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Abstract

A high proportion of those with schizophrenia experience treatment non-response, placing them 

at higher risk for mortality and suicide attempts, compared to treatment responders. The clinical, 

social, and economic burden of treatment-resistant schizophrenia (TRS) are substantial. Previous 

genomic and epidemiological studies of TRS were often limited by sample size or lack of 

comprehensive genomic data. We aimed to systematically understand the clinical, demographic, 

and genomic correlates of TRS using epidemiological and genetic epidemiological modelling 

in a Swedish national population sample (n = 24,706) and then in a subgroup with common 

variant genetic risk scores, rare copy-number variant burden, and rare exonic burden (n = 4936). 

Population-based analyses identified increasing schizophrenia family history to be significantly 

associated with TRS (highest quartile of familial burden vs. lowest: adjusted odds ratio (aOR): 

1.31, P = 4.8 × 10−8). In males, a decrease of premorbid IQ of one standard deviation was 

significantly associated with greater risk of TRS (minimal aOR: 0.94, P = 0.002). In a subset of 

cases with extensive genomic data, we found no significant association between the genetic risk 

scores of four psychiatric disorders and two cognitive traits with TRS (schizophrenia genetic risk 

score: aOR = 1.07, P = 0.067). The association between copy number variant and rare variant 
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burden measures and TRS did not reach the pre-defined statistical significance threshold (all P ≥ 

0.005). In conclusion, direct measures of genomic risk were not associated with TRS; however, 

premorbid IQ in males and schizophrenia family history were significantly correlated with TRS 

and points to new insights into the architecture of TRS.

Introduction

Antipsychotic medications are the mainstay of treatment for schizophrenia (SCZ). However, 

30–60% experience treatment non-response [1] and are at high risk for a multitude of poor 

outcomes, including higher rates of mortality [2]. Suicide attempts are markedly higher 

in persons with treatment-resistant schizophrenia (TRS) compared to treatment-responsive 

SCZ (27% vs. 15%) [3]. The costs associated with TRS are 60x higher than the general 

population, and 10x higher than others with SCZ (mostly due to hospitalisations, 75 vs. 

5.3 days/year) [4]. A Danish national study of 8044 individuals with SCZ (21% with TRS) 

highlighted younger age, living in a rural area, and previous suicide attempts as correlates of 

TRS [3]. Clinical cohort studies (all with fewer than 100 SCZ cases) have shown that those 

with TRS have more pronounced cognitive deficits than those who respond to antipsychotic 

therapy [5, 6]. The clinical, societal, and economic burdens of TRS are substantial.

TRS is defined as treatment failure despite appropriate dosing of two antipsychotic 

medications (from different chemical classes) for ≥ 4 or ≥ 6 weeks duration [7, 8]. 

Prescription of clozapine has also been used to identify TRS [2, 3] but, given that clozapine 

is underused in SCZ [9], this definition alone would not capture all individuals with TRS. 

Other investigators used “clozapine eligibility” (i.e., antipsychotic polypharmacy for ≥ 90 

days [3]) as a marker for TRS.

A genomic basis for treatment response in SCZ was postulated following evidence that 

SCZ cases with a family history of psychosis were more likely to have poor response to 

antipsychotics [10, 11]. To add precision, a number of TRS studies evaluated the predictive 

capacity of SCZ genetic risk scores (GRS) [12–15]. GRS captures the overall, genome-wide, 

common variant liability to SCZ [16]. The results have been mixed. Two studies found 

similar mean SCZ GRS in SCZ cases with and without TRS (227 TRS cases vs. 385 

non-TRS cases, P = 0.181 and 181 TRS cases vs. 681 non-TRS cases, adjusted hazard ratio 

= 1.13, 95% confidence interval = 0.95–1.35) [13, 14]. The two nominally positive studies 

used TRS surrogate measures: one study found higher mean SCZ GRS comparing those 

with (n = 434) and without (n = 370) a history of clozapine treatment (P = 0.02), and a 

study of first-episode psychosis found higher SCZ GRS in 179 treatment non-responders (n 
= 179) vs. 154 responders (OR = 1.91, P = 0.0034) [15]. A few studies have evaluated the 

impact of rare genetic variation on TRS. Increased numbers of rare copy-number variant 

(CNV) duplications have been associated with TRS (227 TRS cases vs. 385 non-TRS cases, 

P = 0.002) [13]. Rare, disruptive protein-coding variation has also been implicated in TRS: 

an excess of rare disruptive variants in antipsychotic gene targets was shown in 531 TRS 

cases (P = 0.0067) [17] and SCZ antipsychotic non-responders had an enrichment of rare, 

damaging variants in two synaptic gene sets (160 TRS cases vs. 156 SCZ antipsychotic 

responders, P = 0.001) [18].
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While these genomic studies indicate a potential role for common and rare genetic variation 

in TRS, existing studies were all small ( < 600 TRS cases). A complete evaluation of the 

impact of genetic risk on TRS should evaluate common variant GRS for SCZ but also using 

burden measures for CNV and rare variation within the same cohort. Finally, to the best of 

our knowledge, whether genetic scores for other psychiatric disorders or complex traits play 

a role in TRS has not been investigated.

Given the clinical importance of TRS, we sought to comprehensively understand the 

predictors and correlates of TRS. We applied a novel design whereby we conducted 

comprehensive epidemiological and genetic epidemiological modelling of TRS in a Swedish 

national frame (n = 24,706 SCZ cases) and then explored TRS in a subgroup with 

comprehensive genotyping, including common variant genetic risk scores, rare CNV burden, 

and rare exonic burden (n = 4 936 SCZ cases). This approach combines the strength of 

comprehensive national registers with directly assessed genomic assays.

Methods

Study design and population

For the first step involving a population-based cohort, the source population was SCZ cases 

born in Sweden, and alive and aged 18–64 years on 1 July, 2005 [19], coinciding with 

the start of the Swedish National Prescribed Drug Register [20] (n = 24,706). Participants 

were followed from this baseline until whichever came first: emigration, death, or end 

of the register data period (31 December, 2013). Register data on the population-based 

Swedish SCZ cases was available up to 2013. The use of the population-based cohort was 

approved by the Regional Ethics Board of Stockholm. No informed consent is required for 

register-based studies using anonymized data.

For the second step, we used a sample of the Sweden Schizophrenia Study (S3) [21] of 4936 

SCZ cases, born in Sweden, with genomic data. Ethical permission for S3 was obtained 

from the Karolinska Institutet Ethical Review Committee in Stockholm, Sweden and all 

subjects provided written informed consent.

Data sources

For both study cohorts, we linked multiple Swedish National Registers (Supplementary Fig. 

S1) using the Swedish personal identity number, which is assigned at birth. The Sweden 

National Patient Register [22] provided admission dates and diagnoses for inpatient and 

outpatient psychiatric specialist treatment. The Swedish National Prescribed Drug Register 

[20] provided all redeemed prescriptions in outpatient care. The Multi-Generation Register 

[23] contains information on first-degree relatives. Year 9 grades, defined as the average 

grade point earned by the individuals at the end of school year 9 (around age 16), 

were extracted from the National School Registry (since 1988). The Military Conscription 

Register provided premorbid intelligence quotient (IQ) scores for males at around age 18 

years old between 1967 and 2010. The Cause of Death Register [24] provided date of death.
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Definitions of TRS

We employed two definitions for TRS: Definition 1 was defined as any of those in the study 

who redeemed a clozapine prescription between 1 July, 2005–31 December, 2013 [3]. Those 

meeting Definition 1 were compared to those not meeting Definition 1 (i.e., SCZ who did 

not redeem clozapine). Definition 2 was defined as those meeting either Definition 1 or 

having received antipsychotic polypharmacy (i.e., ≥2 antipsychotics) simultaneously for ≥ 

90 days between 1 July, 2005–31 December, 2013 [3]. Those meeting Definition 2 were 

compared to those not meeting Definition 2 (i.e., SCZ who did not redeem clozapine nor 

antipsychotic polypharmacy for ≥90 days). These definitions have been used extensively 

before [2, 3, 12–14]. A recent validation study reported using multiple TRS definitions was 

necessary to increase the probability of correctly classifying all true TRS cases [25].

Clinical and demographic factors associated with TRS

The following factors were investigated for an association with TRS: sex, age, number 

of psychiatric treatment contacts (inpatient or outpatient contacts from 1 July, 2005 to 31 

December, 2013), comorbid psychiatric disorders (Supplementary Table S1 for International 

Classification of Diseases (ICD) codes), educational attainment (number of education years 

standardised to birth year and sex), year 9 grades (standardised to year of testing and 

sex), and premorbid IQ in males around age 18 years (standardised to testing year). The 

weeks of antipsychotic drug use (Supplementary Table S2 for drug names) was reported: 

adequate antipsychotic dose, clozapine use, and polypharmacy ( ≥2 concurrent antipsychotic 

prescriptions). Antipsychotic drug use was also reported by type of antipsychotic (oral and 

injectable).

We generated a quantitative family history score of SCZ, as previously described [26]. 

Briefly, we summarised the SCZ family history in first-degree relatives (parents, siblings, or 

children) for each index case accounting for family size and the age and sex distributions 

of the relatives of the index case. The SCZ family history score can be interpreted as the 

deviation from the expected family history in standard deviation units. Further details are 

provided in the Supplementary Information.

Genetic risk scores (GRS), common variant burden

We included SCZ GRS because those with a family history of psychosis were more likely 

to have poor response to antipsychotics [10, 11]. Additionally, we selected GRS of bipolar 

disorder, major depressive disorder, and autism spectrum disorder because of significant 

genetic correlations with SCZ [27–29]. Intelligence GRS was included because of its 

negative genetic correlation with SCZ [30] and IQ is an important SCZ clinical feature [31, 

32]. Educational attainment has a mixed genetic correlation with SCZ [33, 34]. We obtained 

genome-wide association study results for SCZ [28], major depressive disorder [35], bipolar 

disorder [36], and autism spectrum disorder [37] from the Psychiatric Genomics Consortium 

(PGC) and elsewhere for educational attainment [38] and IQ [39] to create training sets. 

Swedish samples are part of many of these studies and we used a training set that excluded 

Swedish samples.
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Rare copy-number variant burden

Full details of CNV processing are provided elsewhere [40], and summarised in the 

Supplementary Information. CNV burden is reported as the total burden and then separately 

for duplications and deletions for the following: (1) CNV size (in kilobases, kb), (2) total 

number, (3) number located in brain-expressed genes, and (4) number identified from a 

CLOZUK study [41], where the sample consisted of TRS cases recruited in the United 

Kingdom and Wellcome Trust Case Control Consortium 2 controls.

Rare exonic burden

Whole-exome sequencing details were reported previously [42, 43] and summarised in the 

Supplementary Information. We computed the number of ultra-rare damaging and disruptive 

variants (ddURVs) and were never observed in the Exome Aggregation Consortium [44]. A 

small number of outliers were removed [42], leaving 4 618 SCZ cases with whole-exome 

data.

Statistical analyses

For the national cohort, we generated three multivariable logistic regression models to 

test the association between candidate predictors and TRS. Model 1 included candidate 

predictors in association with TRS (n = 23,066 with full data). Model 2 (Year 9 grades; 

n = 3989) and model 3 (Premorbid IQ; n = 8238 males) were assessed separately due to 

less available data and were Z-score standardised to year of testing (both) and sex (year 9 

grades only). We ran separate models for Models 2 and 3: minimally adjusted (including 

only the exposure) and a fully adjusted model (including all relevant predictors from Model 

1: psychiatric treatment contacts, psychiatric comorbidities, antipsychotic usage, education 

years, and SCZ family history score).

For the genomic subset, we used multivariable logistic regression to test the association 

between genomic predictors and TRS, using either TRS definition. Separate models were 

evaluated and each included the first five-ancestry principal components: (1) common 

genetic burden scores included six GRS; (2) rare CNV burden: (i) all CNVs, (ii) 

duplications-only, or (iii) deletions-only; and (3) rare exome burden included the total count 

of ddURVs, count of highly conserved damaging or disruptive variants, and the count of 

synonymous variants (as a technical covariate).

All analyses were performed using R (version 3.4.1) and R-Studio (version 1.0.143). 

Odds ratios (OR) and 95% confidence intervals (95% CI) are reported. Following recent 

recommendations [45], and due to the number of tests performed, the significance level was 

P < 0.005. All statistical tests were two-sided. For further methods, see the Supplementary 

Information.

Results

For the population-based cohort study, 24,706 SCZ cases born in Sweden and 18–64 years 

of age at the start of the Drug Register were followed from study baseline (1 July, 2005) 
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until emigration, death or end of follow-up. In the genomic subset, 4936 Swedish SCZ cases 

provided a sample and had register data up to 31 December, 2014.

Population-based analyses

Twenty-four thousand seven-hundred and six individuals fulfilled criteria for inclusion in 

the population-based cohort analyses, of whom 21,561 (87.2%) were followed to the end 

of the study (3029 [12.3%] cases died and 116 [0.5%] cases emigrated). Individuals were 

followed for a median of 8.5 years, with 4813 (19.5%) SCZ cases meeting TRS Definition 

1 (clozapine treatment) and 13,779 (55.8%) SCZ cases meeting TRS Definition 2 (clozapine 

or polypharmacy, Table 1). Cases who met either TRS definition differed from those with 

SCZ not meeting the TRS definitions were proportionally more often male, younger, and 

had more treatment contacts and suicide attempts.

Multivariable logistic regression analyses for the population cohort included 23,066 

individuals (Fig. 1 and Supplementary Table S3, Model 1), with the following factors being 

statistically significantly associated with increasing risk of TRS, using either TRS definition: 

male sex, younger age, and increased number of inpatient contacts. Those defined by 

Definition 1 (clozapine) had significantly increased risk of TRS with an increasing number 

of oral antipsychotic products (OR: 1.29, 95% CI: 1.25–1.32, P < 2 × 10−16), and decreased 

risk with increasing number of injectable antipsychotics (OR: 0.77, 95% CI: 0.73–0.80, P 
< 2 × 10−16). There is the potential for reverse causality, given more oral and injectable 

antipsychotics are part of most clinical treatment regimens for TRS. Individuals meeting 

TRS Definition 2 (clozapine or polypharmacy) had significantly increased risk for suicide 

attempts (OR: 1.34, 95% CI: 1.20–1.47, P = 2.5 × 10−7). A one standard deviation decrease 

in educational attainment was significantly associated with increased risk of TRS by both 

definitions. Those with a higher SCZ family history score had significantly increased risk for 

TRS, by either TRS definition (TRS definition 2: highest quartile of SCZ familial burden vs. 

lowest: adjusted odds ratio: 1.31, 95% CI: 1.19–1.42, P = 4.8 × 10−8).

In Model 2 for the population-based analyses, we assessed year 9 grades in 3989 SCZ cases 

(Fig. 2a and Supplementary Table S3) and found no significant association between year 

9 grades and risk of TRS, either minimally or full adjusted and by either TRS definition. 

Finally, model 3 assessed 8238 males with available conscription data and found a one 

standard deviation decrease in premorbid IQ was significantly associated with TRS risk 

(TRS Definition 2: 0.94, 95% CI: 0.90–0.98, P = 0.002, Fig. 2b and Supplementary Table 

S3). However, there was less certainty regarding this effect, upon adjusting for confounders, 

which also reduced the number of individuals included in the model (n = 8217, OR: 0.95, 

95% CI: 0.91–1.00, P = 0.050).

Genomic analyses

Four-thousand nine-hundred thirty-six individuals with SCZ were included in this study 

aim (Supplementary Table S4), and 4170 individuals (84.5%) were followed to the end 

of the study as 766 patients died (15.5%) during the follow-up period. One-thousand two-

hundred sixty-one (25.5%) patients met TRS definition 1 (clozapine), and 2997 (60.7%) met 

definition 2 (clozapine or polypharmacy). Reassuringly, similar differences in the clinical 
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and demographic characteristics of TRS cases with genomic data were observed compared 

to those from the national cohort.

We performed multivariable logistic regression analyses in the Swedish genomic subset to 

test the association between a comprehensive catalogue of genomic factors and TRS. We 

assessed GRS of four psychiatric disorders (SCZ, BIP, MDD, ASD) and two cognitive 

traits (IQ and educational attainment). However, no GRS reached our stringent significance 

threshold (P ≤ 0.005) as a correlate of TRS (Fig. 3a and Supplementary Table S5). We 

assessed the association between TRS and CNV burden measures, including a composite 

measure of all CNVs and stratified by duplications or deletions individually, however, none 

reached the statistical significance threshold (all P ≥ 0.1, Fig. 3b and Supplementary Table 

S5). When assessing the rare variant burden measures, those meeting the TRS 2 definition 

tended to have more highly conserved disruptive rare variants but this was not statistically 

significant (OR: 1.17, 95% CI: 1.04–1.32, P = 0.019, Fig. 3c and Supplementary Table 

S5). All other rare variant burden measures, including damaging or disruptive URVs, were 

not significantly associated with TRS. We performed a separate logistic regression model 

testing the association between sextiles of all six GRS and TRS, with adjustment for the first 

five principal components (Supplementary Fig. S2) but no sextile of GRS was significantly 

associated with TRS (all P ≥ 0.005).

Discussion

We report the results of a combined population-based register study and genomic study 

examining the link between various clinical, demographic, and genomic correlates and TRS 

utilising two samples from Sweden: 24,706 Swedish SCZ cases with register data and 4936 

Swedish SCZ cases with genomic data. Using population register data, we found that higher 

SCZ family history score was significantly associated with an increased risk of TRS. In 

the subset of TRS male cases with available military conscription data containing a direct 

measurement of premorbid intelligence, we identified lower premorbid IQ was significantly 

associated with increased risk of TRS compared to non-TRS. These findings have not been 

previously associated with TRS using a large, population-based cohort of this size. We 

additionally replicated known factors associated with TRS, including male sex [4], increased 

inpatient and outpatient specialist treatment contacts [4], increased suicide attempts [3], and 

decreased educational attainment [3].

Low IQ predicts poorer functional outcomes in SCZ [31, 32, 46], and may be related to 

the cognitive reserve hypothesis [47]. Individuals with SCZ and higher cognitive reserve 

(or intellectual functioning) might be better able to cope with psychotic symptoms because 

of either superior reasoning or by inhibiting abnormal neural processes associated with 

psychosis [47]. In a subset of 8238 males with SCZ, we found that those with TRS had 

significantly lower premorbid-IQ compared to non-TRS cases. Small studies of cognitive 

functioning in TRS have demonstrated that those with TRS perform significantly worse 

on cognitive tasks, compared to non-TRS cases [5, 6]. Our finding of lower premorbid IQ 

in TRS compared to non-TRS cases could be important in efforts to design novel drug 

treatments improving cognition.
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A striking finding was that genomic measures that have been significantly associated with 

increased risk for SCZ were not associated with TRS. These included genomic measures 

of SCZ, bipolar disorder, autism spectrum disorder, major depressive disorder, IQ, and 

educational attainment, which have all been associated with SCZ [27–30, 33, 34]. This is 

notable given the large size of our sample and as previous genomic studies of TRS included 

< 600 TRS cases and evaluated a single-genomic burden measure (i.e., only common or 

only rare variation). However, even by significantly increasing the sample size and a full 

complement of common (GRS) and rare (CNV and whole-exome sequencing) genomic 

burden measures, we did not find any significant associations with TRS.

Intriguingly, although direct measures of genomic risk were not significant, SCZ family 

history was significantly associated with TRS. Family history captures the shared 

environmental and genetic risks and family history scores provide a more nuanced 

quantitative measure instead of the traditional presence/absence [26]. Family history is a 

well-established risk factor for SCZ [48], and has also been investigated in regards to TRS. 

Family history investigations of TRS have included < 200 TRS cases but have demonstrated 

that a SCZ family history predicted likelihood of non-recovery in 150 SCZ cases (OR = 

2.2) [49]. A family history of psychosis also predicted unfavourable antipsychotic response 

in 165 SCZ non-responders compared to 188 responders (OR = 8.9, P = 0.003) [10], with 

attenuated findings following adjustment for covariates from a separate cohort of 186 SCZ 

cases (OR = 2.83, 95% CI = 1.36–5.91; P = 0.005) [11]. A Danish study of 8044 SCZ 

individuals (1703 TRS), which is the only other large, population-based assessment of TRS, 

showed a similar effect size to our study for a binary SCZ family history measure but was 

not significant (Hazard ratio = 1.03, 95% CI = 0.91–1.17) [3]. Instead of a dichotomised 

assessment of SCZ family history, we employed a continuous SCZ family history score 

in the population-based cohort study, which was able to consider age and sex, and allows 

for discrimination across the full spectrum of family histories in participants [50]. The 

implication of a significant association for SCZ family history score and TRS, but not 

SCZ GRS or other genomic measures, could imply that a shared environmental risk for 

TRS requires further exploration. The lack of a significant association in previous studies 

investigating genomic measures and TRS have often cited sample size as the culprit (N 
< 600 TRS cases). However, we increased the TRS case sample size two-to fivefold and 

did not find a significant association. The reasons for this are not entirely clear but the 

possibility to generate a TRS-specific GRS, using only SCZ and no healthy controls, may 

prove helpful.

A major strength of this study was the combination of a large population-based cohort and a 

subset with comprehensive genomic data, all from one country. We used multiple definitions 

of TRS to attempt to capture all TRS cases. Clozapine is under-prescribed or might not 

be a valid treatment option for many people; therefore, using only clozapine prescription 

would not capture all TRS cases. The employment of multiple definitions of TRS was 

recently reported to be necessary for correctly identifying TRS in register-based studies [25]. 

The lack of SCZ clinical scores [7], which should ideally be included in the identification 

of TRS, is a limitation of this study, as these scores were not available in the registers. 

Medication non-compliance can contribute to TRS [51]; however, compliance could not 

be assessed given that there is no objective means of assessing actual drug consumption 
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(e.g., medication serum levels or pill counts) in the Swedish National Drug Register, and 

points to a future research objective. Drugs dispensed during hospital visits are not captured 

by the Swedish National Drug Register [20], and thus the number of antipsychotics may 

be underestimated, meaning a possibly biased TRS definition. However, these reasons 

provide additional rationale for using multiple TRS definitions to increase the confidence 

in adequately capturing TRS. The TRS definitions in our population-based cohort resulted in 

~20–50% of our study meeting the TRS criteria, in line with past research [1, 3].

Conclusions

We sought to comprehensively understand the predictors and correlates of treatment-

resistant schizophrenia within a Swedish national population sample and within a subgroup 

with comprehensive genotyping. Our study indicated that lower premorbid IQ in males 

and higher SCZ family history burden was associated with TRS, whereas no genomic 

factors were robustly associated with treatment resistance. Future studies incorporating a 

treatment-resistant SCZ-specific GRS may be important.

Code availability

Custom written R scripts used for statistical analyses can be provided upon request.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Multivariable logistic regression analyses of clinical and demographic factors associated 

with treatment-resistant schizophrenia within a Swedish National population-based sample 

(n = 23,066). The outcome is either treatment-resistant schizophrenia Definition 1 

(clozapine) or Definition 2 (clozapine or polypharmacy). Results are presented as a single 

multivariable logistic regression model including all covariates listed and age, major 

depressive disorder, and substance use disorder. Odds ratios and 95% confidence intervals 

(CI) are reported. All factors are significantly associated with increased risk of treatment-

resistance in schizophrenia (P ≤ 0.005), apart from suicide attempts with treatment-resistant 

schizophrenia Definition 1. This figure visualises the content of Supplementary Table S3 

(Model 1)
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Fig. 2. 
Multivariable logistic regression analyses of cognitive measures associated with treatment-

resistant schizophrenia within a Swedish National population-based sample. Model 2 

includes the exposure year 9 grades (minimal adjustment n = 3989, full adjustment n = 

3960) and model 3 includes premorbid IQ in males (minimal adjustment n = 8238, full 

adjustment n = 8217). Minimal adjustment includes only the exposure of interest, whereas 

full adjustment includes all relevant clinical and demographic predictors (Psychiatric 

treatment contacts, psychiatric comorbidities, antipsychotic usage, education years, and SCZ 

family history score). The outcome is either treatment-resistant schizophrenia Definition 1 

(clozapine) or Definition 2 (clozapine or polypharmacy). Odds ratios and 95% confidence 

intervals (CI) are reported. This figure visualises the content of Supplementary Table S3 

(Models 2 and 3)
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Fig. 3. 
Multivariable logistic regression analyses using a genetic scores, b copy number variant 

measures (CNV), and c exome burden measures in association with treatment-resistant in 

schizophrenia (n = 4936). Panel a includes all six genetic risk scores (GRS): schizophrenia 

(SCZ), bipolar disorder (BIP), major depressive disorder (MDD), autism spectrum disorder 

(ASD), IQ, and educational attainment. Panel b includes three separate models of rare CNV 

measures: (1) by total number of CNVs, (2) total deletions, and (3) total duplications. Panel 

c includes three measures of ultra-rare variant (URVs) burden measures in one model. Each 

model is adjusted for the first five-ancestry principal components, with panel c additionally 

adjusted for the count of synonymous variants. Odds ratios and 95% confidence intervals 

(CI) are reported. No factors were significantly associated with treatment-resistance in 

schizophrenia (P > 0.005). This figure visualises the content of Supplementary Table S5
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