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Abstract
Schizophrenia is characterized by the most salient medication adherence problems among severe mental
disorders, but limited prospective data are available to predict and improve adherence in this population.
This investigation aims to identify predictors of medication adherence over a one-year period in a large
national cohort using clustering analysis. Outpatients were recruited from ten Schizophrenia Expert
Centers and were evaluated with a day-long standardized battery including clinician and patient-rated
medication adherence measures. A two-step cluster analysis and multivariate logistic regression were
conducted to identify medication adherence pro�les based on the Medication Adherence rating Scale
(MARS) and baseline predictors. A total of 485 participants were included in the study and medication
adherence was signi�cantly improved at the one-year follow-up. Higher depressive scores, lower insight,
history of suicide attempt, younger age and alcohol use disorder were all associated with poorer
adherence at one year. Among the 203 patients with initially poor adherence, 86 (42%) switched to good
adherence at the one-year follow-up, whereas 117 patients (58%) remained poorly adherent. Targeting
younger patients with low insight, history of suicide, alcohol use disorder and depressive disorders should
be prioritized through literacy and educational therapy programs. Adherence is a construct that can vary
considerably from year to year in schizophrenia, and therefore may be amenable to interventions for its
improvement. However, caution is also warranted as nearly one in �ve patients with initially good
adherence experienced worsened adherence one year later.

Introduction
Poor medication adherence is the primary cause of relapse in schizophrenia 1. Seven decades of
antipsychotic medication development (including the release of long-acting antipsychotics) have not
been su�cient to address medication adherence issues in schizophrenia. Antipsychotics induce frequent
side effects (e.g. impaired energy, motivation, and weight gain) that are the main reasons that patients
withdraw from prescribed treatment regimes 2. Cross-sectional studies have also revealed that poor
medication adherence is associated to lack of insight (especially at the beginning of the illness),
addictive behaviors, subjective negative attitudes toward medication, paranoid delusions resulting in
altered capacity to consent to care, and cognitive impairment 3–10. Most of these studies used exclusively
clinical interviews to evaluate adherence which are known to overestimate medication adherence 11,12. To
address this issue, the patient-reported Medication Adherence Rating Scale (MARS) was developed and
validated in schizophrenia 13,14. Based on results from the MARS, we found in an initial cross-sectional
study that younger age and low insight into illness were associated with poor medication adherence, and
that depressive symptoms were also associated with poor adherence 2.

A frequent limitation of the studies published thus far is the over-reliance on cross-sectional designs, thus
precluding patterns that may reveal causal relationships among correlated variables. Among the limited
number of prospective investigations to have examined adherence, the combined data from the Clinical
Antipsychotic Trials of Intervention Effectiveness (CATIE) and the European First Episode Schizophrenia
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Trial (EUFEST) demonstrated that substance use and impaired insight at baseline predicted poor
adherence at 12 months 15. However, one potential bias of these studies was that they were unable to
characterize “real-world” schizophrenia due to the hyper-selection process of randomized clinical trial
studies. For this reason, prospective data are now needed to identify the predictors of adherence in
unselected patients schizophrenia so that effective and more generalizable interventions can be
developed. The FondaMental Academic Centers of Expertise for schizophrenia cohort (FACE-SZ cohort)
has been created to offer systematic, comprehensive, multi-dimensional and longitudinal assessments of
cases, leading to therapeutic recommendations in the philosophy of precision medicine, and without
strict selection criteria 16,17. The aim of this longitudinal study was to identify, by a clustering analysis
from the MARS, predictors of poor medication adherence in this outpatient population at 1-year follow-up.

Methods

Recruitment and Population
The FondaMental Academic Centers of Expertise for Schizophrenia (FACE-SZ) cohort was developed
from the French national network of 10 Schizophrenia Expert Centers established for scienti�c
cooperation by the FondaMental Foundation (www.fondation-fondamental.org), and in the goal of
creating a platform linking healthcare and research. Outpatients aged 16 years or older with a DSM IV-TR
diagnosis of schizophrenia or schizoaffective disorder were consecutively recruited for inclusion in the
cohort. All study participants were referred by their general practitioner or psychiatrist and, contrary to
common cohort methodology, only those who participated in the baseline and second visit as well as
completed a MARS scale were included in the present study.

Study design
The Expert Centers offer nation-wide access for all community-dwelling patients with schizophrenia in
order to avoid biases associated with clinical trials 16,17. Their aim is to provide reliable, systematic, and
standardized clinician-rated and patient-reported multi-dimensional assessments. A report with
personalized recommendations for pharmacological, psychosocial and lifestyle interventions were
provided at the end of the evaluation to the patients and the referring clinicians.

Data collection
Medication adherence assessment. Medication adherence was evaluated using the patient-reported
MARS questionnaire validated in schizophrenia 14,18. The sum of the 10 items yields a �nal score ranking
from 0 (poorest adherence to treatment) to 10 (best adherence to treatment). The initial principal-
components analysis revealed three underlying factors 13. The �rst factor included the four �rst items
and was related to “medication adherence behavior.” The second factor included the subsequent four
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items and represented the “subjects’ attitudes toward taking medication.” The remaining two items
composed the third factor and represented “subjective negative side effects''. The Brief Adherence Rating
Scale (BARS) which is a clinician-rated tool used to evaluate patient medication adherence during the last
month was added to compare clinician assessment from the MARS self-rated adherence. Three items on
adherence behavior (patient knowledge of the number of prescribed doses, number of days with less
treatment taken, and no treatment taken during the last month) provide a guide for the clinician to
complete a visual analog rating scale to assess overall medication adherence (0%–100%) 19.

Sociodemographic and clinical variables. The following demographic and clinical variables at baseline
were recorded: sex (binary variable), age (years), diagnosis (schizophrenia or schizoaffective as a binary
variable), age of �rst psychotic episode (years), and illness duration (years). Psychotic symptomatology
was assessed using the 5-factors Positive And Negative Syndrome Scale (PANSS, a continuous
measure), 20,21 and insight was measured using the Birchwood self-report Insight Scale for psychosis
(BIS, continuous) that includes 3 subscores (illness awareness, symptoms awareness and perceived need
for treatment) 22. Lifetime history of suicide attempt, and lifetime history alcohol and cannabis use
disorders (according to DSM V criteria) were reported as binary variables. Body Mass Index (BMI) was
calculated at the expert center by a trained nurse.

Current psychotropic drugs were reported as binary variables: antipsychotic classes, clozapine, long-
acting antipsychotic, chlorpromazine equivalent doses (CPZeq calculated according to the minimum
effective dose method 23), antidepressant, benzodiazepine, and total number of psychotropic treatments.
Treatment side effects were measured using the Abnormal Involuntary Movements Scale (AIMS) 24 for
tardive dyskinesia, the Barnes Akathisia Scale (BAS) 25 for drug-induced akathisia, and the Simpson and
Angus Rating Scale (SARS) 26 for extrapyramidal side effects.

Statistical analyses
Paired samples T-tests and Wilcoxon signed-rank tests were used to assess difference in the mean MARS
total score (and the three MARS mean subscores, respectively) between baseline and one-year follow-up.
The MARS items analysis at one-year follow-up was completed by a two-step cluster analysis based on
hierarchical clustering. The optimal number of clusters given the input variables was automatically
selected according to the Akaike Information Criterion (AIC), which was used to identify latent types of
attitude structures and to report behaviors in the individual patterns of responses to the 10 dichotomous
items of the MARS. Response patterns of the two adherence clusters retained and membership
probabilities were calculated from the estimated conditional response probabilities of the MARS items.

To evaluate whether the identi�ed clusters at the one-year follow-up differed in socio-demographics and
clinical data collected at baseline, comparisons were performed using Student T-test or Wilcoxon signed-
rank test for continuous variables (after examination for normal distribution) and chi-square tests for
categorical variables. We used multivariate logistic regression to estimate odds ratios (ORs) to ascertain



Page 6/18

the effects of signi�cant variables identi�ed by univariate analyses between the 2 clusters, adjusting for
the potential confounders de�ned by p-value ≤ 0.20 in univariate analysis (Age, PANSS positive, PANSS
negative, excitation, depressive and disorganization subscores, lifetime history of suicide attempts,
alcohol use disorder, cannabis use disorder, Birchwood subscores, and BMI). The �nal models included
OR and 95% con�dence intervals (95% CI). To explore variables associated with the transition from one
cluster at baseline to another at the one-year follow-up, univariate and multivariable analyses were
performed using the same method as detailed above.

To assess if the results could be linked to attrition bias, a sensitivity analysis was performed using an
inverse probability-of-censoring weighting method. We calculated the probability of remaining in the
study based on observed variables associated with loss to follow-up with p value ≤ 0.20 (Sex, PANSS
subscores, Insight subscores, medication adherence (MARS), BMI, lifetime alcohol use disorder,
extrapyramidal symptoms, �rst generation antipsychotics, second generation antipsychotics,
antidepressants, number of psychotropic medications and long-acting antipsychotic administration) and
multivariate analysis was weighted by the inverse of these probabilities. The statistical signi�cance level
was set at p < 0.05 for a two-sided test. All analyses were performed using R version 4.0.3 (R
foundation). 

Ethical considerations
The study was carried out in accordance with ethical principles for medical research involving humans
(WMA, Declaration of Helsinki). The assessment protocol was approved by the relevant ethical review
board (CPP-Ile de France IX; January 18, 2010). The details of the cohort design and rationale have been
presented in a previous publication 17. A web-based application, e-Schizo©, was developed to collect
evaluation data for clinical monitoring and research purposes. Access to this system is carefully
regulated and approval was obtained from the ethical committee as well as the national committee in
charge of the safety of computerized databases (CNIL). A non-opposition form was signed by
participants according to French law.

Results

Sample characteristics
Analyses were performed on the 485 patients who completed a MARS evaluation at one year after
inclusion. They were 376 (77.5%) men, mean aged 32.1 years (SD = 10.1) with a mean age at illness
onset of 21.7 years (SD = 6.7) and mean illness duration of 10.3 years (SD = 8.2). The sociodemographic
and clinical characteristics of the sample are presented in Table 1.

Include Table 1 here
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Compared to individuals with follow-up data at one year, the ‘lost to follow-up’ participants differed only
in that they were more frequently administered long-acting antipsychotics (Table 2).

Include Table 2 here 

Medication adherence
The total mean MARS score was signi�cantly improved at one year (mean difference: 0.69 ± 2.08; t=7.29;
p<0.001, ranking from -5 to +8) as well as all of the MARS subscores (“medication adherence behavior,”
0.3 ± 1.17 (p<0.001), “subjective attitudes to taking medication” 0.17 ± 1,12 (p<0.001) and “subjective
negative side effects,” 0.22 ± 0.83 (p<0.001)).

Clustering analysis
Hierarchical clustering analysis on the ten items of the MARS provided two identi�ed clusters found at
baseline and con�rmed at the one-year follow-up according to the AIC. At baseline, Cluster 1 “poor
adherence” N=203 (43.6%) with a mean MARS total score of 4.4 (SD = 1.5) and Cluster 2 “good
adherence” N=282 (56.1%) with a mean MARS total score of 8.0 (SD = 1.1). At one-year follow-up, the two
clusters solution was retained with Cluster 1 “poor adherence” N=170 (35.1%) with a MARS total score of
5.1 (SD = 2.0) and Cluster 2 “good adherence” N=315 (64.9%) with a MARS total score of 7.1 (SD = 1.9).
The most discriminating factors between the two clusters at one-year follow-up were Item 1 “Do you ever
forget to take your medication?”, item 2 “Are you careless at times about taking medication?”, item 6 “It is
unnatural for my mind and body to be controlled by medication”, item 9 “I feel weird like a zombie on
medication” and item 10 “Medication makes me feel tired and sluggish”. The response patterns of the
two adherence clusters at one year and the predictive importance of each item are provided in Table 3.

Include Table 3 here

Among the 203 patients who were in the “poor adherence” cluster at baseline, 86 patients (42%) switched
to the “good adherence” cluster at the one-year follow-up and 117 patients (58%) remain in the “poor
adherence” cluster. Of the 282 patients who were in the “good adherence” cluster at baseline, 53 (19%)
switched to the “poor adherence” cluster at the one-year follow-up and 229 (81%) remained in the “good
adherence” cluster χ2 = 78.22, df=1, p<.0001. The evolution of clusters from baseline to the one-year
follow-up is presented in Figure 1.

Include Figure 1 here

Baseline factors associated with the two clusters at one-
year follow-up
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Univariate and multivariate models of baseline predictive factors for medication adherence at the one-
year follow-up are presented in Table 1.

The younger patients (p=0.043) with higher PANSS positive scores (p=0.024), PANSS depressive scores
(p<0.001), lower insight (p<0.001), history of suicide attempt (p=0.016) and lifetime alcohol use disorder
(p=0.031) had a higher risk of being classi�ed in the “poor adherence” cluster at one year in multivariate
analyses. These results were maintained in the inverse probability-of-censoring weighting sensitivity
analysis (Table 2).

Predictors of transition from the “Good Adherence” to “Poor
Adherence” cluster
Higher depressive symptoms (aOR=1.23, 95%CI = 1.08-1.42) and lifetime alcohol use disorder (aOR=3.36,
95 %CI = 1.51-7.60) predicted the transition from the "good adherence" to the "poor adherence" cluster at
one year in multivariate analyses.

Predictors of staying in the "Poor Adherence" cluster
Higher depressive scores (aOR=1.16, 95 %CI = 1.02-1.33) and poorer insight (aOR=0.87, 95 %CI = 0.76-
0.99) predicted remaining in the same cluster of "poor adherence" at one year in the multivariate
analyses.

Results of clinician-rated adherence (BARS)
A better clinician-rated adherence at baseline with a BARS total score of 89.37 (SD = 20.9) predicted the
"good adherence" cluster at one year (aOR=0.98, 95 %CI = 0.96-0.99). There was a signi�cant correlation
between clinician rated adherence (BARS) and patient rated adherence (MARS) (r = 0.37, 95%CI = 0.29-
0.45, p<0.001 and r = 0.26, 95%CI = 0.17-0.34, p<0.001) respectively at baseline and follow-up).

Discussion
Over a one-year follow-up period, medication adherence exhibited a general improvement among a
national sample of 485 patients with schizophrenia living in community settings. To achieve our primary
objective, we conducted a clustering analysis using the MARS and identi�ed key predictors of persistent
medication non-adherence at one year: younger patients, depressive symptoms, lower insight, history of
suicide attempts and alcohol use disorder. These predictive factors highlight the need to systematically
screen and address these issues in order to improve adherence in schizophrenia. Moreover, the clinician
ratings predicted improved adherence at one year (BARS), although there was only a weak correlation
between clinician and patient-rated adherence.
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The present study con�rmed that the adherence could be clustered in 2 groups at at one year as
previously demonstrated in the same cohort at baseline 2. Adherence is a dimension that can vary
considerably from year to year in schizophrenia and, in our cohort, 42% of the initial poor adherent
patients switched to the good adherent cluster at one year. This is an encouraging �nding for
interventions designed to improve adherence, such as shared medical decision making 27,28. However,
adherence variability is also a warning sign as 19% of the patients with initially good adherence
worsened at follow-up. Of note, there was no difference in adherence between lost-from-follow-up and the
patients who attended followed-up, and these results were maintained through the inverse-probability
weighting censuring analysis to ensure their robustness. There is therefore a low probability that these
results are explained by attrition bias.

As previously demonstrated 2, the present results have con�rmed that subjective negative side effects
(feeling weird, tired, and sluggish, as measured by the third dimension of the MARS) were important
predictors of poor adherence at one year. Medication adherence behavior from the �rst dimension of the
MARS (“Do you ever forget to take your medication?”, “Are you careless at times about taking
medication?”) was also predictive of poor adherence at one year, consistent with the fact that the BARS
score also predicted adherence at one year. The item of the second dimension “It is unnatural for my
mind and body to be controlled by medication” refers to subjective attitudes toward treatment and this
item was also predictive of adherence at one year. Subjective and objective components of adherence are
therefore both effective in predicting adherence at one year. Through a MARS, the three components of
adherence including adherence behavior, attitudes towards anti-psychotic medication and side effects
could be assessed for daily use in clinical practice. The third dimension of the BIS scale “need for
treatment” was also predictive of poor adherence (but not the two other dimensions).

Impaired insight is a well-known factor associated with poor adherence 29,30. However, our results
suggest that being aware of having schizophrenia and recognizing the functioning consequences of its
symptoms do not predict future adherence. These results underscore the importance of targeting more
effective educational therapy in the perspective of precision medicine. Insight into the need for treatment
should therefore be considered as a separate dimension of insight, and adherence-targeted interventions
should focus on the need for treatment rather than on the recognition of schizophrenia and its
consequences. Our results can be juxtaposed to those of the CATIE study in which impaired insight also
predicted poor adherence at 6 months and 18 months 3.

Younger age, history of alcohol use disorder, suicide attempts, and current depression were also identi�ed
as maintaining factors for poor adherence. Suicide is the �rst cause of mortality in schizophrenia in
young patients 31,32 and has been associated with a poor adherence. 33,34 Depressive disorders are highly
frequent in schizophrenia, with estimates ranging from three to ten times the prevalence of the general
population 35,36. Depressive disorders are also underdiagnosed, undertreated and frequently unremitted,
and a risk factor for suicide attempt 37,38. Depressive symptoms have been associated with impaired
adherence in schizophrenia, 6,14 but to our knowledge this is the �rst time that the same association was
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con�rmed with prospective data. The systematic assessment of comorbid depression, anxiety, and
suicidality that is part of precision psychiatric evaluation moves beyond the unique focus on psychotic
symptoms, and therefore allows for the prescription of antidepressants and other psychotherapeutic
strategies. Approximately one in �ve patients with schizophrenia has a lifetime diagnosis of alcohol use
disorder 39 which has been associated with resistant depression in schizophrenia 37 and poor adherence
4,40. Alcohol use disorder prevention, suicide prevention and treating depression are therefore priorities to
be added in the care of schizophrenia. Case-managed programs may improve both suicide risk and
adherence 41. Long-acting antipsychotics is a strategy that has also been promoted to improve adherence
1,34,42. However, its e�cacy for medication adherence has not been con�rmed although it provides the
psychiatrist with the opportunity to prevent hidden non-adherence among very poorly adherent patients.
In patients with suicide risk, clozapine should be prescribed according with the notion that clozapine
decreases suicidal risk 43 according to international recommendations 44.

Our results also con�rm that the youngest patients have poorer adherence scores and are therefore the
target of choice for implementing adherence-enhancing interventions 29,30,45,46. Interventions targeting
medication adherence are needed at the critical early stages of the disease which are known to be
particularly at risk for relapse and suicide.

Strengths. The multicentric, nationwide recruitment in 10 expert centers, the large battery of standardized
evaluations, the longitudinal design and the sample size are strengths of the present study. The
sensitivity analysis using inverse probability-of-censoring weighting method to limit the attrition bias also
assured the robustness of our results.

Limits. Despite the large size of this national cohort study, the sample may not be representative of the
overall population of patients with a schizophrenia diagnosis. While the sample was composed of
outpatients referred to the various expert centers for diagnosis or treatment issues, the 10 expert centers
cover a large area of the French territory and as a result integrated a wide range of socioeconomic and
cultural differences. These results may only be extrapolated to patients with evolutive schizophrenia, as
our sample was mean age 32 years with a mean illness duration of approximately 10 years. In summary,
the FACE-SZ is representative of middle-aged patients with chronic schizophrenia consulting in the public
sector in France. Other studies should be carried out in speci�c populations (e.g. early onset
schizophrenia, �rst-episodes, elderly). Therapeutic alliance is also associated with adherence and this
construct was not assessed in the FACE-SZ cohort 47. The development of systematic Patient-Reported
Experience Measures (PREMs) should address this issue 48.

Conclusions
The systematic assessment of adherence within precision psychiatry and by using validated tools
provides a better understanding of important modi�able risk factors of poor adherence. Younger age,
lower insight, history of suicide attempts, depressive disorders and alcohol use disorder maintain poor
adherence. This latter population in particular should be targeted through literacy and educational
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therapy programs. Medication adherence is a dimension that can vary considerably from year to year in
schizophrenia, and therefore there are signi�cant opportunities for interventions to improve adherence.
Caution is warranted, however, as almost one in �ve of the patients with initially good adherence
worsened over the follow-up period.
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Tables
Table 1. Sample characteristics and predictors of adherence at one year.

Signi�cant associations are in bold.

a aOR: adjusted odds ratio (adjusted for Age, PANSS positive score, PANSS negative score, PANSS
excitation score, PANSS depressive score, PANSS disorganized score, suicide, lifetime alcohol use
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disorder, lifetime cannabis use disorder, Insight symptoms awareness birchwood subscore, Insight illness
awareness birchwood subscore, Insight need for treatment subscore and Body Mass Index).

Abbreviations:  PANSS = Positive and Negative Syndrome Scale; AIMS = Abnormal Involuntary
Movements Scale; BAS = Barnes Akathisia Scale, SARS = Simpson and Angus Rating Scale.

 

Table 2. Comparison between individuals with and without follow-up data

a Multivariablee analysis adjusted on sex, PANSS positive, excitation, disorganization sub scores,
medication adherence (MARS), body mass index, insight symptoms awareness and need for treatment
sub scores, lifetime alcohol use disorder, extrapyramidal symptoms, �rst generation antipsychotic,
second generation antipsychotic, antidepressant, number of psychotropic medication and long-acting
antipsychotic.

 

 

Table 3. Response Pattern of the 2 Adherence Clusters at 12 months
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      Adherence to medication at
12 months

 

MARS Variable Response
indicating

Poor
adherence

Predicator
importance

Cluster 1

« Poor
adherence »

N=170
(35.1%)

Cluster 2

« Good
adherence »

N=315
(64.9%)

p-
value
global

           

1. Do you ever forget to take
your medication?

"Yes" 0.70 118 (69.4) 132 (41.9) <
0.001

2. Are you careless at times
about taking medication?

"Yes" 0.72 101 (59.4) 104 (33.0) <
0.001

3. When you feel better do you
sometimes stop taking your
medication?

"Yes" 0.63 47 (27.6) 38 (12.1)  <
0.001

4. Sometimes if you feel worse
when you take the medicine do
you stop taking it

"Yes" 0.65 70 (41.2) 62 (19.7) <
0.001

5. I take my medication only
when I am sick

"Yes" 0.58 27 (15.9) 22 (7.0) 0.002

6. It is unnatural for my mind
and body to be controlled by
medication

"Yes" 0.78 106 (62.4) 139 (44.1) <
0.001

7. My thoughts are clearer on
medication

"No" 0.67 97 (57.1) 102 (32.4) <
0.001

8. By staying on medication, I
can prevent getting sick

"No" 0.59 40 (23.5) 52 (16.5)  0.059

9. I feel weird like a zombie on
medication 

"Yes" 0.73 88 (51.8) 82 (26.0) <
0.001

10. Medication makes me feel
tired and sluggish 

 

"Yes" 0.70 143 (84.1) 178 (56.5) <
0.001

Total score, mean (sd) … … 5.08 (2.0) 7.11 (1.9) <0.001

           

Abbreviation: MARS = Medication Adherence Rating Scale.

Symbol: … = not applicable.
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Figures

Figure 1
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