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Abstract

Background: With previously established efficacy of aripiprazole once-monthly injectable formulation (AOM) in pre-
registration randomized controlled trials, the current study was designed to evaluate its effectiveness in patients
treated for schizophrenia in regular clinical settings in Canada.

Methods: Following their clinicians’ decision to prescribe AOM, 193 patients with a diagnosis of schizophrenia,
were recruited from 17 Canadian community or hospital-based settings. The primary outcome of global functioning
was assessed with the Global Assessment of Functioning Scale (GAF) at 3-month intervals for 1 year. Secondary
outcomes (social and occupational functioning and illness severity) and adverse drug reactions (ADR) were also
assessed.

Results: A majority of the 169 evaluable patients were within the first 5 years of diagnosis (early phase). A linear
mixed model analysis showed a significant main effect of time (Type III test p < 0.001) after adjusting for baseline
GAF score, with a change in mean GAF scores from 49 at baseline to 61 at 12 months. No differences between
early vs late phase were observed. Results on secondary outcome measures of function (Social and Occupational
Functioning Scale) and illness severity (Clinical Global Impression-Severity Scale and Brief Psychiatric Rating Scale)
were similar. Serious ADRs were observed in 29 (14.6%) patients and akathisia in 18 (9.1%) patients. At month-12,
significant (≥7%) weight gain was observed in 25.7% (n = 27/105) of patients.

Conclusions: Treatment with AOM is effective in improving symptoms and functioning in schizophrenia patients
treated in regular clinical settings. Akathisia was infrequent while one quarter of patients gained clinically significant
weight.

Trial registration: Unique identifier: NCT02131415. First posted: 06 May 2014.

Keywords: Long acting injectable antipsychotics, Aripiprazole once-monthly, Global functioning, Adherence,
Schizophrenia
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Background
Antipsychotic therapy is a cornerstone of treatment of
patients with schizophrenia. However for a durable
symptomatic remission, adequate antipsychotic medica-
tion is combined with evidence based psychosocial inter-
ventions [1]. Long periods of remission are almost
necessary for a good functional outcome [2]. Relapse,
which interrupts periods of remission, has serious conse-
quences for the patient and the healthcare system [3, 4].
Relapse is predicted strongly by non-adherence to medi-
cation, substance abuse, poor pre-morbid adjustment
and stress, especially in the early phase of the illness [5].
There is mounting recent evidence that long acting
injectable (LAI) antipsychotics improve adherence pri-
marily through more accurate monitoring at all stages of
illness, including the “critical phase” of the first 2 to 5
years [6–10].
Despite the empirical evidence, which comes largely

from population based and mirror-image studies, and
clinical rationale supporting the benefits of LAIs in
patients with schizophrenia, their use remains limited in
routine clinical practice [11]. The use of LAIs is reported
to have declined significantly after the introduction of
second generation antipsychotic (SGA) medications in
the 1990s [12]. This may have resulted from an assump-
tion of better side effect profile of SGAs, especially
extra-pyramidal side effects, being able to improve
adherence.
The benefits of more consistent treatment and preven-

tion of relapse is particularly crucial for the early phase
of illness, when the potential for improved clinical out-
comes is greater. It has been proposed that clinicians
may be reluctant to recommend LAIs to patients with
schizophrenia and related psychotic disorders as a clear
choice of mode of receiving antipsychotic medications,
especially early in the course of treatment [11, 13]. A
recent survey of Canadian psychiatrists showed that,
while there is considerable variation in the use of LAIs
across Canada, the majority continue to use oral antipsy-
chotics and that physicians may have had relatively
limited experience with LAIs [13]. Barriers to using LAIs
are different when examined from patient vs physician
perspectives [11] and there is indeed inconsistency be-
tween reasons offered by patients [14] and those offered
by physicians [13].
There are three second-generation LAI formulations

currently available in Canada that are indicated for treat-
ment of schizophrenia (risperidone, paliperidone, and
aripiprazole). Aripiprazole is the first and only dopamine
(D2) partial agonist to be developed as a LAI formula-
tion, Aripiprazole once-monthly (AOM) [15–17]. AOM
is indicated in Canada for the treatment of schizophrenia
in adult patients, based on a pivotal randomized,
double-blind, placebo-controlled trial of acutely relapsed

adult patients as well as a mirror-image study that
compared psychiatric hospitalisation rates before and
after switching to AOM [18, 19]. In addition, the efficacy
of AOM in the treatment of patients with schizophrenia
was established, in part, on the basis of efficacy data
from trials with the oral formulation of aripiprazole [20].
A recent randomized controlled trial (RCT), QUAL-

IFY (QUAlity of LIfe with AbiliFY Maintena), a multi-
national, open-label, 28-week, head-to-head study
comparing AOM 400mg to paliperidone palmitate (50–
234mg) found greater improvements in quality of life
(Quality of Life Scale), disease severity (Clinical Global
Impression — Severity [CGI-S]) and relative effective-
ness (Investigator’s Assessment Questionnaire) in
addition to better tolerability for AOM [21]. In a
post-hoc analysis these results were observed to be par-
ticularly pronounced for younger patients of 35 years of
age or less [21]. During an open-label 24-week extension
of the QUALIFY study, effectiveness was maintained
with small but continued improvements in quality of life
and disease severity score vs paliperidone palmitate [22].
In a systematic review and indirect meta-analysis of rela-
tive efficacy and tolerability of AOM vs paliperidone
palmitate in short-term RCTs, the results suggested rela-
tive advantages for AOM over paliperidone palmitate in
the short-term treatment of schizophrenia. The authors
adopted an indirect treatment comparison approach to
overcome the lack of studies directly comparing the two
treatments [23].
While the approval of a new medication is based on

pivotal RCTs, results of such studies are not fully
adequate in determining its true effectiveness in day to
day use in clinical settings where the clinicians do not
select patients based on strict inclusion criteria, estab-
lished a-priori. Therefore, it is important to establish ef-
fectiveness and feasibility of using new medications such
as AOM on a clinical population in routine practice that
includes most, if not all, patients in need of treatment,
including those with co-morbidities such as substance
abuse. Furthermore, for most patients with a diagnosis
of schizophrenia treated in regular clinical practice any
treatment offered is often life-long, unlike RCTs.
Non-interventional post-approval clinical studies are

the primary source of valid information about real-life
effectiveness and safety of targeted patient populations
and provide data that is more generalized to real-life.
Real-Life Assessment of Abilify Maintena (ReLiAM) in
schizophrenia is a naturalistic, non-interventional pro-
spective cohort study to assess the effectiveness of AOM
for patients treated for schizophrenia in regular clinical
settings in Canada.
The primary objective was to assess the impact of

treatment with AOM over a period of 12 months on the
global functional status of patients with schizophrenia,
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as measured by the Global Assessment of Functioning.
While there were several secondary objectives, here we
report results on only a select number of these that are
clinically relevant.

Methods
Design
This was a non-interventional, Canadian, prospective co-
hort, multi-site study in patients treated with AOM for
schizophrenia for up to 24 months. Study assessments
took place during the patient’s regular assessments or in-
jection visits that were part of routine care. However, a
schedule of 9 visits (baseline and months 3, 6, 9, 12, 15,
18, 21 and 24) was recommended. The study was origin-
ally designed to assess outcome at the end of 2 years.
However, it was terminated before all patients completed
the 2 years, following the positive results from the
pre-planned interim analyses, which was to be con-
ducted after at least 50% of the initially planned number
of patients had completed the 12-month assessment.
This decision was made by the study sponsor in consult-
ation with the investigators. The one-year results for the
entire population are reported herein.

Population
Patients were recruited from 17 Canadian community or
hospital-based clinical settings, selected as a representa-
tive sample of clinical environment for practice of Can-
adian psychiatrists who treat patients with schizophrenia
spectrum disorders. One hundred and ninety-three pa-
tients were enrolled based on the following criteria:
• Inclusion criteria: Patients diagnosed with schizo-

phrenia; at least mildly ill (CGI-S score of ≥3), age 18
years (19 for patients from British Columbia) or older,
fluent in English and/or French, able to provide
informed consent and the treating psychiatrist had
decided, prior to and independently of enrolment in the
study, to prescribe AOM for treatment.
• Exclusion Criteria: The patient did not comprehend

the informed consent, had contraindications to the use
of AOM as specified in the Canadian Product Mono-
graph, had previously received one or more doses of
AOM, presented a significant suicidal risk as judged by
the investigator, or was a pregnant or lactating female.
All patients signed an informed consent before any

study related procedures were performed. Each site
obtained ethics approval from their local institutional
ethics board.

Assessments and measures
Demographics such as age, gender, race, and clinical
characteristics such as, body weight (kg), and treatment
doses of AOM were recorded. Percentage medication
adherence was calculated as the number of total

injections divided by times of exposure to treatment in
months × 100.
The primary outcome measure was the score on

Global Assessment of Functioning Scale (GAF) which
evaluates psychological, social and occupational func-
tioning in addition to symptoms [24]. The Social and
Occupational Functioning Scale (SOFAS) [25] is derived
from GAF and evaluates the patient’s level of social and
occupational functioning independent of the severity of
the patient’s psychological symptoms and was used as a
secondary outcome measure in this study. Scores for
both GAF and SOFAS range from 0 to 100, where a high
score represents superior functioning and a low score
represents poor functioning. The Clinical Global
Impression-Severity Scale (CGI-S) [26] provides an ag-
gregate score for clinical severity based on the clinician’s
knowledge of the patient and scores range from 1 (Nor-
mal, not at all ill) to 7 (Among the most extremely ill pa-
tients). The Brief Psychiatric Rating Scale (BPRS) [27],
(18 items, each scoring from 1 (not present) to 7 (ex-
tremely severe), with a possible total score in the range
of 18–126), was used to assess more detailed psycho-
pathology and its severity.
Remission was defined as a score of 3 or less on the

following BPRS items for at least 6 months i.e. 3 con-
secutive visits (that was extended to 4 consecutive visits
from the original 3 if one of the scheduled visit was
missing): grandiosity, suspiciousness, unusual thought
content, hallucinatory behavior, conceptual disorder,
mannerisms, and blunted affect [28].
Relapse was assessed for patients who had achieved

remission at some point (including baseline). Patients
(following remission) were defined to be in relapse if
they experienced (a) worsening of psychiatric symptoms
that led to their hospitalization or withdrawal from
study, or; (b) an increase equal to or greater than 1 point
in the CGI-S compared to the last available measure-
ment that resulted in a score ≥ 4.
Both serious adverse drug reactions (ADR) such as

suicidality as well as non-serious ADR such as mild
nausea were recorded.

Antipsychotic pharmacotherapy
The decision to treat the patient with AOM had to be
reached independently of, and prior to recruitment in
the study and treatment had to be in accordance with
the approved Canadian Product Monograph and as per
the decision of the treating physician. All patients were
treated with AOM administered once monthly by the
treating physician with the recommended dose of 400
mg. As per product monograph, dose reduction to 300
mg was recommended in special populations or in case
of ADRs. In addition, all patients received the respective
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model of additional care available within each clinic
where they were treated.

Statistical analysis
Given that this is a single cohort study the sample size
requirements were based on the precision of the esti-
mate for the primary study endpoint, namely the change
in GAF from baseline to 12months, as assessed by the
width of the 95% confidence interval (CI). A 95% CI
width of ±10 to 20% of the point estimate was consid-
ered to provide adequate precision. In the study by
Christensen et al. (2006) [29] the mean total GAF score
increased from 39.4 to 46.2 after 180 days of treatment
with oral aripiprazole. Conservatively assuming that, at
12 months of treatment, the mean change in GAF from
baseline would be approximately 7.0 and a coefficient of
variation of 1, the required 95% CI would be between
±0.7 and 1.4. Assuming a width of 1.0, the minimum
sample size requirement was set at 189 patients.
The primary outcome analysis population was com-

prised of all patients who were enrolled in the study, had
received at least one dose of AOM, and had at least one
follow-up assessment visit. All patients that received at
least one dose of AOM were included in the safety as-
sessments. Descriptive statistics including the mean and
SD for continuous scale variables and frequency distri-
butions for categorical scale variables, were produced for
all study variables. Kaplan-Meier survival analysis was
used to assess probability of remission and relapse. Lin-
ear mixed models adjusting for baseline scores were
used for the primary analysis in this study (SAS, version
9.4; SAS Inc., Cary, NC, USA). For exploratory purposes,
a stratified post-hoc analysis was conducted based on
time since first diagnosis, namely patients with ‘early--
phase’ psychosis (≤ 5 years) and ‘later-phase’ psychosis
(> 5 years). Between-group (‘early-phase’ vs. ‘later-phase’
psychosis) differences in outcomes were also calculated
using linear mixed models. All statistical tests were
2-sided and a p-value of 0.05 or less was considered
significant.

Results
At 17 sites in Canada, 199 patients were assessed for eli-
gibility. Of those, 169 patients met all eligibility criteria,
took at least one dose of AOM, and had a baseline and
at least one post-baseline assessment; this constituted
the primary analysis population of this study. Forty-two
patients discontinued the study prior to 12 months;
details are presented in Fig. 1. Patients’ demographic
and clinical characteristics are shown in Table 1.
One hundred and eight patients (63.9%) were classified

as ‘early-phase psychosis’ and 59 (34.9%) as ‘later-phase
psychosis’. At enrolment, 2 patients could not be charac-
terized as early or later phase due to lack of reliable

information. Adherence with the prescribed treatment
while patients were on treatment was high with a mean
of 1.04 injections (95% CI: 1.02–1.06) administered per
month, Additional file 1: Table S1.

Primary outcome; GAF
The linear mixed model analysis showed a significant
main effect of time (p value < 0.001) after adjusting for
baseline GAF score. Mean GAF scores changed from 49
at baseline to 61 at 12 months. This represents a
2-category improvement from “serious symptoms OR
any serious impairment in social, occupational or school
functioning” at baseline to “some mild symptoms OR
some difficulty in social, occupational or school function-
ing, but generally functioning pretty well, has some
meaningful interpersonal relationships” [24] at month
12. In the post-hoc analysis a trend was observed in the
between subject effects for early vs late psychosis favor-
ing early psychosis (p = 0.063), Fig. 2.

Secondary outcomes
Other functional measure; SOFAS
Consistent with the GAF findings, a significant main ef-
fect of time (Type III test p value < 0.001) was found
after adjusting for baseline SOFAS scores. Patients’ mean
SOFAS scores increased from 50 at baseline, which cor-
responds to the category “serious impairment in social,
occupational or school functioning” to a mean score of
61 at 12 months, implying “some difficulty in social, oc-
cupational or school functioning, but generally function-
ing pretty well, has some meaningful interpersonal
relationships”. This represents a 2-category improve-
ment. In the post-hoc analysis, there was no significant
difference in the between subject effect of early vs late
psychosis (p = 0.073).

Illness severity
CGI-s
At baseline, patients were “moderately ill” on the CGI-S; a
mean score of 4. At month 12 the score dropped by one
category to 3, corresponding to mildly ill. Mixed-model
ANOVA, after adjusting for baseline CGI-S score, showed
this main effect of time to be significant (Type III test p
value < 0.001). The improvement was significantly greater
in early vs late psychosis (p = 0.005).

BPRS
At baseline, patients were “moderately ill” based on
BPRS scores (M = 39.8, SD = 11.3). At month 12 the
score dropped significantly to 29.4 (Type III test p value
< 0.001), showing a significant main effect of time after
adjusting for baseline score. There was no significant
difference in the between subject effect of early vs late
psychosis (p = 0.084).
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Remission and relapse
Remission was calculated in two different ways, propor-
tion of patients in remission at any time during the
12-month period including those who were in remission
at the time of entry into the study and those who
achieved remission only during the treatment with
AOM while in the study. Based on Kaplan-Meier sur-
vival analysis the probability for being in remission at 12
months for the former was 54.3% (95%CI: 46.3–62.7%)
(including patients who were in remission at baseline)
and 36.7% (95%CI: 29.3–45.4%) for the latter, those who
achieved remission while in the study.

The probability of relapse was calculated for those
who were in remission and, therefore, the time to be at
risk of relapse varied depending on when the patients
went into remission. We are, therefore, reporting prob-
ability of relapse at 3, 6 and 9months. These rates were
5.4% (95% CI: 2.3–12.6%) at 3 months, 8.9% (95% CI:
4.5–16.9%) at 6 months and 21.1% (95% CI: 13.6–31.8%
at 9 months post-achieving remission.

Adverse drug reactions
For assessment of safety indices, the sample size was
198. During the 12-month study period, a total of 137

Fig. 1 Consort flow diagram
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patients (69.2%) experienced a total of 366 adverse
events. Of these, 45 were deemed “not related” to AOM,
53 “were possibly related”, and 134 were “probably re-
lated”. Following those events, AOM was either discon-
tinued (n = 32 events), dose changed (n = 46), new
concomitant medication and/or non-drug therapy given
(n = 49), concurrent concomitant medication switched
(n = 13), hospitalization prolonged (n = 41) or no action
was taken (n = 231). Serious ADRs were observed in 29
(14.6%) patients for a total of 52 events. Akathisia oc-
curred in 18 (9.1%) patients. The average weight was
85.7 (SD = 22.1) kg at baseline and 89.2 (SD = 21.7) at
one-year which was not significantly different; t (206) =
− 1.189, p = 0.118. At month-12, significant (≥7%) weight
gain was observed in 25.7% (n = 27/105) of patients with
no difference between groups; early psychosis: 27.1%
(n = 19/70) and late psychosis: 22.9% (n = 8/35). Due
to the naturalistic nature of the study, in the absence
of protocol requirement, weight was not systematic-
ally measured for all patients at all time points.
Therefore, weight data are missing for some patients.

Discussion
ReLiAM is the first naturalistic, non-interventional
Canadian long-term study to be reported for patients
with schizophrenia treated with AOM under real-life
and regular clinical service conditions.
The study demonstrated that treatment with AOM

resulted in significant improvements, over a one-year
period, in both functioning and symptoms in patients
with schizophrenia. GAF was selected as the primary
endpoint to capture an overall assessment of patient
functioning in a single score that reflects psychiatric
symptoms, and to a lesser extent social functioning. For
assessing global functional outcome without the impact
of symptoms, we had chosen the SOFAS as a secondary
outcome. Both outcome measures of functioning showed
a progress from serious to mild impairment. Severity of
illness was significantly reduced from moderate to mild
as detected by both CGI-S and BPRS and also indicated
by relatively high rates of remission of both positive and

negative symptoms. These favourable clinical outcomes
during the 12-month study were observed despite the
fact that at the time of recruitment, patients were rela-
tively stable, although only a small proportion were in
full remission. This is in line with recently published
studies showing AOM to be efficacious across the
spectrum of schizophrenia symptoms [30] and also ob-
served in studies conducted with other atypical antipsy-
chotics [31]. This could also be related to the fact that
LAI medication assures adherence as long as the patient
is receiving the injection.
Patients recruited in the present study had received a

diagnosis of schizophrenia. While ReLiAM was not de-
signed to evaluate differential outcomes in patients in
the early (five or less years since diagnosis) vs late phase
illness (more than 5 years since diagnosis), we conducted
a post-hoc examination of this question. Our results sug-
gest that there were no significant differences observed
in the impact on functional outcome between the two
groups, although there was a trend towards greater
benefit for early phase patients. Only the overall assess-
ment of clinical severity, as assessed by CGI, showed a
significant difference between the two groups with
greater improvement seen in the early phase patients.
The lack of difference between early vs late phase pa-
tients in functional outcome may appear inconsistent
with previous studies of AOM showing numerically
greater symptom and functioning improvements in
younger patients [21]. However, the latter report was
based on a study with a very different design (RCT com-
paring AOM with paliperidone palmitate LAI), using dif-
ferent measures of outcome (Quality of Life Scale in the
QUALIFY study vs GAF and SOFAS in the current
study) and most importantly, a different definition of
“early” and “late” phase psychosis. In the QUALIFY
study the post-hoc analysis based on age used a cut-off
of 35 while in the present study we used a cut-off of 5
years since diagnosis. The former provides, at best, an
indication that younger patients may have responded
better and it is implied that they would be in an earlier
phase of the illness. However, many patients who were

Table 1 Baseline characteristics of the sample

Total samplea (n = 169) Early-phase (n = 108) Later-phase (n = 59)

Male gender, n (%) 114 (67.5%) 75 (69.4%) 38 (64.4%)

Age at consent (years), mean (SD) 32.9 (12.2) 28.0 (9.4) 41.6 (11.9)

AOM mean dose (mg), mean (SD) 371.6 (50.2) 371.3 (53.0) 371.2 (45.7)

GAF score, mean (SD) 48.7 (12.6) 49.1 (13.6) 48.5 (10.6)

SOFAS score, mean (SD) 50.1 (12.3) 50.5 (13.0) 49.9 (11.0)

CGI-S score, mean (SD) 4.0 (0.8) 4.0 (0.9) 4.1 (0.6)

BPRS score, mean (SD) 39.8 (11.3) 39.8 (12.7) 39.6 (8.2)
aAt enrollment, 2 patients could not be characterized as early or later phase
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35 years old or younger would have been much past 10
years since diagnosis given that the mean age of onset of
psychosis is around 22 and 25 years for men and women,
respectively [32, 33]. In our study, the classification is
more closely aligned to definition of early phase, often
referred to as ‘critical phase’ of the first 5 years [34] and
does not rely on age as the means for classification.
In the present study, the better outcome reported on

CGI in early-phase patients is not matched by the other
measure of symptom severity, i.e., BPRS total scores.
This may imply some bias in the clinicians’ rating of
overall severity for their own patients in the early phase,
who they expect to show better response, especially in
the absence of a control.
While mean overall increase in body weight by the

end of the one-year of this study was not statistically
significant, one quarter of patients did show clinically
significant (≥7%) weight gain. However, this proportion
of patients with significant weight gain was not different
between the stages of psychosis; early vs late. This pro-
portion is lower than that reported in a recent study
[35] where oral aripiprazole was associated with a higher
proportion of first-episode psychosis patients showing
clinically significant weight gain. This difference could
be explained by differences in patient characteristics,
with the latter study sample comprised of patients with

first episode psychosis with little or no previous expos-
ure to antipsychotic medications. Such young patients
are known to be particularly vulnerable to weight gain
with the use of most psychotropic medications [36]. Fur-
ther, the current study used LAI aripiprazole while the
Malla et al. (2016) study used oral aripiprazole. It is not
clear whether there are any significant differences be-
tween oral and long acting preparations of aripiprazole
in relation to weight gain.

Limitations
Although this study was designed as a demonstration of
effectiveness of AOM in regular clinical settings, the
limitations of this design cannot be overlooked. These
biases include issues related to sampling of sites as well
as patients within each site, lack of consideration of
variation in other treatments, variation in external en-
vironment etc. Clinics were included not based on a
random sampling but more through invitation to clinics
known to be involved in treatment of psychosis, includ-
ing early intervention services. Within each clinical set-
ting patients were first prescribed AOM by the treating
psychiatrist before being enrolled in the study. Clini-
cian’s initial choice may have included some implicit or
explicit bias in selecting certain types of patients who
the clinician believed to likely benefit from a LAI. This

Fig. 2 Mean change in Global Assessment of Functioning (GAF) from baseline to month 12 (mean baseline GAF score for whole sample = 48.7,
early psychosis = 49.1, late psychosis = 48.5)
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is, however, likely to have selected patients who were
non-adherent and not necessarily those with an inher-
ently better outcome. Most patients receive some other
interventions as part of their treatment although there
is a large variation in the quantity and quality of the in-
terventions provided. These other interventions are
mostly psychosocial treatments such as, cognitive be-
havioural therapy (CBT), family intervention, case man-
agement etc. All of these interventions are known to
positively influence outcome by either reducing
residual symptoms (in the case of CBT), reducing risk
of relapse (for family intervention), greater retention in
and higher adherence to treatment and improving gen-
eral outcomes (early intervention in psychosis) [37].
The treatment environments also show a large variation
with early psychosis patients likely to be treated in
better-resourced early intervention services. All of these
are likely to influence outcome. Although the study was
designed not to include a control condition, the out-
come could be seen as a natural course of the illness.
This, however, is very unlikely as the natural course of
the illness is predominantly one of recurrences and low
rates of remission if not treated. It is reasonable to as-
sume that the outcomes are likely to have been influ-
enced by consistent availability of anti-psychotic
medication through the LAI, assuring adherence and,
thereby, facilitating remission and reducing the risk of
relapse. In fact, the risk of relapse of around 21% is
similar to that reported for a highly intensive early
intervention service with high rates of adherence to
medication [38].

Conclusion
Our results show that AOM is an effective treatment in
all phases of schizophrenia, is fairly well tolerated and is
associated with improvement in both clinical indices as
well as global functional outcome. The efficacy of the
drug having already been established, this study demon-
strated effectiveness of this LAI for schizophrenia
patients treated in regular community and hospital
out-patient clinical settings. While LAIs do not treat
non-adherence, their use does ensure better monitoring
as demonstrated by high adherence to receiving the LAI.
Regarding tolerability, a small proportion of patients
(9%) experienced akathisia whereas 26% gained clinically
significant weight. These results are encouraging and
should inform and influence practice patterns of clini-
cians treating patients with schizophrenia in all phases.
Such naturalistic study overcomes the limitations of
RCTs, which often recruit patients limited to strict
inclusion and exclusion criteria, who do not represent
the typical heterogeneous patient population treated in
the real-life setting.

Additional file

Additional file 1: Table S1. Adherence rate to AOM from first to last
injection. (DOCX 14 kb)

Abbreviations
ADR: adverse drug reactions; AOM: Aripiprazole once-monthly; BPRS: The
Brief Psychiatric Rating Scale; CGI-S: Clinical Global Impression — Severity;
GAF: Global Assessment of Functioning Scale; LAI: Long acting injectable;
QUALIFY: QUAlity of LIfe with AbiliFY Maintena; RCT: Randomized controlled
trial; ReLiAM: Real-Life Assessment of Abilify Maintena; SGA: Second
generation antipsychotic; SOFAS: The Social and Occupational Functioning
Scale

Acknowledgments
We would like to thank Dr. Oloruntoba Oluboka and Dr. Ofer Agid who
provided consultation and advice on the design of the study. We would also
like to thank the following principal investigators at the participating sites:
Dr. Ranjith Chandrasena, Dr. Leandro Cortese, Dr. Howard Margolese, Dr. Lois
Ligate, Dr. Marc André Roy, Dr. Heather Milliken, Dr. Alexander McIntyre, Dr.
Jean-Pierre Melun, Dr. Rebecca Carriere, Dr. Adekunle Garba Ahmed, Dr.
Thomas Raedler, Dr. Rajendra Harricharan, Dr. Roumen Milev, Dr. Ridha Joo-
ber, Dr. Sunny Johnson, Dr. Soma Ganesan, and Dr. Jean-François de La
Sablonnière.

Funding
This study was funded by Lundbeck Canada Inc. and Otsuka Canada
Pharmaceutical Inc. Lundbeck and Otsuka Canada participated in the design
of the study in consultation with A.M. (senior author). Data collection was
coordinated by JSS and collected by individual clinician investigators at the
respective sites.

Availability of data and materials
Data for the present work can not be shared for reasons of patients’
confidentiality. For ethical reasons, to ensure the privacy of the patient-level
data utilized in the current study, and for reasons related to data ownership
by the sponsor, data cannot be made available. However, data could be
made available upon request for the purpose of conducting meta-analytic
review in future.

Authors’ contributions
SM contributed to the interpretation of data, wrote the initial draft of the
manuscript and integrated subsequent co-authors revisions. AM supervised
data analysis and interpretation and the multiple revisions of the manuscript.
ER analyzed the data and contributed to data interpretation and revisions of
the manuscript. JB, MM, GC and JP contributed to the interpretation of data
provided thorough revisions to the manuscript at all stages. All authors ap-
proved the final manuscript.

Ethics approval and consent to participate
All patients signed an informed consent before any study related procedures
were performed. Central Ethics approval was obtained from IRB Services,
Aurora, Ontario, Canada. In addition, approval from local institutional ethics
boards (University of Windsor, McGill University Health Centre, Institut
Universitaire en Santé Mentale de Québec, Capital Health, Ottawa Health
Science Network, Royal Ottawa Health Care Group, University of Calgary,
Western University, Queen’s University, Douglas Mental Health University
Institute, University of British Columbia) was obtained as required.

Consent for publication
Not applicable.

Competing interests
Dr. Malla is personally supported by Canada Research Chairs program. He
was not involved in patient recruitment or in clinical care of the patients
who participated in this study. In addition, to research funding from peer
reviewed granting agencies, he reports research funding for an investigator-
initiated project (2011–2014), unrelated to the present study report, from BMS
Canada; honoraria for lectures delivered at conferences and for consultations
on research sponsored by Otsuka and Lundbeck, Canada and Global and

Mustafa et al. BMC Psychiatry          (2019) 19:114 Page 8 of 9

https://doi.org/10.1186/s12888-019-2103-x


consulting activities with Otsuka and Lundbeck. Sally Mustafa was supported by
a grant from Lundbeck Canada Inc. and Otsuka Canada Pharmaceutical Inc.
Joanna Bougie, Guerline Clerzius and Jean Proulx are employees of Lundbeck
Canada. Maia Miguelez is an employee of Otsuka Canada Pharmaceutical.
Emmanouil Rampakakis is an employee of JSS Medical Research, the contract
research organization mandated to manage the study.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Douglas Mental Health University Institute, Montreal, Quebec, Canada.
2Lundbeck Canada Inc, Montreal, Quebec, Canada. 3Otsuka Canada
Pharmaceutical Inc, Montreal, Quebec, Canada. 4JSS Medical Research,
Montreal, Quebec, Canada. 5Department of Psychiatry, McGill University,
Montreal, Quebec, Canada. 6ACCESS-Canada, 6625, boulevard LaSalle,
Montreal, QC H4H 1R3, Canada.

Received: 23 November 2018 Accepted: 4 April 2019

References
1. Lehman AF, Lieberman JA, Dixon LB, McGlashan TH, Miller AL, Perkins DO,

Kreyenbuhl J, McIntyre JS, Charles SC, Altshuler K. Practice guideline for the
treatment of patients with schizophrenia. Am J Psychiatry. 2004;161(2
SUPPL):1–57.

2. Jordan G, Lutgens D, Joober R, Lepage M, Iyer SN, Malla A. The relative
contribution of cognition and symptomatic remission to functional
outcome following treatment of a first episode of psychosis. J Clin Psychiatr.
2014;75(6):e566–72.

3. Pennington M, McCrone P. The cost of relapse in schizophrenia.
Pharmacoeconomics. 2017;35(9):921–36.

4. Goeree R, Farahati F, Burke N, Blackhouse G, O’Reilly D, Pyne J, Tarride JE.
The economic burden of schizophrenia in Canada in 2004. Curr Med Res
Opin. 2005;21(12):2017–28.

5. Alvarez-Jimenez M, Priede A, Hetrick S, Bendall S, Killackey E, Parker A,
McGorry P, Gleeson J. Risk factors for relapse following treatment for first
episode psychosis: a systematic review and meta-analysis of longitudinal
studies. Schizophr Res. 2012;139(1):116–28.

6. Miyamoto S, Fleischhacker WW. The use of long-acting injectable
antipsychotics in schizophrenia. Curr Treat Options Psychiatry. 2017;4(2):
117–26.

7. Suzuki T. A further consideration on long-acting injectable versus oral
antipsychotics in the treatment of schizophrenia: a narrative review and
critical appraisal. Expert Opin Drug Deliv. 2016;13(2):253–64.

8. Rege S, Aparasu RR. Long-acting injectable antipsychotic medications in
schizophrenia management. Int J Pharm Sci Nanotechnol. 9(6):3507–11.

9. Malla A, Tibbo P, Chue P, Levy E, Manchanda R, Teehan M, Williams R, Iyer S,
Roy M-A. Long-acting injectable antipsychotics: recommendations for
clinicians. Can J Psychiatry. 2013;58(5_suppl):30–5.

10. Chue P, Emsley R. Long-acting formulations of atypical antipsychotics. CNS
drugs. 2007;21(6):441–8.

11. Parellada E, Bioque M. Barriers to the use of long-acting injectable
antipsychotics in the management of schizophrenia. CNS drugs. 2016;30(8):
689–701.

12. Brissos S, Veguilla MR, Taylor D, Balanzá-Martinez V. The role of long-acting
injectable antipsychotics in schizophrenia: a critical appraisal. Therapeutic
advances in psychopharmacology. 2014;4(5):198–219.

13. Iyer S, Banks N, Roy M-A, Tibbo P, Williams R, Manchanda R, Chue P, Malla A.
A qualitative study of experiences with and perceptions regarding long-
acting injectable antipsychotics: part II—physician perspectives. Can J
Psychiatry. 2013;58(5_suppl):23–9.

14. Iyer S, Banks N, Roy M-A, Tibbo P, Williams R, Manchanda R, Chue P, Malla A.
A qualitative study of experiences with and perceptions regarding long-
acting injectable antipsychotics: part I—patient perspectives. Can J
Psychiatry. 2013;58(5_suppl):14–22.

15. Biagi E, Capuzzi E, Colmegna F, Mascarini A, Brambilla G, Ornaghi A,
Santambrogio J, Clerici M. Long-acting injectable antipsychotics in
schizophrenia: literature review and practical perspective, with a focus on
aripiprazole once-monthly. Adv Ther. 2017;34(5):1036–48.

16. Potkin SG, Preda A. Aripiprazole once-monthly long-acting injectable for the
treatment of schizophrenia. Expert Opin Pharmacother. 2016;17(3):395–407.

17. Chue P, Chue J. A review of aripiprazole long-acting injection. Curr Med Res
Opin. 2016;32(3):441–52.

18. Fleischhacker WW, Sanchez R, Perry PP, Jin N, Peters-Strickland T, Johnson
BR, Baker RA, Eramo A, McQuade RD, Carson WH. Aripiprazole once-monthly
for treatment of schizophrenia: double-blind, randomised, non-inferiority
study. Br J Psychiatry. 2014;205(2):135–44.

19. Kane JM, Sanchez R, Zhao J, Duca AR, Johnson BR, McQuade RD, Eramo A,
Baker RA, Peters-Strickland T. Hospitalisation rates in patients switched from
oral anti-psychotics to aripiprazole once-monthly for the management of
schizophrenia. J Med Econ. 2013;16(7):917–25.

20. Harrison TS, Perry CM. Aripiprazole. Drugs. 2004;64(15):1715–36.
21. Naber D, Hansen K, Forray C, Baker RA, Sapin C, Beillat M, Peters-Strickland T,

Nylander A-G, Hertel P, Andersen HS. Qualify: a randomized head-to-head
study of aripiprazole once-monthly and paliperidone palmitate in the
treatment of schizophrenia. Schizophr Res. 2015;168(1–2):498–504.

22. Naber D, Baker RA, Eramo A, Forray C, Hansen K, Sapin C, Peters-Strickland T,
Nylander A-G, Hertel P, Schmidt SN. Long-term effectiveness of aripiprazole
once-monthly for schizophrenia is maintained in the QUALIFY extension
study. Schizophr Res. 2018;192:205–10.

23. Pae C-U, Wang S-M, Han C, Bahk W-M, Lee S-J, Patkar AA, Masand PS,
Serretti A, Emsley R. Comparison between long-acting injectable
aripiprazole versus paliperidone palmitate in the treatment of schizophrenia:
systematic review and indirect treatment comparison. Int Clin
Psychopharmacol. 2017;32(5):235–48.

24. Bodlund O, Kullgren G, Ekselius L, Lindström E, Knorring L. Axis V—global
assessment of functioning scale. Acta Psychiatr Scand. 1994;90(5):342–7.

25. Goldman HH, Skodol AE, Lave TR. Revising axis V for DSM-IV: a review of
measures of social functioning; 1992.

26. Haro J, Kamath S, Ochoa S, Novick D, Rele K, Fargas A, Rodriguez M, Rele R,
Orta J, Kharbeng A. The clinical global impression–schizophrenia scale: a
simple instrument to measure the diversity of symptoms present in
schizophrenia. Acta Psychiatr Scand. 2003;107(s416):16–23.

27. Overall JE, Gorham DR. The brief psychiatric rating scale (BPRS): recent
developments in ascertainment and scaling. Psychopharmacol Bull. 1988:97–9.

28. Andreasen NC, Carpenter WT Jr, Kane JM, Lasser RA, Marder SR, Weinberger
DR. Remission in schizophrenia: proposed criteria and rationale for
consensus. Am J Psychiatry. 2005;162(3):441–9.

29. Christensen A, Poulsen J, Nielsen C, Bork B, Christensen A, Christensen M.
Patients with schizophrenia treated with aripiprazole, a multicentre
naturalistic study. Acta Psychiatr Scand. 2006;113(2):148–53.

30. Ismail Z, Peters-Strickland T, Miguelez M, Baker RA, Hertel P, Eramo A, Jin N,
Perry P, Sanchez R, McQuade RD. Aripiprazole once-monthly in the
treatment of acute psychotic episodes in schizophrenia: post hoc analysis of
positive and negative syndrome scale Marder factor scores. J Clin
Psychopharmacol. 2017;37(3):347.

31. Schreiner A, Bergmans P, Cherubin P, Keim S, Llorca P, Cosar B, Petralia A,
Corrivetti G, Hargarter L. Paliperidone palmitate in non-acute patients with
schizophrenia previously unsuccessfully treated with risperidone long-acting
therapy or frequently used conventional depot antipsychotics. J
Psychopharmacol. 2015;29(8):910–22.

32. Hafner H, Maurer K, Loffler W, Fatkenheuer B, DER HEIDEN W. The
epidemiology of early schizophrenia. Br J Psychiatry. 1994;164(23):29–38.

33. Häfner H, Maurer K, Löffler W, Der Heiden WA, Hambrecht M, Schultze-
Lutter F. Modeling the early course of schizophrenia. Schizophr Bull. 2003;
29(2):325–40.

34. Birchwood M, Todd P, Jackson C. Early intervention in psychosis. The critical
period hypothesis. Br J Psychiatr Suppl. 1998;172(33):53–9.

35. Malla A, Mustafa S, Rho A, Abadi S, Lepage M, Joober R. Therapeutic
effectiveness and tolerability of aripiprazole as initial choice of treatment in
first episode psychosis in an early intervention service: a one-year outcome
study. Schizophr Res. 2016;174(1):120–5.

36. Safer DJ. A comparison of risperidone-induced weight gain across the age
span. J Clin Psychopharmacol. 2004;24(4):429–36.

37. Bird V, Premkumar P, Kendall T, Whittington C, Mitchell J, Kuipers E. Early
intervention services, cognitive–behavioural therapy and family intervention
in early psychosis: systematic review. Br J Psychiatry. 2010;197(5):350–6.

38. Malla A, Norman R, Bechard-Evans L, Schmitz N, Manchanda R, Cassidy C.
Factors influencing relapse during a 2-year follow-up of first-episode psychosis
in a specialized early intervention service. Psychol Med. 2008;38(11):1585–93.

Mustafa et al. BMC Psychiatry          (2019) 19:114 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Design
	Population
	Assessments and measures
	Antipsychotic pharmacotherapy
	Statistical analysis

	Results
	Primary outcome; GAF
	Secondary outcomes
	Other functional measure; SOFAS

	Illness severity
	CGI-s
	BPRS
	Remission and relapse

	Adverse drug reactions

	Discussion
	Limitations

	Conclusion
	Additional file
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

