptoms.16,27 4) Decreasing
the dose of antipsychotics in patients with EPS but whose
other psychotic symptoms were stable.28

Clinical assessment
The cognitive tests were performed at baseline and at week 12
by the same clinical psychologists who were blinded to group
assignment. These assessments focused on the measures of
executive function, verbal learning and memory, and speed
of processing. These comprised five tests each examining
different cognitive domains as shown in Table 1 (for details
of each cognitive tests, refer Table S1).
Psychopathological symptoms were rated with BPRS by
a clinical pharmacist who had been trained in BPRS assessment. BPRS was performed at baseline and repeated at weeks
6 and 12. DRPs were identified and categorized into seven
categories according to Cipolle/Morley/Strand classification.29 Adherence was measured by multiple methods including pill count, patient report, and caregiver report. Regarding
the patient report and caregiver report, visual analogue rating
scale (VAS) was used to assess nonadherence by estimating
the percentage of medication dose that patients had taken
as prescribed (0%–100%). Nonadherence was defined as
following less than 80% of the prescribed medication. If the
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data conflicted between methods, the pill count method was
used, which is an objective measurement, as the first decision.

Study outcomes
The primary outcome was the mean change from baseline of
Wisconsin Card Sorting Test (WCST) perseverative errors
within the pharmacist intervention group at week 12. The
secondary outcomes comprised: 1) mean change from baseline to week 12 of cognitive tests (WCST, Wechsler Memory
Scale; WMS, Stroop Color Word Test, Trail Making Test A
[TMT A], Trail Making Test B [TMT B]) between pharmacist
intervention and usual care groups; 2) mean change from
baseline to week 12 of BPRS between pharmacist intervention and usual care groups; 3) proportion of patients who had
a clinical response of psychopathological symptoms (defined
as patients who had BPRS at the end of study decreasing at
least 30% from baseline) between pharmacist intervention
and usual care groups; and 4) frequencies of identified DRPs
at baseline and week 12 between pharmacist intervention and
usual care groups.

Statistical analyses
Regarding the sample size, there was no clinical study
comparing the effect between pharmacist intervention and
usual care in patients with schizophrenia, which made it difficult to set the sample size for determining the differences
in changes in WCST perseverative errors between groups.
Therefore, mean change from baseline of WCST perseverative error within the pharmacist intervention group was
used as the primary outcome of this study. Sample size was
calculated based on Purdon et al16 which revealed that treatment with SGAs could improve WCST perseverative errors
approximately 7.25 points from baseline and relatively used
anticholinergic drugs less than FGA, could improve WCST
perseverative errors approximately 7.25 points at end point
when compared from baseline. Therefore, a minimum total
of 39 patients needed to be recruited for a significance level
of α=0.05 and for a power of at least 80% (β<0.20).
Baseline characteristics were compared between groups
using Fisher’s exact test for nominal data and Mann–Whitney
U test for continuous data. The primary analytical approach
was per-protocol analysis. Mean change in WCST perseverative errors within the pharmacist intervention group at week
12 was tested by the Wilcoxon signed-rank test. Mean change
from baseline of the cognitive tests and BPRS between groups
were tested by the Mann–Whitney U test. Proportion of
patients who achieved response between groups was compared using the Fisher’s exact test. Descriptive analysis was
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Figure 1 Flow diagram of patients through the study protocol (according to CONSORT 2010 statement).
Abbreviation: DRPs, drug-related problems.
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Table 1 The cognitive tests used to assess the three cognitive domains in the study
Cognitive tests

Cognitive domains
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Verbal learning and memory
WMS
WCST
Stroop Color and Word Test
TMT A
TMT B

Executive function

Speed of processing

√
√
√
√
√

Abbreviations: TMT, Trail Making Test; WCST, Wisconsin Card Sorting Test; WMS, Wechsler Memory Scale.

applied for the number of DRPs. All analyses were carried
out using the SPSS version 21.

Results
Patient characteristics
In total, 41 patients were enrolled and 30 patients completed
the study period (Figure 1). Of whom, 13 and 17 patients
were in the pharmacist intervention and usual care groups,
respectively. Demographic and clinical characteristics of
these patients are shown in Table 2. There were no significant
differences among the treatment groups for most characteristics, except that patients in the usual care group had a
higher baseline unemployment (P=0.023). However, there
was no correlation between unemployment rate and WCST
perseverative errors (r=–0.316, P=0.293).

Cognitive outcomes
Baseline and end point scores of the cognitive tests of the pharmacist intervention and usual care groups are given in Table 3.
Comparing within the pharmacist intervention group at the end
of study, WCST perseverative errors significantly improved from
baseline at 21.23±11.81 to 9.61±6.47 at week 12 (P=0.003;
Table 3). Other cognitive tests that showed a significant improvement from baseline were TMT B, WMS trial 1, WMS total words
recalled, and short delay free recall trial. Focusing within the
usual care group, there were significant improvements in WCST
number of categories completed, WMS trial 1, WMS total words
recalled, and short delay free recall trial from baseline to week
12, but not for WCST perseverative errors.
Comparison between groups at week 12 revealed that
WCST perseverative errors was the only test that showed a
more significant improvement in the pharmacist intervention
group than that in the usual care group (∆ WCST perseverative
errors: –11.62±12.78 and –2.14±6.96, respectively; P=0.017).

Psychopathological outcomes
At the end of study, BPRS scores were significantly lower
in the pharmacist intervention group than those in the usual
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care group (36.08±3.62 to 24.69±2.72 and 38.29±6.38 to
36.35±7.71, respectively; P<0.001; Figure 2). Regarding
treatment response, 61.54% in the pharmacist intervention
group achieved response, while no responders did so in the
usual care group.

DRPs
At baseline, the numbers of DRPs were 27 and 41 in the
pharmacist intervention and usual care groups (2.08 and
2.41 DRPs per patient), respectively (Table 4). DRPs mostly
found among both groups were unnecessary drug therapy,
especially using anticholinergics for prevention of EPS. At
baseline, there were 92.31% (12 of 13) and 100% (17 of 17) of
patients in the pharmacist intervention and usual care groups
who received anticholinergic therapy. Of these patients, 12
and 15 patients in the pharmacist intervention and usual care
groups qualified for consideration of anticholinergic discontinuation as assessed by the clinical pharmacist followed by
the study criteria (no EPS at least 4 weeks and no history of
serious EPS). Adverse drug reactions (ADRs) such as weight
gain, EPS, and hyperprolactinemia were other DRPs found in
both groups. At the end of the study, the number of identified
DRPs in the pharmacist intervention and usual care groups
was 4 and 37, which was a decrease from baseline of 85.19%
and 9.76%, respectively.
Regarding interventions throughout the study, there were
28 interventions in the pharmacist intervention group by the
clinical pharmacist (acceptance rate was 92.86% of these
interventions), while there were only four interventions in
the usual care group by the psychiatrists. In the pharmacist
intervention group, unnecessary drug therapy relating to
preventing EPS with anticholinergic therapy was the highest
intervention (12 interventions), of which all were accepted
by the psychiatrists. Anticholinergic agents were gradually
decreased and discontinued for 10 patients. Anticholinergic
agents could not be discontinued for two patients, in which
one of them was under the tapering schedule of anticholinergics and unable to stop before the end of study, while the
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Table 2 Baseline characteristics of the study participants
Characteristics

Pharmacist intervention group (n=13)

Usual care group (n=17)

Mean age, years (SD)
Sex (% female)
Mean body mass index, kg/m2 (SD)
Education, years (SD)
Substance use (%)
• Smoking
• Alcohol
• Amphetamine
• Cannabis
Comorbid psychiatric disorders (%)
• Depressive disorder
• Bipolar disorder
• Attention deficit hyperactivity disorder
Unemployment (%)a
Age at onset of illness, years (SD)
Duration of illness, years (SD)
Number of prior hospitalizations (SD)
Current antipsychotic use (%)
• FGAsb
• SGAsc
Anticholinergic use (%)
Adherence (%)d
BPRS, mean (SD)
WCST, mean (SD)
• Number of categories completed
• Perseverative errors
WMS, mean (SD)
• Trial 1
• Total words recalled (trials 1–4)
• Short delay free recall trial
Stroop Color and Word Test, mean (SD)
TMT A, mean (SD)
TMT B, mean (SD)

38.31 (4.96)
69.2
25.21 (5.87)
14.54 (4.16)

36.06 (9.88)
58.8
23.23 (5.4)
13 (4.4)

30.8
23.1
15.4
0

41.2
17.6
17.6
11.8

7.69
7.69
7.69
38.5
32.89 (6.42)
5.42 (3.35)
1 (1.2)

11.76
5.88
0
82.4
30.99 (10.11)
5.07 (3.03)
0.82 (1.59)

46.15
53.85
92.31
84.78
36.08 (3.62)

58.82
64.71
100
85.79
38.29 (6.38)

1.46 (1.45)
21.23 (11.81)

1.12 (1.41)
13.65 (10.5)

3.69 (1.75)
22.84 (7.54)
5 (2.2)
30.77 (11.11)
50.54 (25.51)
165.38 (90.41)

3.59 (2.03)
20.29 (7.56)
4.59 (2.27)
28.94 (8.74)
62.12 (40.96)
152.53 (77.48)

Notes: aP-value<0.05. bFGAs including haloperidol (0% in the pharmacist intervention group, 3.68% in the usual care group), flupentixol (0% in the pharmacist intervention group,
3.68% in the usual care group), trifluoperazine (7.69% in the pharmacist intervention group, 0% in the usual care group), perphenazine (38.46% in the pharmacist intervention
group, 25.73% in the usual care group), chlorpromazine (0% in the pharmacist intervention group, 14.7% in the usual care group), fluphenazine decanoate (0% in the pharmacist
intervention group, 7.35% in the usual care group), haloperidol decanoate (0% in the pharmacist intervention group, 3.68% in the usual care group). cSGAs including risperidone
(38.47% in the pharmacist intervention group, 52.93% in the usual care group), olanzapine (15.38% in the pharmacist intervention group, 5.89% in the usual care group),
paliperidone (0% in the pharmacist intervention group, 5.89% in the usual care group). dAdherence is defined as following at least 80% of the medication regimen.
Abbreviations: BPRS, Brief Psychiatric Rating Scale; FGAs, first-generation antipsychotics; SGAs, second-generation antipsychotics; TMT, Trail Making Test; WCST,
Wisconsin Card Sorting Test; WMS, Wechsler Memory Scale.

Table 3 Cognitive outcomes in pharmacist intervention and usual care groups at baseline and week 12
Cognitive tests

WCST
• Number of categories complete
• Perseverative errors
WMS (word lists subtest)
• Trial 1
• Total words recalled
• Short delay free recall trial
Stroop Color and Word Test (>25)
TMT A (31–39)
TMT B (75–92)

Pharmacist intervention group (n=13)
Baseline
(mean±SD)

Week 12
(mean±SD)

P-value

1.46±1.45
21.23±11.81

2.15±1.86
9.61±6.47

3.69±1.75
22.85±7.54
5±2.2
30.77±11.11
50.54±25.51
165.38±90.41

5.69±2.06
31±5.64
6.31±3.01
33.38±12.43
41.92±22.81
126.31±83.25

P-valuec

Usual care group (n=17)
Baseline
(mean±SD)

Week 12
(mean±SD)

P-value

0.124
0.003d

1.12±1.41
13.65±10.5

1.71±1.61
11±7.51

0.024d
0.187

0.742
0.017d

0.005d
0.002d
0.048d
0.272
0.196
0.015d

3.59±2.03
20.29±7.56
4.59±2.27
28.94±8.74
62.12±40.96
152.53±77.48

4.82±2.35
24.12±8.51
6.24±2.33
28.12±9.62
54±33.61
158.41±100.91

0.015d
0.016d
0.009d
0.521
0.142
0.918

0.281
0.059
0.773
0.341
0.650
0.079

a

b

Notes: aP-value of cognitive tests between baseline and end point within the pharmacist intervention group. bP-value of cognitive tests between baseline and end point within
the usual care group. cP-value of cognitive tests between the pharmacist intervention group and the usual care group at baseline and end point. dP-value <0.05.
Abbreviations: TMT, Trial Making Test; WCST, Wisconsin Card Sorting Test; WMS, Wechsler Memory Scale.
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other developed mild EPS during the tapering schedule. In the
usual care group, all patients continued using anticholinergics
throughout the study.
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Discussion
To the best of our knowledge, this was the first prospective
study aiming to determine the effectiveness of pharmacist
intervention focusing on anticholinergic discontinuation in
patients with schizophrenia with the emphasis on cognitive
outcomes. Findings of this study demonstrate the pharmacist’s role in the multidisciplinary team for cognitive and psychopathologic improvements in patients with schizophrenia.
The duration of study, the time to reevaluate the changes
in cognitive functions, was 12 weeks. This was sufficient for
detecting an improvement in WCST perseverative errors after

Figure 2 Comparison of BPRS between pharmacist intervention and usual care
groups (*P-value <0.05).
Abbreviation: BPRS, Brief Psychiatric Rating Scale.

any pharmacological interventions had been received because
cognitive and neuroanatomical changes could occur within
12 weeks.16,30–32 In our primary outcome analysis, WCST
perseverative errors at the end of study in the pharmacist
intervention group significantly improved from baseline
and significantly differed from the usual care group. These
results might be related to pharmacist intervention for the
discontinuation of anticholinergic drugs. Anticholinergic
agents are drugs that block the action of acetylcholine via
inhibiting postsynaptic muscarinic M1 receptor. This receptor
is highly concentrated at prefrontal cortex and hippocampus,
which relates to action of executive function and memory,
respectively. In addition, the evidence revealed that M1
receptor expression had decreased in the prefrontal cortex
for patients with schizophrenia.33 Therefore, using anticholinergic drugs over the long term could cause executive dysfunction. Previous studies showed that gradual discontinuation of
anticholinergics helped to improve cognitive functions and
patient was safe from the recurrence of EPS.19,20 As most
patients in the study were on anticholinergics (only one was
not on anticholinergics in the pharmacist intervention group),
so discontinuation of anticholinergics was the key pharmacological intervention to improve executive function in this
study. In addition, the results, excluding the one patient not
on anticholinergics, also found significant improvement in
WCST perseverative errors from baseline to end point within
the pharmacist intervention group (22.67±11.24 to 10±6.61;
P=0.002). Patients in the usual care group continued using
anticholinergics throughout the study despite experiencing no EPS. Hence, there was no significant improvement
in WCST perseverative errors at the end of the study in
the usual care group. In addition to the discontinuation of
anticholinergics, improvement of executive function in the

Table 4 Comparison of DRPs between pharmacist intervention and usual care groups
DRPs
Need additional drug therapy
Unnecessary drug therapy
• Treating avoidable ADR
(use of anticholinergics)
• Duplicate drug therapy
• No medical indication
Wrong drug
Dosage too low
Dosage too high
ADR
Adherence problem
Total DRPs

Pharmacist intervention group (n=13)

Usual care group (n=17)

Baseline

Week 12

Baseline

Week 12

0
14
12

0
0
0

1
23
15

1
22
15

0
2
2
1
0
8
2
27

0
0
1
0
0
3
0
4

5
3
1
1
0
11
4
41

5
2
1
1
0
10
2
37

Abbreviations: ADR, adverse drug reaction; DRPs, drug-related problems.
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pharmacist intervention group might be related to the better
psychopathological outcome (BPRS) than that in the usual
care group. Berman et al34 reported that executive function
was highly correlated with negative subscores of Positive and
Negative Syndrome Scale. This phenomenon might relate to
hypodopaminergic state at prefrontal cortex, which shared
pathophysiology between executive dysfunction and negative
symptoms in schizophrenia. Therefore, effective treatment
of negative symptoms could promote cognitive functions.21
Treatment strategies to improve negative symptoms were
based on limited evidence-based pharmacotherapy such as
adding on antidepressants or substituting SGAs for FGAs.22–26
Regarding the pharmacist intervention group, there were two
interventions to optimize the pharmacological treatment of
negative symptoms. However, only one was accepted, which
was adding antidepressant for a patient with prominent negative symptoms. After 12 weeks, WCST perseverative errors of
this patient decreased from 22 to 7; likewise, an improvement
was observed in negative symptoms.
Concerning the other cognitive outcomes, TMT B was
another test for executive function that also showed a significant improvement from baseline for the pharmacist intervention group, while no significant improvement was recorded
for the usual care group. This result helped confirm the effect
of pharmacist intervention on executive function in patients
with schizophrenia. For TMT A, it measures processing
speed primarily and has a high sensitivity to adverse effects
of medication on motor system such as EPS and sedation.35
Therefore, managing these adverse events could help to
improve TMT A scores. Nevertheless, our participants experienced a few of these adverse effects; thus, this might be a
cause of the insignificant improvement on TMT A for both
groups. Focusing on WMS, this test was used to examine
verbal learning and memory domain. Our results found that
there was a significant improvement of WMS from baseline
to the end of study for both groups with no significant difference between groups. These might be related to its high
sensitivity for improvement and that it could be improved
easier than other cognitive domains.36–39
Some limitations of our study should be commented on.
First, a high number of patients withdrew early, which was
more than anticipated. Most of them were lost to follow-up.
This might be because our missing patients lived in regional
areas and possibly had limitations concerning finance. Second, our study was an open-label study design. However,
the study blinded the psychologists who assessed the cognitive functions at baseline and 12 weeks, which should have
no effect on primary outcome. Third, not all pharmacist
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interventions could be implemented in this study such as
substituting SGAs for FGAs in patients who had executive
function impairment based on cognitive function tests. This
was related to the impoverished economic status of our
patients and several SGAs not being listed on the National
List of Essential Medicines in Thailand. Therefore, the main
pharmacist intervention in this study was anticholinergic
discontinuation. Apart from this, further studies with large
sample sizes and long-term follow-up to determine the impact
of pharmacist intervention in patients with schizophrenia
should be conducted.

Conclusion
This study first demonstrated that pharmacist intervention
together with psychiatrist could help to better improve cognitive functions, especially executive function and psychopathological symptoms, in outpatients with schizophrenia
than those in usual care. These beneficial effects might be
caused by delivering pharmaceutical care process, which
played an important role in decreasing number of DRPs that
commonly occur in patients with schizophrenia. Unnecessary
drug therapy emphasizing the receiving of anticholinergics
for prevention of EPS was the most common problem. Hence,
therapeutic indications for anticholinergic therapy should be
clarified for all patients with schizophrenia and discontinuation should be commenced if there is no indication. Our
results may be useful to build up and develop the role of the
pharmacist in caring for patients with schizophrenia.
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Table S1 The cognitive tests used to assess the three cognitive domains in the study
Cognitive domain

Neurocognitive test

Description

Executive function

WCST

• The test was a complex problem-solving task that probably requires multiple cognitive
processes rather than a single unitary function. The subject was asked to match test
cards to reference cards according to the color, shape, or number of stimuli on the
cards. After a fixed number of correct matches, the sorting rule was changed without
notice, and the subject was shifted to a new mode of classification. The test measured
executive function that was correlated with dorsolateral prefrontal cortex. Score of
WCST used 1) number of category complete that was an indicator for categorizing
ability (incremental score means improvement ranging from 0 to a maximum of 6) and 2)
perseverative errors (number of errors that subject was incorrect in matching test cards
because used the same rule as the previous mode, so incremental score means worse
cognitive symptoms. Score ranged from 0 to a maximum of 64)
• The test measures ability to name the color of a series of colored words rather than
read the color names. In normal population, score should be ≥25 words, and incremental
score means a cognitive improvement
• The test can provide information about visual search speed, scanning, speed of
processing, mental flexibility, as well as executive functioning, which is sensitive to
prefrontal cortex function. The test measures the time required to draw lines connecting
circles by shifting from numbers to letters (normal range was about 75–92 seconds, and
score reduction means executive function improvement)
• The word lists subtest consists of 12 unrelated words (List A) presented in four learning
trials, with recall measured after each presentation. A distracter list of 12 different words
(List B) is then administered, followed immediately with a short delay free recall trial
of the original list. Score of WMS used 1) trial 1 (word recall in trial 1); 2) total word
recall (total word recall in List A for four times); and 3) short delay free recall (word
recall of list A immediately after test in List B). Increased score of all these tests means
improvement in learning and memory function
• Time required to complete the test that assessed motor speed and attention (normal
range was about 31–39 seconds, and score reduction means improvement in processing
speed)

Stroop Color and
Word Test
TMT B

Verbal learning and
memory

WMS: word lists
subtest

Speed of processing

TMT A

Abbreviations: TMT, Trail Making Test; WCST, Wisconsin Card Sorting Test; WMS, Wechsler Memory Scale.
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