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Abstract

Background

For many years, long-acting intramuscular (LAI) antipsychotics have been prescribed pre-

dominantly to chronic and severe patients, as a last resort when other treatments failed.

Recently, a broader and earlier use of LAIs, particularly second-generation LAIs, has been

emphasized. To date, few studies attempted to frame how this change in prescribing took

place in real-world practice. Therefore, this study aimed to describe the clinical features of

patients prescribed with LAIs, and to explore possible prescribing differences between first-

and second-generations LAIs under ordinary clinical practice in Italy.

Methods

The STAR Network “Depot” Study is an observational, longitudinal, multicenter study involv-

ing 35 centers in Italy. In the cross-sectional phase, patients prescribed with LAIs were con-

secutively recruited and assessed over a period of 12 months. Descriptive statistics and

multivariable logistic regression analyses were employed.
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Results

Of the 451 recruited patients, 61% were males. The level of social and working functioning

was heterogeneous, as was the severity of disease. Seventy-two per cent of the patients had

a diagnosis of the schizophrenia spectrum. Seventy per cent were prescribed with second-

generation antipsychotic (SGA) LAIs (mostly paliperidone, aripiprazole and risperidone).

Compared to first-generation antipsychotic (FGA) LAIs, patients prescribed with SGA LAIs

were more often younger; employed; with a diagnosis of the schizophrenia spectrum or bipo-

lar disorder; with higher levels of affective symptoms; with fewer LAI prescriptions in the past.

Discussion

LAIs’ prescribing practices appear to be more flexible as compared to the past, although this

change is mostly restricted to SGA LAIs.

Introduction

The problem of non-adherence to medications is a major concern in people with psychotic

disorders [1]. Antipsychotic discontinuation, is associated with poorer outcomes, including

recurrent relapses and hospitalizations, higher risk of suicide, and earlier social and functional

disability [2–4]. This is particularly relevant in early phases of disease, considering that discon-

tinuation is particularly frequent within the first years from the first episode of psychosis (with

estimated rates ranging from about 40% to 70%) [5,6], and most of these patients (from about

40% to 60% in most studies) are likely to relapse in the following few years [7,8]. Long-acting

intramuscular (LAI) antipsychotics’ efficacy in preventing relapses and treatment discontinua-

tion is widely recognized [6,9–11]. Further, LAIs allow a complete tracking of medication

intake, promote the regular monitoring of clinical conditions, and lower the risk of self-medi-

cation and harmful drug use. Also relevant disadvantages have been highlighted, such as pain

on the injection site, lack of flexibility in dose adjustments, and the impossibility of rapid sus-

pension in case of adverse events [12,13].

From their introduction, LAIs have been generally considered as a last-resort for chronic

patients with frequent relapses, low insight of disease, poor adherence to treatments, aggres-

siveness and behavioral issues [12,14–16]. However, in the last decade, various factors contrib-

uted to change this scenario. First, in addition to risperidone (marketed since 2001), other

second-generation antipsychotic (SGA) LAIs became available: olanzapine pamoate (since

2009), paliperidone palmitate 1-month (since 2009), aripiprazole long-acting (since 2010), and

paliperidone palmitate 3-months (since 2015) [12,17]. Second, in the same years, growing evi-

dence emerged in support of the use of antipsychotics (SGAs in particular) not only for schizo-

phrenia, but also for affective disorders [18,19]. Third, as the huge impact of non-adherence

on the course of disease became more evident, emphasis has been put on the need to address

this issue from the earliest phases of the disease [20,21]. Fourth, studies exploring the subjec-

tive experience of patients suggest that the practicality of LAIs can notably ease patients’ daily

routine, possibly improving attitudes toward medications [22–28]. These findings contributed

to progressively overcome the culturally rooted view of LAIs as coercive and stigmatizing med-

ications [12,14,29,30].

On these grounds, many researchers advocated for an earlier and broader use of LAIs

[20,21,31–34], and this viewpoint has been accounted by the most influential clinical guide-

lines [35–38].

Use of long-acting antipsychotics under ordinary practice
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Despite the backdrop, few studies attempted to describe how this novel paradigm affected

prescribing practices. Available epidemiological data are limited to schizophrenia patients

[39–43] and highly selected populations [40,44,45]. In order to fill the gap in the research liter-

ature, the cross-sectional phase of the STAR Network “Depot” Study aimed at evaluating how

the claimed cultural change in LAIs prescription may have affected real-world practices, by (a)

describing the main socio-demographic and clinical features (including symptom profiles,

adherence and attitude towards treatments) of a large, representative, unselected population of

patients starting a LAI medication, and (b) exploring possible predictors of the class of LAI

prescribed.

Materials and methods

Study design

The STAR Network “Depot” Study is an observational, longitudinal, multicenter study.

Patients prescribed with any LAI antipsychotic were consecutively recruited over a period of

12 months, and assessed after 6 and 12 months. The present paper is focused on baseline data

from the recruitment phase.

Participating centers are part of the STAR Network (Servizi Territoriali Associati per la
Ricerca—Community Services Associated for Research), a consortium of clinicians and

researchers working in Community Psychiatric Services across Italy. The main aim of this

group is to gather original data from real-world clinical practice and provide new pragmatic

insights for clinicians [46–48]. The STAR Network “Depot” Study was conducted indepen-

dently from industry funding or support. The study protocol was approved by the Local Ethics

Committee of the Ethics Committee of the Azienda Ospedaliera Universitaria Integrata of

Verona (Comitato Etico per la Sperimentazione Clinica (CESC) of the Provinces of Verona and

Rovigo, protocol n. 57622 of the 09/12/2015), and was made publicly available at the Open Sci-

ence Framework (OSF) online repository (https://osf.io/wt8kx/). The present study was drawn

up following the ‘STrengthening the Reporting of OBservational studies in Epidemiology’

(STROBE) Statement items [49].

Participants

Patients were eligible for the study if they were (a) at least 18 years old; (b) willing to sign the

informed consent; and (c) beginning a LAI medication, provided that they did not receive any

other LAI in the previous three months. The simultaneous taking of other medications, includ-

ing oral antipsychotics, was not an exclusion criterion, nor was the setting of recruitment,

which might include hospital psychiatric wards, daytime community and residential facilities.

Measures

In order to collect socio-demographic and clinical data, the following measures were adminis-

tered at the baseline evaluation:

■ Recruitment form, which included socio-demographic information, clinical and pharma-

cological information, and characteristics of the clinician who prescribed the LAI;

■ The clinician-rated Brief Psychiatric Rating Scale (BPRS) [50], validated in Italian lan-

guage [51], which assesses overall psychiatric symptoms. The overall level of symptom-

atology should be considered mild, moderate and severe for scores ranging respectively

from 31 to 40, 41 to 52 and higher than 52 [52]. According to Shafer and colleagues [53],
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five subscales were measured, namely affect, positive symptoms, negative symptoms,

resistance, and activation;

■ The self-administered Drug Attitude Inventory 10 items (DAI-10) [54], validated in Ital-

ian language [55], which measures attitudes toward medications. The scores range

between -10 and 10, with higher scores indicating a better overall attitude toward

medications;

■ The clinician-rated Kemp’s 7-point scale [56], compiled by the clinician, which assesses

overall adherence to treatments. The scores range from 1 to 7, with higher scores indicat-

ing equally higher levels of adherence. Scores of 5 and above indicate an overall good

acceptance of medications.

Data management

All patients received detailed information on the nature of the study and the use of data on an

anonymised format, and were asked to sign an informed consent. The recruiter was required

to examine the mental capacity of the patients, by assessing his/her capacity of understand

both in a strict sense (i.e. comprehension of the language) and in a broad sense (i.e. the context,

the role of the examiner, the content of the research project, etc.), and to communicate his/her

decision, in order to determine whether he/she was capable to freely provide written consent.

Recruitment data were periodically forwarded from each recruiting center to the Verona cen-

ter, which had the role of coordination and scientific secretariat. Data were archived and

entered into a computerized database. Their correctness and consistency was ensured by the

double-entry technique and by a set of electronic and manual edit checks. Patient data were

recorded anonymously. A unique number both in the recruitment and follow-up forms and in

the database identified patients. Total confidentiality of data was guaranteed throughout the

entire course of the study, in accordance with the Declaration of Helsinki [57].

Statistical analysis

All statistical analyses were performed with STATA 13.0 [58]. Descriptive statistics were used

for information on main epidemiological characteristics of the recruited population. Continu-

ous variables were expressed as means and standard deviations, while categorical variables

were expressed as percentages. In order to describe possible associations between clinical and

socio-demographic characteristics and the class of LAI prescribed, both simple and multivari-

able logistic regression analyses were performed. A bivariate analysis employing the class of

LAI as the dependent variable (0 = first-generation antipsychotic (FGA) LAIs; 1 = SGA LAIs)

was applied to a number of variables of clinical relevance. For the aims of the logistic model,

we employed the following dichotomous and categorical data: Italians versus non-Italians;

poor autonomy level (lives with relatives or in a residential house) versus good autonomy level

(lives alone or with partner and/or children); diploma/University degree versus other;

employed versus unemployed; schizophrenia spectrum versus bipolar disorder versus other

diagnosis; academic versus non-academic centers; Northern Italy versus Central and Southern

Italy. We also calculated the ratio between the prescribed daily dose (PDD) in the previous 12

months and the defined daily dose (DDD) [59]. All variables for which a statistically significant

association emerged in the bivariate analysis were included as independent variables in a mul-

tivariable model. Subsequently, we produced a final multivariable model, including only the

independent variables for which a statistically significant association emerged from the previ-

ous multivariable model. In order to evaluate the adequacy of the models some indices of

goodness of fit were performed. Specifically, the Hosmer-Lemeshow test, based on the
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comparison between predicted and observed data by using deciles as stratification size, assesses

whether the model is well calibrated; McKelvey & Zavoina’s pseudo R2, for its interpretation

(as percentage of explained variance) closed to the “traditional” way [60]. Finally, Bayesian

Information Criterion (BIC) was used in the comparison between intermediate and final mul-

tivariable models, to determine whether the exclusion of some explanatory variables decreased

the explanatory power of the last model. Regression analyses were based on robust estimator

of variance (cluster option of the STATA vce command) to account for the multicenter obser-

vational design [61].

Results

Participating centers

Thirty-five Italian Community Psychiatric Centers took part in the study. Recruiting centers

included mostly non-academic mental health trusts (73.4%), however, the number of patients

recruited was equally distributed between academic and non-academic centers (54.5% vs.

45.4%, respectively). The majority of centers (73.4%) were located in Northern Italy, however

the number of patients recruited in these centers was only slightly higher than the number

recruited in Central and Southern Italy (59.4% vs. 40.6%, respectively).

Socio-demographic and clinical features

We recruited and included in the analysis 451 patients. All included participants provided an

informed, written consent. Sixty-one per cent of patients were males, with a mean age of 42.

Most patients lived with relatives (51%). Forty per cent had a diploma and 10% a University

degree. About 22% were employed at the time of recruitment. Other socio-demographic

details are reported in Table 1.

Fifty-six per cent suffered from schizophrenia, 16.5% from schizoaffective disorder, 18%

from bipolar disorder, 6% from personality disorders, and the remaining 3.5% from other con-

ditions, including obsessive-compulsive disorder, substance use disorders, mental retardation,

mental organic disorders, and dementia. We found high rates of alcohol and/or substance

abuse (27%) and of physical comorbidity (28%). According to the mean BPRS score, the level

of psychiatric symptoms was negligible for 12% of patients, mild for 19%, moderate for 26%,

and severe for 42%. Fifty-nine per cent of patients showed a positive attitude toward medica-

tions according to the mean DAI-10 score, and 61% showed a good acceptance of medications

according to the mean Kemp’s 7-point score. Ninety-two per cent of patients were taking at

least one oral psychotropic medication before introducing the LAI. The mean ratio between

the prescribed daily dose (PDD) and the defined daily dose (DDD) of all psychotropic drugs

taken in the previous year was 1.8 (sd 2), indicating that the cumulative dose of medications

was almost doubled with respect to the average maintenance dose. The majority of patients

were prescribed paliperidone palmitate (31%), aripiprazole LAI (25%), haloperidol decanoate

(20%) and risperidone LAI (10%) (Fig 1). Other clinical and pharmacological details are

reported in Table 2.

Comparison between classes of antipsychotic

Table 3 reports the comparison between FGA LAIs and SGA LAIs for a number of clinically

relevant variables. Raw data of each group, the bivariate analysis, and the two subsequent mul-

tivariable analyses are reported. The bivariate analysis showed eleven independent variables to

be significantly associated with a higher prescription of SGA LAIs, and the two subsequent

multivariable models confirmed this significant association for the following variables:
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younger age (OR 0.97; 95% CI 0.95 to 0.98); being employed (OR 2.01; 95% CI 1.14 to 3.56);

having a higher score on the BPRS affective subscale (OR 1.09; 95% CI 1.04 to 1.14); and hav-

ing a lower number of LAIs prescribed in the past (OR 0.69; 95% CI 0.52 to 0.93). In addition,

having a diagnosis other than schizophrenia spectrum and bipolar disorder reduced the proba-

bility of receiving SGA LAIs (OR 0.28; 95% CI 0.13 to 0.60).

The goodness-of-fit statistics indicated a moderate relationship between the type of LAIs

prescribed and the explanatory variables in both models: McKelvey and Zavoina Pseudo-R2

explained 18% and 16% of the variability. In calibration view, the models correctly classified

73% and 72% of the patients; the p-values associated with Hosmer–Lemeshow statistics were

low even though not significant, confirming moderate agreements between predicted proba-

bilities and observed data. Finally, the comparison between the BIC values showed a substan-

tial difference (25.84), preferring the final model.

Discussion

In general, present data confirm the expectation that a broader spectrum of individuals is cur-

rently prescribed LAIs as compared to the past. A wide range of socio-demographic and

Table 1. Socio-demographic features.

Variables All LAIs, n = 451

Age, mean (sd) 41.8 (13.4)

Age categories, n (%)

18–30 111 (24.6)

31–45 161 (35.7)

46–60 144 (31.9)

>61 35 (7.8)

Female, n (%) 177 (39.2)

Italian, n (%) 390 (88.2)

Housing conditions, n (%)

Alone 100 (22.2)

With partner and/or children 95 (21.1)

With other relatives 229 (50.8)

Any residential home 27 (6)

Marital status, n (%)

Non-conjugated 383 (85.1)

Conjugated 67 (14.9)

Educational level, n (%)

Illiterate/no title 7 (1.6)

Primary school 27 (6.1)

Secondary school 189 (42.5)

Diploma 178 (40)

University degree 44 (9.9)

Work, n (%)

Employed 100 (22.2)

Unemployed 221 (49)

Student 15 (3.3)

Retired 68 (15.1)

Housewife/other 47 (10.4)

LAI = long-acting injection; n = number of patients; sd = standard deviation

https://doi.org/10.1371/journal.pone.0201371.t001
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clinical characteristics emerged. A relevant part of the cohort met the features typically

described in older studies (before the broad availability of most SGA LAIs), as patients were

mostly males in their middle adulthood, with low educational level, no employment, a long-

standing diagnosis of schizophrenia, and moderate-to-severe level of psychiatric symptoms

[15,62–65]. At the same time, relatively high functioning levels emerged in a surprisingly large

part of the population, considering that about 43% of patients lived alone or with the partner

and/or children, more than one out of five patients were employed, and half of the patients

had a diploma or a University degree. Similar considerations apply to clinical features, consid-

ering that, beside a large number of patients with chronic conditions and severe symptomatol-

ogy, also patients with mild-to-moderate levels of symptomatology were well represented.

Further, data showed a relatively short course of disease (lower than 5 years) in about 36% of

patients, and an overall good attitude towards medications as perceived by both patients and

clinicians. Interestingly, a variety of diagnoses emerged. High rates of bipolar disorder were

expected, considering the recently broadened use of antipsychotics for affective disorders

[18,19]. In about 6% of patients, the LAI was probably prescribed to manage severe behavioral

symptoms arising from personality disorders or underlying somatic conditions (such as men-

tal retardation or dementia), although the use of antipsychotics in these cases is at least contro-

versial [66,67].

Highly selected populations from previous studies can be barely compared with the present

study, which employed a pragmatic, naturalistic approach, aimed at minimizing patients’

selection and reflect real-world practice as closely as possible.

Fig 1. Frequency of LAIs prescribed. Legend: SGA = second-generation antipsychotic; FGA = first-generation antipsychotics;

LAI = long-acting injection.

https://doi.org/10.1371/journal.pone.0201371.g001
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Table 2. Clinical features.

Variables All LAIs, n = 451

Diagnosis, n (%)

Schizophrenia 251 (55.9)

Schizoaffective disorder 74 (16.5)

Substance-related psychosis 2 (0.4)

Bipolar disorder 81 (18)

Obsessive-compulsive disorder 4 (0.9)

Personality disorder 27 (6)

Mental retardation 4 (0.9)

Mental organic disorder 4 (0.9)

Dementia 2 (0.4)

Time from disease onset, mean years (sd) 11.9 (10)

Alcohol use, n (%) 65 (14.4)

Any substance use, n (%) 90 (19.9)

Polysubstance use, n (%) 14 (3.1)

Substances, n (%)

Cannabis 69 (76.7)

Cocaine 13 (14.4)

Other 8 (8.9)

At least one medical comorbidity, n (%) 127 (28.2)

Medical comorbidity, n (%)

Infective disease 8 (6.3)

Endocrine/metabolic disease 48 (37.8)

Cardiovascular disease 23 (18.1)

Neurologic disease 10 (7.9)

Gastrointestinal disease 11 (8.7)

Other 27 (21.2)

BPRS, mean (sd) 49 (14.7)

BPRS positive symptoms, mean (sd) 12.1 (5.4)

BPRS negative symptoms, mean (sd) 7.8 (3.7)

BPRS affective symptoms, mean (sd) 10.5 (4.3)

BPRS resistance, mean (sd) 9.4 (4.5)

BPRS activation, mean (sd) 7.6 (3.3)

DAI-10, mean (sd) 2 (5.3)

Kemp’s 7-point scale, mean (sd) 4.8 (1.4)

At least one hospitalization in the last year, n (%) 270 (59.9)

At least one compulsory hospitalization, n (%) 89 (19.7)

Length of hospitalizations, mean days (sd) 22.7 (19.5)

Cumulative dose of psychotropic drugs taken in the last year: PDD/DDD, mean (sd) 1.8 (2)

LAIs PDD/DDD, mean (sd) 1.3 (1.2)

Number of previous LAIs, n (%)

0 316 (70.1)

1 103 (22.8)

2 or more 32 (7.1)

n = number of patients; sd = standard deviation; BPRS = brief psychiatry rating scale; DAI = drug attitude inventory;

PDD = prescribed daily dose; DDD = defined daily dose

https://doi.org/10.1371/journal.pone.0201371.t002
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The use of LAIs on a broader number of clinical conditions may raise regulatory issues,

considering that licensed indications of SGA LAIs are limited only to patients with schizophre-

nia in a maintenance phase with oral antipsychotics. Therefore, SGA LAIs were prescribed off-

Table 3. Bivariate and multivariable comparison between FGAs and SGAs.

Variables FGAs LAIs,

n = 135

SGAs LAIs,

n = 316

SGAs vs. FGAs

unadjusted OR[95%

CI]

adjusted OR�[95%

CI]

adjusted OR��[95%

CI]

Age, mean (sd) 45.9 (13.2) 40.1 (13.2) 0.97 [0.95 to 0.98] 0.97 [0.95 to 0.99] 0.97 [0.95 to 0.98]

Female, n (%) 60 (44.4) 117 (37.1) 0.73 [0.49 to 1.11] - -

Italian, n (%) 122 (91) 268 (87) 1.52 [0.77 to 2.99] - -

Lives alone or with partner/children, n (%) 69 (51.1) 126 (39.9) 0.63 [0.42 to 0.95] 0.85 [0.49 to 1.46] -

Diploma or University degree, n (%) 58 (43.9) 164 (52.4) 1.40 [0.93 to 2.11] - -

Employed, n (%) 21 (15. 6) 79 (25) 1.81 [1.06 to 3.07] 1.99 [1.02 to 3.90] 2.01 [1.14 to 3.56]

Diagnosis, n (%)

Schizophrenia spectrum 92 (68.1) 233 (74.2) ref. ref. ref.

Bipolar disorder 21 (15.6) 60 (19.1) 1.13 [0.65 to 1.96] 1.11 [0.53 to 2.30] 1.09 [0.52 to 2.31]

Other 22 (16.3) 21 (6.7) 0.38 [0.20 to 0.72] 0.30 [0.14 to 0.67] 0.28 [0.13 to 0.60]

BPRS, mean (sd) 48.3 (13.1) 49.3 (15.4) 1.00 [0.99 to 1.02] - -

BPRS affective symptoms, mean (sd) 9.5 (3.9) 10.9 (4.4) 1.08 [1.03 to 1.14] 1.10 [1.05 to 1.15] 1.09 [1.04 to 1.14]

BPRS positive symptoms, mean (sd) 11.9 (4.8) 12.2 (5.6) 1.01 [0.97 to 1.05] - -

BPRS negative symptoms, mean (sd) 7.4 (3.5) 7.9 (3.7) 1.04 [0.98 to 1.10] - -

BPRS resistance, mean (sd) 10.1 (4.4) 9.1 (4.5) 0.95 [0.91 to 0.99] 0.96 [0.90 to 1.03] -

BPRS activation, mean (sd) 7.6 (3.1) 7.6 (3.5) 1.00 [0.94 to 1.06] - -

DAI-10, mean (sd) 1.1 (5.5) 2.4 (5.3) 1.05 [1.01 to 1.09] 1.02 [0.96 to 1.07] -

Kemp’s 7-point scale, mean (sd) 4.5 (1.5) 4.9 (1.4) 1.24 [1.08 to 1.44] 1.02 [0.78 to 1.35] -

N. of hospitalizations in the last year, mean (sd) 1 (1.1) 0.8 (1.1) 0.82 [0.69 to 0.99] 0.86 [0.66 to 1.11] -

Length of hospitalizations (days), mean (sd) 14.3 (17.3) 13.4 (19.3) 1.00 [0.99 to 1.01] - -

At least one compulsory hospitalization, n (%) 33 (35.1) 56 (31.8) 0.86 [0.51 to 1.46] - -

Alcohol abuse, n (%) 21 (15.6) 44 (13.9) 0.88 [0.50 to 1.54] - -

Substance abuse, n (%) 27 (20) 63 (19.9) 1.00 [0.60 to 1.65] - -

At least one medical comorbidity, n (%) 48 (35.6) 79 (25.1) 0.61 [0.39 to 0.94] 0.82 [0.54 to 1.26] -

Number of previous LAIs, mean (sd) 0.5 (0.7) 0.3 (0.6) 0.67 [0.50 to 0.90] 0.73 [0.55 to 0.96] 0.69 [0.52 to 0.93]

Number of psychotropic drugs in the last year, mean (sd) 1.5 (1.1) 1.3 (1) 0.88 [0.73 to 1.08] - -

Cumulative dose of psychotropic drugs taken in the last year:

PDD/DDD, mean (sd)

1.6 (1.6) 1.88 (2.2) 1.08 [0.96 to 1.22] - -

University center, n (%) 77 (57) 169 (53.5) 0.86 [0.58 to 1.30] - -

South-center Italy, n (%) 51 (37.8) 132 (41.8) 1.18 [0.78 to 1.79] - -

Prescriber’s age, mean (sd) 46.7 (12.3) 45.6 (10.4) 0.99 [0.97 to 1.01] - -

Goodness-of-fit

H-L Chi2 (p-value) 8.09 (0.43) 14.71 (0.06)

M&Z pseudo R2 0.18 0.16

BIC 566.712 540.875

� the intermediate multivariable model includes only variables for which a statistically significant association emerged in the bivariate analysis

�� the final multivariable model includes only variables for which a statistically significant association emerged from the intermediate model

Bold characters indicate a p-value < 0.05.

The % reported in parenthesis refers to the ratio calculated respectively on all LAIs (first column), FGA LAIs (second column), SGA LAIs (third column)

SGA = second-generation antipsychotic; FGA = first-generation antipsychotic; n = number of patients; sd = standard deviation; OR = odds ration; CI = confidence

interval; BPRS = brief psychiatry rating scale; DAI = drug attitude inventory; PDD = prescribed daily dose; DDD = defined daily dose; H-L Chi2 = Chi-squared value of

the Hosmer-Lemeshow test; M&Z pseudo R2 = McKelvey-Zavoina pseudo R2 index; BIC = Bayesian information criterion

https://doi.org/10.1371/journal.pone.0201371.t003
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label to all patients without a diagnosis of schizophrenia (almost one out of five patients). On

the contrary, indications of FGA LAIs are narrower, often referring to symptom domains

rather than specific diagnosis, and may therefore be prescribed to patients with several differ-

ent diagnoses. The common off-label prescription of LAIs confirms the already well-known

trend of oral antipsychotics [68].

Representativeness of the cohort seems warranted also in terms of high prevalence of

comorbid physical conditions [69,70] (about one out of four patients had at least one comor-

bidity, mostly endocrine/metabolic or cardiovascular) and of “dual diagnosis”, considering

that one out of four used alcohol or substances [71–73].

In most cases LAIs were prescribed after severe disease relapse, considering the large num-

ber of patients hospitalized in the previous year, the high rate of compulsory admissions, and

the long mean length of stay. This may suggest that, despite the recommendation of offering

LAIs from the early phases of disease [37,38], in many cases these formulations are still chosen

after failures with other treatments.

More than two out of three patients were prescribed with SGA LAIs. The most commonly

prescribed medications were paliperidone palmitate (31%), aripiprazole LAI (25%) and halo-

peridol decanoate (20%). These results are in line with data from some of the previous studies

[42,74,75], while, in others, prescription rates appeared to be extremely heterogeneous

[40,41,44]. This is likely to be associated with a number of factors influencing local prescribing

patterns and with the different recruitment periods across studies (and therefore different

availability of SGA LAIs). The use of aripiprazole LAI was surprisingly high compared to other

recent studies [40–42,75]. The advantages of this medication have been repeatedly stressed: it

is relatively safe in terms of motor, metabolic and endocrine side effects (it does not usually

alter prolactin levels), and it proved to be comparable to other SGAs in terms of efficacy for

the treatment of schizophrenia [76,77]. Further, robust results from a recent meta-analysis

showed a better overall acceptability of aripiprazole LAI as compared to the oral counterpart,

although the interpretation of this data is still unclear [78]. On the other hand, paliperidone

substantially equals olanzapine and risperidone in terms of metabolic effects and prolactin

level increase [76]. Its choice over olanzapine and risperidone is likely to be related to its

enhanced practicality compared to the biweekly administration of risperidone LAI, and the

complex regulatory requirements of olanzapine pamoate. Haloperidol decanoate, besides its

possible disadvantages (e.g. motor symptoms, QTc prolongation, locally irritant preparations),

remains a widely used medication in clinical practice, possibly because of its relatively safe

metabolic profile [76], its low cost, and the flexibility of the LAI in terms of doses and fre-

quency, as compared to other LAIs (including SGAs).

The multivariable logistic model comparing FGA LAIs and SGA LAIs showed that the latter

were prescribed significantly more often to younger, employed individuals, with a diagnosis of

schizophrenia or bipolar disorder, with higher levels of affective symptoms, and without a pre-

vious history of LAI prescription. This profile resembles closely the one pictured by those

claiming a cultural change in the clinical use of LAIs. This trend is similar to what emerged

from previous studies, although in many cases only FGA LAIs and risperidone LAI were com-

pared [79–81], confounders were not considered [40,42,80], and social and clinical variables

possibly associated with the class of LAI were not analyzed. Notably, no significant differences

emerged between patients prescribed with FGA LAIs and SGA LAIs in terms of overall psychi-

atric symptoms, adherence and attitudes towards medications, both as perceived by psychia-

trists (Kemp’s 7-point score) and by patients (DAI-10 score). To our knowledge, the study by

Singh and colleagues [81] is currently the only available one employing the DAI (in this case,

the version with 30 items), and it reached similar conclusions, although only FGA LAIs and

LAI risperidone were compared.
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As expected according to current research [82–84], SGAs were preferred when targeting

affective symptoms. This may also reflect the common idea of FGAs as medications associated

with apathy, lack of initiative, anhedonia, indifference, blunted affect (the so-called neurolep-

tic-induced deficit syndrome) [85,86].

This study has also limitations. First, our cross-sectional design cannot detect a causal asso-

ciation between variables, and all statistical associations discussed should be regarded as

merely exploratory. Second, the use of simple rating scales (in accordance to the pragmatic

attitude of the study) might have affected the precision in measuring variables, such as psychi-

atric symptoms and patients’ attitudes toward medications. Third, characteristics of recruiting

centers were heterogeneous in terms of settings (e.g. community services, hospital wards, reha-

bilitation facilities), and each site contributed to the recruitment to a different extent. In addi-

tion, various local factors may have strongly influenced prescribing attitudes of each center

(e.g. local guidelines and long-standing habits, availability of medications). This, along with

our wide inclusion criteria, led to heterogeneity in the recruited population. This reflects the

complexity of real-world clinical settings, bolstering the external validity of results, but may at

the same time affect their internal validity [87]. To address this limitation, we employed statis-

tical techniques accounting for variability between centers.

Conclusions

This study showed a notable change in LAIs prescribing patterns, as compared with previous

epidemiological surveys. The advocated cultural change in the use of LAIs is currently under

way in Italian Community Psychiatric Services, as showed by more flexible and heterogeneous

prescribing patterns, addressing a wider range of clinical conditions and functioning levels.

This change appears to be mostly confined to SGA LAIs, while prescribing patterns of FGA

LAIs are practically unchanged as compared to the past, as they are mostly reserved to older

patients, with lower functioning levels, previous use of LAIs, and, commonly, behavioral issues.

Further research is needed to shed light on how LAIs can improve adherence, attitudes

toward medications, and subjective wellbeing of patients in real-world practice. This will be

the main goal of the follow-up phase of the STAR Network “Depot” Study.
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long-acting depot antipsychotics in subjects with a first episode of psychosis. Ther Adv Psychopharma-

col. 2013; 3: 89–99. https://doi.org/10.1177/2045125312464106 PMID: 24167680

31. Patel MX. Why aren’t depot antipsychotics prescribed more often and what can be done about it.

Advances in Psychiatric Treatment. 2005; 11: 203–211. https://doi.org/10.1192/apt.11.3.203

32. Maia-de-Oliveira JP, Bressan RA, Elkis H, Machado-de-Sousa JP, Hallak JEC. Why we should use

long-acting injectable antipsychotics more frequently. Rev Bras Psiquiatr. 2013; 35: 217–218. https://

doi.org/10.1590/1516-4446-2013-3503 PMID: 24142080

Use of long-acting antipsychotics under ordinary practice

PLOS ONE | https://doi.org/10.1371/journal.pone.0201371 August 2, 2018 14 / 17

https://doi.org/10.1177/2045125314540297
https://doi.org/10.1177/2045125314540297
http://www.ncbi.nlm.nih.gov/pubmed/25360245
http://www.ncbi.nlm.nih.gov/pubmed/23343446
https://doi.org/10.1192/bjp.195.52.s43
http://www.ncbi.nlm.nih.gov/pubmed/19880916
https://doi.org/10.1176/ps.2007.58.4.482
http://www.ncbi.nlm.nih.gov/pubmed/17412849
https://doi.org/10.1097/NMD.0b013e31829829c4
https://doi.org/10.1097/NMD.0b013e31829829c4
http://www.ncbi.nlm.nih.gov/pubmed/23817151
https://doi.org/10.1017/S2045796016001025
http://www.ncbi.nlm.nih.gov/pubmed/28004623
https://doi.org/10.1016/S0140-6736(11)60873-8
http://www.ncbi.nlm.nih.gov/pubmed/21851976
https://doi.org/10.1093/ijnp/pyv060
http://www.ncbi.nlm.nih.gov/pubmed/26012350
https://doi.org/10.1017/S1092852913001016
http://www.ncbi.nlm.nih.gov/pubmed/24512639
https://doi.org/10.1111/eip.12278
http://www.ncbi.nlm.nih.gov/pubmed/26403538
http://www.ncbi.nlm.nih.gov/pubmed/11581109
http://www.ncbi.nlm.nih.gov/pubmed/12956022
https://doi.org/10.1192/bjp.195.52.s1
http://www.ncbi.nlm.nih.gov/pubmed/19880911
http://www.ncbi.nlm.nih.gov/pubmed/23945063
https://doi.org/10.1177/2045125314542098
http://www.ncbi.nlm.nih.gov/pubmed/25360242
https://doi.org/10.1016/j.eurpsy.2016.05.008
http://www.ncbi.nlm.nih.gov/pubmed/27442981
https://doi.org/10.2147/NDT.S88632
https://doi.org/10.2147/NDT.S88632
http://www.ncbi.nlm.nih.gov/pubmed/27143893
https://doi.org/10.1111/j.1365-2850.2010.01550.x
https://doi.org/10.1111/j.1365-2850.2010.01550.x
http://www.ncbi.nlm.nih.gov/pubmed/20584242
https://doi.org/10.1177/2045125312464106
http://www.ncbi.nlm.nih.gov/pubmed/24167680
https://doi.org/10.1192/apt.11.3.203
https://doi.org/10.1590/1516-4446-2013-3503
https://doi.org/10.1590/1516-4446-2013-3503
http://www.ncbi.nlm.nih.gov/pubmed/24142080
https://doi.org/10.1371/journal.pone.0201371


33. Heres S. Long-acting injectable antipsychotics: an underutilized treatment option. J Clin Psychiatry.

2014; 75: 1263–1265. https://doi.org/10.4088/JCP.14com09541 PMID: 25470087

34. Carpenter WT, Buchanan RW. Expanding Therapy With Long-Acting Antipsychotic Medication in

Patients With Schizophrenia. JAMA Psychiatry. 2015; 72: 745–746. https://doi.org/10.1001/

jamapsychiatry.2015.0485 PMID: 26107157

35. Barnes TRE. Evidence-based guidelines for the pharmacological treatment of schizophrenia: recom-

mendations from the British Association for Psychopharmacology. J Psychopharmacol (Oxford). 2011;

25: 567–620. https://doi.org/10.1177/0269881110391123 PMID: 21292923

36. SIGN. Management of schizophrenia. A national clinical guideline. Edinburgh: Scottish Intercollegiate

Guidelines Network; 2013.

37. NICE. Psychosis and schizophrenia in adults: prevention and management. Clinical guideline [CG178];

2014. Available: https://www.nice.org.uk/guidance/cg178.

38. Galletly C, Castle D, Dark F, Humberstone V, Jablensky A, Killackey E, et al. Royal Australian and New

Zealand College of Psychiatrists clinical practice guidelines for the management of schizophrenia and

related disorders. Aust N Z J Psychiatry. 2016; 50: 410–472. https://doi.org/10.1177/

0004867416641195 PMID: 27106681

39. Lin J, Wong B, Offord S, Mirski D. Healthcare cost reductions associated with the use of LAI formula-

tions of antipsychotic medications versus oral among patients with schizophrenia. J Behav Health Serv

Res. 2013; 40: 355–366. https://doi.org/10.1007/s11414-013-9329-z PMID: 23579871

40. Marcus SC, Zummo J, Pettit AR, Stoddard J, Doshi JA. Antipsychotic Adherence and Rehospitalization

in Schizophrenia Patients Receiving Oral Versus Long-Acting Injectable Antipsychotics Following Hos-

pital Discharge. J Manag Care Spec Pharm. 2015; 21: 754–768. https://doi.org/10.18553/jmcp.2015.

21.9.754 PMID: 26308223

41. McCreath J, Larson E, Bharatiya P, Labanieh HA, Weiss Z, Lozovatsky M. Long-Acting Injectable Anti-

psychotics for Schizophrenia: Sociodemographic Characteristics and Treatment Adherence. Prim Care

Companion CNS Disord. 2017; 19. https://doi.org/10.4088/PCC.16m02005 PMID: 28234442

42. Pilon D, Joshi K, Tandon N, Lafeuille M, Kamstra RL, Emond B, et al. Treatment patterns in Medicaid

patients with schizophrenia initiated on a first- or second-generation long-acting injectable versus oral

antipsychotic. Patient Prefer Adherence. 2017; 11: 619–629. https://doi.org/10.2147/PPA.S127623

PMID: 28356723
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