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Introduction: Psychiatric comorbidities have a significant impact on the course 
of illness in patients with schizophrenia spectrum disorders. To accurately predict 
outcomes for individual patients using computerized prognostic models, it is 
essential to consider these comorbidities and their influence.

Methods: In our study, we utilized a multi-modal deep learning architecture to 
forecast symptomatic remission, focusing on a multicenter sample of patients 
with first-episode psychosis from the OPTiMiSE study. Additionally, we introduced 
a counterfactual model explanation technique to examine how scores on the 
Mini International Neuropsychiatric Interview (MINI) affected the likelihood of 
remission, both at the group level and for individual patients.

Results: Our findings at the group level revealed that most comorbidities had 
a negative association with remission. Among them, current and recurrent 
depressive disorders consistently exerted the greatest negative impact on 
the probability of remission across patients. However, we  made an interesting 
observation: current suicidality within the past month and substance abuse within 
the past 12  months were associated with an increased chance of remission in 
patients. We found a high degree of variability among patients at the individual 
level. Through hierarchical clustering analysis, we identified two subgroups: one 
in which comorbidities had a relatively limited effect on remission (approximately 
45% of patients), and another in which comorbidities more strongly influenced 
remission. By incorporating comorbidities into individualized prognostic 
prediction models, we determined which specific comorbidities had the greatest 
impact on remission at both the group level and for individual patients.

Discussion: These results highlight the importance of identifying and including 
relevant comorbidities in prediction models, providing valuable insights for 
improving the treatment and prognosis of patients with psychotic disorders. 
Furthermore, they open avenues for further research into the efficacy of treating 
these comorbidities to enhance overall patient outcomes.
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1. Introduction

Psychiatric comorbidity is highly prevalent in schizophrenia 
spectrum disorders (SSD). Among a cohort of 1,446 schizophrenia 
patients, 56% had at least one additional mental health disorder (1). 
Substance use disorders were found in 42% of patients (2), anxiety 
disorders in 38% (3), major depressive disorders in 32% (4), ADHD 
in 10%–60% (5), and autism spectrum disorders in 3.6% (6). Previous 
studies primarily focused on examining individual diagnoses in SSD, 
despite the complexity of comorbidities extending beyond dualities. 
This may be attributed to genetic correlations between psychiatric 
disorders (7), symptom overlap within classification systems, and the 
significant impact of having SSD and receiving treatment for it 
(iatrogenic comorbidity) on overall mental health.

Psychiatric comorbidity in SSD serves as a negative prognostic 
factor. Prior research has demonstrated that the presence of comorbid 
mental health disorders in patients with SSD is associated with 
reduced symptomatic improvement (3, 8), higher readmission rates 
(4, 9), poorer functioning (3), lower quality of life (10), and increased 
suicidality (11). Specifically, comorbid anxiety disorders have been 
linked to worse initial outcomes in first-episode psychosis, more 
severe clinical features in later stages of schizophrenia, and poorer 
functioning (3). Obsessive compulsive disorder has been associated 
with more positive and global psychotic symptoms in patients with 
schizophrenia (12). Post-traumatic stress disorders have been 
associated with higher levels of positive and general symptoms, more 
neurocognitive impairment, worse functioning and lower quality of 
life (13). Comorbid depressive symptoms and depressive disorders are 
associated with a higher number of lifetime hospitalizations (4), 
reduced chances of functional remission (14), lower quality of life (10, 
15), and increased suicidality (11). Moreover, comorbid substance use 
disorders are linked to more positive symptoms (16), more frequent 
clinical exacerbations, impaired global functioning and higher relapse 
rates (17), increased readmissions (4, 9), and elevated suicide 
attempts (11).

Machine learning (ML) has emerged as a valuable tool for 
outcome prediction in early psychosis (18). By analyzing extensive 
clinical data, ML algorithms can identify intricate patterns that may 
elude human perception, including subtle interactions among 
symptoms, demographics, and other factors. In clinical applications, 
it is essential to explain the decisions made by complex ML models. 
The model explanation provides insights into the most influential 
features or variables guiding predictions, enhancing transparency and 
comprehensibility for non-experts, and facilitating communication 
between clinicians and patients.

One promising approach for interpreting complex ML models is 
the counterfactual model explanation (19). This technique involves 
generating hypothetical instances that would result in different 
outcomes, shedding light on the model’s decision-making process. 
What sets counterfactual interpretation apart is its ability to explain 
individual patient-level decisions, making it suitable for precision 
medicine applications. By leveraging the power of ML and employing 
a counterfactual model explanation, we  aim to assess the role of 
psychiatric comorbidity as a predictor of SSD outcomes. This research 
contributes to the advancement of personalized prognostic prediction 
models by introducing a new ML pipeline that enables more accurate 
and tailored treatment for patients with SSD.

2. Materials and methods

2.1. OPTiMiSE dataset

In this study, we use the OPTiMiSE dataset (20) that has been 
collected in a multicenter antipsychotic three-phase switching study. 
In this dataset, the patients with first-episode psychosis were 
examined at multiple visits and across three phases of the study in 
which the patients were treated with three antipsychotic medications: 
amisulpride, olanzapine, and clozapine. In our experiments, we used 
the data from the first two phases of the study. 446 patients were 
enrolled in this study. In the first phase, the patients were treated 
with amisulpride for four weeks. At the end of the first phase, the 
patients who met Andreasen’s symptomatic remission criterion (21) 
were excluded. 371 patients completed the first phase. The rest of the 
patients went on to the second phase and, after randomization, 
either continued using amisulpride or switched to olanzapine for 
another six weeks. Among 72 patients who completed the second 
phase, 66 patients without missing PANSS records were used in 
our analysis.

Of these 66 patients, 79% are males with a mean (SD) age of 25.3 
(0.8) years. Most of them had a DSM classification of schizophrenia 
(67%) or schizophreniform disorders (32%) and one patient had a 
schizoaffective disorder (2%). At baseline, 55% of the patients were 
admitted while 45% were outpatients. The mean (SD) duration of the 
current psychotic episode was 2.5 (0.5) months. Only 32% of the 
patients had (volunteer)work or school at baseline. 30% of the 
patients suffered from one or more psychiatric comorbidities in the 
present or past; 21% of them had one or more mood disorders, 18% 
had one or more anxiety disorders, and 5% had one or more 
substance use disorders. In addition, 20% had been suicidal in the 
past month.

We used a set of 179 measures (see Table 1) as predictors in our 
psychosis prognosis prediction model. This set of inputs is a mixture 
of continuous, categorical, and binary variables with missing values. 
For continuous variables, we used the median to impute the missing 
values. Then a robust min-max scaler is employed to rescale the 
measures to the range of (0,1). The missing binary and categorical 
variables are imputed with the most frequent category. The categorical 
variables are then one-hot encoded. For binary variables (such as the 
presence or absence of comorbidity by the MINI), a simple −1/1 
encoding is used.

2.2. Analysis pipeline

Figure 1 depicts an overview of the analysis pipeline introduced 
in this study. The pipeline includes four steps: (1) training the classifier, 
(2) prediction of the probability of symptomatic remission in the 
actual scenario in which the patient’s comorbidity status is kept 
unchanged, (3) prediction of the probability of symptomatic remission 
in the counterfactual scenario in which the patient’s comorbidity 
status is changed by flipping a comorbidity feature, and (4) model 
explanation by computing the effect of each comorbidity measure on 
the final predicted probabilities. The subsequent sections will delve 
into a detailed description of each step, elucidating the methodologies 
and processes involved.
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2.2.1. Step 1: training the classifier and making 
predictions in actual scenarios

In this study, we  adopted a recurrent deep neural network 
architecture proposed by van Opstal et  al. (22) for predicting 
symptomatic remission. The architecture is depicted in Figure 2. This 
architecture effectively handles both dynamic and static patient 

statuses, making it well-suited for psychosis prognosis prediction 
using the OPTiMiSE dataset, which includes a combination of 
dynamic (e.g., PANSS, PSP, CGI) and static features (e.g., demographic 
and comorbidity features).

The architecture begins by transforming the dynamic features 
into a latent representation using long short-term memory 

TABLE 1 The type, number, and list of features from the OPTiMiSE study that are used as predictors in our model.

Type Number of features Features Visits

Demographic 20

Age (con), Sex (bin), Race (cat), Immigration status (bin), Marital status (bin), 

Divorce status (bin), Occupation status (bin), Occupation type (cat), Previous 

occupation status (bin), Previous occupation type (cat), Father’s occupation 

(cat), Mother’s occupation (cat), Years of education (con), Highest education 

level (cat), Father’s highest degree (cat), Mother’s highest degree (cat), Living 

status (bin), Dwelling (cat), Income source (cat), Living environment (cat)

Baseline

Diagnostic 7

DSM-IV classification (cat), Duration of the current psychotic episode (con), 

Current psychiatric treatment (cat), Psychosocial interventions status (bin), 

Estimated prognosis (cat), Hospitalization status (bin)

Baseline

Lifestyle 7

Recreational drugs history (bin), Recreational drugs since last visit (bin), 

Caffeine drinks per day (con), Last caffeine drink (cat), Drink Alcohol (bin), 

Alcoholic drinks in the last year (cat), Smoking status (bin)

Baseline

Somatic 11

Height (con), Weight (con), Waist (con), Hip (con), BMI (con), Systolic blood 

pressure (con), Distolic blood pressure (con), Pulse (con), ECG abnormality 

(bin), Last mealtime (cat), Last meal type (cat)

Baseline

Treatment 1 Average medication dosage (con) Baseline

CDSS 9 Calgary Depression Scale for Schizophrenia (con) Baseline

SWN 20 Subjective Well-being under Neuroleptic Treatment Scale (con) Baseline

MINI 48 Mini International Neuropsychiatric Interview Baseline

PANSS 30 Positive And Negative Symdrome Scale (con) Baseline, Weeks 2, 3, 5, 6, 8

PSP 5 Personal and Social Performance Scale (con) Baseline, Weeks 2, 3, 5, 6, 8

CGI 2 Clinical Global Impression Scale severity and improvement (con) Baseline, Weeks 2, 3, 5, 6, 8

Con, continuous measure; bin, binary measure; cat, categorical measure.

FIGURE 1

An overview of the analysis pipeline. The pipeline includes four steps: (1) after splitting the patients’ status into the training and the test set (for example, 
using K-fold cross-validation) a classifier is trained on the training set to predict the symptomatic remission of patients; (2) the trained classifier is used 
to predict symptomatic remission of patients in the test set in an actual scenario, i.e., on real data; (3) after generating counterfactual versions of 
samples in the test set, the predictions in the counterfactual scenarios are computed; and (4) by computing the difference between the predicted 
probabilities for symptomatic remission in the actual and counterfactual scenarios the effect of each comorbidity feature on the final prediction is 
evaluated for a further model explanation.
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FIGURE 2

The neural network architecture from van Opstal et al. (22) that is adopted in this study. The architecture consists of (1) modality-specific LSTM layers 
that learn a middle representation for dynamic (time-varying) features including PANSS, PSP, and CGI from timepoint 0 to t; (2) a fusion layer that 
merges the preprocessed static features (which do not change over time) with dynamic middle representations; (3) the interaction layer consisting of 
outcome-specific time-distributed dense layers that seek to benefit from interaction between static features and dynamic features from different 
modalities; and (4) the output layer with time-distributed softmax and dense layers that predict the outputs at the next time step t  +  1 (SR, symptomatic 
remission; FR, functional remission; CR, clinical remission).

(LSTM) units. This latent representation is then merged with the 
static features and fed into a series of fully connected layers to 
produce the final prediction. A comprehensive description of the 
model architecture and training procedure can be found in van 
Opstal et al. (22), and we followed the same training procedure 
outlined in that work. The training procedure encompasses 
feature preprocessing, pretraining on synthesized data, data 
augmentation, training on augmented data, and model calibration. 
During the training process, a multi-objective loss function is 
optimized, incorporating weighted mean squared and categorical 
cross-entropy loss functions for regression and classification 
tasks, respectively. To facilitate the optimization, an Adam 
optimizer with an initial learning rate of 3 10

4× −  is utilized. 
Additionally, an exponential learning rate decay with a decay rate 
of 0.9 and decay steps of 10,000 is applied. In the pretraining 
phase, the network undergoes training for two epochs, employing 
a mini-batch size of 25 samples. Subsequently, during the training 
phase, the network is further trained on augmented data for 
50 epochs, using a mini-batch size of 2 samples [see van Opstal 
et  al. (22) for more details about the architecture and 
training procedures].

To evaluate the prediction model’s performance, we conducted 20 
repetitions of 10-fold and one-site-out cross-validation. The 
classification model was assessed using various metrics, including the 
area under the receiver operating characteristic curve (AUC), 
balanced accuracy (BAC), sensitivity, and specificity. To assess the 
impact of including the MINI-PLUS features on the model’s 
performance in predicting symptomatic remission, we trained the 
model both with and without the MINI-PLUS items as inputs.

2.2.2. Steps 2–4: prediction in counterfactual 
scenarios and model explanation

Here, we introduce a counterfactual model explanation technique 
(19) to study the effect of comorbidity on the chance of symptomatic 
remission of patients. The counterfactual model explanation is an 
emerging technique for explaining decisions of complex “black-box” 
models. A counterfactual explanation defines a causal scenario by 
envisioning an alternative reality ′X  for a specific event X , leading to 
a different outcome. This type of reasoning allows us to understand 
the causal relationships between events and outcomes. In machine 
learning, counterfactual explanations are used to clarify individual 
predictions. By generating counterfactual examples, where feature 
values are changed, we  can analyze how predictions respond, 
providing valuable insights for various applications, such as treatment 
outcome prediction (23).

For example, consider a medical scenario where a machine 
learning model predicts treatment outcomes for patients. The event is 
the predicted outcome, like successful recovery or adverse effects, and 
the causes are specific patient features, such as age, medical history, 
and treatment protocol. Generating counterfactual explanations 
involves altering the feature values of a patient to explore different 
treatment scenarios and analyze how the prediction changes. This 
approach can help medical practitioners understand the critical 
factors that influence treatment success and identify potential 
improvements for better patient outcomes.

In this study, we introduce a counterfactual model technique to 
evaluate the effect of psychiatric comorbidity from the Mini 
International Neuropsychiatric Interview PLUS (MINI-PLUS) on 
symptomatic remission in first-episode psychosis. To this end, we used 
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MINI-PLUS without the schizophrenia spectrum disorders items, 
resulting in 48 binary entries (see Supplementary Table S1 for the 
complete list). The effect of each MINI item on the probability of 
symptomatic remission of an individual patient, i.e., the feature 
importance map, is computed in three steps (see Figure 3):

 1. Generating the counterfactuals: given the actual 48 binary MINI 
items (C1, C2,…, C48) for a specific patient in the test set, 48 
counterfactual samples are generated. For each counterfactual 
sample, exactly one binary item is flipped from “yes” to “no” or 
“no” to “yes”. The rest of the items remain unchanged.

 2. Prediction: the probabilities of symptomatic remission for each 
patient are predicted by the trained classifier, both for the 
actual sample and the 48 counterfactual samples.

 3. Computing the feature importance maps: for a given patient the 
feature importance map is compiled by computing the effect size 
for each of the 48 items. The effect size evaluates how having a 
certain comorbidity affects the probability of symptomatic 
remission in an individual patient. Therefore, the effect size for 
the ith item Ci is computed by subtracting the predicted 
probability of remission in the actual/counterfactual scenario in 
which Ci = “no” from the predicted probability of remission in the 
counterfactual/actual scenario in which Ci  = “yes” [i.e., 
prob(remission|Ci = yes) – prob(remission|Ci = no)].

The process of computing the feature importance maps is repeated 
for all patients in the test set and across different folds in 10-fold cross-
validation. The result is a feature importance map for each patient, 
indicating the effect of each comorbidity item on the probability of 
remission. After computing these maps for all patients, we can (i) 
calculate the group-level feature importance (see section 3.2); and (ii) 
find sub-groups of patients with similar comorbidity effects on the 
symptomatic remission (see section 3.3). The statistical significance of 
the comorbidity effects at the group level was determined through 
Bonferroni-corrected Wilcoxon rank-sum tests using a bootstrapped 
null distribution.

3. Results

3.1. Including comorbidities: same 
prediction performance, but a better 
balance between sensitivity and specificity

Figure  4 depicts the comparative prediction performance of 
psychosis prognosis prediction models, both with and without MINI-
PLUS comorbidity items, across 20 repetitions of 10-fold cross-
validation. We employed the Mann–Whitney U test (24) to evaluate the 
statistical significance of the difference between the performance of the 

FIGURE 3

A schematic of the model explanation procedure in three steps: (1) For an actual sample (in the test set) with 48 binary MINI items (C1, C2,…, C48), 48 
counterfactuals are generated where in each counterfactual sample only one binary feature value is flipped from “yes” to “no” or from “no” to “yes” 
(colored in yellow). (2) The probabilities of symptomatic remission for the actual and 48 counterfactual samples are predicted by the trained classifier. 
(3) The feature importance map for a given patient is compiled by computing the effect size for every 48 comorbidity features. The effect size for 
feature Ci is computed by subtracting the predicted probability of remission in the actual/counterfactual scenario in which Ci =  “no” from the predicted 
probability of remission in the counterfactual/actual scenario in which Ci =  “yes”.
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two models. The area under the curve (AUC) values for the two 
predictors do not exhibit a statistically significant difference (0.66 ± 0.02 
for the predictor without comorbidity features and 0.67 ± 0.03 for the 
predictor with comorbidity features). However, the model with 
comorbidity features demonstrates a significantly (p-value<0.05) higher 
specificity, compensating for a 0.06 reduction in model sensitivity. The 
marginal improvement achieved by including comorbidity features in 
the prediction models may be attributed to their correlation with other 
included features. Nonetheless, the predictor with comorbidity features 
exhibits a more desirable balance between sensitivity and specificity, 
thereby enhancing its potential as a diagnostic clinical tool.

3.2. Negative associations between 
comorbidities and remission at group level

Figure 5 provides a comprehensive summary of the impact of 48 
binary MINI comorbidity items on the likelihood of achieving 
remission at the group level. To facilitate interpretation, the items are 
arranged according to their effect in descending order from the most 
negative to the most positive. The results obtained at the group level 
reveal statistically significant negative group effects (p-value<0.001, 
Bonferroni-corrected) for “major depressive episode: current” with an 
average Wilcoxon test r-value of 0.66 (an r-value above 0.5 represents 
a large effect size), “major depressive episode: recurrent” with an 
average r-value of 0.64, “major depressive episode with melancholic 
features: recurrent” with an average r-value of 0.50. These effects, 
characterized by medians close to or below −0.05, demonstrate a 
pronounced influence on remission probability (scale: 0–1). 
Conversely, a few items, such as “suicidality: current” with an average 
r-value of 0.72 and “substance abuse: past 12 months” with an average 
r-value of 0.73, exhibit intriguingly positive effects on remission 
probability at the group level, with medians close to or above 0.05.

3.3. Comorbidity effects are heterogeneous 
but clustered at the individual level

The analysis presented in Figure 5 reveals substantial variations in 
the impact of comorbidity items on the probability of achieving 
symptomatic remission among individual patients. To delve deeper 
into these variabilities, we employed a hierarchical clustering approach 
(25) on the feature importance maps derived from patients. For this 
purpose, we utilized the agglomerative clustering method with the 
‘ward’ criterion for the linkage function, which aims to minimize the 
variance of the merged clusters. The outcomes of the hierarchical 
clustering are summarized in Figure 6, which indicates the presence 
of two prominent subgroups of patients exhibiting distinct profiles of 
comorbidity feature importance.

To gain further insights into the similarities and dissimilarities 
within these two clusters, we computed the mean feature importance 
maps for each cluster. Figure 7 visualizes the results, highlighting the 
relatively diminished negative effect of comorbidity items on the 
predicted probability of remission in the red cluster, which 
encompasses approximately 45% of the patients. This contrast 
becomes evident when comparing these patients to those in the 
blue cluster.

4. Discussion

We investigated the impact of psychiatric comorbidity on 
outcomes in patients with early psychosis. Our analysis at the group 
level confirmed the previously established notion that most 
comorbidities have a negative influence on the predicted likelihood of 
symptomatic remission (3, 26). Notably, current and recurrent 
depressive disorder consistently exhibited the most pronounced 
negative impact on remission probability across patients. It is worth 
mentioning that while comorbid depressive symptoms and depressive 
disorder are widely recognized as significant negative prognostic 
factors of SSD, as they diminish the chances of functional remission 
(14) and lower quality of life (10, 15), our recent systematic review and 
meta-analysis did not find an association between depressive 
symptoms and symptomatic remission (27).

Interestingly, we observed a positive effect of suicidality in the 
past month on the likelihood of remission in patients. However, this 
association may be confounded by the level of insight into illness. 
Better insight has been identified as a positive predictor of 
symptomatic remission (27), but it is also a risk factor for suicidality 
in patients with SSD (28, 29). Another explanation of the positive 
effect of suicidality in the past month on the likelihood of remission 
may be  found in the treatment of these patients; possibly, these 
patients are more often admitted and/or receive a more intense 
treatment (e.g., co-medication, higher doses), leading to an 
increased chance of remission. Further research is needed to 
elucidate this interaction between suicidality and the chance 
of remission.

Another unexpected finding was that substance abuse in the past 
12 months positively influenced the chance of symptomatic remission 
in patients. Existing literature has provided inconclusive results 
regarding the association between comorbid substance abuse and 
symptomatic remission. A cross-sectional multicenter study involving 
1,010 patients reported a lower likelihood of achieving symptomatic 

FIGURE 4

Comparison between the prediction performance of predictors 
without (blue bars) and with (orange bars) comorbidity features 
across 20 repetitions of 10-fold cross-validation. The predictor with 
comorbidity features shows a better balance between sensitivity and 
specificity. While there is no significant difference between the AUCs 
of the two predictors (0.66  ±  0.02 for the predictor without and 
0.67  ±  0.03 for the predictor with comorbidity features), the predictor 
with comorbidity features shows significantly higher specificity 
compensating 0.06 of model sensitivity (ns: not significant, *: Mann–
Whitney test p-value <0.05, **: Mann–Whitney test p-value <0.01).
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remission among substance abusers compared to non-abusers (OR 
0.67) (30). However, a study based on routinely collected medical data 
from 608 patients revealed that individuals with SSD and comorbid 
substance abuse seemed to stabilize more rapidly during acute 
hospitalization compared to those without (31), which aligns with our 
findings. This observation might be explained by differences in the 
correlation between substance use and psychosis. Both clinically and 
in research it is difficult to differentiate between substance-induced 
psychosis and primary psychotic disorders with co-occurring 
substance abuse (32). Differentiation is further complicated by the fact 
that besides positive symptoms, drug effects can also mimic negative 
and cognitive symptoms (33). If psychotic symptoms are induced or 
exacerbated by substance use, they may dissipate rapidly upon 
discontinuation of the substance (31). However, the transition of a 
diagnosis of substance-induced psychosis to a primary psychotic 
disorder is common and occurs in about 25% of patients (34).

The findings at the individual level revealed significant variability 
among patients. Approximately 45% of the patients belonged to a 
subgroup where comorbidities had a relatively limited impact on the 

likelihood of remission. In contrast, the other subgroup exhibited a 
stronger influence of comorbidities on remission outcomes. The 
identification of two distinct groups of patients with differential effects 
of comorbidities on remission outcomes suggests the presence of 
underlying clinical heterogeneity within the patient population. This 
heterogeneity could stem from various factors such as differences in 
the severity or type of comorbidities, variations in treatment response, 
or diverse genetic and neurobiological factors.

Clinically, the variability of the impact of comorbidities on the 
likelihood of remission between patients has important implications. 
First, it highlights the need for personalized approaches to treatment 
and care. By recognizing the existence of subgroups with differing 
responses to comorbidities, clinicians can tailor interventions based 
on individual patient characteristics. This may involve adjusting 
medication regimens, implementing targeted psychotherapy, or 
addressing specific comorbid conditions to optimize 
remission outcomes.

Furthermore, identifying these distinct subgroups enables 
healthcare providers to better allocate resources and prioritize 

FIGURE 5

The sorted group effect of comorbidities on the probability of remission (x-axis) for 48 MINI binary comorbidity measures (y-axis). The boxplots 
present the median and quartiles for each item in the feature importance maps across patients. “Major depressive episode: current” (C1), “major 
depressive episode: recurrent” (C2), and “major depressive episode with melancholic features: recurrent” (C8) show a larger negative group effect with a 
median lower or close to −0.05 (i.e., the effect size is lower than −0.05 in at least half of patients). “Suicidality: current” (C11) and “substance abuse: past 
12  months” (C40) show larger positive effects at the group level with a median higher or close to 0.05. All these 5 group effects are significantly different 
from the bootstrapped null distribution (Bonferroni corrected Wilcoxon rank-sum test p-value  < 0 001. ).

https://doi.org/10.3389/fpsyt.2023.1237490
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


van Dee et al. 10.3389/fpsyt.2023.1237490

Frontiers in Psychiatry 08 frontiersin.org

interventions. Patients in the subgroup where comorbidities have a 
limited effect on remission may require more focused attention on 
other factors influencing their outcomes, such as medication 

adherence, social support, or environmental factors. On the other 
hand, patients in the subgroup where comorbidities strongly impact 
remission may benefit from comprehensive management strategies 

FIGURE 6

Hierarchical cluster analysis on the derived feature importance maps across patients (x-axis) reveals two major clusters. The probabilities of remission 
of 30 patients in the first cluster (red) are less affected by the comorbidities compared to 36 patients in the second (blue) cluster.

FIGURE 7

A comparison between average feature importance maps in two clusters in Figure 5. The average feature importance map of the red cluster is closer to 
zero compared to the blue cluster. This shows the smaller effect of comorbidity measures on the patients in the red clusters compared to the patients 
in the blue cluster.
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that address both the primary condition and the 
comorbidities concurrently.

Overall, our study sheds light on the complex relationships 
between psychiatric comorbidity and outcomes in early psychosis. 
These findings underscore the importance of considering 
comorbidities when predicting and managing outcomes for patients 
with SSD. Further investigation is warranted to unravel the underlying 
mechanisms and inform the development of targeted interventions for 
patients with specific comorbidities.

4.1. Strengths and limitations

To our best knowledge, this is the first study that investigated 
psychiatric comorbidity as a predictor in a computerized prognostic 
prediction model for SSD.

One limitation of our study is the small number of patients. Our 
findings about the association between suicidality and substance abuse 
with remission are based on 14 patients (21% of the total sample) with 
substance abuse and 13 patients (20% of the total sample) with current 
suicidality. These small numbers increase the risk of chance findings. 
A second limitation is that we were not able to analyze the impact of 
somatic comorbidity as a predictor of remission alongside psychiatric 
comorbidity. Somatic comorbidity is common in patients with 
psychotic disorders, but little is known about a possible association 
between somatic comorbidities and the severity of psychotic 
symptoms and the efficacy of treatment. Previous research showed 
that somatic comorbidities were associated with better insight and 
more symptomatic improvement in a first-episode schizophrenia 
sample (34), while another study found that chronic somatic 
comorbidities were associated with higher rates of rehospitalization in 
patients with SSD (35). Unfortunately, the OPTiMiSE dataset did not 
include comprehensive information on somatic comorbidity. 
We  expect a low incidence of somatic comorbidity in our study 
sample, based on the information gathered from the medication files 
and the fact that the study sample primarily comprised young 
individuals with first-episode psychosis. This demographic is generally 
associated with better physical health due to their age. Due to the lack 
of data on somatic comorbidity, we could not determine whether 
somatic comorbidity is a confounder in the investigated association 
between psychiatric comorbidity in SSD and the chance of 
symptomatic remission in our sample. A third limitation is that the 
effect of comorbidity was tested independently without considering 
potential interactions with other features such as age, lifestyle factors, 
family history, and symptoms of SSD including insight into illness. 
Further research could explore the interplay between comorbidity and 
other factors to gain a more comprehensive understanding of their 
combined impact on prognosis.

4.2. Meaning of the results

Our findings highlight the significance of considering psychiatric 
comorbidities when predicting prognosis in schizophrenia spectrum 
disorders (SSD). However, it is essential to acknowledge that our study 
does not provide insight into the underlying nature of the association 
between SSD and psychiatric comorbidities.

There are several potential explanations for the impact of 
psychiatric comorbidities on the prognosis of SSD. Firstly, the 
correlation between SSD and psychiatric comorbidity may 
be  attributed to a shared genetic vulnerability for psychiatric 
disorders. This heightened genetic susceptibility could exert a 
negative influence on prognosis. Secondly, psychiatric comorbidities 
might arise as reactions to SSD, indicating a more severe disease 
and contributing to unfavorable outcomes. For example, depression 
could emerge as a reaction to the diagnosis of schizophrenia. 
Thirdly, psychiatric comorbidities could manifest as side effects of 
SSD treatment, thereby limiting treatment options and potentially 
exacerbating prognosis. An example of this is the development of 
obsessive-compulsive disorder as a side effect of clozapine use, 
which may necessitate discontinuation of the medication and 
subsequently worsen the prognosis of SSD. Lastly, if the comorbid 
psychiatric disorder is viewed as an independent condition, the 
increased burden of disease may have a detrimental impact on 
prognosis. In such cases, treating psychiatric comorbidity could 
potentially improve the prognosis of SSD. However, we did not find 
studies investigating the effect of treating psychiatric comorbidity 
on the prognosis of SSD.

Further research is necessary to delve into these potential 
explanations and to explore the impact of treating psychiatric 
comorbidity on the prognosis of SSD.

5. Conclusion

By using complex machine learning models and a 
counterfactual model explanation technique, we showed that at the 
group level, most psychiatric comorbidities have a negative 
influence on the predicted likelihood of symptomatic remission in 
schizophrenia spectrum disorders. At the individual level, 
we  found high variability in the influence of the presence of 
comorbidities on the chance of remission. These findings highlight 
the importance of identifying and including relevant comorbidities 
in prediction models and provide valuable insights for improving 
the treatment and prognosis of individual patients with 
psychotic disorders.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: there is no consent to make the data publicly available. 
Requests to access these datasets should be  directed to IW-vR, 
i.winter@umcutrecht.nl.

Ethics statement

Ethical approval was not required for the study involving humans 
in accordance with the local legislation and institutional requirements. 
Written informed consent to participate in this study was not 
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and the 
institutional requirements.

https://doi.org/10.3389/fpsyt.2023.1237490
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
mailto:i.winter@umcutrecht.nl


van Dee et al. 10.3389/fpsyt.2023.1237490

Frontiers in Psychiatry 10 frontiersin.org

Author contributions

SK, VD, HS, and WC contributed to the conception and design of 
the study and drafted the manuscript. RK and IW-vR provided the 
data and organized the database. SK carried out the modeling and 
statistical analysis. All authors contributed to the article and approved 
the submitted version.

Funding

This work was supported by ZonMw (project ID 63631 0011) and 
by a grant from the working group AI for Health of the Alliance TU/e-
WUR-UU-UMCU for the project.

Conflict of interest

RK reports consulting fees from Alkermes, Sunovion, Gedeon-
Richter, and Otsuka.

The remaining authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1237490/
full#supplementary-material

References
 1. Tsai J, Rosenheck RA. Psychiatric comorbidity among adults with schizophrenia: a 

latent class analysis. Psychiatry Res. (2013) 210:16–20. doi: 10.1016/J.
PSYCHRES.2013.05.013

 2. Hunt GE, Malhi GS, Lai HMX, Cleary M. Prevalence of comorbid substance use in 
major depressive disorder in community and clinical settings, 1990-2019: systematic 
review and meta-analysis. J Affect Disord. (2020) 266:288–304. doi: 10.1016/J.
JAD.2020.01.141

 3. Braga RJ, Reynolds GP, Siris SG. Anxiety comorbidity in schizophrenia. Psychiatry 
Res. (2013) 210:1–7. doi: 10.1016/J.PSYCHRES.2013.07.030

 4. Etchecopar-Etchart D, Korchia T, Loundou A, Llorca P-M, Auquier P, Lançon C, 
et al. Comorbid major depressive disorder in schizophrenia: a systematic review and 
Meta-analysis. Schizophr Bull. (2021) 47:298–308. doi: 10.1093/SCHBUL/SBAA153

 5. Arican I, Bass N, Neelam K, Wolfe K, McQuillin A, Giaroli G. Prevalence of 
attention deficit hyperactivity disorder symptoms in patients with schizophrenia. Acta 
Psychiatr Scand. (2018) 139:89–96. doi: 10.1111/ACPS.12948

 6. Crescenzo FD, Postorino V, Siracusano M, Riccioni A, Armando M, Curatolo P, 
et al. Autistic symptoms in schizophrenia Spectrum disorders: a systematic review and 
Meta-analysis. Front Psychiatry. (2019) 10:78. doi: 10.3389/FPSYT.2019.00078

 7. Romero C, Werme J, Jansen PR, Gelernter J, Stein MB, Levey D, et al. Exploring the 
genetic overlap between twelve psychiatric disorders. Nat Genet. (2022) 54:1795–802. 
doi: 10.1038/S41588-022-01245-2

 8. Sim K, Chua TH, Chan YH, Mahendran R, Chong SA. Psychiatric comorbidity in 
first episode schizophrenia: a 2 year, longitudinal outcome study. J Psychiatr Res. (2006) 
40:656–63. doi: 10.1016/J.JPSYCHIRES.2006.06.008

 9. Busch AB, Epstein AM, McGuire TG, Normand S-LT, Frank RG. Thirty-day 
hospital readmission for Medicaid enrollees with schizophrenia: the role of local health 
care systems. J Ment Health Policy Econ. (2015) 18:115–24.

 10. van Rooijen G, van Rooijen M, Maat A, Vermeulen JM, Meijer CJ, Ruhé HG, et al. 
Longitudinal evidence for a relation between depressive symptoms and quality of life in 
schizophrenia using structural equation modeling. Schizophr Res. (2019) 208:82–9. doi: 
10.1016/J.SCHRES.2019.04.011

 11. Cassidy RM, Yang F, Kapczinski F, Passos IC. Risk factors for suicidality in patients 
with schizophrenia: a systematic review, Meta-analysis, and Meta-regression of 96 
studies. Schizophr Bull. (2018) 44:787–97. doi: 10.1093/SCHBUL/SBX131

 12. Cunill R, Vives L, Pla M, Usall J, Castells X. Relationship between obsessive 
compulsive symptomatology and severity of psychotic symptoms in schizophrenia: Meta-
analysis and meta-regression analysis. Schizophrenia research: Elsevier (2023).

 13. Seow LSE, Ong C, Mahesh MV, Sagayadevan V, Shafie S, Chong SA, et al. A 
systematic review on comorbid post-traumatic stress disorder in schizophrenia. 
Schizophrenia research: Elsevier (2016).

 14. McGinty J, Upthegrove R. Depressive symptoms during first episode psychosis and 
functional outcome: a systematic review and Meta-analysis. Schizophr Res. (2020) 
218:14–27. doi: 10.1016/J.SCHRES.2019.12.011

 15. Andrianarisoa M, Boyer L, Godin O, Brunel L, Bulzacka E, Aouizerate B, et al. 
Childhood Trauma, Depression and Negative Symptoms Are Independently Associated 
with Impaired Quality of Life in Schizophrenia. Results from the National Face-Sz 
Cohort. Schizophr Res. (2017). 185:173–81. doi: 10.1016/j.schres.2016.12.021

 16. Large M, Mullin K, Gupta P, Harris A, Nielssen O. Systematic Meta-analysis of 
outcomes associated with psychosis and co-morbid substance use. Aust N Z J Psychiatry. 
(2014) 48:418–32. doi: 10.1177/0004867414525838

 17. Khokhar JY, Dwiel LL, Henricks AM, Doucette WT, Green AI. The link between 
schizophrenia and substance use disorder: a unifying hypothesis. Schizophr Res. (2017) 
194:78–85. doi: 10.1016/J.SCHRES.2017.04.016

 18. Koutsouleris N, Kambeitz-Ilankovic L, Ruhrmann S, Rosen M, Ruef A, Dwyer DB, 
et al. Prediction models of functional outcomes for individuals in the clinical high-risk state 
for psychosis or with recent-onset depression: A multimodal, multisite machine learning 
analysis. JAMA Psychiatry: American Medical Association (2018).

 19. Mothilal Ramaravind K, Sharma Amit, Tan Chenhao. (2020). “Explaining machine 
learning classifiers through diverse counterfactual explanations.” Proceedings of the 
2020 conference on fairness, accountability, and transparency.

 20. Kahn RS, Winter I, van Rossum S, Leucht PMG, Lewis SW, Leboyer M, et al. 
Amisulpride and olanzapine followed by open-label treatment with clozapine in first-
episode schizophrenia and schizophreniform disorder (OPTiMiSE): a three-phase switching 
study. The Lancet Psychiatry: Elsevier (2018).

 21. Andreasen NC, Carpenter WT, Kane JM, Lasser RA, Marder SR, Weinberger DR. 
Remission in schizophrenia: proposed criteria and rationale for consensus. Am J 
Psychiatry. (2005) 162:441–9. doi: 10.1176/APPI.AJP.162.3.441

 22. van Opstal DPJ, Kia SM, Jakob L, Somers M, Sommer IEC, Rossum I W-v, et al. 
Psychosis prognosis predictor: a continuous and uncertainty-aware prediction of 
treatment outcome in first-episode psychosis. medRxiv. (2023):2023–07. doi: 
10.1101/2023.07.05.23292252

 23. Prosperi M, Guo Y, Sperrin M, Koopman JS, Min JS, He X, et al. Causal Inference 
and Counterfactual Prediction in Machine Learning for Actionable Healthcare. Nat 
Mach Intell. (2020). 2:369–75. doi: 10.1038/s42256-020-0197-y

 24. Mann HB, Whitney DR. On a test of whether one of two random variables is 
stochastically larger than the other. Ann Math Stat Inst Math Stat. (1947) 18:50–60. doi: 
10.1214/AOMS/1177730491

 25. Nielsen F. (Editor). Hierarchical Clustering. In: Introduction to Hpc with Mpi for 
Data Science. Cham: Springer International Publishing. (2016). p. 195–211.

 26. Sim K, Chan YH, Chua TH, Mahendran R, Chong SA, McGorry P. Physical 
comorbidity, insight, quality of life and global functioning in first episode schizophrenia: 
a 24-month, longitudinal outcome study. Schizophr Res. (2006) 88:82–9. doi: 10.1016/J.
SCHRES.2006.07.004

 27. van Dee V, Schnack HG, Cahn W. Systematic Review and Meta-Analysis on 
Predictors of Prognosis in Patients with Schizophrenia Spectrum Disorders: An 
Overview of Current Evidence and a Call for Prospective Research and Open Access to 
Datasets. Schizophr Res. (2023) 254:133–42. doi: 10.1016/j.schres.2023.02.024

https://doi.org/10.3389/fpsyt.2023.1237490
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1237490/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1237490/full#supplementary-material
https://doi.org/10.1016/J.PSYCHRES.2013.05.013
https://doi.org/10.1016/J.PSYCHRES.2013.05.013
https://doi.org/10.1016/J.JAD.2020.01.141
https://doi.org/10.1016/J.JAD.2020.01.141
https://doi.org/10.1016/J.PSYCHRES.2013.07.030
https://doi.org/10.1093/SCHBUL/SBAA153
https://doi.org/10.1111/ACPS.12948
https://doi.org/10.3389/FPSYT.2019.00078
https://doi.org/10.1038/S41588-022-01245-2
https://doi.org/10.1016/J.JPSYCHIRES.2006.06.008
https://doi.org/10.1016/J.SCHRES.2019.04.011
https://doi.org/10.1093/SCHBUL/SBX131
https://doi.org/10.1016/J.SCHRES.2019.12.011
https://doi.org/10.1016/j.schres.2016.12.021
https://doi.org/10.1177/0004867414525838
https://doi.org/10.1016/J.SCHRES.2017.04.016
https://doi.org/10.1176/APPI.AJP.162.3.441
https://doi.org/10.1101/2023.07.05.23292252
https://doi.org/10.1038/s42256-020-0197-y
https://doi.org/10.1214/AOMS/1177730491
https://doi.org/10.1016/J.SCHRES.2006.07.004
https://doi.org/10.1016/J.SCHRES.2006.07.004
https://doi.org/10.1016/j.schres.2023.02.024


van Dee et al. 10.3389/fpsyt.2023.1237490

Frontiers in Psychiatry 11 frontiersin.org

 28. Verma D, Srivastava MK, Singh SK, Bhatia T, and Deshpande SN. Lifetime Suicide 
Intent, Executive Function and Insight in Schizophrenia and Schizoaffective Disorders. 
Schizophr Res (2016) 178: 12–6. doi: 10.1016/j.schres.2016.08.009

 29. Sher L, and Kahn RS. Suicide in Schizophrenia: An Educational Overview. 
Medicina (Kaunas). (2019) 55. doi: 10.3390/medicina55070361

 30. San L, Ciudad A, Alvarez E, Bobes J, Gilaberte I. Symptomatic Remission and 
Social/Vocational Functioning in Outpatients with Schizophrenia: Prevalence and 
Associations in a Cross-Sectional Study. European Psychiatry. (2007). 22:490–8. doi: 
10.1016/j.eurpsy.2007.06.005

 31. Ries RK, Russo J, Wingerson D, Snowden M, Comtois KA, Srebnik D, et al. 
Shorter Hospital Stays and More Rapid Improvement among Patients with 
Schizophrenia and Substance Disorders. Psychiatr Serv. (2000). 51:210–5. doi: 
10.1176/appi.ps.51.2.210

 32. Martinotti G, De Risio L, Vannini C, Schifano F, Pettorruso M, Di Giannantonio 
M. Substance-Related Exogenous Psychosis: A Postmodern Syndrome. CNS Spectr. 
(2021). 26:84–91. doi: 10.1017/s1092852920001479

 33. Mathias S, Lubman DI, Hides L. Substance-induced psychosis: a diagnostic 
conundrum. J Clin Psychiatry. (2008) 69:358–67. doi: 10.4088/JCP.v69n0304

 34. Murrie B, Lappin J, Large M, Sara G. Transition of substance-induced, brief, and 
atypical psychoses to schizophrenia: a systematic review and Meta-analysis. Schizophr 
Bull. (2020) 46:505–16. doi: 10.1093/SCHBUL/SBZ102

 35. Filipcic I, Simunovic Filipcic I, Ivezic E, Matic K, Tunjic Vukadinovic N, Vuk Pisk 
S, et al. Chronic physical illnesses in patients with schizophrenia Spectrum disorders are 
independently associated with higher rates of psychiatric Rehospitalization; a cross-
sectional study in Croatia. Eur Psychiatry. (2017) 43:73–80. doi: 10.1016/J.
EURPSY.2017.02.484

https://doi.org/10.3389/fpsyt.2023.1237490
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1016/j.schres.2016.08.009
https://doi.org/10.3390/medicina55070361
https://doi.org/10.1016/j.eurpsy.2007.06.005
https://doi.org/10.1176/appi.ps.51.2.210
https://doi.org/10.1017/s1092852920001479
https://doi.org/10.4088/JCP.v69n0304
https://doi.org/10.1093/SCHBUL/SBZ102
https://doi.org/10.1016/J.EURPSY.2017.02.484
https://doi.org/10.1016/J.EURPSY.2017.02.484

	Revealing the impact of psychiatric comorbidities on treatment outcome in early psychosis using counterfactual model explanation
	1. Introduction
	2. Materials and methods
	2.1. OPTiMiSE dataset
	2.2. Analysis pipeline
	2.2.1. Step 1: training the classifier and making predictions in actual scenarios
	2.2.2. Steps 2–4: prediction in counterfactual scenarios and model explanation

	3. Results
	3.1. Including comorbidities: same prediction performance, but a better balance between sensitivity and specificity
	3.2. Negative associations between comorbidities and remission at group level
	3.3. Comorbidity effects are heterogeneous but clustered at the individual level

	4. Discussion
	4.1. Strengths and limitations
	4.2. Meaning of the results

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

