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Supplemental Methods

Data-analyses
Within-individual design was applied by using a stratified Cox model where each individual forms his/her own stratum. Within each stratum, time was resetted after each outcome event. Time-varying exposure was modelled as exposed to antipsychotics or not exposed to antipsychotics. After resetting, time periods from the same individual were used in comparisons in the same way as different individuals are compared in a traditional Cox model (see main text). The results of these analyses are described in Supplementary Figure 1 and 2. The within-individual analyses utilized here are described in more detail elsewhere.1
Sensitivity analyses
As sensitivity analyses, first the risk of initial development of SUD was analyzed by censoring the first 30 days of exposure time from the beginning of each exposure period as this may represent a time period of sub-optimal pharmacological effect, thus correcting for protopathic bias. Second, the risk of first SUD was also analyzed by excluding persons with disorganized/hebephrenic schizophrenia (ICD-10 code F20.1) ever during the follow-up, because those patients may sometimes be too ill to acquire substances of abuse or develop SUD, but are often treated with clozapine, which might have resulted in clozapine seeming more favorable than the other treatment regimens. Third, the analyses on the risk of initial development of SUD was restricted to persons ever using olanzapine (N=7755 in the Finnish cohort and N=3718 in the Swedish cohort) and head-to-head analyses were conducted with olanzapine use as the reference. Head-to-head analyses aim to inform about the risk in reference to most commonly prescribed antipsychotic, allowing between-drug comparisons.
Supplemental Discussion
A previous study highlights that patients receiving LAIs, both with and without SUD comorbidity, experience less treatment failures and longer time to treatment failure than patients using oral antipsychotics2. Furthermore, first-episode patients with comorbid SUDs treated with LAIs experience fewer relapses than those treated with oral counterparts, even though they carried worse prognostic factors, such as history of homelessness3. This may be due to patients with schz-SUD having lower adherence towards antipsychotic medications4,5 and LAIs improving adherence. Thus, the reduced risk of hospitalization during use of LAIs observed in this study is mostly in line with previous literature. However, meta-analyses of randomized clinical trials in patients with schizophrenia have failed to observe a beneficial effect of LAIs over their oral counterparts6, although more recent studies with first episode patients have shown robust effects in favor of LAIs7,8. Also, previous studies have shown clozapine to be superior to other oral agents in patients with sch-SUD9–11. This may be due to clozapine’s effect on reducing craving12,13.
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SFigure 1. Flowchart of group compositions and project outline.
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SFigure 2. Description of within-individual design where each individual act as his/her own control.
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SFigure 3. Development of SUDs in individuals without SUDs shown as Kaplan-Meier survival curves. Finnish cohort on the left, Swedish on the right. Total cohorts on the upper row and stratified by sex on the lower row. 
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SFigure 4. Risk of developing an initial SUD (among those without SUD) associated with antipsychotic use, between-individuals model in head-to-head comparison to olanzapine users (restricted to cohort ever using olanzapine). A) Finnish cohort N=7755, B) Swedish cohort N=3718. Exposures significant after Benjamini-Hochberg False Discovery Rate correction for multiple comparisons with a 0.05 threshold are bolded. HR= hazard ratio adjusted for covariates.
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SFigure 5. Risk of developing an initial SUD (among those without SUD) associated with antipsychotic use with censoring 30 days from beginning of each exposure, between-individuals model (first sensitivity analysis). A) Finnish cohort, B) Swedish cohort. Exposures significant after Benjamini-Hochberg False Discovery Rate correction for multiple comparisons with a 0.05 threshold are bolded. HR= hazard ratio adjusted for covariates.
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SFigure 6. Risk of first SUD (among those without SUD) associated with antipsychotic use, excluding patients with a diagnosis of disorganized/hebephrenic schizophrenia, between-individuals model (second sensitivity analysis). A) Finnish cohort, B) Swedish cohort. Exposures significant after Benjamini-Hochberg False Discovery Rate correction for multiple comparisons with a 0.05 threshold are bolded. HR= hazard ratio adjusted for covariates.
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SFigure 7. Risks of first SUD (among those without SUD) associated with use of specific antipsychotics, between-individuals model stratified by calendar years. A) Finnish cohort, stratified by 1996-2006 and 2007-2017, B) Swedish cohort, stratified by 2006-2011 and 2012-2016. HR= hazard ratio adjusted for covariates. For the Swedish cohort, HR for aripiprazole could not be calculated due to sparsity of data.
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	STable 1. Events and person-years cumulated in the analyses for risk of development of initial SUD in those without SUD, risk of psychiatric hospitalization in those with SUD and risk of SUD hospitalization in those with SUD according to specific antipsychotics. AP=antipsychotic; SUD=substance use disorder, LAI=long-acting injectable antipsychotic.

	
	Finnish cohort
	
	Swedish cohort
	

	
	    Users
	    Events
	          Person-years
	   Users
	    Events
	          Person-years

	Risk of development of initial SUD in those without SUD
	
	

	   No antipsychotic
	17915
	733
	76351
	7372
	293
	17820

	   Clozapine
	7271
	149
	57704
	1913
	35
	9323

	   Olanzapine
	7755
	272
	38302
	3718
	107
	11719

	   Quetiapine
	4508
	137
	11271
	1655
	48
	2817

	   Risperidone
	5598
	132
	16886
	2281
	67
	6090

	   Aripiprazole
	1923
	23
	3538
	2352
	50
	4842

	   AP Polytherapy
	19274
	826
	130044
	7201
	243
	24166

	   Other oral AP
	9862
	272
	32775
	2937
	80
	6853

	   Any LAI
	5004
	166
	20072
	2857
	81
	7668

	Risk of psychiatric hospitalization in those with SUD
	
	
	

	   No antipsychotic
	6490
	7512
	21560
	3442
	4810
	7386

	   Clozapine
	2296
	3996
	11832
	709
	736
	2310

	   Olanzapine
	2576
	2400
	7613
	1592
	1028
	3060

	   Quetiapine
	2051
	1321
	4196
	878
	465
	1116

	   Risperidone
	1493
	981
	2796
	771
	450
	1440

	   Aripiprazole
	687
	307
	779
	838
	500
	1177

	   AP Polytherapy
	6300
	16367
	32176
	3286
	6625
	11213

	   Other oral AP
	2747
	2045
	5312
	1396
	990
	1955

	   Any LAI
	1847
	1631
	4357
	1616
	1597
	3172

	Risk of hospitalization due to SUD, in those with SUD
	
	

	   No antipsychotic
	6157
	5258
	21411
	3421
	3858
	7241

	   Clozapine
	2309
	1064
	12203
	714
	166
	2313

	   Olanzapine
	2598
	1429
	7711
	1595
	793
	3054

	   Quetiapine
	2068
	934
	4222
	881
	351
	1119

	   Risperidone
	1506
	613
	2800
	771
	260
	1439

	   Aripiprazole
	696
	147
	780
	842
	211
	1180

	   AP Polytherapy
	6306
	6553
	33204
	3286
	2661
	11294

	   Other oral AP
	2766
	1345
	5336
	1402
	637
	1961

	   Any LAI
	1865
	913
	4407
	1619
	919
	3175

	aThe rest of initial SUDs (N=143 for Finnish cohort and N=39 for Swedish cohort) happened during hospital care and could not be analyzed for outpatient drug exposures. 




SFigure 8. Correlation of effectiveness of antipsychotic treatments (i.e. of adjusted hazard ratios, aHRs) in reducing risk for hospitalization due to SUD in patients with schizophrenia and comorbid SUD between the Finnish and Swedish cohorts, Pearson’s r=0.71, p=0.049, N=8 antipsychotics. The linear regression curve is depicted with a red line and the 95% confidence interval area for the curve with dark grey. X-axis: aHRs in Finland. Y-axis: aHRs in Sweden.
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