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1 Introduction 
Schizophrenia is a severe mental disorder that has been shown to be highly heritable, and 

caused by both environmental and genetic factors.1 While findings of genetic associations 

in schizophrenia are rather new, several environmental risk factors, such as male sex and 

urbanicity, are well established.2,3 

Treatment-resistant schizophrenia (TRS) is considered to affect approximately one third of 

all individuals with schizophrenia, and is generally defined as insufficient treatment 

response to at least two first-line antipsychotics. TRS is a heavy burden for society because 

of high costs of medication and hospital services and for the individual whose life quality 

is seriously compromised.4 Consequently, TRS constitutes a significant public health 

concern. 

Clozapine – the first atypical antipsychotic developed in 19585 – is considered the gold 

standard treatment recommended in TRS.3 The current Danish and international 

treatment guidelines recommend that clozapine is considered after at least two different 

antipsychotic trials have failed.6,7 Still, clozapine is considered to be under-prescribed in 

most countries, or its initiation is postponed, mainly due to the fear of severe side 

effects.8,9 In pharmacoepidemiological research on individuals with TRS, considerable 

research has been devoted to the use of clozapine treatment.10-14 Conversely, there has 

been limited focus on the inclusion of individuals eligible for clozapine. The postponement 

and under-prescription of clozapine, together with the growth of newer antipsychotics on 

the market, likely result in the prescription of several other antipsychotics or antipsychotic 

polypharmacy as alternatives to clozapine, even though this is not recommended in 

TRS.15-17 Finally, a longer duration of untreated psychosis (DUP) has consistently been 

shown to worsen prognosis in schizophrenia.18,19 Taken together, identification of TRS as 

early as possible after illness onset is important, in order to optimize treatment in 

schizophrenia.  

Predictors of TRS have not been studied as extensively as risk factors for schizophrenia. 

While some factors such as age of onset, male sex, and previous hospitalization has 

previously been identified to be associated with clozapine use, several other 

sociodemographic and clinical factors remain to be investigated. Identifying predictors of 

TRS could help identifying who will eventually require clozapine, and thereby improve 

prognosis for individuals suffering from TRS. It should be mentioned, though, that 

approximately 50% do not even respond sufficiently to clozapine20 Predictors of so-called 

‘extreme treatment-resistance’ are likewise important to identify, but this is outside the 

scope of this thesis. We hypothesize that risk factors for schizophrenia can serve as 

predictors for TRS in combination with factors known to be or thought to be associated 

with TRS. Urbanicity and the polygenic risk score for schizophrenia (PGRS-SZ) have been 
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shown to be clearly associated with schizophrenia,2,21 but they have rarely or not been 

studied in association with TRS. 

Outcomes such as death and suicidal behaviour have been studied in association with 

clozapine treatment in patients with schizophrenia.22-26 Overall, studies have 

demonstrated a lower rate of death and suicidal behaviour among individuals treated 

with clozapine compared to individuals treated with other or no antipsychotics. However, 

there is no evidence of an association between clozapine and mortality and/or self-harm 

among individuals with TRS, when clozapine-treated individuals are compared with 

individuals eligible for clozapine. Only one previous study have studied mortality and 

self-harm in association with clozapine treatment, restricting the study cohort to 

individuals with TRS, and found no significant evidence of a protective effect of clozapine 

compared with other antipsychotics used in TRS.27 

The possibility of linking population-based registers with prospectively collected 

information over a long period of time forms a good basis for prognosis research, which 

refers to the investigation of future outcomes among people with a given baseline health 

state in order to improve health. Outcomes may be specific events, such as death or 

complications, or they may be quantities, such as disease progression or quality of life.28 

Prognosis research can be divided into four inter-related themes as was done in the 

PROGnosis RESearch Strategy (PROGRESS) framework (www.progress-partnership.org): 

1. Fundamental prognosis research, 2. Prognostic factor research, 3. Prognostic model 

research, and 4. Stratified medicine research. All four steps are important building stones 

on the long pathway from overall prognosis research towards stratified medicine research 

with the potential for implementation in clinical practice. Fundamental prognosis research 

refers to “understanding future outcomes in relation to current diagnostic and treatment 

practices”.29 Prognostic factor research refers to “identifying factors associated with 

subsequent clinical outcome in people with a particular disease or health condition”.30 The 

first two themes have potential use in themes 3 and 4. Prognostic model refers to “a formal 

combination of multiple predictors from which risks of a specific endpoint can be 

calculated for individual patients”,31 and stratified medicine refers to “the targeting of 

treatments (including pharmacological and non-pharmacological interventions) according 

to the biological or risk characteristics shared by subgroups of patients”.32 The studies of 

the present thesis focuses on the first two themes. 
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2 Hypotheses and aims 
The first hypothesis behind the present thesis is that sociodemographic and clinical factors 

can serve as candidate predictors for treatment resistance in schizophrenia. Particularly, it 

was hypothesized that known risk factors for schizophrenia might also predict TRS, 

which could help to elucidate whether TRS constitutes the more severe end of spectrum of 

schizophrenia or whether TRS could also be seen as a distinct subtype of schizophrenia, as 

has been hypothesized and suggested previously.33-36  

The second hypothesis behind this thesis is that clozapine treatment might prevent death 

and self-harm compared with other treatment strategies in TRS. 

The overall aims of the thesis were to study candidate predictors for treatment resistance 

in schizophrenia, and to study mortality and self-harm in association with clozapine use 

in TRS. Already identified candidate predictors for TRS as well as other 

sociodemographic, clinical, and genetic factors should be investigated, not only in 

association with clozapine initiation, but including individuals who are eligible for 

clozapine. 

This dissertation is based on four studies. Studies 1 – 3 aimed to identify 

sociodemographic, clinical, and genetic predictors of treatment resistance in cohorts of 

patients with schizophrenia, mainly within the framework of prognostic factors research. 

Whereas Study 1 investigated several factors simultaneously, Study 2 explored the 

association between urbanicity and TRS, and Study 3 investigated the association between 

the PGRS-SZ and TRS. Study 4 investigated the association between clozapine and 

mortality and self-harm in a cohort of individuals meeting criteria for TRS, comparing 

clozapine users with individuals eligible for clozapine. 
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3 Background 

3.1 Schizophrenia  

Schizophrenia is a complex and severe mental disorder with a life-time prevalence of 

approximately 0.5-1% in the general population.37,38 In the literature, the disorder may be 

traced back to 1899, when Kraepelin distinguished it as dementia praecox. The translation of 

his work decades later, Dementia Praecox and Paraphrenia, starts with the words:  

“Dementia praecox consists of a series of states, the common characteristic of which is a peculiar 

destruction of the internal connections of the psychic personality”39 

Eugen Bleuler introduced the term schizophrenia in 1908, and in his book, Dementia Praecox, 

translated and published in 1950, he wrote:  

“I call dementia praecox “schizophrenia” because (as I hope to demonstrate) the “splitting” of the 

different psychic functions is one of its most important characteristics. For the sake of convenience, 

I use the word in the singular although it is apparent that the group includes several diseases”40 

The most important difference between Bleuler’s and Kraepelin’s work is that Kraepelin 

described the disease as a chronic, merely deteriorating, disease, whereas Bleuler 

introduced the term schizophrenia, with a less pessimistic view of the disorder, 

demonstrating that many cases were, at least temporarily, in remission.41  

Symptoms and diagnostic classification 

The symptoms present in schizophrenia are often divided into positive and negative 

symptoms representing the core features in schizophrenia.1,6 Each patient has a unique 

combination of these symptoms and experiences. Positive symptoms describe features the 

individual ‘gains’, including hallucinations (perception in the absence of any stimulus). 

Negative symptoms describe features the individual ‘lacks’, including social withdrawal, 

lack of drive, reduction in spontaneous speech, and self-neglect. Moreover, cognitive 

dysfunction is also an important dimension often present in schizophrenia, representing 

cognitive impairment and episodes of depressive or elated mood.1  

Different diagnostic classifications have been used for diagnosing and subtyping 

schizophrenia over the years. The International Classification of Diseases (ICD) defined 

by the World Health Organization (WHO) with the 10th version (ICD-10) has been applied 

since 1994, and classifies schizophrenia (ICD-10 code F20) further into nine subcategories, 

with paranoid schizophrenia (F20.0) being the most frequently diagnosed subtype, 

characterized by paranoid delusions, often accompanied by hallucinations. Because 

subtypes usually overlap or change over the course of illness, the next version will likely 

omit the nine ‘old-fashioned’ subtypes and replace them by symptom specifiers.42 In 

parallel with the ICD system, the American Psychiatric Association (APA) developed the 
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so-called Diagnostic and Statistical Manual of Mental Disorders (DSM), with a current 

version (DSM-5) mainly focusing on symptoms rather than subtypes.43 However, the DSM 

is not used world-wide, and the challenge of harmonization of the ICD and DSM systems 

has been discussed.44  

It should also be noted that other psychiatric disorders have symptoms similar to those in 

schizophrenia, and psychiatric (and somatic) comorbidity is therefore very common in 

schizophrenia.1 

Antipsychotic treatment in schizophrenia 

The treatment of schizophrenia is compromised by a combination of psychological and 

psychosocial interventions as well as antipsychotic medication that should be offered to a 

patient with first-episode psychosis, recurrence of psychosis, or schizophrenia.6 This 

section concentrates exclusively on pharmacological treatment with antipsychotic 

medication (antipsychotic treatment) because it plays a central role in the treatment of 

schizophrenia and in relation to (antipsychotic) TRS. With available population-based 

information on antipsychotic prescriptions from the Danish registries, this is the main 

focus in the thesis. 

The first antipsychotic drugs were released for the treatment of psychosis in the early 

1950s,5 and since then antipsychotic treatment has been widely used in psychiatry to treat 

particularly positive symptoms in schizophrenia and psychosis. Other indications for 

antipsychotic treatment include manic phase of bipolar disorder and other severe illnesses 

such as severe depression with psychotic features. Antipsychotics are often divided into 

first- and second-generation antipsychotics, according to their temporal development and 

differences in their efficacy and risk profiles. Chlorpromazine – a first-generation 

antipsychotics (FGA) – was introduced in the early 1950s, whereas the development of the 

so-called second-generation antipsychotics (SGAs) started with the introduction of clozapine 

in 1958, and they were released for the treatment of schizophrenia in the 1990s. FGAs 

were formerly referred to as ‘typical antipsychotics’ or ‘conventional antipsychotics’, or 

‘neuroleptics’. Common side effects of FGAs include extrapyramidal side effects (EPS) 

(related to the blocking of the D2-dopamine receptor), sedation, weight gain, hypotension, 

tachycardia, dry mouth, etc. related to the blocking of three types of receptors: the 

histamine H1, adrenergic alpha1, and the muscarinic receptor.5 SGAs, formerly referred to 

as ‘atypical antipsychotics’ or ‘new-generation drugs’, are ‘atypical’ particularly in having 

a substantially lower risk of EPS than the FGAs, and may also be effective in reducing 

negative symptoms, particularly if these are secondary to EPS.45  
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Aetiology and risk factors 

The aetiology of schizophrenia has been studied extensively in the past century and has 

been shown to be complex and composite. A range of socio-economic factors as well as 

genetics are important, and several factors, observable at birth, during childhood and 

adolescence until first diagnosis with schizophrenia, have been established risk factors.  

Male sex is a well-known risk factor for schizophrenia with an estimated incidence risk 

ratio of approximately 1.4 (95% CI: 1.2-1.7) based on a meta-analyses of ‘high-quality’ 

selected studies.46 

Age is associated with the incidence of schizophrenia. While the mean age at first 

schizophrenia diagnosis is often reported to be higher among males than among females, 

studies have demonstrated a peak of the incidence of schizophrenia around age 20 for 

both males and females, with males having a higher incidence until age 40 and females 

having a higher incidence than males between age 50 and 70.47,48 These differences has 

been suggested to be explained by sex hormones and their relation to dopamine levels 3.  

Seasonality of birth relates to the schizophrenia incidence because children born in winter 

and spring have an increased risk for developing schizophrenia.49,50  

Cannabis use seems to be related to psychoses and schizophrenia onset, but the relation is 

debated. Even though the potential causal relationship has been doubted,51 a review 

claims that frequent cannabis use, especially at an early age, seems to be an important risk 

factor for developing schizophrenia.52 In Denmark the lifetime prevalence of substance 

abuse disorder was estimated to 37% in schizophrenia, with the most frequent substance 

use disorders being due to use of alcohol (28%) and cannabis (13%).53 

Paternal age has been proposed as a risk factor for schizophrenia because studies indicate 

that young paternal ages as well as old paternal ages are associated with increased risk.54 

Hypotheses have been that this association is caused by de novo mutations in paternal 

germ cells,55 selection into late fatherhood,56 or genetic risk factors shared by older fathers 

and their offspring.57 

Early parental loss has been shown to increase the risk of developing schizophrenia and 

other mental disorders.58 This is probably explained by stress because high cortisol levels 

have been detected in those who experience early parental loss.59  

The association between urbanicity (place of residence according to degree of urbanicity) 

and schizophrenia has been studied extensively, and urban birth and upbringing has 

consistently been demonstrated to be associated with an increased incidence of 

schizophrenia.60-67 A meta-analysis showed that the incidence of schizophrenia increases 

with rising levels of urbanicity, irrespective of the outcome (narrow schizophrenia or 

broad psychosis).2  
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Family history of schizophrenia has been found, through family and twin studies, to 

increase the risk of schizophrenia remarkably.68-70  

Genetics is known to play an important role in the aetiology of schizophrenia. 

Schizophrenia is polygenic as many single nucleotide polymorphisms (SNPs) have been 

shown to contribute with a small effect to the risk of schizophrenia.21 Moreover, 11 rare 

copy number variants (CSVs) have been identified to be associated with a relatively high 

risk of schizophrenia 1. Still, genetic studies do not explain the excess risk of schizophrenia 

in children of parents with a psychiatric disorder.70 

Other factors related to schizophrenia are criminal behaviour,71 and parental and personal 

socioeconomic status measured by factors such as employment status, education level, and 

marital status.72 For these factors the direction of causation is unclear because factors might 

not be risk factors per se but could also be consequences of the disease. Several other 

factors have been studied and demonstrated to be associated with the schizophrenia, 

including autoimmune diseases and severe infections,73 obstetric complications,74 and 

immigration or migration.75 

3.2 Treatment-resistant schizophrenia 

Treatment-resistant schizophrenia (TRS) refers to antipsychotic treatment resistance and is 

common among individuals with schizophrenia. It is estimated to affect around one third, 

and it is generally defined as not responding adequately to first-line antipsychotic 

treatment.76  

Other used terms for treatment resistance in schizophrenia include: ‘treatment-refractory 

schizophrenia’77,78 and ‘therapy-resistant schizophrenia’.79  

Back in the 1970s and 1980s treatment resistance was commonly considered similar to 

chronic hospitalization or so-called ‘Kraepelian schizophrenia’, whereas today, treatment 

resistance is generally defined as a lack of a clinically meaningful treatment response, 

evaluated based on the treatment history and changes in symptom scores.45  

Treatment resistance can in some cases be present at illness onset, and in other cases it 

develops over the course of the illness.79 However, treatment resistance can be difficult to 

detect, both in registry data and in clinical practice, and presentation with TRS is declared 

when an individual with schizophrenia is evaluated and meets the operational criteria for 

TRS, which are given below. 

Operational definitions of TRS 

Operational definitions of TRS have been developed in order to simplify clinical decision-

making. The definition of TRS is not unique and has changed over time, primarily due to 

the development of antipsychotic medication.  
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The first widely used definition of TRS was given by Kane and colleagues.80 They 

proposed that TRS was determined based on the fulfilment of the following three criteria: 

1. At least three antipsychotic trials (of at least 6 weeks’ duration) during the past 5 years. 

2. No periods of good functioning during the last 5 years. 3. At least scoring “moderately 

ill” on the Clinical Global Impressions Ratings (CGI) – scale and > 45 on the Brief 

Psychiatric Rating Scale (BPRS) – score. This criterion has been modified over the past 

decades.45,81-84 One change over time is the evaluation of treatment response from focusing 

on the persistence of positive symptoms to also considering the persistence of negative 

and cognitive symptoms.85 Another change is the number of failed antipsychotic 

treatment trials, which has changed from three to two over the past decades. An overview 

of different operational definitions of TRS can be found in Appendix 1.  

In epidemiological studies, clozapine initiation and use has been examined in several 

studies,10-14 whereas clozapine eligibility or TRS has been rarely investigated. Howes and 

colleagues used initiation of a third antipsychotic as eligibility criterion for clozapine 

initiation.17 This was, however, criticized because not all patients on a third antipsychotic 

will eventually require clozapine.86 

3.3 Clozapine, treatment guidelines, and treatment practice 

Clozapine 

Clozapine is the antipsychotic treatment considered to be the most effective, and it is 

recommended as the ‘gold standard’ treatment in TRS. Other indications for clozapine in 

severe mental illness include violent/aggressive behaviour, tardive dyskinesia, and 

persistent suicidal ideation or behaviour.45,87 

The identification of clozapine in 1958 was the beginning of a period that challenged the 

dogma of antipsychotics. Clozapine was found to be ‘atypical’ because it did not implicate 

the same range of EPS, particularly tardive dyskinesia, that were seen with the ‘typical’ 

antipsychotics, and thought as necessary for pharmacological activity.88 In 1974, 8 patients 

out of approximately 3000 patients in Finland who were taking clozapine in conjunction 

with other drugs died of agranulocytosis.89 Subsequently, clozapine was withdrawn from 

the market and clinical trials were suspended. However, beneficial effects of clozapine 

were observed in a number of patients, and in 1988, Kane and colleagues published a 

study demonstrating the efficacy of clozapine for patients not responding to first-line 

antipsychotics. This study had major influence on subsequent research and clinical 

decision-making,80 and in 1990, the Food and Drug Administration (FDA) approved 

clozapine (Clozaril®, Leponex®) for TRS, and it was reintroduced in many other 

countries. Clozapine has antagonist activity at many receptors, including Dopamine (D1, 

D2, …, D5), serotonin (5-HT1A, 5-HT2A, 5-HT2C), alpha1- and alpha2-adrenergic, 

muscarinic (M4), and histamine (H1) receptors.87 
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Efficacy of clozapine, typically evaluated on the basis of disease symptoms, has been 

demonstrated in several studies over the past decades. Clozapine was found to be unique 

in treating positive symptoms in individuals not responding to FGAs (or even other 

SGAs) and also treating negative symptoms.5,90 Its effect on cognitive symptoms has been 

reviewed by McGurk, stating that clozapine was the first antipsychotic to demonstrate an 

ability to improve cognitive functioning.91 A meta-analysis of multiple treatments by 

Leucht and colleagues demonstrated superiority of clozapine regarding efficacy measured 

by overall change in symptoms of schizophrenia, although effect sizes were small.92 Re-

challenging clozapine’s status as the gold standard, a recent network meta-analysis by 

Samara and colleagues suggested that clozapine might not be superior to all SGAs 

regarding efficacy.93 Still, clozapine is considered the only treatment indicated in TRS and 

is still referred to as the gold standard.45,83 

Safety of clozapine is measured by side effects including common adverse events such as 

sedation, weight gain, and hypersalivation caused by blocking of histamine H1 and 

muscarinic receptors.5,45,92 The uncommon – but severe – side effect is agranulocytosis, 

estimated to affect 0.5-1% of individuals using clozapine.3,94 Because of the risk of severe 

side effects, particularly agranulocytosis, clozapine is not recommended as the first-choice 

antipsychotic treatment, and regular therapeutic blood monitoring is mandatory when 

patients are treated with clozapine. In accordance with Danish treatment guidelines, 

blood monitoring is required weekly during the first 18 weeks after clozapine initiation 

and monthly thereafter until 4 weeks after discontinuation (summary of product 

characteristics (SPC) for Clozaril®, www.promedicin.dk).  

Antipsychotic treatment guidelines 

Reflecting the development of antipsychotic treatment, definitions of TRS, and the 

growing evidence base for efficacy and safety of SGAs, and in particular clozapine, 

antipsychotic treatment guidelines have changed over time and across (and within) 

countries. Generally, clozapine is recommended to be considered after insufficient 

response at least to two or three different antipsychotic trials.  

For example, in a Danish clinical treatment guideline from 1998,95 clozapine was 

recommended after insufficient response to three different antipsychotic trials, reflecting 

the definition of TRS by Kane in 1988.80 Current national and international guidelines 

recommend clozapine initiation after at least two different antipsychotic trials,6,7 in line 

with the modified Kane criteria, suggested in more recent years.45,81,83 An overview of 

selected Danish and international antipsychotic treatment guidelines are given in 

Appendix 2.  

As mentioned, the prevalence of TRS is generally reported to be one third of all 

individuals with schizophrenia, but this depends on the definition used, and other 

estimates of the prevalence range from 10% to 60%.79 A study from the US conducted in 
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the early 1990s estimated the prevalence of the eligibility for clozapine to be as low as 

13%, applying the criteria proposed by Kane, and as high as 43%, applying less strict 

criteria.96  

Note, that eligibility for clozapine should imply TRS, except for clozapine prescribed due 

to other indications in severe mental illness such as violence or high risk of suicide. TRS 

implies eligibility for clozapine if there are no contraindications for treatment with 

clozapine. In the present dissertation, clozapine eligibility is used as a term for meeting 

operational criteria for TRS.  

Antipsychotic treatment practice  

In clinical practice, it is often difficult to adhere completely to treatment guidelines. 

Patients with schizophrenia likely have a complex history of disease and medication, as 

well as comorbidity with other mental disorders and medical conditions. Smoking and 

substance abuse occur commonly in patients with schizophrenia. Taken together, this 

complicates the treatment with antipsychotics in schizophrenia. The patient’s and/or their 

relatives’ attitudes to medication also play a major role. Last, but not least, the clinician’s 

attitude to antipsychotic medication, particularly clozapine and antipsychotic 

polypharmacy, has a great impact on the actual treatment prescribed and the adherence to 

the medication.16,17 According to NICE treatment guidelines, the clinician should together 

with the patient choose the medication, taking into account the views of the carer if the 

patient agrees. Information and discussion of likely benefits and potential side effects of 

the drugs should be provided.6 In practice, the individual course of antipsychotic 

treatment is complex, and a single antipsychotic is often not sufficient. This results in 

prescription of several different antipsychotics, sequentially or concurrently. Though, 

antipsychotic polypharmacy is generally not recommended, because there is no clear 

evidence that this should be more efficacious despite the higher combined dose of 

medication.16 

Studies have suggested that treatment practice is not in concordance with clinical 

guidelines. Recent literature estimates indicate that clozapine is only prescribed for about 

10-15% of patients with schizophrenia, with huge geographical variations, depending on 

country and setting.9 In New Zealand, the prevalence of prescriptions rose from 21% in 

year 2000 to 33% in year 2004 after developing guidelines for clozapine use.97 Within the 

US, the prevalence of clozapine use in individuals with schizophrenia ranged from 2% to 

16% across the states in 2006 to 2009,98 and in some parts of China the prevalence has been 

reported to be as high as 60%.99 In Denmark, the prevalence was estimated to be 10% in 

2009, with variations across hospitals.12 Compared with the estimated proportion of TRS 

of approximately 30%, clozapine is considered to be underused, mostly explained by the 

fear of severe side effects and the inconvenience of mandatory regular blood monitoring.8 
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One study concluded that clozapine initiation was delayed, with other antipsychotics 

used instead and with over a third of patients having received antipsychotic 

polypharmacy, and over a third receiving antipsychotic doses above the licenced 

maximum dose. However, whereas the median total number of treatment episodes before 

clozapine was estimated to 5, the median total number of adequate treatment episodes of 

different antipsychotics before clozapine was estimated to two.17 A Danish study 

demonstrated that the delay of clozapine was more pronounced for patients first 

diagnosed with schizophrenia in 2007 compared with 1996, and with a higher use of 

antipsychotic polypharmacy in later cohorts, suggested to be a consequence of the 

introduction of several SGAs in the 1990s.12,15  

Even though clozapine should, at least in Denmark, be prescribed by specialized doctors 

in psychiatry, a Danish report illustrates that general practitioners prescribe the first 

clozapine prescription for approximately 15% of patients.100 A proportion of these could, 

though, have initiated clozapine as hospital treatment. 

Factors associated with TRS 

This section provides an overview of the literature on factors associated with TRS, broadly 

defined as clozapine initiation or use, or other outcome measures closely related to 

insufficient response to first-line antipsychotic treatment. Even though these outcome 

measures differ from the commonly accepted definition of TRS, identified risk factors or 

predictors for such outcomes related to insufficient treatment response, could also be 

candidate predictors for TRS. 

Patient-related factors 

Age at onset is one of the most well-established predictors, with younger age at first 

schizophrenia diagnosis found to be associated with clozapine initiation10, clozapine 

use,11,12 and a higher risk of no recovery.101 

Male sex was in several studies found to be associated with clozapine, with clozapine 

more often being prescribed for men than for women.10,11,102 In a Danish study, male sex 

was not found to be associated with clozapine use.12 

Urbanicity as a candidate predictor for TRS has not been studied as much as it has been for 

schizophrenia incidence. However, in a Danish study, it was found that patients treated at 

university hospitals were less likely to have clozapine prescribed than patients treated in 

municipality hospitals12 and several studies report a substantial geographical variation in 

clozapine prescribing.9,11,12,102  

Ethnicity has been found to be associated with clozapine initiation, with the Caucasian 

race being associated with higher rates of clozapine initiation compared with Hispanics or 

other racial groups.10 



13 

 

Risk factors for schizophrenia (page 7) may also relate to the course of treatment and serve as 

candidate predictors for treatment responses after illness manifestation.103 The mechanism 

behind this association could be a result of clozapine initiation serving as a proxy for the 

severity of the disease or a particular subtype. In other words, we assume that these risk 

factors define a subtype of schizophrenia eligible for clozapine treatment.  

Disease-related factors 

Inpatient treatment setting was associated with clozapine initiation.10 

Substance abuse has been shown to be associated with a significantly lower odds of 

initiating clozapine.10 

Comorbid psychiatric disorders have been suggested as predictors for TRS, in particular 

major depressive disorder,103 and a significant proportion of patients receiving clozapine 

have been demonstrated to have comorbid psychiatric disorders.13  

Symptomatic factors, such as impaired positive, negative, and cognitive symptoms have 

been suggested to be associated with poor response to antipsychotics.103 Hebephrenic and 

catatonic subtypes showed a significantly higher percentage of clozapine users compared 

to non-users in a cross-sectional study.12  

Treatment-related factors 

Duration of untreated psychosis has consistently been found to be associated with TRS in 

several reviews and meta-analyses.18,19,104  

Non-adherence to antipsychotic medication is possibly one of the strongest predictors for 

treatment resistance.103 It is most often intentional and estimated to affect around half of 

patients taking oral antipsychotic medication.105 Non-adherence complicates 

observational, pharmacoepidemiological studies because it complicates the treatment 

course, and there is no clear information on treatment non-adherence in the registries. It is 

therefore hard to distinguish between treatment non-response and treatment non-

adherence. Also, the insufficient treatment response could result in non-adherence, which 

in turn worsens the treatment response.  

Genetics 

The interest in identifying genetic biomarkers for TRS is growing. Because we know that 

many genes play a role in schizophrenia, with a derived polygenic risk score (PGRS) 

being associated with schizophrenia,21 it is hypothesized that the polygenic risk score for 

schizophrenia (PGRS-SZ) is also associated with treatment resistance or treatment with 

clozapine. This has been investigated in a few studies, but evidence of an association is 

not convincing,14,106 Still, studies have linked family history of psychosis to insufficient 

response to antipsychotics, suggesting a genetic influence in the development of TRS.107,108  
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Other factors associated with TRS 

Other factors such as physical comorbidity, smoking, BMI, and age have been found to 

characterize patients initiating on different atypical antipsychotics.109 Other patients-

related factors (such as lack of social network, negative attitude towards medication, and 

cultural background), illness-related factors (such as structural brain abnormalities and 

childhood-onset schizophrenia), and treatment-related factors (such as incorrect choice, 

dose and duration of psychotropic treatment, and extrapyramidal motor symptoms) have 

also been suggested to be associated with TRS.103  

Outcomes in TRS and clozapine users 

Several outcome measures have been used to evaluate prognosis in schizophrenia and 

TRS. It is well established that individuals with TRS suffer from persistent symptoms that 

result in poor health outcomes and high costs. A comprehensive meta-analysis reviewed 

the societal and economic burden of TRS. Costs were estimated to be 3- to 11-fold higher 

for patients with TRS compared with those with general schizophrenia, in particular due 

to hospitalizations. Moreover, life quality was found to be significantly reduced in 

patients with TRS.4   

Early Mortality in schizophrenia is significantly higher than in the general population, 

with an excess in early mortality.110 It has been demonstrated that mortality, particularly 

suicide, is significantly lower in clozapine users.22-24 However, this has not been clearly 

investigated in a cohort of individuals meeting the criteria for TRS, and so far only one 

study has done this.27 More studies are needed to further explore the association between 

clozapine use and mortality and self-harm in TRS. 

Suicidal behaviour is common in schizophrenia, with 40-60% of all patients attempting 

suicide.26 In a meta-analysis, the median proportion of suicide ideation in TRS was 

estimated to as high as 70%,4 and the proportion of patients with suicidal behaviour has 

been demonstrated to be reduced in clozapine users.25,26,111 A meta-analysis found a 

significantly decreased risk of suicide associated with long-term clozapine use, but noted 

that research was sparse and inconsistent.112 

Other outcomes include re-hospitalization as a proxy for relapse, symptom outcomes, 

adverse drug effects, somatic comorbidities (such as diabetes and heart diseases), 

psychiatric comorbidity (particularly depression), and work status, and are often studied 

in relation to antipsychotic medication or other treatment interventions.41  

 

  



15 

 

4 Operational aims of the thesis 

Specific study aims: 

1. To identify candidate predictors of treatment resistance in schizophrenia (Study 1) 

2. To explore the association between urbanicity and treatment resistance in 

schizophrenia (Study 2) 

3. To investigate the association between the polygenic risk score for schizophrenia 

and treatment resistance in schizophrenia (Study 3) 

4. To compare mortality (and self-harm) in clozapine users and eligible non-

clozapine users among individuals with TRS (Study 4) 

These aims were addressed by population-based cohort studies using Danish registry 

data. As a working aim, a pharmacoepidemiological proxy for TRS including clozapine 

treatment as well as other indicators for clozapine eligibility was defined, based on 

definitions according to the literature, treatment guidelines, and clinical practice. 
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5 Methods 

5.1 Data sources 

All studies described in this dissertation used Danish population-based registers. The 

registers were accessed via a server on Statistics Denmark and linked by the Danish 

unique personal identification number, after approval from Statistics Denmark, the 

Danish Health and Medicines authority, and the Danish Data Protection Agency. In the 

following, a brief description of the registers used in the studies is given.  

The Danish Civil Registration System (CRS), established in 1968, includes information on the 

personal identification number, date of birth, sex, and continuously updated information 

on vital status for all residents in Denmark. Since 1971 information on residence from 

birth and onwards has been available in the CRS. It also contains information on the 

personal identification numbers of the parents, which enables linkage between parental 

information and the individual.113 

The Danish Psychiatric Central Research Register (PCRR), established in 1969, contains dates 

on all admissions and discharges from a Danish psychiatric department. All registered 

diagnoses are classified according to the ICD-8 and ICD-10 assigned to each contact, i.e. 

outpatient contact or discharge of inpatient contact. Outpatient data (psychiatric 

ambulatory care and emergency room contacts) have been available since 1995.114  

The Danish National Patient Register (NPR) holds information on all dates and diagnoses 

concerning inpatient medical hospital contacts in Denmark since 1977 and outpatient 

since 1995. Diagnoses were classified according to ICD-8 and ICD-10.115  

The Danish National Prescription Registry (DNPR) was established in 1995 and contains 

individual-level information on all drug prescriptions redeemed at a Danish pharmacy 

since 1995.116 Among other variables it contains data on date of redemption, the 

Anatomical Therapeutic Chemical (ATC) classification code,117 the number of packages, 

and defined daily dose (DDD).  

The integrated Database for Longitudinal Labour Market Research (IDA) is managed by 

Statistics Denmark and has been updated annually since 1980 and contains socioeconomic 

information including employment status and education level.118,119 

The National Criminal Registry (CR) was established in 1979 and contains information on 

previous convictions for violent offences.120 

The Danish Newborn Screening Biobank (DSN-Biobank) stores died blood spots of nearly all 

born in Denmark since 1 May 1981. From the blood spot samples, stored at -20°C, DNA 

can be extracted and used for research.121 
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The Danish Register of Causes of Death (DRCD) has been computerized since 1970 and 

contains information on dates and underlying causes of death, relying on the correctness 

of the diagnoses (ICD-10 since 1994), notified by physicians.122  

5.2 Study designs and cohorts 

All four studies were designed as population-based cohort studies, which are considered to 

be the best designs to answer prognostic questions.28 The studies focus on the first and 

second themes of the PROGRESS framework. Fundamental prognosis research relates to the 

description and explanation of treatment resistance (endpoint) in individuals with a 

diagnosis of schizophrenia (start point or baseline). Prognostic factor research relates to the 

study of sociodemographic and clinical factors obtained at first diagnosis of schizophrenia 

and their association with subsequent observed treatment resistance. These baseline 

factors have been generally termed candidate prognostic factors, markers, or predictors, 

where the last term – candidate predictors – will be used in this dissertation.  

Note, that whereas the model in Study 1 examines all candidate predictors jointly 

(prognostic modelling approach), Studies 2 and 3 investigated the association between a 

single baseline factor (exposure) and TRS, adjusting for a selected set of potential 

confounders (aetiological approach). The designs of the studies are presented in Figure 1.  

 

 

Figure 1 Timelines illustrating the study designs of the four studies. Overall criteria for study cohort, 

candidate predictors, and outcomes are shown over time since first presentation. t (SZ) denotes time since first 

schizophrenia diagnosis (Studies 1–3), and t (TRS) denotes time since TRS (Study 4). 
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Study 4 differs in design because it includes a time-varying treatment exposure to 

estimate the acute effect of the treatment compared with alternative treatment strategies 

in TRS – a pharmacoepidemiological design commonly referred to as comparative 

effectiveness research. For all studies, the cohort, baseline candidate predictors (or 

exposure of interest), and a future outcome of interest were specified a priori, based on 

the literature, clinical knowledge, and according to their availability in the Danish 

registries.  

The cohorts defined in the four studies are outlined in Table 1. An incident diagnosis of 

schizophrenia was identified as the first of any primary, secondary, or supplementary 

diagnosis, with information from the PCRR established in 1969, by ICD-10 code F20, and 

no previous recorded diagnosis of schizophrenia (ICD-8 codes 295.x9, excl. 295.79, and 

ICD-10 code F20). Individuals born before 1955 were not included in any of the studies, 

ensuring that all individuals had full information about all psychiatric contacts back to 

age 14 and the possibility of linkage of parental information. 

 

Table 1 Cohort description for Studies 1-4. 

Study Data sources Inclusion criteria 

 

Observation period Study size 

1  CRS, PCRR, 

NPR, DNPR, 

IDA, CR 

Born in Denmark after 1 Jan 1955 

Age ≥ 18 

First SZ diagnosis 1 Jan 1996 – 31 Dec 2006 

No clozapine before first SZ diagnosis 

1 Jan 1996 – 31 Dec 2010 8624 

2  CRS, PCRR, 

NPR, DNPR, 

IDA 

Born in Denmark after 1 Jan 1955 

Age ≥ 18 

First SZ diagnosis 1 Jan 1996 – 1 June 2013 

No clozapine before first SZ diagnosis 

 1 Jan 1996 – 1 June 2013 12,349 

3  CRS, PCRR, 

DNPR,  

DSN-Biobank  

Born in Denmark after May 1, 1981 

First SZ diagnosis 1 Jan 1996 – 31 Dec 2006 

 

1 Jan 1996 – 31 Dec 2010 862 

4  CRS, PCRR, 

NPR, DNPR, 

IDA, DRCD 

Born in Denmark after Jan 1, 1955 

Age ≥ 18 

First SZ diagnosis 1 Jan 1996 – 1 June 2013 

Meet criteria for TRS  

1 Jan 1996 – 1 June 2013 2370 

 

The observation period started 1 January 1996 to ensure at least 1 year of history of 

medication for all individuals. The last date for identifying a diagnosis of schizophrenia as 

well as the last date of the observation period differed between the studies, depending on 

data availability in relation to the specific study.  

The study population was restricted by requiring fulfilment of the inclusion criteria listed 

in Table 1. Individuals were required to be born in Denmark to enable reliable 

identification of their first diagnosis of schizophrenia, including information on several 

sociodemographic, patient- and illness-related factors, as well as their family history. All 
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cohorts, except for the genetic sample, were restricted to adults (age ≥ 18 years), because 

clinical treatment algorithms were targeted adults. Another study has examined factors 

associated with clozapine in early-onset schizophrenia based on the Danish register 

data,123 i.e. age ≥ 18 years. A flow chart for study 1 can be found in the included Paper 1.124 

In the present studies, individual follow-up begins at first registered schizophrenia 

diagnosis, or time of meeting TRS criteria. The cohort design with varying follow-up, 

multiple time scales, and availability of some of the most important register data is 

illustrated by the Lexis diagram in Figure 2. 

 

 

Figure 2 Lexis diagram for representation of the relationship between the cohort and periods on different 

scales. Black lines illustrate examples of individual courses. The availability of the most essential registers is 

illustrated on the horizontal axis. Note that for studies 2 and 4 follow-up ended in calendar year 2013, 

whereas for studies 1 and 3 follow-up ended by calendar year 2010 (not illustrated by this figure). 

 

5.3 Outcomes, candidate predictors, and exposures 

This section includes a detailed description of the register-based TRS proxy definitions, 

including definition of antipsychotic treatment exposure periods used in the definition of 

TRS proxies (Studies 1 – 4) as well as for the time-dependent exposure (Study 4). For other 

outcomes, candidate predictors and exposure measures, a briefer overview is provided, 

accompanied by some classification codes in Appendix 3.  
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TRS proxy definitions 

Epidemiological decision rules to identify TRS based on population-based registers are 

key components of the present thesis. No direct information on treatment resistance was 

available, and no consensus exists on its definition based on register data. Thus, 

pharmacoepidemiological proxies for TRS were developed from information on 

antipsychotic prescriptions (ATC codes N05A, excluding lithium) and the corresponding 

dates of redemption from the DNPR. Note that information on medication during 

hospital admissions was not available in the registers. The definitions were defined based 

on Danish and international treatment guidelines and clinical treatment practice. 

In Study 1, the main TRS proxy was used, but a narrow (clozapine only) and a broad 

definition (TRS including polypharmacy) were additionally applied as proxies for TRS. 

The different criteria and proxy definitions are shown in Table 2, and a more detailed 

description is given in the following. 

 

Table 2 Register-based criteria indicating TRS, and proxy definitions used in the present studies. 

Criteria indicating TRS 

1 2 3 

Clozapine initiation Eligibility for clozapine 90-day polypharmacy 

The date on which the first 

clozapine prescription was 

redeemed at the pharmacy after 

first schizophrenia diagnosis. 

Psychiatric hospitalization with a 

schizophrenia diagnosis within 

18 months after having had at 

least two periods of at least 6 

weeks’ duration with different 

non-clozapine antipsychotic 

monotherapies. Periods are 

counted from one year before the 

first schizophrenia diagnosis. 

At least 90 days’ overlap of 

periods of two or more 

different antipsychotics. 

Periods are counted from the 

first schizophrenia diagnosis. 

TRS proxy definitions 

Clozapine only TRS main TRS including polypharmacy 

(1) (1) or (2) (1) or (2) or (3) 

Clozapine initiation Clozapine initiation or eligible 

for clozapine 

Clozapine initiation, 

eligible for clozapine, or 

90-day polypharmacy 
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Clozapine initiation was defined as the date of the first outpatient clozapine prescription 

redeemed from the pharmacy after the first diagnosis of schizophrenia. 

Eligibility for clozapine was defined as psychiatric hospitalization with a schizophrenia 

diagnosis within 18 months after having had at least two periods of at least 6 weeks’ 

duration with different non-clozapine antipsychotic monotherapies. The minimum of two 

different antipsychotics prescribed as monotherapies for a minimum duration of 6 weeks 

each was decided based on clinical treatment guidelines (Appendix 2). Psychiatric 

hospitalization due to schizophrenia (admission dates extracted from the PCRR) was used 

as a proxy measure for insufficient treatment response, as this is a key indicator for 

relapse in observational studies,125 and because clinical scores to assess insufficient 

treatment response were not available in the registers. The restriction of psychiatric 

hospital admission within 18 months was chosen according to similar maximum time 

windows to evaluate treatment (non-)response in previous studies.126,127 Furthermore, 

admission to psychiatric hospital was required to occur during continuous treatment with 

antipsychotics to increase the probability of the hospitalization being an indication for 

insufficient response to the antipsychotic treatment, rather than a consequence of non-

adherence to treatment. The periods of antipsychotic monotherapy was allowed to start 

within the year before first schizophrenia diagnosis to account for fact that approximately 

half of the cohort redeemed antipsychotics before their first recorded diagnosis of 

schizophrenia, as was observed in the registers.  

90-day antipsychotic polypharmacy was defined as two or more distinct types of 

antipsychotics, concurrently prescribed for a period of at least 90 days. Antipsychotic 

polypharmacy should indicate insufficient response to antipsychotic monotherapy, 

because treatment guidelines only recommended antipsychotic polypharmacy as a last 

option after clozapine has been considered. However, antipsychotic polypharmacy is also 

a very common treatment strategy before clozapine.16 The requirement of 90-day 

polypharmacy was chosen to exclude periods of concomitant antipsychotic use, e.g. 

during cross-titration due to switching between two antipsychotics. This period of at least 

90 days’ overlap to define polypharmacy has been suggested previously128, but long-term 

antipsychotic polypharmacy has also previously defined as 60 days’ overlap.129,130  

Examples of individual treatment courses meeting criteria (1), (2), and (3) are illustrated in 

Figure 3. For individuals meeting more than one criterion, the date of the first event is the 

date for occurrence of TRS, as defined Table 2. 

The main TRS proxy used in all four studies is defined as (1) or (2), whichever came first. 

Note that a schizophrenia diagnosis (ICD-10 code F20) is a requirement for meeting any of 

the three criteria for TRS. The narrow proxy definition was only based on the criteria of 

clozapine initiation, whereas the broad TRS proxy definition was based on all three 

criteria, whichever came first (Table 2).  
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Figure 3 Illustration of individual courses of antipsychotic treatment including TRS criteria (1), (2), and (3). 

The symbols represent dates of antipsychotic prescription redemptions and date of psychiatric admission, 

available from the Danish registries. The example has been simplified to only include two different types of 

antipsychotics (drug A and drug B) as well as clozapine. 

 

Defining individual treatment exposure periods 

Individual treatment exposure periods with a particular antipsychotic were defined from 

information on prescriptions available from the DNPR. Because no information on 

consumed and prescribed dose was available, dates of redemption and ATC codes were 

used to define approximate duration of a single prescription, and thereby duration of a 

treatment period. 

The duration of a single antipsychotic prescription was estimated – within individuals and 

within drug type defined by ATC code – as the median time interval between dates of 

redemption, as has been proposed by others.131 To avoid extremely large estimated values, 

when the number of redemptions was less than four, or when the median time interval 

exceeded the total DDD for packages redeemed at the particular day by at least 100 days, 

the estimate was based on the median time interval between redemption dates for the 

entire cohort. Based on all antipsychotic medication redeemed in the entire cohort, the 

median time interval between redemption dates was 34 days. For comparison, the median 

number of DDDs was approximately 33 days. When restricting to clozapine treatment, the 

median time interval was 35 and the median number of DDDs was 33 days. The estimates 

varied substantially across drug type, particular for estimates based on the DDD, e.g. for 
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chlorprothixene (median number of DDDs = 9, median distance = 35), and olanzapine 

(median number of DDDs = 56, median distance = 32). When the estimated prescription 

duration was allocated to the single prescription redemptions, subsequent prescriptions 

will either overlap or be separated by a period of time (gap), as illustrated in Figure 3. 

The duration of an antipsychotic treatment exposure period, i.e. consecutive drug use of any or 

one specific antipsychotic, was estimated using decision rules and terminology in 

accordance with previous pharmacoepidemiological research.132,133 The term period was 

use instead of episode to avoid confusion with the term episode used in relation to 

psychosis. An overlap refers to the time interval from redemption of a new prescription to 

the end date of the prior prescription. The gap length refers to the time interval between 

the estimated end date of a prescription to the subsequent redemption date for a drug of 

the same type. The grace period refers to the maximum allowed gap, which was set to 100% 

times the estimated prescription duration, according to previous research.130,132 The 

resulting grace period was equal to 32 days based on the entire cohort. This period length 

has been proposed in a validation study of an antipsychotic polypharmacy measure.128 If a 

prescription was redeemed within the grace period, it was considered to belong to the 

same treatment period. If not, the prescription defined the start of a new treatment period.  

Based on the estimated prescription duration and grace period for individual 

prescriptions of a particular drug type, the duration of an antipsychotic treatment period 

was defined as the interval ranging from the redemption date of the first prescription to 

the date of the last prescription redemption in the treatment period plus the estimated 

duration of the last concurrent prescription (Figure 3). Only treatment periods consisting 

of at least two subsequent redemptions were considered as an actual treatment period. 

Mortality and self-harm 

In Study 4, we assessed different but related outcomes: all-cause mortality, cause-specific 

mortality, and self-harm. A clear distinction should be made between the two outcomes, 

because they have a very distinct aetiology. Nevertheless, these outcomes have been 

examined in parallel in previous research.134 

All-cause mortality was defined as death by any cause including all individuals with a date 

of death registered in the CRS.  

Cause-specific mortality was defined in three categories based on their primary recorded 

cause of death registered in the DRCD: Suicide (death caused by intentional self-harm), 

death from diseases and medical conditions (“natural” deaths), and death from other 

external causes (“unnatural” deaths, excluding suicide). These categories were used in a 

previous study.135 Further information can be found in Appendix 3. Information on dates 

and causes of death from the DRCD was only available until 31 December 2011, and 
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individual follow-up was thus censored at this date when cause-specific mortality was 

analyzed.  

Self-harm was defined as the first registered episode of self-harm after meeting TRS 

criteria. Self-harm cannot be clearly defined using Danish registry data. The outcome used 

in the present study is similar to outcomes used in previous studies with different 

terminologies: suicide attempts,136 deliberate self-harm,137 and probable deliberate self-

harm.138 This categorization includes both self-harm with probable suicidal intention, e.g. 

poisoning with medication, and self-harm probably without any suicidal attention, e.g. 

cutting,139 where some cases are difficult to distinguish from the registered information on 

diagnoses, e.g. severe injuries from cutting. Further information can be found in 

Appendix 3. 

Candidate predictors and exposures 

This section gives a brief overview of candidate predictors and exposures included in the 

models of each of the four studies. Other adjustment factors included in the models are 

described in section 5.4 and in the specific papers. Diagnostic classification codes can be 

found in Appendix 3. 

Candidate predictors (Study 1) 

Factors known to be associated with schizophrenia or TRS as well as disease-related and 

treatment-related factors chosen a priori were included in the model as candidate baseline 

predictors of TRS. Baseline factors contain information on the status at baseline or the last 

registered status. A more detailed description of the variables can be found in the papers.  

Patient-related factors were sex, age, family history of schizophrenia, season of birth, 

paternal age, early parental loss, living alone, previous conviction for violent offence, 

education level, employment status, and urbanicity at first diagnosis of schizophrenia. 

Disease-related factors were number of bed days at psychiatric hospital in previous year, 

admission to psychiatric hospital, paranoid subtype, and previous comorbid psychiatric 

diagnoses: schizoaffective disorder, other schizophrenia spectrum disorders, depression, 

substance abuse, personality disorder, suicide attempts (same definition as for the 

outcome, self-harm, in Study 4) before the first diagnosis of schizophrenia. 

Treatment-related factors were psychotropic medication redeemed in year before first 

diagnosis of schizophrenia: antipsychotics, antidepressants, and benzodiazepines. 

Exposure: Urbanicity (Study 2) 

Urbanicity refers to the degree of urbanicity, defined on the basis of both geographical 

locations of residence and city sizes in municipalities in a gross classification. This 

measure served as a proxy for urbanization or population density, and on the individual 
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level this corresponds to the degree of average population density in different areas. With 

continuously updated information on residence from the CRS, categorizations similar to 

those used in previous studies were applied.61,64,66 For the main analysis, a three-level 

categorization was used: capital area, provincial areas, and rural areas. To evaluate the 

robustness of results, a five-level categorization was additionally applied: capital, suburbs 

to the capital, provincial city, provincial town, and rural areas. Urbanicity was assessed at 

first diagnosis of schizophrenia as well as at various time points from birth to first 

schizophrenia diagnosis; age 0, 2, 4, …, 18 and in every year 5 years before first 

schizophrenia diagnosis. In the case of missing information, the last registered 

information of place of living was used.  

Exposure: Polygenic risk score (Study 3) 

The PGRS-SZ served as a proxy for genetic liability for schizophrenia or even as a proxy 

for genetic liability for TRS. The score was calculated for each individual based on SNPs 

identified from the Psychiatric Genomics Consortium (PGC) discovery sample for 

schizophrenia taken from the PGC Genome-wide Association Study (GWAS) meta-

analysis for schizophrenia.140 A more detailed description can be found in Paper 3 or in a 

previous study using the same sample.141 

Exposure: Clozapine and other antipsychotic treatment (Study 4) 

In study 4, clozapine exposure and treatment with other antipsychotics were defined by 

different classifications. The main approach was the ‘time-varying treatment exposure’ 

approach in which follow-up time was divided into mutually exclusive periods of 

clozapine treatment and no clozapine treatment, as well as extracting periods of no 

antipsychotic exposure into their own category, to enable comparison of clozapine 

exposure with current non-clozapine antipsychotic exposure. 

To study the influence of concomitant antipsychotic medication, past clozapine exposure, 

and the influence of the initial treatment on future outcomes, the following secondary 

exposure measures were defined: 

 1. The time-varying exposure was further classified into the following sub-categories: 

clozapine monotherapy (reference), clozapine with other antipsychotics, non-clozapine 

antipsychotic polypharmacy, non-clozapine antipsychotic monotherapy, and no 

antipsychotic exposure (Figure 4). 

2. The time-varying exposure was classified as past, no, and current clozapine exposure 

periods. 

3. An initial-treatment exposure was defined as a binary exposure indicating whether 

clozapine was redeemed at the defined time point of TRS or within a 3-month exposure 

window after meeting TRS criteria. Note, that an analysis based on the initial-treatment 
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exposure differs from the time-varying exposure, because the initial treatment is carried 

forward, disregarding any actual changes in treatment status. 

For secondary outcome (1) antipsychotic polypharmacy was here defined as overlap 

between treatment periods of different antipsychotics, regardless of duration of 

concomitant exposure to different antipsychotics. Artificial examples of mutually 

exclusive periods of treatment exposure status are illustrated in Figure 4. The horizontal 

bar number 1 represents an individual with continuous redemptions of clozapine as 

monotherapy, whereas the horizontal bar 4 represents an individual redeeming a 

different antipsychotic as monotherapy. The remaining horizontal bars represent 

individual courses of treatment over time with changing treatment status, including 

periods of no antipsychotic exposure. 

 

Figure 4 Artificial examples of individual treatment pathways divided into mutually exclusive antipsychotic 

treatment exposure periods in a time window of the follow-up period. 

 

5.4 Statistical methods and data analysis 

Longitudinal modelling using survival techniques has the advantage, as opposed to for 

example logistic regression, that it takes the time to event into account and allows for 

censoring. For the present studies, the Cox proportional hazards regression model (Cox 

PH model) was chosen. An alternative choice of model could have been the Poisson 

regression model, which may be considered an approximation to the Cox regression 

model. The Poisson model is, however, not quite as flexible, as it assumes piecewise 

constant rates over time. This section provides a brief overview of the Cox regression 

model, data analysis conducted for the four studies, including sensitivity analyses and 

methodological considerations. 
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The Cox regression model 

The Cox PH model is semiparametric in that it assumes a linear relation between 

covariates (regressors such as exposure and predictors), whereas no assumptions are 

made about the shape of the underlying hazard rate. The Cox PH model assumes that 

covariates act additively on the log-scale, i.e. multiplicatively on the hazard function.142 

The hazard function is defined as 

 ���|�� = ����� ∗ exp��� = ����� ∗ exp���� + ⋯ + ����  

 

Here � denotes time,  = ��, … , �� the vector of regression parameters, � = ���, … , ��� 

denotes the vector of covariates, and ����� denotes the non-parametric baseline hazard 

function. A specification of the model thus requires defining the time scale to use, for 

example age, time since start of follow-up, calendar time, etc. 

The hazard ratio (HR) for a binary covariate �� taking values 1 or 0, setting all other 

covariates to 0 or each covariate to identical values across levels of ��, is 

 
�� =

���|1�

���|0�
=  ��� ��  

 

The estimated HR is thus the estimated relative increase in rates for one level of exposure 

compared to a lower level of exposure if no alternative reference level has been specified, 

or the increase in the logarithm of the rates, � , for a one-unit increase in values of the 

covariate on the log scale.  

The Cox PH model assumes proportional hazards, i.e. for a particular covariate, the same 

effect on a relative scale is assumed over entire follow-up, or equivalently, the ratio of the 

hazard functions is constant with respect to time. 

Time-dependent covariates 

The Cox model can be extended to include time-dependent covariates. Assuming that we 

have a time-varying exposure ����� and no other covariates are included, the hazard rate 

at time � for those with exposure level ����� at time � can be written as 

 ���|������ = ����� ∗ exp �������  

 

A time-dependent covariate, �����, can be defined as the status at time �, but is often 

based on the history within a period of time up to time �. It is important to note that there 

is a risk of bias (so-called collider-stratification bias) where a time-dependent potential 

confounder might be affected by previous exposure.143,144  
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Censoring and competing risks 

In the present studies in which TRS is considered the outcome of interest, follow-up was 

censored at the first of the following events: last date of registered information 

(administrative censoring); emigration from Denmark (censoring due to loss-to follow-

up); and death (competing event that prevents the event of interest from happening, 

which is not the case when all-cause mortality is the outcome of interest). The Cox PH 

model assumes that censoring is non-informative (the independent-censoring assumption) 

meaning that censored individuals who leave the study will have same distribution of 

event times as individuals remaining in the study conditional on their covariates. 

Administrative censoring is usually seen as non-informative censoring, except if the 

event-time distribution depends on calendar year,145 which is the case in the present 

studies, and thus analyses were adjusted for calendar year or period. In observational 

studies, it can be discussed whether emigration may be considered informative censoring. 

One way of handling informative censoring is to treat the event as if it was a competing 

event, as was done in Study 2 when estimating cumulative incidences and risks. 

For competing risks analysis, the censoring does not need to be non-informative. 

Competing risks were taken into account when estimating risks and the outcome of 

interest was not all-cause death. This avoids (upwards) bias of the cumulative incidence 

(risk) estimator.146 

Data analysis in general for Studies 1 – 4 

All cohort studies included time-to-event outcomes and were analyzed using the Cox PH 

model. The proportional hazards assumption was checked mainly by diagnostic plots 

(considerations on different approaches are given in the end of this section). All data 

management was done in Stata version 13 and SAS version 9.3. Datamanagement and 

statistical analyses were performed using Stata version 13, SAS version 9.3, and R 

statistical software version 3.1.2. All statistical tests were two-sided and significance was 

declared for p<0.05. All estimates were accompanied by a 95% confidence interval (CI). 

Study 1: Predictors of TRS 

In a cohort of individuals with a diagnosis of schizophrenia, associations between 

candidate predictors for TRS (main TRS proxy) and time to treatment resistance were 

analyzed using a multivariable Cox PH model that included all candidate predictors and 

calendar year simultaneously. Analyses were repeated for a more narrow proxy 

(clozapine only) and a broader proxy (TRS including polypharmacy) HRs were reported 

for all candidate predictors and Harrell’s C statistic (area under the ROC curve) was 

reported to evaluate the discrimination between TRS and non-TRS. 

Furthermore, the analysis was repeated for each factor separately only adjusting for sex, 

age, and calendar year to estimate the ‘crude’ associations with TRS, in which the 

potential bias due to collinearity is of minimal concern.  
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Cumulative incidences were plotted by levels of sex, age at first schizophrenia diagnosis, 

number of hospital bed days in the previous year, and levels of urbanicity. Death was 

taken into account as a competing event. For further details, see Paper 1.124 

Study 2: Urbanicity and TRS 

In a cohort of individuals with a diagnosis of schizophrenia, the HR for the association 

between levels of urbanicity at first schizophrenia diagnosis and time to treatment 

resistance (main TRS proxy) was estimated. Cumulative incidences were plotted and 5-

year and 10-year risks were estimated by levels of urbanicity, where death and emigration 

was taken into account as competing events. Moreover, associations between urbanicity 

and treatment resistance were analyzed for urbanicity assessed at various time points 

from birth to first schizophrenia diagnosis. All analyses were stratified by sex and 

adjusted for age and calendar year. A further adjusted model additionally included the 

following factors: family history of schizophrenia, educational level, work status, marital 

status, previous suicide attempts, prior diagnosis of schizophrenia spectrum disorder, 

prior diagnosis of other psychiatric disorders, psychiatric hospitalization in previous year, 

and drugs redeemed in previous year (antidepressants, benzodiazepines, and mood 

stabilizers). For further details, see Paper 2.147 

Study 3: The polygenic risk score for schizophrenia and TRS 

In a cohort of individuals with a diagnosis of schizophrenia, the HR for the association 

between the standardized PGRS-SZ and the time to treatment resistance (main TRS 

proxy) was estimated, controlled for population stratification by inclusion of the first ten 

principal components,148 and adjusted for the following baseline factors: sex, age at first 

schizophrenia diagnosis, geographical area at birth (capital vs other), psychiatric 

hospitalization in previous year, and clinical treatment setting (in- or outpatient at first 

schizophrenia diagnosis).  

Study 4: Mortality, self-harm, and clozapine in TRS 

In a cohort of individuals meeting TRS criteria (a diagnosis of schizophrenia and fulfilling 

the main proxy definition, criteria (1) or (2)), the association between clozapine exposure 

and all-cause mortality was analyzed. Furthermore, time to cause-specific death and time 

to the first episode of self-harm after TRS were analyzed in separate models. For all 

analyses, crude and adjusted HR estimates were reported. Analysis strategy and set of 

confounders differed between the time-varying treatment exposure approach and the initial-

treatment exposure approach, as described in the following.  

The time-varying treatment exposure analysis was adjusted for the following covariates 

(time-dependent for factors considered to change during follow-up): sex, age, calendar 

year, episodes of self-harm before the study period, comorbid substance abuse, comorbid 

somatic disorders (Charlson comorbidity index score > 0, see Appendix 3), other 

schizophrenia spectrum disorders, singular or recurrent depression, personality disorder, 
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living in the capital area, and cumulative clozapine exposure (0, 0 – 1, 1 – 3, 3+ years). The 

time at risk started at time of meeting TRS criteria. Additionally, timing of all-cause 

mortality after clozapine discontinuation was studied by splitting risk time into intervals 

(0, 0 – 1, 1 – 3, 3+ years). The time at risk started at either clozapine initiation, 

discontinuation, or at time of meeting TRS criteria and ended at any change in clozapine 

exposure status. Robust standard errors were used to account for inter-individual 

correlation. 

The initial treatment exposure analysis adjusted for several baseline factors by inclusion in a 

multivariable Cox PH model (Table 2, supplementary material, Paper 4). By use of 

propensity score (PS) methods, it was possible to adjust for even more baseline factors 

(Supplementary material to Paper 4, Table 1) including time since first schizophrenia 

diagnosis and cubic splines with four knots for age and calendar year. The PS for initial 

clozapine treatment was calculated for each individual in a multivariable logistic 

regression model.149 Initial clozapine users were matched to initial non-clozapine users by 

1:1 matching without replacement within strata of sex and age ranges (18 – 25, 25 – 30, 30 

– 35, 35+ years) and within a pre-specified calliper width chosen as 0.9 times the standard 

deviation (SD) of the PS on the log odds scale (= 0.532 on the log odds scale). This choice, 

resulted in a PS-matched cohort consisting of 73% of the original TRS cohort of 

individuals with TRS, whereas a calliper width of 0.5 times the SD of the PS on the log 

odds scale as suggested by Austin et al. only retained 67% of the cohort, although 

information on appropriate calliper width selection for PS matching is limited.150 The 

discrimination of the PS-model was evaluated by the Harrell’s C-statistic. The balancing 

properties were checked by evaluating the distribution of baseline characteristics in strata 

(quantiles and quintiles) of the estimated PSs and by evaluating the distribution of 

baseline characteristics across initial treatment groups in the original and PS-matched 

cohort. 

The distributions of PSs including all factors in the two initial treatment groups are shown 

in Figure 5. A substantial overlap in PS densities are seen, reflecting that the majority of 

individuals initiating and not initiating clozapine when meeting criteria for TRS might all 

have similar indications for initiating clozapine, based on  the observed set of patient- and 

disease-related baseline characteristics. 
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Figure 5 Distributions of propensity scores for clozapine treatment in initial clozapine users versus initial non-

clozapine users, all meeting criteria for TRS. 

 

Sensitivity analyses and methodological considerations 

The following gives a brief overview of sensitivity analyses conducted. 

Applying alternative definitions of exposure 

Potential misclassification of exposure was addressed by repeating analyses with 

alternative definitions of exposure. In Study 2, the five-level categorization of urbanicity 

was additionally applied. Furthermore, urbanicity was assessed at different points in 

time, as described above. In Study 3, the PGRS-SZ was calculated from different 

thresholds for SNP selection (p < 0.01 and p < 0.1). In Study 4, clozapine exposure periods 

were extended by 3 months (latency period), whereby deaths occurring immediately after 

clozapine discontinuation were attributed to the extended clozapine treatment period.  

Interactions and strata-specific analyses 

In Study 1, interactions for all predictors with sex and age were tested, and analyses were 

repeated in strata of sex and age (< 30 vs ≥ 30). Furthermore, the analyses were repeated in 

strata of age (< 18 vs ≥ 18).  
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Restriction in the study design 

Besides the overall inclusion criteria to define the study cohort (Table 1), we conducted 

sensitivity analyses with restriction to new users of antipsychotic medication, meaning 

they have not redeemed any antipsychotic prescriptions before their first diagnosis of 

schizophrenia. This was done to test robustness of results, mainly because the outcome 

was dependent on antipsychotic treatment history. However, restricting to new users 

resulted in excluding more than half of the study cohort, and it should be kept in mind 

that this selected sub-cohort could have had a very different disease severity, and be less 

representative for the target population, implying limited generalizability of results. In 

Study 4, it was not possible to restrict to new users of antipsychotic medication, because 

follow-up started at TRS. In this study, analyses were conducted with restriction to TRS, 

to compare outcomes in individuals eligible for clozapine, and thereby minimize potential 

confounding by indication. 

Time stratification 

Analyses were repeated and restricted to 1 or 2 years of follow-up to analyze TRS 

occurring within the first years of follow-up and to exclude so-called ‘late onset 

treatment-resistance’. Furthermore, for some baseline factors, such as urbanicity, the effect 

on the outcome might be most outspoken early after baseline and decreasing over time. 

This indicates that the proportional hazards assumption is not fulfilled, and follow-up 

time can thus be stratified into intervals in which separate models are fitted to compute 

interval-specific log HRs. Analyses were performed by only following patients in shorter 

intervals. (Study 4, follow-up split in 0 – 1, 1 – 3, 3+ years). Similarly, but without 

exclusion of risk-time, the interaction between urbanicity at baseline and time in 1-year 

intervals was estimated (Study 2, follow-up split in 0 – 1, 1 – 2, 2 – 3, 3 – 4, 4 – 5, 5+ years). 

Other time stratification or censoring was made in Study 4. In the initial-treatment 

analysis, follow-up started after an initial exposure window (late entry), whereas in the 

as-treated analysis, follow-up was censored at first change in treatment status after TRS. 

Furthermore, analyses were repeated excluding risk-time during psychiatric 

hospitalization. 

The proportional hazards assumption 

In the present studies, the PH assumption was checked mainly by diagnostic plots, in 

which the proportionality (parallelism of curves) was checked by plotting the log-minus-

log of the survival function against time (on the log scale). The diagnostic plots gave a 

good visual presentation of the changes in effect over time. Diagnostic plots were 

preferred rather than significance testing, because in large, population-based studies, the 

latter could result in significant results even though effect sizes are small and not 

clinically relevant. However, it can be beneficial for checking the assumption for 

continuous covariates or in cases where diagnostic plots are difficult to evaluate. 



34 

 

Other commonly used plots or tests to check the PH assumption include plot and test of 

the Schönenfeld residuals, test the interaction with time by including a time-dependent 

coefficient, plot of the predicted vs. non-parametric survival curves. These methods as 

well as alternative methods have been described elsewhere.151  

Attempts to handle non-proportional hazards in the present studies were described in the 

above paragraph on sensitivity analyses by using time stratification (estimating HR in 

different time intervals with no major violations of PH assumption or by including 

interaction between covariate and time). Stratification by allowing different baseline 

hazards for different categories of the covariate was also used in Study 2 where some 

violation of the PH assumption was observed for sex. By stratifying by sex in the model, 

no PH assumption was made for sex, but the effects of other covariates were still adjusted 

for sex differences by pooling information about the covariate effect over males and 

females, but without making any assumption of proportional hazards for sex.142  

Sensitivity analyses with respect to missing values 

In general, there are few missing data in the Danish registries. In Study 1, many variables 

were included jointly into one model, and some of the variables had missing values for 

some individuals. Because of relatively few missing values (< 4% of single factors 

resulting in exclusion of 7% of the observations), complete-case analysis was performed. 

To check the sensitivity of results, extreme-value imputation was performed. 
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6 Summary of results  

In this chapter the results of the four studies are summarized. Studies 1 – 3 each include a 

cohort of individuals with a diagnosis of schizophrenia and investigate the association 

between baseline factors and time to TRS. Study 4 includes a cohort of individuals 

meeting criteria for TRS, and studies time to death as well as time to self-harm in 

association with current and initial treatment with clozapine. A more detailed description 

of the results is given in the specific papers and supplements. An overview of results of 

sensitivity analyses is provided for each of the four studies in Appendix 4. 

Due to some differences in data availability, the cohorts included in the studies varied 

more or less in years of follow-up, and sex- and age-distributions at first schizophrenia 

diagnosis ( 

 

Table 3).  

The proportion of meeting TRS criteria was 21% in studies 1 and 3, and 17% in Study 2 

due to different inclusion criteria and thus different durations of follow-up. Further 

descriptive results can be found in the specific papers. 

 

Table 3 Essential descriptive results for cohorts in studies 1 – 4. 

Study Outcome 

of 

interest 

Number 

meeting 

inclusion 

criteria 

Age in years 

Median 

(IQR) 

Male 

(%) 

Female 

(%) 

Years of follow-

up 

Median (IQR) 

Meeting TRS 

criteria during 

follow-up (%) 

1 
Proxy for 

TRS 
8624 29 (23-36) 52% 38% 9 (6-12) 21% 

2 
Proxy for 

TRS 
12,349 27 (22-35) 51% 39% 7 (3-12) 17% 

3 
Proxy for 

TRS 
862 19 (17-21) 55% 45% 5 (4-7) 21% 

4 
Mortality 

Self-harm 
2370 30 (29-37) 54% 46% 7 (3-11) 100% 
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Table 4 HR and 95% CI for TRS estimated for each candidate predictor in a multivariable model including all 

listed baseline factors as well as calendar year at first schizophrenia diagnosis. 
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6.1 Predictors of TRS (Study 1) 

HR estimates and 95% CIs from a multivariable model with all candidate predictors 

included are shown in Table 4. 

Most of the patient-related factors (well-established risk factors for schizophrenia) were not 

found to be clearly associated with treatment resistance, as illustrated in Table 4, with 

estimates fluctuating around 1 and CIs covering 1. Significant effects were identified for 

age at first diagnosis, with lower age being associated with a higher rate of TRS, and for 

urbanicity, indicating a higher rate of treatment resistance in rural areas or provincial 

areas compared with the capital area. A marginally significant effect of a higher level of 

completed education was seen. 

The following disease-related factors were identified to be associated with TRS: more than 

30 days in psychiatric hospital in the year before first schizophrenia diagnosis, inpatient, 

paranoid subtype, prior diagnosis of personality disorder, suicide attempts, and 

psychotropic medication redeemed in year before first schizophrenia diagnosis (Table 4). 

Influence of sensitivity analyses in Study 1 

Compared with results for the main TRS proxy, the alternative TRS proxies (‘clozapine 

only’ and ‘TRS including polypharmacy’) resulted in similar factors being significantly 

associated with TRS, with additional factors (early parental loss, long-term disability 

benefit, and substance abuse) being associated with the broad TRS proxy including 

antipsychotic polypharmacy (Paper 1, Table 2). Factors additionally associated with TRS 

in models only adjusted for sex, age, and calendar year were: schizo-affective disorder 

[HR = 1.63 (1.33 – 2.00)], depression, long-term disability benefit, substance abuse, other 

schizophrenia spectrum disorders, female sex, and previous convictions for violent 

offence [HR = 1.23 (1.06 – 1.42)]. The following factors, identified to be significantly 

associated with TRS in the main analysis, did not remain significant in all subgroups 

defined by sex or age category, or when restricting to new users of antipsychotic 

medication: education level, paranoid subtype, psychotropic medication, and 

hospitalization in previous year (Appendix 4). Factors that remained significant in all 

sensitivity analyses (or subgroup analyses) were: age, living in less urban areas, inpatient 

status, prior diagnosis of personality disorder, and prior episode of suicide attempt. 

6.2 Urbanicity and TRS (Study 2) 

A significant association was found between lower levels of urbanicity (at diagnosis) and 

increased incidence of TRS. Compared with the capital area, the adjusted HR was 1.40 

(1.26 – 1.55) for provincial areas and 1.56 (1.39-1.76) for rural areas. The estimated 5-year 

risk of TRS was 17.6% (16.1 – 19.1%) in rural areas compared with 10.5% (9.6 – 11.6%) in 

the capital area (Table 5 and Figure 6) 
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Table 5 Association between levels of urbanicity at first schizophrenia diagnosis and TRS. HRs and absolute 

5- and 10-year risks of TRS are presented. All estimates are accompanied by 95% CIs. 

Level of 

urbanicity 

(diagnosis) 

Total Number 

of events 

(TRS) 

Incidence 

Rate per 100 

person-years 

(95% CI) 

HR ( 95% CI)  Absolute risk of TRS after first 

diagnosisb 

 

    Adjusted 

modela 

5-year risk 

(%) 

10-year risk 

(%) 

Capital area  4394 608 1.98 (1.83-2.14) 1.00 (ref) 10.5 (9.6-11.6) 15.7 (14.5-17.0) 

Provincial 

areas 

5746 1081 2.98 (2.81-3.16) 1.40 (1.26-1.55) 17.3 (16.3-18.4) 22.0 (20.7-23.2) 

Rural areas 3209 624 3.29 (3.04-3.56) 1.56 (1.39-1.76) 17.6 (16.1-19.1) 23.1 (21.3-24.9) 

a) Adjusted for age and calendar year of first schizophrenia diagnosis, family history of schizophrenia, 

education, work status, marital status, prior suicide attempts, prior diagnosis of schizophrenia spectrum 

disorder, prior diagnosis of other psychiatric disorders, psychiatric hospitalization in previous year, drugs 

(antidepressants or benzodiazepines) redeemed in previous year, and allowing different baseline hazards for 

males and females. N = 12,611. 

b) The absolute risk (or cumulative incidence) of TRS at 5 and 10 years after first diagnosis with schizophrenia 

 

 
Figure 6 Cumulative incidence curves of TRS by level of urbanicity. Competing risks by death and emigration 

from Denmark was taken into account. 
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When urbanicity was assessed at different time points from birth to first schizophrenia 

diagnosis, the association remained significant. The association was most pronounced at 

first schizophrenia diagnosis as well as during the years before schizophrenia diagnosis, 

the rate of TRS being highest in rural areas, even though associations were only 

significant when less urban areas were compared with the capital area (Figure 7). 

Urbanicity obtained at birth resulted in lower estimates, HR = 1.19 (1.05 – 1.34) for 

provincial areas and HR = 1.12 (0.98 – 1. 28) for rural areas. 

 

 

Figure 7 HR estimates for TRS in different models where urbanicity were obtained at different time points 

(capital area as reference – horizontal line). (a) Ages after birth, where the cohort is restricted to individuals 

born after 1971 to have full information on residence at time of birth. (b) Years before first schizophrenia 

diagnosis. 

 

Influence of sensitivity analyses in Study 2 

Restricting the outcome to clozapine initiation did not alter results notably. However, 

restriction to new users resulted in decreased effect sizes based on approximately half of 

the original sample, and results were only marginally significant. For the more detailed 5-

level exposure classification, all levels of urbanicity had a significantly higher rate of TRS 

compared with the capital. The effect sizes diminished over time since schizophrenia 

diagnosis, with a substantial effect observed for TRS occurring in the first year after 

diagnosis (Appendix 4). 
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6.3 The polygenic risk score and TRS (Study 3) 

We did not identify a significant association between the PGRS-SZ and TRS. For one 

standard deviation increase in the PGRS-SZ, the adjusted HR was 1.13 (0.95 – 1.35) and 

1.02 (0.88 – 1.17) when only population stratification was adjusted for (Table 6). 

Associations between other candidate predictors included in the model were observed for 

female sex, inpatient clinical treatment setting, and any psychiatric comorbidity in the 

year before first schizophrenia diagnosis.  

 

Table 6 Hazard rate ratios (HR) for the event of TRS (crude and adjusted associations with TRS) (N=862). 

 Crude HR (95% CI) Adjusted HR (95% CI)a 

   

PGRS-SZ b  1.02 (0.88-1.17) 1.13 (0.95-1.35) 

Age at first-time schizophrenia diagnosis (years) 1.02 (0.97-1.08) 1.02 (0.96-1.08) 

Female 1.68 (1.25-2.25) 1.57 (1.16-2.13) 

Capital birth 0.74 (0.49-1.13) 0.76 (0.48-1.19) 

Inpatient at first-time schizophrenia diagnosis 2.15 (1.58-2.93) 2.07 (1.50-2.84) 

Any psychiatric comorbidity in the year before 

first-time schizophrenia diagnosis 

2.10 (1.57-2.81) 1.86 (1.38-2.51) 

Calendar year 1.02 (0.94-1.10) 1.04 (0.95-1.13) 

 

a Adjusted for age, sex, geographical area at birth, treatment setting, psychiatric comorbidity, and calendar 

year. 

b Including the first ten genomic principal components to adjust for population stratification. 

 

Influence of sensitivity analyses in Study 3 

In all sensitivity analyses (different p-value thresholds for SNP selection, clozapine only 

as proxy for TRS, restriction to adults) no significant evidence of an association between 

the PGRS-SZ and TRS was found, though with slightly higher estimated effect sizes when 

examining clozapine initiation as proxy for the outcome event of TRS (Appendix 4). 
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6.4 Mortality, self-harm and clozapine in TRS (Study 4) 

Mortality  

A total number of 157 (6.6%) died during follow-up. The all-cause mortality rate per 100 

person-years was 0.58 (0.41 – 0.83) for current clozapine exposure and 1.10 (0.92 – 1.31) for 

no clozapine exposure. The adjusted HR comparing no clozapine exposure with current 

clozapine exposure was 1.94 (1.19 – 3.17) (Table 7). 

 

Table 7 HRs and 95% CIs presented for all-cause mortality for different categorizations of time-dependent 

antipsychotic (AP) treatment exposure.

 

Comparing current non-clozapine antipsychotic with current clozapine, the estimate was 

1.50 (0.89 – 2.54). No antipsychotic exposure was significantly associated with a 2.58 – fold 

increased rate of all-cause death compared with current clozapine treatment. A slightly 

higher mortality rate was observed for clozapine treatment together with other 

antipsychotics, and higher rates were observed for non-clozapine antipsychotic 

monotherapy compared with clozapine monotherapy, but rates were not found to be 

significantly different. (Table 7).  
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The highest mortality rate was observed in the year after clozapine discontinuation 

(Figure 8). Compared with periods of current clozapine exposure, the rate in the year after 

clozapine discontinuation was significantly higher, adjusted HR=2.70 (1.49 – 4.88)  

 

Figure 8 All-cause mortality rates estimated in time intervals of current clozapine exposure, no clozapine 

exposure, and after clozapine discontinuation. Follow-up started at any initiation or discontinuation of a 

clozapine period, or at the time of meeting TRS criteria, and ended at any change in clozapine treatment status 

or end of follow-up. 

 

Cause-specific death was analyzed, nevertheless estimates should be interpreted with 

caution due to the small number of events. Adjusted HRs were 1.74 (0.59 – 5.13) for 

suicide, 1.39 (0.79 – 2.46) for death from diseases or medical conditions, and 0.95 (0.37 – 

2.45) for other external causes of death (Paper 4, Table 4). 

In a PS-matched cohort comparing initial non-clozapine antipsychotic users with initial 

clozapine users, the HR was 1.00 (0.70 – 1.45) (Paper 4, Table 3).  
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Self-harm 

A total number of 599 (25.3%) had at least one registered episode of self-harm after 

meeting criteria for TRS. When analysing the time to first episode of self-harm after TRS, 

the rate per 100 person-years was 2.93 (2.48 – 3.46) for current clozapine exposure and 5.45 

(4.97 – 5.97) for no clozapine exposure. Non-clozapine antipsychotic treatment was 

associated with a higher rate of self-harm, compared with clozapine exposure, adjusted 

HR = 1.38 (1.04 – 1.81). Contrary to the findings for all-cause mortality, this estimate was 

not driven by periods of no antipsychotic exposure (Table 8). In a PS-matched cohort, a 

significant association with self-harm was found when comparing initial clozapine 

exposure with initial non-clozapine exposure, HR = 1.73 (1.42 – 2.11) (Paper 4, Table 3).  

 

Table 8 HRs and 95% CIs presented for self-harm for different categorizations of time-dependent 

antipsychotic (AP) treatment exposure. 

 

Influence of sensitivity analyses in Study 4 

Mortality 

Excluding inpatient risk time did not alter the results remarkably.  

When extending clozapine periods by 3 months, no evidence for an association between 

clozapine (yes/no) and all-cause mortality was found, adjusted HR = 1.07 (0.67 – 1.72), 

indicating that the finding of significant reduced mortality rate during clozapine 

treatment is driven by the excess mortality in the 3 months after clozapine 

discontinuation.  
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When censoring the data at 1-year follow-up (initial-treatment analysis) or when 

censoring at first change in treatment status (as-treated analysis), significantly higher rates 

of all-cause death were observed for non-clozapine antipsychotic exposure compared 

with clozapine exposure. Estimates should, however, be interpreted with caution due to 

the few number of events, after restriction of the follow-up. 

Self-harm 

Excluding inpatient risk time or extending clozapine periods by 3 months did not alter the 

results remarkably. When extending clozapine periods by 3 months, results were largely 

unaffected, adjusted HR = 1.26 (0.96 – 1.62).   When censoring the data at 1-year follow-up 

(initial-treatment analysis) or when censoring at first change in treatment status (as-

treated analysis), significantly higher rates of all-cause death were observed for non-

clozapine antipsychotic exposure compared with clozapine exposure. 
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7 Discussion 

In the following, the results of the studies are discussed in relation to the existing 

literature within this field. This is followed by a critical discussion of data sources and 

methods used, their strengths and limitations, including the potential sources of bias and 

discussion of sensitivity and generalizability of results. Further discussions, specific to 

each of the four studies, can be found in the papers. 

This thesis focus on pharmacoepidemiological aspects of TRS, namely candidate 

predictors for treatment-based proxies for TRS (studies 1 – 3), and outcomes – mortality 

and self-harm – in association with clozapine use in TRS (Study 4). 

7.1 Findings concerning predictors of TRS (Study 1 – 3) 

Patient-related factors 

Several patient-related, sociodemographic, and socioeconomic factors obtained at first 

schizophrenia diagnosis were included jointly in the model as candidate predictors for 

treatment resistance, and few associations with treatment resistance were identified. Here 

treatment resistance was defined by clozapine initiation (criterion 1) or eligibility for 

clozapine defined as psychiatric hospitalization with a schizophrenia diagnosis within 18 

months after having had at least two periods of at least 6 weeks’ duration with different 

non-clozapine antipsychotic monotherapies (criterion 2), whichever came first. One of the 

clearest and most robust associations with TRS was observed for age at first diagnosis of 

schizophrenia, with younger age being associated with a higher rate of TRS. This finding 

was consistent with several other studies.10-12 It is important to note that many studies use 

the term ‘age of onset’, without distinguishing between ‘onset’, ‘first episode psychosis’, 

‘first presentation with schizophrenia’, or ‘first registered diagnosis of schizophrenia’. 

Therefore this measure might differ between studies, but in register-based studies, the 

‘age of onset’ typically refers to the age when first diagnosis of schizophrenia was 

recorded. Overall, this study did not support the hypothesis that sociodemographic known 

risk factors for schizophrenia (male sex, family history of schizophrenia, winter birth, higher 

paternal age, early parental loss, living alone, violent offence, lower education level, 

unemployment, and higher degree of urbanicity) are also associated with TRS.  

Urbanicity was found to be inversely associated with treatment resistance in both Study 1 

and 2, i.e. in the opposite direction as was the case with schizophrenia in the general 

population.2 Results of Study 2 showed that the effect was most pronounced when TRS 

was observed within the first years of follow-up. Furthermore, the association was 

clearest when urbanicity was obtained at first schizophrenia diagnosis or in the years 

before the first schizophrenia diagnosis. Direct comparison with other studies is not 

possible because no or little attention has previously been given to the hypothesis that the 

degree of urbanicity could be associated with treatment resistance. The finding could 
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potentially be explained by several hypotheses. First, the finding could to a great extent 

reflect different treatment practice in different parts of the country. The present study 

observed a higher proportion of antipsychotic medication redeemed in the year prior to 

first schizophrenia diagnosis for individuals in non-urban areas. Only a marginally 

statistically significant association was observed when restricting to new-users of 

antipsychotics, and the effect disappeared for urbanicity obtained during upbringing. In 

other words, the data showed that previous antipsychotic medication and the place of 

living in the years before first schizophrenia diagnosis plays a significant role in the 

association between urbanicity and TRS. Next, the findings support the hypothesis of TRS 

being a distinct (non-dopaminergic) subtype of schizophrenia rather than a more severe 

form of schizophrenia, as suggested in previous research,33-36 as was further discussed in 

Paper 2.147 It is, however, unclear how much of the association is explained by treatment 

practice and how much is described by TRS being fundamentally different than 

treatment-responsive schizophrenia. 

Higher education level was marginally significantly associated with an increased rate of TRS 

in the multivariable model (Study 1), but this factor did not remain significant in most 

sensitivity analyses, except when restricting to women. This finding was also contrary to a 

finding from China, where lower education level was associated with clozapine use.102 

In models investigating the association between individual factors and TRS, only adjusted 

for sex, age, and calendar year, the following three factors were additionally associated 

with treatment resistance: female sex, violent offence, and long-term disability benefit. 

Female sex was found to be associated with TRS. This finding is contrary to several studies 

finding an association between male sex and clozapine treatment,10,11,101,102 but corroborates 

another previous Danish study which did not find an association between male sex and 

clozapine treatment.12 This result may partly be explained by more antipsychotic 

prescriptions being redeemed by women than men, at least in Denmark in the period 

2002-2011.152 Violent offence was only marginally associated with TRS in the partly adjusted 

model, and the association, although weak, may be explained by clozapines’ indication 

for aggressive behaviour in schizophrenia87 rather than violent offence or aggressive 

behaviour being associated with ‘true’ treatment-resistance in schizophrenia. The 

association between receiving long-term disability benefit (particularly among women) and 

treatment resistance likely identifies a phenotype of poor functioning, which could reflect 

the chronic course of illness and possibly comorbidities before first schizophrenia 

diagnosis. Another cross-sectional study, using Danish registry data, found that receiving 

early retirement pension was an independent correlate of antipsychotic polypharmacy.153  

When the proxy for TRS was extended to include 90-day polypharmacy (TRS including 

polypharmacy), this study does, however, identify significant sociodemographic factors. 

These factors were: early parental loss, low education level, long-term disability benefit, 

and substance abuse, in accordance with a study finding social factors (higher area-level 
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deprivation and homelessness) to be associated with long-term (≥6 months) antipsychotic 

polypharmacy.154 Because these socioeconomic factors were only significant when 

analysing TRS including polypharmacy, this broader proxy for TRS additionally identifies 

a group of phenotypes/people who might not be treatment resistant, but who for some 

reason are treated with antipsychotic polypharmacy before meeting eligibility criteria for 

clozapine. This is rather common, but not in concordance with treatment guidelines.16 

Nevertheless, this large patient group treated with antipsychotic polypharmacy implies 

significantly higher health service costs compared with patients treated with 

monotherapy, although this could be partly explained by the functional level of the 

patients,155 and physicians’ and hospitals’ prescribing practice, which show substantial 

temporal and geographical variation.153,156 

Disease-related factors 

Disease-related baseline factors associated with a higher rate of TRS in a multivariable 

model were: more than 30 days in psychiatric hospital in the year before first 

schizophrenia diagnosis, inpatient status, paranoid subtype, prior diagnosis of personality 

disorder, suicide attempts, and psychotropic medication redeemed in year before first 

schizophrenia diagnosis. Overall, these factors indicate that illness severity at first 

diagnosis of schizophrenia is associated with a more complicated illness and treatment 

course. Psychiatric hospitalization has consistently been associated with clozapine initiation 

or use in other studies.10,11,102 Prior suicide attempts could be an indication for clozapine 

treatment, as stated in treatment guidelines,87 and several studies have demonstrated the 

lower risk of suicide or suicidal behaviour in association with clozapine use.25,26 

Among comorbid psychiatric disorders included in the model, personality disorder 

remained significant in the multivariable model. Even though clozapine or other 

antipsychotics are not recommended in current Danish treatment guidelines for 

borderline personality disorder,157 self-harm and aggressive behaviour are common in 

TRS. A review suggests that clozapine may be beneficial for severe borderline personality 

disorder.158 Generally, comorbid psychiatric disorders have been suggested to be 

associated with TRS.103 

Estimates of personality disorder and suicide attempts in models only adjusted for sex, 

age, and calendar year were remarkably higher than when these variables were included 

jointly in the fully adjusted model, but both factors remained significantly associated with 

increased rate of TRS in all models. Also, effect sizes of other comorbid psychiatric 

disorders increased when associations were examined independently, due to correlations 

between disease-related factors. Substance abuse was not found to be associated with TRS, 

and the results indicate that substance abuse is associated with a lower rate of clozapine 

initiation. This corroborate findings of another study,10 and highlights that being eligible 

for clozapine treatment also requires being adherent to treatment with regularly blood 

monitoring, which can be difficult to accomplish for individuals with comorbid 
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schizophrenia and substance abuse, despite evidence for a potential beneficial effect of 

clozapine in these individuals.159 

Studies 1 and 2 are to date among the largest studies on predictors of TRS both in terms of 

cohort size and the number of candidate predictors included, even though TRS and 

clozapine have been studied extensively over the past decades. Other studies most 

consistently found age at onset and hospitalization to be associated with TRS, as well as 

duration of untreated psychosis (DUP), defined as the time from manifestation of the first 

psychotic symptom to initiation of adequate antipsychotic drug treatment.160 DUP is 

considered an important and modifiable risk factor for treatment resistance and other 

outcomes in schizophrenia.103,160 However, the time of first psychotic symptom is not 

observable in the registers, and the first antipsychotic medication could have been 

redeemed after the first schizophrenia diagnosis, and therefore DUP cannot be obtained at 

baseline. Furthermore, the studies presented in this dissertation, compared with other 

register-based studies, assessed not only clozapine initiation as a proxy for TRS, but 

applied an extended definition that can be considered to be closer to capture the true 

proportion of individuals not responding sufficiently to first-line antipsychotics.  

Genetic liability 

No evidence of an association between the PGRS-SZ and time to TRS was found. Results 

remained non-significant regardless different outcome definitions, different p-value 

thresholds for selecting SNPs, and different adjustments. This corroborate other studies 

finding no evidence of an association between the PGRS-SZ and clozapine,14,106 although 

the study by Frank and colleagues found a significant crude association between the 

PGRS-SZ and clozapine. Still, there is evidence suggesting a genetic liability for TRS.21 The 

current studies have all been relatively small in size, potentially explaining the null-

findings. Furthermore, the PGRS-SZ might not be of clinical utility in the prediction of 

TRS, and other measures for the genetic liability of TRS should be investigated. 

7.2 Findings concerning mortality, self-harm, and clozapine in TRS 

(Study 4) 

Overall, in the present study, lower rates of death were found in individuals treated with 

clozapine. This is in line with findings of previous studies.22,23 An association was found 

between clozapine treatment and lower mortality rates, particularly during the first year 

after initiating clozapine (initial-treatment analysis restricted to 1 year), or during their 

first treatment period after TRS (as-treated analysis). This is contrary to the findings by 

Stroup and colleagues, who also restricted their study to a cohort of individuals of TRS, 

and analyzed the association by, what they termed, intention-to-treat and as-treated 

analyses, restricted to 1 year of follow-up, and found no evidence of an association 

between clozapine and all-cause mortality.27 When entire follow-up was included, the 

present study found no evidence of an association between clozapine treatment and 
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mortality when initial-treatment-exposure groups were defined and compared in a PS-

matched cohort. Remarkably, but not surprisingly, the statistically significant protective 

effect observed in current clozapine users compared with no clozapine users decreased 

and did not remain significant when comparing clozapine with other antipsychotics, i.e. 

excluding periods of no antipsychotic use from the comparison. The highest rate of death 

was thus estimated for periods of no clozapine treatment, particularly in the first year 

after clozapine discontinuation, corroborating findings of a previous study.24 Note, that 

this finding could to a high extent be explained by a so-called ‘sick-stopper effect’, 

meaning that severely ill or frail patients in high risk of death are more likely to 

discontinue their treatment.161 Furthermore, nonadherence which was not possible to 

detect from the registers, could confound the association. Rates of cause-specific mortality 

indicated that clozapine use is associated with lower rates of suicide as well as death 

caused by diseases and medical conditions, although not significant, corroborating 

previous research.22,24,25 Clozapine was associated with a decreased rate of self-harm, 

regardless of model used, with even higher effect sizes when the follow-up was censored 

at 1 year or when censored at first change in treatment status (as-treated analysis). Again 

this finding was contrary to the study by Stroup and colleagues,27 but corroborate findings 

of previous studies on suicidal behaviour and clozapine.25,26 The different findings 

between the present study and the study by Stroup an colleagues, which is the only study 

that also restricted the cohort to TRS, could reflect differences in length of follow-up, 

different definition of TRS and treatment exposure, different treatment settings, and 

variations in clozapine prescribing. 

It should be noticed that the comparison drug (or no drug) is important in the comparison 

of results from different studies investigating the superiority of clozapine. As noticed by 

Weiden,162 the ‘clozapine breakthrough study’ by Kane and colleagues in 1988, found 

clozapine to be significantly better than chlorpromazine regarding treatment response,80 

with similar results in a subsequent study comparing clozapine with haloperidol163 (both 

active comparators being FGAs). In comparison, a recent study by Schooler and 

colleagues compared clozapine with risperidone (the first SGA approved after clozapine) 

and found no statistical significant difference.164 The different comparators were also 

emphasized in the review of the studies on clozapine and mortality. In the study 

presented in this dissertation, no distinction was made between FGAs and SGAs as the 

active comparator. However, it could be assumed that the majority will be treated with 

SGAs as the study period runs from 1996 to 2013 and all included in the cohort have 

either been prescribed clozapine or have had at least two periods of different 

antipsychotic treatment.   
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7.3 General methodological considerations 

This section includes a discussion of the data and measures on which the studies are 

based, as well as a discussion of the methodologies used and potential biases. 

Quality of data and proxy measures 

The Danish population-based registers provide extensive follow-up of the entire 

population, which allows studying associations over time adjusted for relevant available 

information. The Danish registries are of high quality, i.e. they generally have a high 

completeness of data registered, and a high accuracy. For example the validity of the ICD-

10 diagnostic criteria for schizophrenia has been shown to be high, with 269 out of 276 

cases (97.5%) fulfilling diagnostic criteria based on review of case records.165 Because the 

registries are basically administrative and not originally designed for research, proxy 

measures have to be constructed to address specific research questions. The date of first 

diagnosis of schizophrenia (ICD-10 code F20) from the PCRR is often used as a proxy for 

the onset of schizophrenia. This date has been registered by a psychiatrist after referral to 

a psychiatric hospital or unit, and is therefore often delayed relative to actual disease 

onset. Some individuals have probably been previously diagnosed with a broader 

schizophrenia spectrum disorder (ICD-10 codes F21-29), or diagnosed with schizophrenia 

by private practicing psychiatrists or general practitioners, not visible in the PCRR. This is 

supported by the finding of the present study that approximately 50% were observed to 

have redeemed a prescription for antipsychotic medication before their first schizophrenia 

diagnosis. Other variables that are complex derivatives of the raw data used in this study 

include the proxy for self-harm. This measure included both deliberate self-harm, 

accidental self-harm, and suicide attempts, because of the lack of ability to distinguish 

between those in the registers. Therefore, this is the best proxy that could be extracted 

from the registers, proposed for detecting self-harm/suicide attempts, at least the most 

severe cases leading to a hospital contact. This measure has been applied in several 

studies136-138 and was validated elsewhere.166 

The proxies for TRS were mainly derived from prescription data on all prescriptions on 

any medication redeemed from all pharmacies in Denmark since 1995. It is unknown 

whether or when individuals consume their redeemed medication, but if redemption 

dates continue, in a more or less regular pattern, it appears reasonable to assume that the 

individual on a daily basis consumes the medication they redeem. However, non-

adherence to treatment in schizophrenia is very common, estimated to approximately 50% 

of all patients.45 Moreover, during long-term hospitalization, individuals may have 

received their medication from the hospital instead of the pharmacy. Thereby the time-

varying treatment exposure as well as TRS definition could lead to misclassification. 

Switching treatment as well as being admitted to a psychiatric hospital while being 

treated with antipsychotics could be due to reasons other than insufficient treatment 

response. The TRS proxy will therefore include some individuals who in reality do not 
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suffer from TRS. The proxies of clozapine only (criterion 1) and TRS including 

polypharmacy (criterion 1, 2, or 3) were applied to check the robustness of results. This 

was discussed in detail in Paper 1.124 The observation of a rather large proportion meeting 

eligibility criteria without redeeming a prescription of clozapine in the present studies 

supports the fact that clozapine is prescribed less than recommended. The lack of 

information on clinical scores such as the CGI and BPRS as used in modified Kane criteria 

for TRS81 is a major limitation to the definition of TRS, because it is difficult to quantify the 

non-response. However, it was not possible, nor reasonable, to strictly follow treatment 

guidelines without taking clinical practice and the data structure into account. Rather, we 

preferred pragmatic and partly data-driven decision rules for defining proxies for TRS. 

The choice of at least two different antipsychotic monotherapy periods was made based 

on the current treatment guidelines. By this criterion, 21% of the cohort met proxy criteria 

for TRS in Study 1 in accordance with the estimated proportion of treatment resistance in 

previous studies of 20-30%. Moreover, time to meeting eligibility criterion for TRS was 

approximately equal to the time to redemption of the first clozapine prescription. 

Nevertheless, because Danish treatment guidelines in the first part of the observation 

period suggested three trials of antipsychotic medication before clozapine, we conducted 

sensitivity analyses with a TRS proxy more strictly defined by requiring three or more 

antipsychotic monotherapy trials. This did not alter results notably. After all, the proxy 

definition for TRS, used in the present studies, is more likely identifying ‘probable 

insufficient response to antipsychotic treatment’ than true TRS, and it is important to 

emphasize that the outcome used in the present studies is a pharmacoepidemiological 

proxy for TRS, rather than true biological TRS. The similar conclusions of Study 1 

regardless of TRS proxy definition used (main TRS or clozapine only), indicated that the 

main TRS proxy captures a large proportion with similar indications for clozapine who 

are thus likely to be treatment resistant. 

The definition of treatment episodes during follow-up was subject to misclassification, 

particularly with regard to the definition of the end of a treatment period. From the 

registers, all dates of prescription redemptions from the pharmacy were available. A 

pattern of subsequent redemptions within some allowed gap time indicated treatment 

adherence, and it was assumed that the individual consumed the medication regularly. 

However, whenever a longer gap or no subsequent redemption was observed, the exact 

date of the last consumed medication was unknown, and thus a decision rule was applied 

to estimate the duration of the treatment.  

Prognostic research and multivariable models 

The first study of this thesis examined several candidate predictors jointly in a 

multivariable model. Note, that in a model with several candidate predictors included, 

the estimated effect sizes for individual factors should be interpreted with caution. In 

general, high collinearity between variables in the model limits information about the 
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effect of change in one variable holding another highly correlated variable constant. 

However, the pairwise correlations in the present study did not exceed 0.4, and 

multicollinearity was therefore deemed to be of modest importance. Due to potential 

collinearity of particularly disease-related factors, individual associations with TRS were 

additionally examined after adjustment for sex, age, and calendar year only. All 

associations remained significant, additional factors being observed to be associated with 

TRS. However, for future prediction models, the joint influence of factors, when tested 

simultaneously, is unaffected by collinearity.142,167  

Aetiology and confounding 

Estimating the size of a potential association between an exposure and TRS is important 

for candidate predictors without a solid evidence base, e.g. urbanicity and the PGRS-SZ. 

The association between lower degree of urbanicity and TRS remained significant after 

adjustment for several factors associated with urbanicity and TRS. Furthermore, in all 

studies estimates may be biased due to unmeasured confounding, e.g. smoking, clinical 

symptoms, and treatment adherence. Whereas smoking and clinical symptoms might be 

broadly captured by the included disease-related factors, treatment non-adherence is 

considered to be one of the most important predictors of TRS,103 however difficult to 

assess from register data. To minimize this potential source of bias, because non-

adherence could (unrelated to TRS) be a risk factor for re-hospitalization,168 the eligibility 

criterion used to define the proxy for TRS was restricted to psychiatric admission within 

18 months after start of second treatment period while in continuous treatment with 

antipsychotic medication, indicating that individuals adhere to antipsychotic treatment 

when they are re-hospitalized. In study 4, the clozapine users were compared with non-

clozapine users. The main concern is confounding by indication or severity of disease. We 

sought to reduce this bias by restriction to people with TRS, and by estimating individual 

propensity scores for initial clozapine treatment based on a large set of factors known to 

be associated with both treatment and outcome. When the effect of current clozapine 

treatment over several years of follow-up was estimated, most confounders were included 

time-dependently. This, however, may have introduced collider-stratification bias because 

time-dependent factors are simultaneously confounders and intermediate variables, i.e. 

they are common effects (colliders) of previous status and the previous exposure status.169 

The paradox of conditioning on schizophrenia 

The intriguing finding of risk factors for schizophrenia, such as male sex and urbanicity, 

not being associated with treatment resistance in individuals with a diagnosis of 

schizophrenia, can potentially be explained by several hypotheses. It is here important to 

distinguish between studying prognostic factors (predictors) in association with TRS in a 

cohort of individuals with schizophrenia and studying the aetiology of TRS. Studying 

prognosis in schizophrenia, the cohort was restricted to individuals with schizophrenia, 

i.e. conditioning on schizophrenia. This may introduce collider-stratification bias and 



53 

 

introduce spurious associations – a paradox often referred to as the obesity paradox 

(when restricting to individuals with diabetes, obesity has consistently been found to be 

protective and associated with lower mortality).170 In the present study the cohort was 

restricted to (conditioned on)  schizophrenia – a collider when assuming schizophrenia to 

be caused by both environmental risk factors, such as urbanicity or male sex, as well as 

probably unobserved disease-related factors or genetics (Figure 9).  

 

Figure 9 A directed acyclic graph (DAG) illustrating that schizophrenia acts as a collider between the 

exposure (urbanicity) and outcome (TRS), affected by both exposure as well as other factors (U). 

 

Assuming that greater disease severity is associated with TRS, the effect of TRS would be 

driven by other more severe causes than urbanicity, and hence urbanicity could seem 

protective of TRS. It remains unclear how the incidence of TRS in the general population 

is distributed across levels of urbanicity, which should be investigated in future studies. 

In other words, risk factors can be differently distributed dependent on whether the 

cohort includes the entire population or individuals with a diagnosis of schizophrenia. 

When the purpose is prediction of treatment resistance in individuals with schizophrenia, 

a cohort consisting of individuals with a schizophrenia diagnosis is the optimal choice of 

cohort, and therefore restriction to individuals with schizophrenia and identifying 

baseline predictors in this cohort is a clinically relevant approach. 

Generalizability 

The generalizability is considered to be high in Danish population-based studies as there 

generally is no selection bias. However, Study 3 included a relatively young cohort, the 

sample was relatively small, and some selection took place when extracting the cohort 

eligible for genetic analyses. Loss to follow-up was only due to death, emigration (less 

than 3%), and last date of follow-up (non-informative censoring), which was addressed by 

censoring the follow-up time. As outlined in the background, treatment guidelines as well 

as treatment practice varies substantially, which in turn induces considerable variation in 

the prevalence of clozapine treatment, both within and across countries.9,11,12,102 This was 

supported by the findings of Study 2. As a consequence, the study may not be 

generalizable to populations in which treatment practice and access to treatment and 

medication are not the same as in the population in our study. Therefore, replication in 

different study populations is of great importance. 
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The concept of TRS 

In the methodological context of prognosis research, the proxy for TRS is considered a so-

called ‘future outcome’ to evaluate prognosis, but it can be discussed whether TRS is a 

measure of prognosis, i.e. a condition that develops over time, or whether individuals 

with TRS are fundamentally different, i.e. a biological condition. One way to make such a 

distinction could be to classify TRS into groups of ‘early-onset TRS’ and ‘late-onset TRS’, 

depending on whether TRS can be observed after short or longer periods with different 

antipsychotic treatment. In the present studies, individuals with TRS were observed when 

the criteria for TRS could be fulfilled in the register data, and the time to TRS was taken 

into account by the time-to-event analysis. In analyses restricting to 1 or 2 years of follow-

up, the proxy for TRS could be considered closer to capture the biological types of TRS.  

Most definitions include criteria to conclude TRS, whereas dimensions ranging from 

clinical remission to severe refractoriness, rather than a dichotomous method, were 

proposed by Brenner and colleagues.84 This proposal of TRS being defined as a gradient of 

response rather than the ‘failing 2 antipsychotics’ definition has recently been supported 

in a commentary by Weiden.162 A dichotomous classification of TRS is, however, directly 

applicable in prognosis research, in risk prediction of TRS, and in clinical practice.  

To a great extent TRS constitutes the more severe part of spectrum of schizophrenia. As 

expected, in Study 1 several disease-related factors were found to be associated with TRS. 

Furthermore, TRS is defined by persistence of symptoms evaluated by clinical scores, 

which are commonly considered as measures of severity in schizophrenia.        

The hypothesis that TRS could be considered a distinct subtype of schizophrenia different 

from treatment-responsive schizophrenia has been raised in several studies.33-36 

Intriguingly, in Study 1 and 2, an inverse association between urbanicity and TRS was 

observed, i.e. higher incidence of treatment resistance in rural areas. Apart from being a 

result of different treatment practice across the country or a result of conditioning of 

schizophrenia, the finding supports the hypothesis that TRS might constitute a distinct 

subtype of schizophrenia. One hypothesis is that factors such as male sex and urbanicity 

act differently on the development of treatment-responsive and treatment-resistant 

schizophrenia, probably explained by increased risk of dopaminergic form of psychosis 

(responsive to first-line antipsychotics) in males and urban areas, mediated by dopamine 

synthesis capacity.34 However, as was suggested in the comment to Paper 1, more 

research involving psychopathological examinations, neurogenetic profiling, and 

functional magnetic resonance imaging will be necessary to provide a sound basis for this 

hypothesis.171 
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8 Conclusion 
Based on Danish register data, we identified all individuals born in Denmark after 1955 

who had a first diagnosis of schizophrenia. Of these, approximately 10% initiated 

clozapine treatment. Applying the main pharmacoepidemiological proxy for TRS, 

approximately twice as many were identified as not responding to first-line antipsychotic 

treatment. The proportion of individuals meeting TRS criteria corroborates proportions 

found in previous studies. In the four studies constituting this thesis, several 

sociodemographic and clinical factors were found to be associated with TRS. Moreover, 

we studied mortality and self-harm as outcomes in both clozapine users and in 

individuals meeting the criteria for TRS but prescribed non-clozapine antipsychotics.   

Conclusions of the specific studies  

1. The first study in this PhD project is based on a cohort of 8624 adult individuals 

with schizophrenia. Several sociodemographic and clinical baseline candidate 

predictors for TRS were identified, the most robust associations being younger age 

at schizophrenia diagnoses, living in less urban areas, inpatient status, prior 

diagnosis of personality disorder, and prior episode of suicide attempt.  

2. In the second study, the association between urbanicity and TRS was explored in a 

cohort of 13,349 individuals with schizophrenia. An inverse association between 

urbanicity at first schizophrenia diagnosis and TRS was observed, with a 5-year 

risk of TRS of 11% (10 – 12%) in the capital area (Copenhagen) and 18% (16 – 19%) 

in rural areas. The association remained significant at all time points of urbanicity 

assessed before adulthood. 

3. In the third study, the PGRS-SZ was calculated for 862 individuals with 

schizophrenia. No significant association with TRS was found, adjusted HR = 1.13 

(95% CI: 0.95 – 1.35). 

4. In the fourth study, time to mortality and first episode of self-harm were analyzed 

in association with clozapine treatment in a cohort restricted to 2370 individuals 

meeting the criteria for TRS. For all-cause mortality, the adjusted HR comparing 

no clozapine exposure with current clozapine exposure was 1.94 (1.19 – 3.17). 

Taking periods of no antipsychotic exposure into account, the estimated HR was 

1.50 (0.89 – 2.54). Results indicate that the higher rate of death associated with no 

clozapine use was likely driven by an excess mortality after clozapine 

discontinuation. In a propensity score-matched cohort, there was no evidence of 

an association between initial clozapine use and mortality. Nevertheless, clozapine 

was associated with a lower rate of self-harm, both when exposure was assessed 

time-dependently [adjusted HR = 2.7 (1.5 – 4.9)] and when exposure was assessed 

at baseline [HR = 1.73 (1.42 – 2.11)]. 
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9 Perspectives and future research 

The findings of this study are first and foremost a contribution in terms of building blocks 

to develop a prognostic tool for identifying TRS in order to optimize treatment as early as 

possible and to improve prognosis in patients with schizophrenia. 

The way from prognostic factors research through prognostic modelling and stratified 

medicine towards implementation of a tool in clinical practice is long and could take 

decades.  

While continuing doing research on prognostic factors for TRS as well as treatment 

response in TRS, initiatives should be taken to improve treatment in schizophrenia as 

early as possible. This treatment includes not only pharmacological treatment, but 

pharmacological treatment in combination with psychological therapy. In combination 

with the corroborating existing evidence, the current studies imply that more focus 

should be put on optimizing treatment in young individuals, those with psychiatric 

comorbidities, low socioeconomic status, and with particular focus on treatment practice 

in rural areas. 

The underuse of clozapine, severe side effects, and the fact that clozapine does not 

sufficiently treat psychosis in a large proportion of individuals with TRS underline the 

need for optimized, individualized, and alternative treatment strategies for patients with 

TRS, and improved management of clozapine to prevent episodes of deliberate self-harm 

and death. 

Future research 

The following plans and ideas for future research spring from the studies presented in 

this dissertation. Studying predictors and outcomes in relation to TRS is crucial in order to 

stratify antipsychotic medicine, and thereby improve quality of life, lower costs, and 

prevent the excess rates of suicidal behaviour and all-cause mortality in TRS. 

Most observational studies consider only clozapine users when assessing TRS, but 

including individuals eligible for clozapine is of utmost importance. The treatment-based 

proxy used in the present studies has several limitations that have been discussed. As 

clinical scores to define TRS are not available in the registries, other attempts could be 

taken to improve the definition. First, information on inpatient medication should be 

taken into account, as this data becomes available. Second, because the initiation of 

antipsychotic treatment does not start at first schizophrenia diagnosis for all individuals, 

it could be considered whether TRS should be defined prospectively from first redeemed 

antipsychotic prescription (without conditioning on future diagnosis of schizophrenia), or 

the target population could be extended to include a broader spectrum of psychotic 

disorders. In the present studies, TRS was defined prospectively from first schizophrenia 
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diagnosis. Alternatively, it should be considered whether the definition in the future 

should include all past antipsychotic treatment history, or past treatment history within 

the last 5 years in accordance with the operational definitions in the literature on TRS.81 

Furthermore, the definitions used in this thesis could be validated by comparison with 

information obtained from a random sample of electronic patient records, say 100 or 200, 

nationally or even by external validation. These should be reviewed thoroughly to 

establish TRS, and then be compared with the pharmacoepidemiological proxy of TRS.  

A clinical prediction model of TRS should include both clinical and genetic data in one 

model, which will be possible in the future as larger genetic samples become available. 

The model should be validated internally using cross-validation techniques, and 

preferably also externally, with data from similar sources in Scandinavia, e.g. Sweden or 

Finland, or data from other countries such as the UK, with large databases of 

systematized electronic patient records. 

The association between urbanicity and TRS should be explored using external data from 

other countries to elucidate to what extent this finding of less ‘apparent TRS’ in more 

urban areas is a result of different treatment practices specific to the Danish health-care 

system (a ‘Copenhagen effect’) or rural living being associated with ‘true TRS’. Moreover, 

the incidence of TRS across levels of urbanicity in the general population has not yet been 

studied, and in light of the findings of the second study, it would be interesting, from an 

aetiological perspective, to investigate whether there is an association between urbanicity 

and the incidence of TRS in the general population. 

As more genetic data becomes available and with longer follow-up from birth, the third 

study of a PGRS-SZ and TRS should be replicated to increase power and generalizability, 

as we cannot rule out the possibility of no evidence for an association due to the low 

sample size. Furthermore, a PGRS derived specific to TRS (PGRS-TRS) and not 

schizophrenia is warranted. The PGRS-TRS could be stratified into centiles to compare 

high vs low deciles of the PGRS-TRS, which could be of clinical utility in terms of 

stratified/personalized medicine. 

Nearly half of patients treated with clozapine do not respond sufficiently to clozapine. 

Therefore, it is of great importance to predict who will respond (or not respond) to 

treatment with clozapine. Outcome measures should include time to clozapine 

discontinuation, adverse events, re-hospitalization, and clinical scores. Preferably, a 

prediction model for identifying TRS and a prediction model for identifying clozapine 

response should be combined to predict who will eventually require clozapine. 

Study 4 corroborated previous studies associating clozapine use with lower rates of death 

and self-harm, at least in the year after clozapine initiation. Moreover, the study indicated 

an excess mortality after clozapine discontinuation, which should be explored further in 

terms of timing, and causes of clozapine discontinuation and death. Confounding by 
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severity and indication should be addressed, not only at baseline but also as treatment 

status, severity of illness change over time, and regular contact with the health-care 

system should be taken into account. Confounding by nonadherence is a major issue in 

pharmacoepidemiological research which needs more attention. 

In the future, research into use and response to clozapine treatment and alternative 

treatment strategies, including non-pharmacological treatment, could contribute to 

optimize and individualize treatment in schizophrenia, and thereby improve outcome in 

terms of better life quality and longevity. 
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10 English summary  

Background Treatment-resistant schizophrenia (TRS) is generally defined as an 

insufficient treatment response to at least two first-line antipsychotics and it has been 

estimated that TRS affects approximately one third of all individuals with schizophrenia. 

Clozapine is the recommended treatment in TRS, but it is considered to be underused or 

postponed in favour of alternative treatment strategies such as antipsychotic 

polypharmacy, despite no sound evidence base for its efficacy in TRS. A longer duration 

of untreated psychosis or ineffective treatment has consistently been found to be 

associated with a worse prognosis in schizophrenia. Predictors of TRS are needed to 

identify individuals who may not respond sufficiently to first-line antipsychotic treatment 

and who might benefit from clozapine. 

Aim The aim of this thesis was to identify sociodemographic, clinical, and genetic 

predictors of treatment resistance in schizophrenia and to study time to death and self-

harm in individuals treated with clozapine and in individuals meeting criteria for TRS but 

not treated with clozapine. 

Methods Four Danish register-based cohort studies were performed using longitudinal 

survival techniques. All studies included individuals born in Denmark after 1955 and 

with a first schizophrenia diagnosis in 1996 or later. Cohort size varied among studies 

according to data availability: 8624 (Study 1), 13,349 (Study 2), and 862 (Study 3) 

individuals. Study 4 was restricted to a cohort of 2370 individuals meeting criteria for 

TRS. TRS was identified using a pharmacoepidemiological proxy defined based on 

register data and knowledge from clinical treatment guidelines and treatment practice. 

Results  

Study 1: Approximately 20% of individuals with a schizophrenia diagnosis met criteria 

for TRS during a median follow-up of 9 years. Proportions ranged from 10% to 45%, 

depending on criteria used. Several factors were identified to be associated with TRS, such 

as lower age at schizophrenia diagnosis, living in less urban areas, psychiatric 

hospitalization, prior diagnosis of personality disorder, and prior episode of suicide 

attempt.  

Study 2: The 5-year risk of TRS was estimated to be significantly higher for individuals 

living in rural areas being diagnosed with schizophrenia than for individuals living in the 

capital area (18% vs 11%).  

Study 3: No evidence of a significant association between the polygenic risk score for 

schizophrenia and TRS was found.  

Study 4: Current clozapine treatment was found to be associated with decreased rates of 

all-cause mortality and self-harm in TRS. However, the association between mortality was 
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not statistically significant when clozapine was compared with other antipsychotics. 

Highest rate of death was observed during periods of no antipsychotic treatment and in 

periods after clozapine discontinuation. 

Conclusion and perspectives The first study identified candidate predictors which could 

potentially be included in a future prediction model for TRS, including sociodemographic, 

clinical, and genetic information on an individual level. Whereas several disease-related 

factors were significantly associated with increased rates of TRS, little or no evidence was 

found for an association between known risk factors for schizophrenia and TRS based on 

a multivariable model. Remarkably, an inverse association between urbanicity and TRS 

was observed, compared with the well-establish finding of an association between 

urbanicity and schizophrenia. This supports the hypothesis that TRS might constitute a 

subtype of schizophrenia that has a distinct aetiology. It could, however, also to a great 

extent reflect different treatment practice across the country. This emphasizes the need for 

optimized, harmonized, and specialized care and treatment in TRS, with special focus on 

interventions in rural areas. In line with other studies, no statistically significant evidence 

of an association between the polygenic risk score for schizophrenia and TRS was found. 

The genetic liability for TRS should thus be investigated further as more genetic data 

become available. The last study indicated that being treated with clozapine decreases the 

risk of death and self-harm in individuals with TRS. Future research should focus on 

evaluation of clozapines’ efficacy and safety compared with alternative treatment 

strategies that are recommended or commonly used in TRS. This research should place 

special emphasis on the role of adherence to antipsychotic medication and clozapine 

discontinuation in order to improve life quality and prevent deaths among patients with 

TRS.   
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11 Danish summary  
Baggrund Behandlingsresistent skizofreni (TRS) vurderes at ramme omkring en tredjedel 

af alle med skizofreni og er generelt defineret som utilstrækkelig behandlingsrespons 

efter mindst to forløb med førstevalgspræparater af forskellige typer af antipsykotika. 

Clozapin anbefales ved behandlingsresistent skizofreni, men det udskrives langt fra til 

alle behandlingsresistente, og ofte udskydes opstart med clozapin til fordel for alternative 

behandlingsstrategier, såsom polyfarmaci med antipsykotika. Det er gentagne gange 

blevet vist, at længevarende ubehandlet eller utilstrækkeligt behandlet psykose er 

associeret med en dårligere prognose. Det er nødvendigt at identificere prædiktorer for 

behandlingsresistens for at kunne vurdere, hvem der sandsynligvis ikke vil respondere på 

førstevalgs-antipsykotika, og som eventuelt kan få gavn af clozapin.  

Formål Formålet med dette ph.d.-studie var at identificere socio-demografiske, kliniske 

og genetiske prædiktorer for behandlingsresistent skizofreni. Desuden undersøgte vi tid 

til død og selvskade hos personer behandlet med clozapin og hos personer, der opfyldte 

kriterierne for behandlingsresistens men ikke blev behandlet med clozapin.  

Metoder På basis af populationsbaserede, danske registerdata blev fire kohortestudier 

udført ved brug af overlevelsesanalyse. I alle fire studier bestod studiepopulationen af 

alle personer født i Danmark efter 1955, som fik deres første skizofrenidiagnose i 1996 

eller senere. Kohorternes størrelse varierede mellem studierne afhængigt af 

tilgængeligheden af data, og kohorterne inkluderede 8624 (Studie 1), 13,349 (Studie 2), 

and 862 (Studie 3) personer. Kohorten i det fjerde studie var begrænset til 2370 personer, 

der alle opfyldte kriterierne for behandlingsresistent skizofreni. Behandlingsresistent 

skizofreni blev bestemt ud fra en farmako-epidemiologisk defineret proxy. Denne proxy 

blev dannet på grundlag af registerdata ud fra kliniske retningslinjer og 

behandlingspraksis.  

Resultater  

Studie 1: Cirka 20% af alle personer med en skizofrenidiagnose opfyldte kriterierne for 

behandlingsresistens over en opfølgningsperiode på 9 år (median). Andelen varierede 

mellem 10% og 45% afhængigt af de anvendte kriterier. Behandlingsresistens blev 

associeret med flere faktorer, så som lavere alder ved første skizofrenidiagnose, bopæl 

uden for hovedstadsområdet, indlæggelse på psykiatrisk hospitalsafsnit, tidligere 

diagnose pga. personlighedsforstyrrelse og tidligere selvmordsforsøg.  

Studie 2: Risikoen for at opfylde kriterierne for behandlingsresistent skizofreni inden for 5 

år var markant højere i mindre byer og i landområder end i hovedstadsområdet (18% vs. 

11%).  
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Studie 3: Der kunne ikke findes tilstrækkelig evidens for en association mellem 

behandlingsresistent skizofreni og indeksværdien for den polygeniske risikofaktor 

(”polygenic risk score”) for skizofreni.   

Studie 4: Clozapinbehandling var associeret med lavere rater for død og selvskade for 

personer med behandlingsresistent skizofreni. Sammenhængen mellem dødelighed og 

clozapin var dog ikke statistisk signifikant, når clozapinbehandling blev sammenlignet 

med aktiv behandling med andre antipsykotika. De højeste dødsrater blev observeret i 

perioder uden antipsykotisk behandling og efter endt clozapinbehandling.  

Konklusion og perspektivering I det første studie blev der identificeret flere prædiktorer 

med potentiel anvendelse i fremtidige prædiktionsmodeller for behandlingsresistent 

skizofreni. Prædiktorerne inkluderede sociodemografiske, kliniske og genetiske 

informationer på individ-niveau. Der var tydelige associationer mellem 

behandlingsresistens og flere sygdomsrelaterede faktorer, hvorimod der ikke var 

tilstrækkelig evidens for associationer mellem TRS og kendte risikofaktorer for skizofreni 

i en multivariabel model. Der blev observeret en invers sammenhæng mellem 

behandlingsresistent skizofreni og urbanicitet (bymæssighed) – helt i modsætning til den 

veletablerede sammenhæng mellem urbanicitet og forekomsten af skizofreni. Dette 

understøtter hypotesen om, at behandlingsresistent skizofreni muligvis kan betragtes som 

en subtype af skizofreni med en særlig ætiologi. Resultatet kan dog også afspejle variation 

i behandlingspraksis i forskellige dele af landet. Dette understreger behovet for optimeret, 

harmoniseret og specialiseret behandling – med særligt fokus på mindre byer og 

landområder. Helt i tråd med andre studier fandt vi ikke signifikant evidens for en 

association mellem behandlingsresistent skizofreni og en indeksværdi for den 

polygeniske risikofaktor for skizofreni. Den genetiske disposition for behandlingsresistent 

skizofreni bør undersøges nærmere i takt med at større mængder genetiske data bliver 

tilgængelige. Det sidste studie indikerede, at risikoen for død og selvskade i personer med 

behandlingsresistent skizofreni nedsættes ved clozapinbehandling. Kommende 

forskningsprojekter bør fokusere på at evaluere effektiviteten og sikkerheden ved 

clozapinbehandling sammenlignet med de alternative behandlingsstrategier, der 

anbefales eller ofte anvendes ved behandlingsresistent skizofreni. For at øge livskvaliteten 

og forebygge dødsfald hos patienter med behandlingsresistent skizofreni, opfordres der 

specielt til undersøgelser af, hvilken betydning det har at overholde behandling med 

antipsykotika og at ophøre med clozapinbehandling. 
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Appendix 1: Overview of operational definitions of TRS 

Definitions of TRS Proposed guidelines for determining treatment resistance in schizophrenia 

Kane 1988/199880 

 

1. At least 3 antipsychotic trials (of at least 6 weeks’ duration) during the past 5 

years.  

2. No periods of good functioning during the last 5 years. 

3. At least scoring “moderately ill” on the CGI-scale and > 45 on the BPRS-score. 

Conley and Kelly 200145 1. At least 2 prior trials of 4 to 6 weeks’ duration at 400 to 600 mg of 

chlorpromazine (or equivalent) with no clinical improvement.  

2. Persistence of illness: >5 years with no period of good social or occupational 

functioning. 

3. Persistent psychotic symptoms: BRPS total score > 45 (on 18-item scale) and 

item score > 4 (moderate) on at least two of four positive symptom items. 

Molina et al. 201281 Kane’s modified criteria: 

1. Treatment with different classes of antipsychotics at equal doses of 400 to 600 

mg/day of chlorpromazine for at least 2 periods of 6 weeks in the last 5 years 

without significant clinical improvement. 

2. Reduction of at least 20% on the BPRS scale, score > 35 points on the BPRS 

scale after treatment, CGI score > 3 after treatment with 60 mg/day of 

haloperidol for 6 weeks. 

3. BPRS score > 45. Score > 2 on BPRS items of conceptual disorganisation, 

unusual thoughts, hallucinatory behaviour and mistrust. CGI score > 4. 

Hasan et al. 201282 No demonstrated significant improvement of psychopathology and/or other 

target symptoms despite treatment with 2 different antipsychotics from at least 2 

different chemical classes (at least 1 being an atypical antipsychotic) in the last 

5 years at recommended antipsychotic dosages and treatment periods of at least 

2 to 8 weeks. 

Elkis and Buckley 201683 A. Well-documented failure to respond to ≥2 antipsychotics 

B. Clearly documented history of treatment failure of ≥1 antipsychotic plus 

prospective validation of treatment failure with another antipsychotic (different 

from the one that previously failed) 

C. Dose and duration: each treatment with ≥600 chlorpromazine equivalents 

(CPZE) per day for ≥6 weeks 

D. Lack of improvement in reducing CGI ≥4 AND a score of ≤49 on FACT-SCZ 

or ≤50 on the GAF. 
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Appendix 2: Overview of antipsychotic treatment guidelines 

Guideline Criteria for clozapine initiation Treatment algorithm 

Danish Psychiatric 

Association,  

1998, DK95 

Generally, therapy resistant patients (no or 

insufficient effect of two different FGAs of 

adequate doses for 4-6 weeks) should first be 

offered an SGA. If insufficient response, 

clozapine should be considered. Clozapine may 

be considered after only one FGA if severe 

neurological adverse effects and no 

cardiovascular disease.a  

1st trial: FGA  

2nd trial FGA  

3rd trial: SGA  

4th trial: consider clozapine 

American Psychiatric 

Association (APA),  

2004, US87 

Clozapine should be considered after no, partial, 

or suboptimal response to two trials of 

antipsychotic medication of 4-6 weeks. 

Clozapine may also be considered for patients 

with persistent suicidal ideation or behaviour, 

not responding to other treatments 

1st trial: FGA or SGA 

2nd trial: FGA or SGA  

(at least one SGA) 

3rd trial: consider clozapine  

International 

Psychopharmacology 

Algorithm Project (IPAP) 

200485 

Clozapine after two different monotherapy trials 

of adequate dose and duration, and persistent 

psychosis or moderate to severe tardive 

dystonia or tardive dyskinesia after adjusting 

dose.  

1st trial: SGA 

2nd trial: SGA  

(FGA if SGA not available) 

3rd trial: consider clozapine      

Odense University 

Hospital,  

2007-2011, DK172,173 

Clozapine after two or three different 

monotherapy trials with partly effect or lack of 

effect after 4-6 weeks’ treatment.  

1st trial: SGA 

2nd trial: SGA or FGA 

3rd trial: SGA or FGA, or     

               consider clozapine 

‘Clinical Psychiatry’ text 

book,  

2009, DK174 

Clozapine after three different trials of 4-6 

weeks’ treatment at therapeutic dosage. 

1st trial: SGA 

2nd trial: SGA 

3rd trial: SGA or FGA  

4th trial: consider clozapine 

National Institute of 

Clinical Excellence (NICE) 

no. 82,  

2009, UK175 

Clozapine if patients did not respond 

adequately to treatment after at least two 

different APs (at least one SGA) of adequate 

doses for 4-6 weeks. 

1st trial: FGA or SGA 

2nd trial: FGA or SGA  

(at least one SGA) 

3rd trial: consider clozapine 

Scottish Intercollegiate 

Guidelines Network 

(SIGN) no. 131, 

2013, Scotland176 

Clozapine should be considered for service users 

who have treatment-resistant schizophrenia, or 

whose schizophrenia has not responded to two 

Antipsychotics, including an SGA. 

1st trial: FGA or SGA 

2nd trial: FGA or SGA  

(at least one SGA) 

3rd trial: consider clozapine 

National Institute of 

Clinical Excellence (NICE) 

no. 187,  

2014, UK6 

Similar to the 2009 version.  Similar to the 2009 version. 

RADSb, 

2016, DK7 

Clozapine should be offered to all patients as 3rd 

trial, if the shift in treatment is due to lack of 

effect of previous medications. c  

1st trial: SGA 

2nd trial: SGA  

3rd trial: consider clozapine  

(if contraind.: SGA or FGA) 
a In first episode patients under age 18, SGAs can be considered, but one should be reluctant to use clozapine.  

b RADS = Rådet for Anvendelse af Dyr Sygehusmedicin (The Council for Use of Expensive Hospital 

Medication). 

c For patients of age < 18, clozapine can be used only in case of treatment-resistant schizophrenia. 
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Appendix 3: Classification of drugs and disorders 

Psychotropic medication and classification by ATC codes 

Medication ATC codes (DNPR) a 

Antipsychotics N05A, excl. N05AN01 

Antidepressants N06A 

Benzodiazepines N03AE, N05BA, N05CD, N05CF, N05AN01, N03AG01, N03AX09, 

N03AF01, N03AF02 

Mood stabilizers N05AN01, N03AG01, N03AX09, N03AF01, N03AF02 

a Classification used in a previous study by Fazel and colleagues.177  

 

Psychiatric disorders and diagnostic classification by ICD-8 and ICD-10 codes 

Psychiatric disorders  ICD-8 (PCRR, NPR) a ICD-10 (PCRR, NPR) a 

Schizophrenia 295.x9 (excl. 295.79) F20 

Schizo-affective disorders 295.79, 296.89 F25 

Other SZ spectrum disorders 297.xx, 298.29, 298.39, 298.89, 

298.99, 299.04, 299.05, 299.09, 

301.83 

F21-F24, F28-F29 

Bipolar disorders 296.19, 296.39, 298.19 F30-F31 

Single and recurrent depressive 

disorder 

296.09, 296.29, 298.09, 300.49 F32-F33 

Substance abuse including 

cannabis and smoking use 

disorders 

291.x9, 294.39 303.x9, 303.20, 

303.28, 303.90, 304.x9 

F10-F19 

Personality disorders 301.x9 (excl. 301.19), 301.80-301.82, 

301.84 

F60 

Autism  299.00-299.03 F84 

Attention Deficit Hyperactivity 

Disorder  

308.01 F90 

a Classification similar to that proposed in a study by Pedersen and colleagues.47   
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Somatic disorders and diagnostic classification by ICD-8 and ICD-10 codes 

Somatic disorders  

Charlson comorbidity indexa 

(weight)  

ICD-8 (PCRR, NPR) ICD-10 (PCRR, NPR) 

Myocardial infarction (1) 410 I21, I22, I23 

Congestive heart failure (1) 78249 I50, I11.0, I13.0, I13.2 

Peripheral vascular disease (1) 440, 441, 442, 443, 444, 445 I70, I71, I72, I73, I74, I77 

Cerebrovascular disease (1) 430-438 I60-I69, G45, G46 

Dementia (1) 290.09, 290.20, 293.09,  F00-F03, F05.1, G30 

Chronic pulmonary disease (1) 490-493, 515-518, J40-J47, J60-J67, J68.4, J70.1, J70.3, 

J84.1, J92.0, J96.1, J98.2, J98.3 

Connective tissue disease (1) 712, 716, 734, 446, 135.99 M05, M06, M08, M09, M30,M31, 

M32, M33, M34, M35, M36, D86 

Ulcer disease (1) 530.91, 530.98, 531-534, K22.1, K25-K28 

Mild liver disease (1) 571, 573.01, 573.04 B18, K70.0-K70.3, K70.9, K71, K73, 

K74, K76.0 

Diabetes I and II (1) 249.00, 249.06, 249.07, 249.09, 

250.00, 250.06, 250.07, 250.09 

E10.0, E10.1, E10.9, E11.0, E11.1, 

E11.9 

Hemiplegia (2) 344 G81, G82 

Moderate to severe renal 

disease (2)  

403, 404, 580-584, 590.09 I12, I13, N00-N05, N07, N11, N14, 

N17-N19, Q61 

Diabetes with end organ 

damage (2) 

249.01, 249.06, 249.08, 250.01-

250.05 

E10.2-E10.8 E11.2-E11.8 

Any tumor (2) 140-194 C00-C75 

Leukemia (2) 204-207 C91-C95 

Lymphoma (2) 200-203 C81-C85, C88, C90, C96 

Moderate to severe liver disease 

(3) 

070.00, 070.02, 070.04, 070.06, 

070.08, 573.00, 456.00, 456.10 

B15.0, B16.0, B16.2, B19.0, K70.4, 

K72, K76.6, I85 

Metastatic solid tumor (3b) 195-199 C76-C80 

Aids (6) 079.83 B21-B24 

a Classification similar to what have been defined previously.178-180 
b Weight = 6 according to Charlson and colleagues,178 weight = 3 according to Sundararajan and colleagues.180 
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Classification of causes of death by ICD-10 codes 

Cause-specific death  ICD-10 (DRCD) a 

Suicide 

Death caused by intentional self-harm, including self-poisoning, 

hanging, drowning, jumping, etc. 

 X60 – X84 

Death from diseases and medical conditions (“natural” deaths), 

including infections, malignant neoplasms, diseases of the 

circulatory system, and other causes 

 A00 - R99 

Death from other external causes (“unnatural” deaths, excluding 

suicide), including accidents, assaults, complications of medical and 

surgical care, etc.  

 V01 – Y98, excl. X60-84 

a Classification used by Nordentoft and colleagues.135 

 

Classification of self-harm/suicide attempt by ICD-10 codes 

Self-harm/suicide attempt  ICD-10 (PCRR, NPR) a 

1. Any hospital contact with reason for contact code 4. 

 

 

2 Any hospital contact with a psychiatric main diagnosis and a 

comorbid auxiliary diagnosis of one of the following intoxications:  

 

 F00 – F99 

     Poisoning with pharmaceuticals  T36 – T50 

     Poisoning with non-pharmaceuticals, excl. alcohol, food 

poisoning 

 T52 – T60, excl. T40 

3. Any hospital contact with a psychiatric main diagnosis and a 

comorbid auxiliary or basic diagnosis of  cut injuries (cutting) of the 

lower arms, wrist and hands 

 F00 – F99 

 

S51, S55, S59, S61, S65, S69 

4. All hospitalizations with main diagnosis of one of the following 

intoxications: 

  

     Poisoning with weak analgesic drugs, antiepileptics, sleeping 

pills, antiparkinson drugs, psychotropics, or carbon monoxide 

  

T39, T42, T43, T58 

5. Any hospital contacts with a main, basic, or auxiliary diagnosis of 

X60 – X84 

  

X60 – X84 

a Different algorithms were used for different time periods before 1994. Classification identical to what have been used in previous 

studies by Nordentoft and colleagues181 and Webb and colleagues.136,181 
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Appendix 4: Overview of results of sensitivity analyses 

 

Overview of results of sensitivity analyses conducted for Study 1 

Sensitivity analysis  Results from sensitivity analyses 

Narrow TRS proxy 

(clozapine only) 

 Same factors significantly associated with TRS (clozapine initiation), except for 

antidepressants, for which the effect size, however, did not change remarkably 

(Paper 1, Table 2).  

Broad TRS proxy 

(TRS including 90-

day polypharmacy) 

 Additional factors were additionally significantly associated with TRS 

(including 90-day polypharmacy) with remarkably increased effect sizes: early 

parental loss, long-term disability benefit, and substance abuse (Paper 1, Table 

2). 

‘Univariate’ 

analyses for each 

candidate predictor, 

adjusting for sex, 

age, and calendar 

year 

 Several additional factors were significantly associated with TRS (ordered after 

the size of the estimated effect): schizo-affective disorder [HR=1.63 (1.33-2.00)], 

depression, long-term disability benefit, substance abuse, other schizophrenia 

spectrum disorders, female sex, paranoid subtype, and previous convictions for 

violent offence [HR=1.23 (1.06-1.42)].  

(Supplementary material to Paper 1, Table A4). 

Restriction to 2 

years of follow-up 

 The same factors were identified with similar or larger effect sizes. However, 

education level did not remain significant.  

(Supplementary material to Paper 1, Table A3) 

Restriction to new 

users of 

antipsychotics 

 Factors remained significantly associated with TRS, except education level, 

prior redeemed psychotropic medication, and prior psychiatric hospitalization. 

Strata-specific 

analyses (women vs 

men) 

 Among women, higher completed education was associated with increased 

TRS, whereas paranoid subtype and benzodiazepines were not found to be 

associated with TRS. 

Among men, no evidence of an association between education level and TRS 

was found, while other schizophrenia spectrum disorder was found to be 

significantly associated with TRS. 

Strata-specific 

analyses (age<25 vs 

age >=25) 

 Among individuals younger than 25 years, education level, antidepressants, 

and benzodiazepines were not found to be associated with TRS. 

Among individuals older than 25 years, the same factors were significantly 

associated with TRS. 

Applying eligibility 

criterion of three 

instead of two AP 

trials 

 Results did not change remarkably. 

Diagnostics of 

multicollinearity 

 Pairwise Pearson’s correlations coefficients (r^2) were estimated to be less than 

0.40 for all included factors. The highest correlation was observed between prior 

antipsychotics and prior benzodiazepines (r^2 = 0.39). Variance inflation factors 

(VIFs) were less than 3 for all included factors. 

Extreme-value 

imputation of 

missing values 

 Similar effect estimates and none changed direction. 
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Overview of results of sensitivity analyses conducted for Study 2 

Sensitivity analysis  Results from sensitivity analyses 

Narrow TRS proxy 

(clozapine only) 

 Adjusted HRs for urbanicity an first schizophrenia diagnosis and TRS (capital as 

reference): 1.47 (1.29 – 1.68) for provincial areas and 1.60 (1.37 – 1.86) for rural 

areas (Paper 2, Supplementary material, Table A3).  

Restriction to new 

users of 

antipsychotics 

 Adjusted HRs (capital as reference): HR = 1.22 (1.03 – 1.44) for provincial areas 

and HR=1.20 (0.98 – 1.47) for rural areas. For urbanicity obtained during 

upbringing, no evidence of an association between capital area and TRS was 

found. 

5-level classification 

of urbanicity 

 For the 5-level classification of urbanicity, adjusted HRs were (capital as 

reference): 1.34 (1.14 – 1.58) for suburb to the capital, 1.65 (1.43 – 1.91) for 

provincial city, 1.60 (1.41 – 1.82) for provincial town, HR = 1.79 (1.57 – 2.04) for 

rural area.  

Interaction with 

time after follow-up 

 Estimates for TRS occurring at different time points after follow-up, showed a 

clear effect of urbanicity for TRS occurring in the first 3 or 4 years of follow-up, 

with no effect when TRS occurred later during follow-up. A substantial effect 

was observed for TRS occurring in the first year after diagnosis with effect 

estimates up to 2.44 (1.94 – 3.07) for provincial areas and 2.97 (2.33 – 3.78) for 

rural areas. (Paper 2, Supplementary material, Figure A1).  

 

Overview of results of sensitivity analyses conducted for Study 3 

Sensitivity analysis  Results from sensitivity analyses 

Different p-value 

thresholds for SNP 

selection 

 Threshold p = 0.01: adjusted HR = 1.07 (0.90 – 1.26) 

Threshold p = 0.1: adjusted HR = 1.16 (0.97 – 1.38) 

 

Narrow TRS proxy 

(clozapine only) 

 Adjusted HR was 1.23 (0.97 – 1.56) 

Adjusted for population stratification only: HR = 1.08 (0.90 – 1.30) 

(Paper 3, Supplementary material, Table 1) 

Restriction to adults 

(≥18 years) 

 Adjusted HR was 1.01 (0.80 – 1.27) 

Adjusted for population stratification only: HR = 0.92 (0.75 – 1.11) 

(Paper 3, Supplementary material, Table 2) 
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Overview of results of sensitivity analyses conducted for Study 4 

Sensitivity/secondary 

analysis 

 All-cause mortality Self-harm 

Excluding inpatient 

risk time 

 Adjusted HR = 1.88 (1.15-3.09) Adjusted HR = 1.25 (0.96-1.62) 

3 months extended 

clozapine periods 

 Adjusted HR = 1.07 (0.67-1.72) 

 

Adjusted HR = 1.26 (0.96-1.62) 

As-treated analysis   Crude HR = 4.12 (1.48-11.53) 

 

Adjusted HR = 2.79 (1.22-6.36) 

Initial-treatment 

exposure restricted to 

1 year of follow-up 

 Adjusted HR = 2.02 (0.61-6.67) Adjusted HR = 1.94 (1.40-2.70) 
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Predictors of treatment resistance in patients with 
schizophrenia: a population-based cohort study
Theresa Wimberley, Henrik Støvring, Holger J Sørensen, Henriette T Horsdal, James H MacCabe*, Christiane Gasse*

Summary
Background Identifi cation of patients at high risk of treatment-resistant schizophrenia at the time of schizophrenia 
diagnosis would be of great clinical benefi t in minimising the delay to clozapine treatment in patients unlikely to 
respond to non-clozapine antipsychotics. However, little is known about predictors of treatment resistance in this 
patient population. We used a treatment-based proxy for treatment-resistant schizophrenia to identify candidate 
predictors of treatment resistance at fi rst hospital contact with a schizophrenia diagnosis.

Methods In this population-based cohort study, we obtained Danish national registry data for all adult patients 
(≥18 years) with incident schizophrenia diagnosed between Jan 1, 1996, and Dec 31, 2006, and followed up until 
Dec 31, 2010. Our main proxy defi nition of treatment-resistant schizophrenia was the earliest instance of either 
clozapine initiation or hospital admission for schizophrenia after having had two periods of diff erent antipsychotic 
monotherapy. We did multivariable Cox proportional hazards regression analysis to estimate the association between 
baseline candidate predictors and treatment resistance.

Findings 8624 patients fulfi lled the criteria for inclusion. In multivariable complete-case analyses, 1703 (21%) of 
8044 patients fulfi lled the main proxy defi nition of treatment-resistant schizophrenia during a median follow-up of 
9·1 years (IQR 6·3–11·9). Younger age (hazard ratio 0·96 [95% CI 0·95–0·97]), living in a less urban area (provincial 
1·38 [1·23–1·56], rural 1·44 [1·25–1·65]), primary education level (0·88 [0·79–0·98]), more than 30 bed-days in 
psychiatric hospital in the year before fi rst schizophrenia diagnosis (1·54 [1·35–1·75]), inpatient at fi rst schizophrenia 
diagnosis (2·07 [1·87–2·29]), paranoid subtype (1·24 [1·13–1·37]), comorbid personality disorder (1·24 [1·11–1·39]), 
psychotropic drug use (antipsychotics 1·51 [1·35–1·69], antidepressants 1·15 [1·03–1·29], and benzodiazepines 1·22 
[1·10–1·37]), and previous suicide attempt (1·21 [1·07–1·39]) were all signifi cantly associated with treatment-resistant 
schizophrenia.

Interpretation Our study identifi es several candidate predictors that could potentially be included in future prediction 
models for treatment-resistant schizophrenia. Notably, established risk factors for schizophrenia did not predict 
treatment resistance, suggesting that treatment-resistant disease might be a distinct subtype of schizophrenia and 
not merely a more severe form.

Funding European Community’s Seventh Framework Programme.

Introduction
Treatment-resistant schizophrenia is clinically defi ned 
as non-response to at least two adequate trials of 
antipsychotic medication, and is estimated to aff ect 
about 30% of all patients with schizophrenia.1,2 
Clozapine is the only medication for treatment-
resistant schizophrenia with a fi rm evidence base, as 
evidenced by offi  cial treatment guidelines.2 Compared 
with the estimated prevalence of 30% for treatment-
resistant schizophrenia, the prevalence of clozapine 
prescription varies from 2–3% in parts of the USA3 to 
nearly 60% in China,3,4 with around 10% of cases 
reported in most high-income  countries in Europe, 
including Denmark.5 This diff erence in prevalence is 
partly a consequence of variations between national 
treatment guidelines.6,7 Moreover, the low rate of 
clozapine treatment in high-income countries probably 
indicates underprescription and undue postponement, 
perhaps due to concerns about severe adverse events 
and the inconvenience of mandatory regular blood 

monitoring.8,9 By contrast, antipsychotic polypharmacy 
is commonly prescribed to patients with treatment-
resistant schizophrenia, despite insuffi  cient evidence 
for its effi  cacy.8,10

The social and economic costs of poorly managed 
treatment-resistant schizophrenia are high,11 and duration 
of insuffi  ciently treated or untreated psychosis is strongly 
associated with unfavourable long-term outcomes.12 
Therefore, identifi cation of patients at high risk of 
treatment resistance at the time of schizophrenia diagnosis 
would be of clinical benefi t in minimising the delay to 
clozapine treatment. Scientifi c literature on predictors of 
treatment-resistant schizophrenia is sparse, the defi nition 
of treatment-resistant schizophrenia is not consistent 
between studies,13 and more research is needed to identify 
patient-related and disease-related candidate predictors of 
treatment resistance. A further motivation to identify 
candidate predictors is to elucidate the potential causes of 
treatment-resistant schizophrenia. A crucial question is 
whether treatment-resistant schizophrenia constitutes the 
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severe end of a range of schizophrenia disorders, or 
whether it represents a distinct neurobiological entity that 
might respond to fundamentally diff erent treatments by 
comparison with treatment-responsive schizophrenia. If 
treatment-resistant schizophrenia is a severe form of the 
disease, the established risk factors for schizophrenia14–17 
would be expected to apply even more strongly in patients 
with treatment resistance,18 whereas if it is a disorder in 
itself, treatment-resistant schizophrenia would be expected 
to have a diff erent profi le of risk factors to schizophrenia.

The primary aim of this study was therefore to 
identify candidate predictors of a treatment-based proxy 
of treatment-resistant schizophrenia, including 
clozapine treatment, and of another proxy for non-
response to fi rst-line treatment. To elucidate the 
underlying nature of treatment-resistant schizophrenia, 
our secondary aim was to investigate whether 
established risk factors for schizophrenia also predict 
treatment resistance.

Methods
Study design and patients
We did this population-based cohort study of all 
patients born in Denmark after 1955, with a fi rst 
recorded schizophrenia diagnosis (ICD-8 code 295.x9 
[excluding 295.79] or ICD-10 code F20) at age 18 years 
or older between Jan 1, 1996, and Dec 31, 2006. Patients 
were followed up from the date of fi rst diagnosis 
(baseline) until emigration, death, or Dec 31, 2010, 
whichever came fi rst. Date of fi rst diagnosis was 
defi ned as the fi rst contact (admission date if inpatient) 
leading to a schizophrenia diagnosis. We excluded 
patients who died during fi rst admission and those who 
redeemed clozapine before their fi rst schizophrenia 
diagnosis.19

Data sources
We used the unique personal identifi cation number 
assigned to all people living in Denmark to link individual 
data across the national registration systems. We 
obtained information about sex, date of birth, and 
parents’ personal identifi cation numbers from the 
Danish Civil Registration System established in 1968.20 
We obtained information about admission dates and 
diagnoses (according to ICD-8 and ICD-10; appendix) 
from the Danish Psychiatric Central Research Register 
and the Danish National Patient Registry, which contain 
information from all Danish hospitals.21,22 The Danish 
National Prescription Registry provided individual-level 
pharmacy-based information about all drug prescriptions 
since 1995.23 We obtained sociodemographic information, 
such as employment status, highest completed education 
level, and marital status, from the Danish Integrated 
Database for Labour Market and education registries via 
Statistics Denmark.24 We identifi ed previous convictions 
for violent off ences from the Central Criminal Register 
established in 1979.25 Complete information from all 
registries was available until Dec 31, 2010.

Procedures
Our main proxy for treatment-resistant schizophrenia 
was based only on patients’ antipsychotic prescription 
redemptions and psychiatric hospital admissions, and 
refl ected previous and current Danish and international 
treatment guidelines.2,26–30 This proxy was defi ned as the 
earliest instance of either (1) fi rst clozapine prescription 
redemption or (2) meeting the eligibility criteria for 
clozapine, here defi ned as psychiatric hospital admission 
due to schizophrenia during antipsychotic treatment 
(as a proxy for insuffi  cient treatment response) within 
18 months after having had two periods of diff erent 

Research in context

Evidence before this study
We searched PubMed for articles published in English from 
inception to Sept 15, 2015, with the terms “treatment resistant 
schizophrenia”, “treatment refractory schizophrenia”, 
“schizophrenia”, “clozapine”, “predictors”, and “risk factors”. 
Several studies were identifi ed of risk factors for schizophrenia 
and clozapine treatment, whereas reports of predictors of 
treatment-resistant schizophrenia were few, and diff ered in 
terms of both predictors and outcome defi nition.

Added value of this study
Our study supports and extends the evidence base for predictors 
of treatment-resistant schizophrenia by identifying several 
candidate predictors associated with treatment-resistant 
schizophrenia in a large population-based cohort. These 
candidate predictors obtained at baseline were younger age at 
diagnosis, living in less urban areas, paranoid schizophrenia 
subtype, a history of psychiatric hospital admission, personality 

disorder, suicide attempts, and psychotropic drug use. Three 
diff erent treatment-based proxy measures for treatment-
resistant schizophrenia were examined and showed overall 
similar results. The most notable fi nding is that living in an 
urban area is associated with a decreased rate of treatment 
resistance, despite urban living being a risk factor of 
schizophrenia in general. This fi nding suggests that treatment-
resistant schizophrenia is a distinct subtype of schizophrenia.

Implications of all the available evidence
The candidate predictors identifi ed in this study could 
potentially be included in a clinical prediction model predicting 
which patients will require clozapine early after diagnosis of 
schizophrenia. Moreover, the fi ndings might help to elucidate 
the underlying nature of treatment-resistant schizophrenia—ie, 
whether it is on ly a more severe form of schizophrenia, or 
whether it defi nes a distinct subtype of schizophrenia, as 
hypothesised in other pertinent research.

See Online for appendix
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antipsychotic monotherapy of at least 6 weeks’ duration 
(fi gure 1). To account for antipsychotic treatment periods 
before fi rst schizophrenia diagnosis, we included 
prescription redemptions during the year before fi rst 
diagnosis. Additionally, we defi ned two alternative proxy 
defi nitions (fi gure 1, appendix).

We selected candidate predictors based on a literature 
search of risk factors for treatment-resistant schizophrenia 
or schizophrenia. We included identifi ed factors that were 
available in the registers at fi rst schizophrenia diagnosis. 
We defi ned two categories of candidate predictors available 
at baseline: patient-related and disease-related factors. We 

included the following baseline factors (dichotomous 
variables unless otherwise specifi ed): female sex, age 
(continuous), family history of schizophrenia (fi rst-degree 
relatives), season of birth (born December–March), 
paternal age (continuous), early parental loss (before age 
18 years), living alone, previous conviction for violent 
off ence, primary (lowest) education level, employment 
status (four levels), and urbanicity at fi rst schizophrenia 
diagnosis (three levels). We additionally included the 
number of bed days at psychiatric hospital in year before 
fi rst schizophrenia diagnosis (three levels), admission to 
psychiatric hospital, paranoid subtype, previous comorbid 
psychiatric diagnoses (defi ned by ICD-8 and ICD-10 
codes31), and psychotropic drugs redeemed in year before 
schizophrenia diagnosis: antipsychotics (Anatomical 
Therapeutic Chemical [ATC] classifi cation code N05A, 
except N05AN01], antidepressants (ATC code N06A), and 
benzodiazepines (ATC code N03AE, N05BA, N05CD, 
and N05CF).

Statistical analysis
We did multivariable Cox proportional hazards regression 
of the time to treatment-resistant schizophrenia to 
estimate the association between baseline candidate 
predictors and treatment resistance. We chose Cox 
proportional hazards regression instead of a multivariable 
logistic regression model to account for varying time to 
treatment-resistant schizophrenia and to allow for 
censoring. We included 23 candidate predictors in the 
model; bipolar disorder, autism, and attention-defi cit 
hyperactivity disorder were excluded because of low 
prevalence. We assessed the proportional hazards 
assumption in diagnostic plots (data not shown, available 
upon request). All statistical tests were two-sided and 
deemed signifi cant at the 5% level. All hazard ratios 
(HRs) are accompanied by 95% CIs. For evaluation of the 
model, we report McFadden-estimated pseudo R² for 
explained variability and Harrell’s C statistic as a measure 
of how well the model discriminated treatment-resistant 
from non-treatment-resistant schizophrenia. We did 
statistical analyses in Stata (version 13).

In sensitivity analyses, we explored the robustness of the 
results with respect to the outcome defi nition by use of a 
narrow defi nition of treatment-resistant schizophrenia, 
including only patients who initiated clozapine; and a 
broader defi nition comprising patients who not only 
fulfi lled the main defi nition for treatment-resistant 
schizophrenia, but who were also prescribed antipsychotic 
polypharmacy continuously for at least 90 days—a common 
approach for management of treatment resistance in 
clinical practice in Denmark and internationally (fi gure 1).32 
We repeated the main analysis with data censored after 
2 years of follow-up to predict treatment-resistant 
schizophrenia that occurred within the fi rst 2 years only to 
mimic current defi nitions of treatment-resistant disease 
and to restrict the potential violations of the proportional 
hazards assumption due to long-term follow-up. We also 

Figure 1: Criteria indicating treatment-resistant schizophrenia, and proxy defi nitions derived from registry data
*Antipsychotic treatment periods were defi ned from prescription data; the appendix provides a more detailed 
description.

Criteria indicating treatment-resistant schizophrenia

2

Eligible for clozapine

Psychiatric hospital admission
with a schizophrenia diagnosis
within 18 months after having

had two periods of at least
6 weeks’ duration with different

non-clozapine antipsychotic
monotherapies*

1

Clozapine initiation

The date on which the first
clozapine prescription was
redeemed at the pharmacy

after first schizophrenia
diagnosis

3

90 day polypharmacy

At least 90 days’ overlap of
periods of two or more different

antipsychotics*

Proxy definitions 

Main definition

1 or 2

Clozapine initiation or
eligible for clozapine

Clozapine only

1

Clozapine initiation

Treatment-resistant schizophrenia 
including polypharmacy

1, 2, or 3

Clozapine initiation, eligible 
for clozapine, or 90 day 

polypharmacy

Figure 2: Study fl ow chart

9332 patients born in Denmark after Jan 1, 1955, 
and diagnosed with schizophrenia for the 
first time between Jan 1, 1996, and 
Dec 31, 2006

8769 were 18 years or older at first diagnosis

8754 alive at first psychiatric discharge

8624 first redeemed clozapine after first
diagnosis and were included in the study

563 were younger than 18 years at first diagnosis

15 died during first inpatient schizophrenia
contact

130 redeemed clozapine before first diagnosis
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repeated the main analysis restricted to new users of 
antipsychotics to assess the eff ect of previous antipsychotic 
use. Furthermore, we estimated HRs for each candidate 
predictor independently in models including only sex, age, 
and year of diagnosis to estimate independent associations 
with treatment-resistant schizophrenia and to check 
robustness of results. We additionally did a Cox regression 
analysis in which the baseline hazard was stratifi ed by sex, 
age group, and education level (primary vs higher). To 
assess the sensitivity due to missing values, we did analyses 
in which missing values were replaced by the most extreme 
values (high vs low).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 

the report. The corresponding author had full access to 
all the data in the study and had fi nal responsibility for 
the decision to submit for publication.

Results
8624 patients fulfi lled the criteria for inclusion (fi gure 2), 
of whom 7749 (90%) patients were followed up until the 
end of the study period, 763 (9%) patients died, and 115 
(1%) patients emigrated during follow-up. Patients were 
followed up for a total of 77 888 person-years (median 
follow-up 9·1 years [IQR 6·3–11·9]). 1137 (13%) patients 
redeemed at least one clozapine prescription (criterion 
one), 990 (11%) patients were admitted to hospital after 
two periods of diff erent antipsychotic monotherapy 
(criterion two), and 3773 (44%) patients were treated with 
polypharmacy for at least 90 days (criterion three; table 1). 

Clozapine initiation 
(criterion one; 
n=1137)

Eligible for clozapine 
(criterion two; n=990)

90 day polypharmacy 
(criterion three; 
n=3773)

Others not meeting 
criteria one, two, or 
three (n=4470)

All diagnosed with 
schizophrenia (n=8624)

Patient-related factors

Sex

Female 478 (42%) 458 (46%) 1564 (41%) 1537 (34%) 3248 (38%)

Male 659 (58%) 532 (54%) 2209 (59%) 2933 (66%) 5376 (62%)

Age (years)

18–24 479 (42%) 383 (39%) 1330 (35%) 1373 (31%) 2844 (33%)

25–34 457 (40%) 370 (37%) 1462 (39%) 1770 (40%) 3379 (39%)

35–52 201 (18%) 237 (24%) 981 (26%) 1327 (30%) 2401 (28%)

Age at fi rst schizophrenia diagnosis (years) 26·4 (22·1–32·4) 27·3 (22·5–34·5) 28·2 (23·1–35·2) 29·7 (23·7–36·5) 28·9 (23·4–35·8)

Family history of schizophrenia

Yes 70/1097 (6%) 68/942 (7%) 265/3773 (7%) 314/4284 (7%) 615/8269 (7%)

No 1027/1097 (94%) 874/942 (93%) 3357/3773 (93%) 3970/4284 (93%) 7654/8269 (93%)

Season of birth

December–March 366 (32%) 336 (34%) 1235 (33%) 1520 (34%) 2883 (33%)

April–November 771 (68%) 654 (66%) 2538 (67%) 2950 (66%) 5741 (67%)

Paternal age (years) 29·0 (25·2–33·1) 28·7 (25·1–33·1) 28·7 (25·0-33·4) 29·2 (25·4–33·9) 29·0 (25·2–33·7);
n=8388

Early parental loss (<18 years) 80 (7%) 77 (8%) 318 (8%) 311 (7%) 655 (8%)

Living situation

Living alone 570/1336 (50%) 512/989 (52%) 2007/3765 (53%) 2447/4412 (55%) 4650/8558 (54%)

Living in a couple 566/1136 (50%) 477/989 (48%) 1758/3765 (47%) 1965/4412 (45%) 3908/8558 (46%)

Violent off ence 138 (12%) 124 (13%) 445 (12%) 579 (13%) 1067 (12%)

Education level

Primary 687/1110 (62%) 614/968 (63%) 2374/3668 (65%) 2487/4345 (57%) 5071/8389 (60%)

Higher 423/1110 (38%) 354/968 (37%) 1294/3668 (35%) 1858/4345 (43%) 3318/8389 (40%)

Employment status

In work 345 (30%) 278 (28%) 1043 (28%) 1444/4466 (32%) 2613/8620 (30%)

Outside working force 561 (49%) 495 (50%) 1803 (48%) 2072/4466 (46%) 4054/8620 (47%)

Unemployed 84 (7%) 69 (7%) 285 (8%) 424/4466 (9%) 742/8620 (9%)

Long-term disability benefi t 147 (13%) 148 (15%) 642 (17%) 526/4466 (12%) 1211/8620 (14%)

Urbanicity (area of living at time of fi rst diagnosis)

Capital area (capital and suburb to the capital) 308 (27%) 254 (26%) 1073 (28%) 1913 (43%) 3103 (36%)

Provincial area (>10 000 inhabitants) 556 (49%) 484 (49%) 1717 (46%) 1763 (39%) 3666 (43%)

Rural area 273 (24%) 252 (25%) 983 (26%) 794 (18%) 1855 (22%)

(Table 1 continues on next page)
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Overall, patients who met criteria one, two, or three 
indicating treatment-resistant schizophrenia during 
follow-up had a diff erent distribution of baseline 
characteristics from those who did not meet any of the 
three criteria—eg, they were more likely to be women; 
younger at fi rst schizophrenia diagnosis; to live in less 
urban areas; and to have a history of psychiatric hospital 
admission, comorbid psychiatric diagnoses, and 
psychotropic medication (table 1). In particular, patients 
who met the fi rst and second criteria were very similar 
regarding most baseline characteristics (table 1).

In multivariable complete-case analyses, 1703 (21%) 
of 8044 patients fulfi lled the main proxy defi nition 
(criteria one or two, whichever came fi rst; table 2). 
Baseline factors signifi cantly associated with an 
increased rate of treatment-resistant schizophrenia 
were younger age, living in less urban areas, higher 
education, psychiatric hospital admission at fi rst 
schizophrenia diagnosis, having spent more than 
30 bed-days at psychiatric hospital in the previous year, 
paranoid subtype, comorbid personality disorder, 
suicide attempt, and psychotropic drug use (table 2). 
Figure 3 shows crude cumulative incidences of 
treatment-resistant schizophrenia stratifi ed by sex, age 
at fi rst schizophrenia diagnosis, hospital bed-days in 
the previous year, and levels of urbanicity.

The variance explained by the full model was 2·7% 
(McFadden pseudo R²) and the C statistic was 0·70, 
indicating that the model discriminated suffi  ciently 
between patients with and those without treatment 
resistance. However, neither statistic takes censoring 
into account.

The alternative defi nitions of the proxy of treatment-
resistant schizophrenia resulted in similar estimates in 
terms of size and direction (table 2). The broader proxy 
including polypharmacy was additionally associated 
with early parental loss, low education, long-term 
disability benefi t, depression, and substance abuse 
(table 2).

In the following paragraph, only results of sensitivity 
analyses using the main proxy defi nition are reported. 
Censoring of follow-up to 2 years gave similar results, 
and further increased estimates for living in non-urban 
areas, psychiatric admissions, and psychotropic drug 
use; higher education became non-signifi cant 
(appendix). When the sample was restricted to new 
users of antipsychotics, younger age, living in less 
urban areas, psychiatric hospital admission, paranoid 
subtype, comorbid personality disorder, and suicide 
attempt remained signifi cant (data not shown, available 
upon request). In models including only sex, age, 
calendar year at fi rst schizophrenia diagnosis, and 

Clozapine initiation 
(criterion one; 
n=1137)

Eligible for clozapine 
(criterion two; n=990)

90 day polypharmacy 
(criterion three; 
n=3773)

Others not meeting 
criteria one, two, or 
three (n=4470)

All diagnosed with 
schizophrenia (n=8624)

(Continued from previous page)

Disease-related factors

Bed-days in psychiatric hospital in year before fi rst schizophrenia diagnosis

0 574 (50%) 495 (50%) 2129 (56%) 3155 (71%) 5499 (64%)

1–30 200 (18%) 202 (20%) 699 (19%) 683 (15%) 1450 (17%)

>30 363 (32%) 293 (30%) 945 (25%) 632 (14%) 1675 (19%)

Inpatient at fi rst schizophrenia diagnosis 747 (66%) 634 (64%) 2089 (55%) 1788 (40%) 4125 (48%)

Paranoid subtype at fi rst schizophrenia diagnosis 644 (57%) 559 (56%) 206 (55%) 2307 (52%) 459 (53%)

Previous comorbid psychiatric diagnoses

Schizoaff ective disorder 67 (6%) 53 (5%) 190 (5%) 124 (3%) 336 (4%)

Other schizophrenia spectrum disorders 547 (48%) 488 (49%) 1791 (47%) 1796 (40%) 3771 (44%)

Bipolar disorder 43 (4%) 48 (5%) 159 (4%) 161 (4%) 341 (4%)

Depression 259 (23%) 258 (26%) 859 (23%) 666 (15%) 1596 (19%)

Autism 19 (2%) 12 (1%) 52 (1%) 51 (1%) 107 (1%)

Attention defi cit hyperactivity disorder 4 (<1%) 5 (1%) 27 (1%) 33 (1%) 60 (1%)

Substance abuse (including alcohol, cannabis, and 
smoking use disorders)

365 (32%) 378 (38%) 1312 (35%) 1221 (27%) 2650 (31%)

Personality disorder 434 (38%) 413 (42%) 1355 (36%) 1055 (24%) 2525 (29%)

Suicide attempt 304 (27%) 301 (30%) 981 (26%) 675 (15%) 1727 (20%)

Psychotropic medication redeemed in year before fi rst schizophrenia diagnosis

Antipsychotics 644 (57%) 612 (62%) 2155 (57%) 1555 (35%) 3901 (45%)

Antidepressants 449 (39%) 421 (43%) 153 (41%) 1196 (27%) 2846 (33%)

Benzodiazepines 508 (45%) 432 (44%) 1648 (44%) 1197 (27%) 2984 (35%)

Data are n (%), median (IQR), or n/N (%).

Table 1: Baseline characteristics of patients who met diff erent criteria indicating treatment-resistant schizophrenia
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additional factors entered individually, education was 
not associated with treatment-resistant schizophrenia 
and, in addition to the factors identifi ed in the 
multivariable model female sex, previous conviction for 
violent off ence, long-term disability benefi t, and 
previous psychiatric diagnoses were signifi cantly 
associated with increased rates of treatment resistance 
(appendix). The analysis in which the baseline hazard 

was stratifi ed by sex, age group, and education level 
resulted in similar estimates as those from the primary 
multivariable analysis (data not shown, available upon 
request).

On the basis of the low rates of missing data (family 
history [4%], paternal age [3%], education [3%], work status 
[<1%]), we did complete-case analysis including 8044 (93%) 
of the 8624 patients in our original study population. Eff ect 

Clozapine only (n=1071) Treatment-resistant 
schizophrenia main 
defi nition (n=1703)

Treatment-resistant 
schizophrenia including 
polypharmacy (n=3878)

Total person-time at risk (years) 65 657 61 421 47 395

Incidence rate per 100 person-years 1·62 (1·53–1·72) 2·77 (2·64–2·90) 8·19 (7·95–8·45)

Patient-related factors

Female vs male sex 1·00 (0·87–1·14) 1·07 (0·96–1·19) 1·04 (0·97–1·12)

Age at fi rst schizophrenia diagnosis (years) 0·94 (0·93–0·95) 0·96 (0·95–0·97) 0·98 (0·97–0·98)

Family history of schizophrenia vs no family history (n=8269) 0·92 (0·72–1·18) 1·00 (0·83–1·21) 1·03 (0·91–1·17)

Born December–March vs April–November 0·96 (0·84–1·09) 1·01 (0·91–1·11) 0·97 (0·90–1·03)

Paternal age (years; n=8388) 1·00 (0·99–1·01) 1·00 (0·99–1·01) 1·00 (0·99–1·00)

Early parental loss (<18 years) 0·88 (0·69–1·12) 0·97 (0·81–1·16) 1·16 (1·03–1·30)

Living alone vs in a couple 0·99 (0·88–1·12) 1·00 (0·91–1·11) 1·01 (0·95–1·08)

Violent off ence 1·12 (0·91–1·37) 1·04 (0·89–1·23) 0·92 (0·82–1·02)

Primary vs higher education level (n=8389) 0·83 (0·72–0·95) 0·88 (0·79–0·98) 1·09 (1·01–1·17)

Employment status (n=8620)

In work 1 1 1

Outside working force 0·95 (0·83–1·10) 1·01 (0·90–1·13) 1·06 (0·98–1·14)

Unemployed 0·86 (0·67–1·09) 0·95 (0·79–1·15) 0·94 (0·83–1·07)

Long-term disability benefi t 1·23 (0·98–1·55) 1·14 (0·95–1·36) 1·32 (1·17–1·47)

Urbanicity (area of living at time of fi rst diagnosis)

Capital area (capital and suburb to the capital) 1 1 1

Provincial area (>10 000 inhabitants) 1·40 (1·21–1·63) 1·38 (1·23–1·56) 1·38 (1·27–1·49)

Rural area 1·40 (1·18–1·67) 1·44 (1·25–1·65) 1·61 (1·47–1·76)

Disease-related factors

Bed-days in psychiatric hospital in year before fi rst schizophrenia diagnosis

0 1 1 1

1–30 1·07 (0·90–1·28) 1·11 (0·96–1·27) 1·04 (0·95–1·14)

>30 1·62 (1·38–1·91) 1·54 (1·35–1·75) 1·30 (1·19–1·42)

Inpatient at fi rst schizophrenia diagnosis 2·06 (1·81–2·34) 2·07 (1·87–2·29) 1·63 (1·53–1·74)

Paranoid subtype at fi rst schizophrenia diagnosis 1·31 (1·16–1·48) 1·24 (1·13–1·37) 1·15 (1·08–1·23)

Previous comorbid psychiatric diagnoses

Schizoaff ective disorder 1·28 (0·99–1·65) 1·18 (0·95–1·45) 1·14 (0·98–1·31)

Other schizophrenia spectrum disorders 1·05 (0·92–1·20) 1·05 (0·94–1·16) 1·02 (0·95–1·09)

Depression 1·07 (0·91–1·26) 1·11 (0·97–1·26) 1·10 (1·01–1·19)

Substance abuse 0·88 (0·76–1·02) 0·99 (0·88–1·11) 1·10 (1·02–1·19)

Personality disorder 1·23 (1·07–1·42) 1·24 (1·11–1·39) 1·15 (1·07–1·24)

Suicide attempt 1·19 (1·02–1·39) 1·21 (1·07–1·39) 1·21 (1·11–1·31)

Psychotropic medication redeemed in year before fi rst schizophrenia diagnosis

Antipsychotics 1·33 (1·16–1·54) 1·51 (1·35–1·69) 1·60 (1·48–1·72)

Antidepressants 1·13 (0·98–1·30) 1·15 (1·03–1·29) 1·22 (1·13–1·31)

Benzodiazepines 1·33 (1·15–1·53) 1·22 (1·10–1·37) 1·34 (1·25–1·44)

Data are hazard ratios (95% CIs).

Table 2: Multivariable Cox regression analysis of candidate predictors of treatment-resistant schizophrenia, according to the main proxy defi nition and 
two alternative defi nitions (N=8044) 
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estimates were largely unaff ected by extreme value 
imputation of missing values, and none changed direction 
(data not shown, available upon request).

Discussion
In this study, we identifi ed several candidate predictors 
available at fi rst schizophrenia diagnosis that were 
signifi cantly associated with increased rates of treatment-
resistant schizophrenia: younger age, living in less urban 
areas, higher education, admission at a psychiatric hospital, 
paranoid subtype, history of personality disorder, history of 
suicide attempt, and previous prescription of psychotropic 
drugs. Younger age at fi rst diagnosis was consistently 
associated with an increased rate of treatment-resistant 
schizophrenia, irrespective of defi nition or model used, in 
accordance with other research.3,5,7,33 Disease-related 
factors, such as more bed-days in psychiatric hospital in 
the year before fi rst diagnosis and hospital admission at 
fi rst contact leading to a schizophrenia diagnosis, were 
associated with increased rates of treatment resistance, 
indicating that greater illness severity at schizophrenia 
onset is associated with a more complicated illness course. 
Previous diagnoses of personality disorder, suicide attempt, 
and paranoid schizophrenia subtype were all associated 
with increased rates of treatment resistance, which 
corroborates previous research.33

Male sex, a well-established risk factor for schizo-
phrenia in the general population,17 was not associated 
with increased rates of treatment resistance. Urbanicity 
was signifi cantly associated—notably, in the opposite 
direction than for schizophrenia incidence in the 
general population.34 This fi nding of increased 
treatment-resistant schizophrenia in less urban areas 
might partly be explained by diff erent treatment 
practices across regions, supported by diff erent rates of 
clozapine prescribing based on region or type of 
hospital.5 These fi ndings are consistent with the 
possibility that, rather than representing a severe form 
of schizophrenia, the treatment-resistant subtype could 
have a fundamentally diff erent cause than the treatment-
responsive subtype. This proposal is in line with the 
emerging view that treatment-resistant schizophrenia 
might be a non-dopaminergic subtype of schizophrenia, 
and that patients with treatment resistance do not have 
the increased dopamine synthesis capacity noted in 
patients responsive to fi rst-line antipsychotics.35 One 
possibility is that urban environments might confer 
increased risk for a dopaminergic form of psychosis, 
mediated by dopamine synthesis, which is responsive 
to treatment with dopamine-blocking drugs, whereas 
the treatment-resistant subtype shows no associations 
with urbanicity.36

Figure 3: Crude cumulative incidence of treatment-resistant schizophrenia
Curves are based on a competing risks regression, with death as a competing event. Incidence rates are shown in strata of sex (A), age at fi rst schizophrenia diagnosis 
(B), number of hospital bed-days in the previous year (C), and levels of urbanicity (D).
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A major strength of this study is its size and 
comprehensiveness: it is a population-based longitudinal 
cohort study with up to 15 years’ follow-up of all adult and 
incident schizophrenia patients in Denmark, with very 
little missing data. Most previous studies of clozapine 
use or treatment-resistant schizophrenia have been 
cross-sectional or did not include longitudinal data 
analysis.3,5,7,33 We focused on adult-onset schizophrenia 
because of diff ering treatment guidelines and thus 
diff erent defi nitions of treatment-resistant disease for 
children. Factors related to clozapine treatment in 
patients with early-onset schizophrenia in Denmark have 
been investigated.37

Several limitations are implicated by the register-based 
design. With regards to inclusion of candidate predictors 
or eff ect modifi ers, several factors, such as smoking, body-
mass index, birth complications (eg, infection), and 
duration of untreated psychosis, were not available in the 
registers or were not suitable for this design, which 
included only factors that were obtainable at fi rst 
schizophrenia diagnosis. We based the proxy defi nition of 
treatment-resistant schizophrenia on clinical guidelines 
using data for prescriptions and psychiatric admissions 
obtainable from the registers. Ideally, the defi nition would 
have included clinical scores as in the defi nition of Kane 
and colleagues,26 which included scores for positive and 
negative symptoms, but these scores were not available in 
the registers. Almost all previous studies have used proxy 
measures of treatment-resistant schizophrenia. In the 
case of register-based studies, clozapine initiation has 
mostly been used as a proxy;3,5,8,13,18,33,38 however, clozapine is 
underprescribed and hence this measure will not capture 
all patients with treatment resistance for whom clozapine 
could be a valid treatment option.

To minimise this limitation, we considered not only 
clozapine treatment as a proxy for treatment resistance, 
but also a treatment-based proxy criterion indicating 
insuffi  cient treatment response to fi rst-line treatment. We 
tested the robustness by applying the narrower and the 
broader defi nitions of treatment resistance and noted that 
the results with regard to candidate predictors were quite 
robust across the applied defi nitions, although estimates 
did not consistently follow a gradient between the narrow 
category (clozapine only) through main and broad 
categories (including 90 day polypharmacy). On the one 
hand, clozapine initiation might still be the strongest 
proxy for treatment-resistant schizophrenia, because it is 
prescribed based on clinical judgment. In theory, 
clozapine should be prescribed exclusively to patients with 
treatment-resistant schizophrenia and will thereby have a 
positive predictive value of 100% for treatment-resistant 
schizophrenia. However, this proxy defi nition is too 
narrow to capture all patients with treatment-resistant 
schizophrenia due to the suspected underuse of clozapine 
in high-income countries. Our main proxy therefore 
represents a reasonable trade-off  between the two 
extremes, and resulted in roughly a fi fth of our study 

population meeting the criteria for treatment-resistant 
schizophrenia, in line with pertinent research.1 Our choice 
of defi nition is further supported by the corroboration of 
some of the previously identifi ed predictors of treatment-
resistant schizophrenia, such as younger age, hospital 
admission, and psychiatric comorbidity.

Although this pragmatic approach closely refl ects the 
treatment guidelines, consideration of patients who have 
had two periods of antipsychotic monotherapy or 
polypharmacy as treatment resistant might include those 
with side-eff ects, poor tolerance, or poor adherence.9 
Information about prescribed dosage was not available 
and, thus, we might have overestimated the number of 
adequate treatment periods of antipsychotic monotherapy. 
However, the very short trials of a probable low dosage 
were excluded via restriction to monotherapy periods of 
at least two subsequent prescription redemptions and at 
least 6 weeks’ duration. Furthermore, information about 
medication during hospital admission was not available, 
which could underestimate the number of adequate 
treatment periods of antipsychotic monotherapy and 
therefore bias the proxy defi nition. Additionally, cost-free 
medication is sometimes given from the psychiatric 
hospital up to 2 years after discharge, which is likewise 
not registered. However, the proxy defi nition used in the 
present study seems to be the most appropriate approach 
for identifi cation of treatment-resistant schizophrenia in 
view of the information available in registry data.

Our results might also be biased because choice of 
medication does not only refl ect the patients’ treatment 
resistance or disease severity, but also the psychiatrists’ 
prescribing practices or patients’ and their relatives’ 
wishes or refusal of specifi c treatment. In particular, 
switching from one antipsychotic to another during 
the early era of introduction of various atypical 
antipsychotics in the 1990s might refl ect market 
penetration of the newer drugs rather than treatment 
resistance with regard to previously used drugs. Genetic 
data were not available for this study cohort. The 
growing interest in identifi cation of genetic liability for 
schizophrenia, and the increasing availability of larger 
genetic samples, suggests that future studies of 
prediction of treatment-resistant schizophrenia should 
aim to combine genetic data with the identifi ed clinical 
and environmental predictors of treatment-resistant 
schizophrenia.

The fi ndings from our study suggest that future 
prognostic studies of treatment-resistant schizophrenia 
should include disease-related factors such as history of 
other psychiatric diagnoses, suicide attempt, hospital 
admission, and medication, in addition to patient-related 
factors such as sex, age, and urbanicity at fi rst schizophrenia 
diagnosis. We hope that this study will contribute towards 
the development of valid prediction models for 
identifi cation of patients with treatment-resistant 
schizophrenia early after schizophrenia diagnosis, with 
potential applications in stratifi ed medicine. Moreover, our 
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fi ndings suggest that treatment-resistant schizophrenia 
might not be simply the severe end of a continuum of 
schizophrenia, but could represent a distinct subtype.
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Appendix 

Table A1: Classification of psychiatric disorders according to WHO international classification of 

diseases (ICD) version 8 and 10.
1
 

 ICD-8 ICD-10 

Schizophrenia 295·x9 (excl. 295·79) F20 

Schizo-affective disorders 295·79, 295·89 F25 

Other SZ spectrum disorders 297·xx, 298·29,298·39 298·98, 298·99, 299·04, 299·05, 299·09, 

301·83 

F21-F24, F28-F29 

Bipolar disorders 296·19, 296·39, 298·19 F30-F31 

Single and recurrent depressive disorder 296·09, 296·29, 298·09, 300·49 F32-F33 

Substance abuse including cannabis and 

smoking use disorders 

291·x9, 294·39 303·x9, 303·20, 303·28, 303·90, 304·x9 F10-F19 

Personality disorders 301·x9 excl. 301·19, 301·80-301·82, 301·84 F60 

Autism  299·00-299·03 F84 

Attention Deficit Hyperactivity Disorder  308·01 F90 

Suicide attempta   

a) Different algorithms were used for different time periods.2  

 

Table A2: Detailed description of TRS proxies and expressions used to derive TRS proxies using 

registry data. 

Main TRSa outcome definition 

 

TRS is defined as either first CLZa redemption or meeting CLZ eligibility criteria (relapse after 

two APa periods), whatever comes first. The definition is a proxy for TRS, and is more likely 

identifying ’probable treatment non-response’. 

 

Alternative definitions of TRS which can be 

used to evaluate the sensitivity 

 

 CLZ initiation only 

 TRS as defined above or 90-day polypharmacy 

  

  

Definition 

 

Definition of CLZ eligibility criteria 

 

Psychiatric HXa leading to a diagnosis of SZa was used as indication for relapse. The HX should 

occur between six weeks and 18 months after initiating a second adequate antipsychotic period. 

The number of adequate AP periods was counted from one year prior to first SZ diagnosis.  

 

Estimated prescription duration Median distance between prescriptions calculated within patient and ATCa group if the patient has 

at least four redemptions within ATC group. This estimated duration will be replaced by the 

median distance within ATC group if either the patient has less than four redemptions within a 

given ATC group or (estimated duration – DDDa * number of packages) > 100. 

 

Grace period/maximum allowed gap 100% of the estimated duration of the specific redemption, resulting in a maximum allowed 

distance between redemptions around the 75th percentile of the median distance within ATC 

group.   

 

Duration of a treatment period Stop-Start, where 

Start = first redemption 

Stop = last redemption subsequent redemptions of the same ATC (redeemed within 

estimated duration + grace period) + estimated duration of the last redemption. 

 

Adequate AP period Strict AP monotherapy of a period of a duration >= six weeks, i.e. no other AP redemptions for at 

least six weeks. 

 

Polypharmacy For the TRS definition including polypharmacy, polypharmacy is defined as concurrent treatment 

of two or more APs (treatment periods defined as above) for at least 90 days. 

 
a) TRS = Treatment-Resistant Schizophrenia, CLZ=clozapine, AP = antipsychotic, HX = hospitalization, SZ = schizophrenia, ATC = anatomical 

therapeutic chemical, DDD = defined daily dose. 
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Table A3: Hazard rate ratio (HR) and 95% confidence interval (CI) for TRS in a model using the 

entire follow-up and a model with censoring after two years of follow-up. Estimates are obtained for 

each candidate predictor in a multivariable model including all listed baseline factors as well as 

calendar year at first schizophrenia diagnosis, n=8044.  

 

 

 

  

 TRS (entire follow-up) TRS (censoring after 2 years) 

Number of events 1703 773 

Total person-time at risk (years) 61 421 15 117 

Rate per 100 person-years 2·77 5·07 

 HR (95% CI) HR (95% CI) 

Patient-related factors     

Female sex versus male sex 1·07 (0·96-1·19) 1·04 (0·89-1·22) 

Age at  first SZ diagnosis 0·96 (0·95-0·97) 0·97 (0·96-0·98) 

Family history of SZ versus not 1·00 (0·83-1·21) 0·99 (0·74-1·32) 

Season of birth (Born Dec-March) 1·01 (0·91-1·11) 0·96 (0·83-1·12) 

Paternal age 1·00 (0·99-1·01) 1·00 (0·99-1·01) 

Early parental loss 0·97 (0·81-1·16) 0·92 (0·70-1·21) 

Living alone versus couple 1·00 (0·91-1·11) 0·97 (0·84-1·13) 

Violent offence 1·04 (0·89-1·23) 0·98 (0·77-1·25) 

Primary education level versus higher 0·88 (0·79-0·98) 0·92 (0·78-1·08) 

Employment status       

    In work 1  1  

    Outside working force    1·01 (0·90-1·13) 0·97 (0·82-1·16) 

    Unemployed 0·95 (0·79-1·15) 0·84 (0·61-1·16) 

    Long-term disability benefit 1·14 (0·95-1·36) 1·11 (0·87-1·43) 

Urbanicity ( Place of living at time of first SZ 

diagnosis) 
    

    Capital area (capital and suburb to the capital)  1  1  

    Provincial area (>10,000 inhabitants)  1·38 (1·23-1·56) 1·92 (1·58-2·33) 

    Rural area  1·44 (1·25-1·65) 2·00 (1·60-2·48) 

Disease-related factors     

Bed days (psyc) in year prior to first SZ diagnosis     

    0 days 1  1  

    1-30 days 1·11 (0·96-1·27) 1·25 (1·03-1·53) 

    >30 days 1·54 (1·35-1·75) 1·66 (1·38-2·00) 

In-patient at  first SZ diagnosis 2·07 (1·87-2·29) 2·22 (1·91-2·59) 

Paranoid subtype at  first SZ diagnosis 1·24 (1·13-1·37) 1·21 (1·05-1·40) 

Prior psychiatric diagnoses     

SZ affective disorder 1·18 (0·95-1·45) 1·18 (0·89-1·57) 

Other SZ spectrum disorders 1·05 (0·94-1·16) 1·04 (0·89-1·21) 

Depression  1·11 (0·97-1·26) 1·17 (0·98-1·39) 

Substance abuse 0·99 (0·88-1·11) 0·96 (0·81-1·14) 

Personality disorder 1·24 (1·11-1·39) 1·28 (1·09-1·50) 

Suicide attempt 1·21 (1·07-1·39) 1·19 (1·00-1·42) 

Drugs redeemed in year        

Antipsychotics 1·51 (1·35-1·69) 1·98 (1·66-2·36) 

Antidepressants 1·15 (1·03-1·29) 1·29 (1·09-1·52) 

Benzodiazepines 1·22 (1·10-1·37) 1·47 (1·25-1·73) 
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Table A4: Hazard rate ratio (HR) and 95% confidence interval (CI) for TRS (main definition, and 

two alternative definitions estimated for each candidate predictor individually in models including 

only sex, age and calendar year at first schizophrenia diagnosis, n=8624.  

 

  

 

 

 

 Clozapine only TRS main TRS including 

polypharmacy 

Number of events 1137 1820 4154 

Total person-time at risk (years) 70 244 65 732 50 692 

Rate per 100 person-years 1·62 2·77 8·19 

 HR (95% CI) HR (95% CI) HR (95% CI) 

Patient-related factors       

Female sex versus male sex 1·26 (1·12-1·42) 1·33 (1·21-1·45) 1·25 (1·18-1·33) 

Age at  first SZ diagnosis 0·96 (0·95-0·97) 0·97 (0·97-0·98) 0·99 (0·99-0·99) 

Family history of SZ versus not (n=8269) 0·87 (0·68-1·10) 0·95 (0·79-1·14) 1·01 (0·89-1·13) 

Season of birth (Born Dec-March) 0·97 (0·85-1·09) 1·01 (0·91-1·11) 0·97 (0·91-1·03) 

Paternal age (n=8388) 0·99 (0·98-1·00) 1·00 (0·99-1·00) 0·99 (0·99-1·00) 

Early parental loss 0·91 (0·73-1·14) 1·02 (0·86-1·21) 1·17 (1·04-1·30) 

Living alone versus couple 0·96 (0·88-1·12) 0·97 (0·88-1·06) 0·96 (0·90-1·02) 

Violent offence 1·20 (1·00-1·44) 1·23 (1·06-1·42) 1·07 (0·97-1·18) 

Primary education level versus higher (n=8389) 0·92 (0·81-1·05) 1·00 (0·90-1·10) 1·23 (1·15-1·32) 

Employment status  (n=8620)       

    In work 1  1  1  

    Outside working force    1·00 (0·88-1·15) 1·07 (0·96-1·19) 1·14 (1·06-1·22) 

    Unemployed 0·83 (0·65-1·05) 0·91 (0·76-1·10) 0·95 (0·84-1·07) 

    Long-term disability benefit 1·51 (1·23-1·86) 1·45 (1·23-1·70) 1·81 (1·64-2·01) 

Urbanicity ( Place of living at time of first SZ 

diagnosis) 

      

    Capital area (capital and suburb to the capital)  1  1  1  

    Provincial area (>10,000 inhabitants)  1·59 (1·39-1·83) 1·54 (1·38-1·72) 1·57 (1·46-1·69) 

    Rural area  1·61 (1·36-1·89) 1·63 (1·44-1·85) 1·87 (1·72-2·04) 

Disease-related factors       

Bed days (psyc) in year prior to first SZ 

diagnosis 

      

    0 days 1  1  1  

    1-30 days 1·37 (1·17-1·61) 1·49 (1·31-1·69) 1·42 (1·31-1·54) 

    >30 days 2·20 (1·93-2·51) 2·15 (1·94-2·39) 1·84 (1·71-1·98) 

In-patient at  first SZ diagnosis 2·13 (1·88-2·41) 2·13 (1·93-2·34) 1·64 (1·54-1·74) 

Paranoid subtype at  first SZ diagnosis 1·31 (1·16-1·48) 1·26 (1·15-1·39) 1·15 (1·08-1·22) 

Prior psychiatric diagnoses       

SZ affective disorder 1·80 (1·40-2·30) 1·63 (1·33-2·00) 1·65 (1·43-1·89) 

Other SZ spectrum disorders 1·31 (1·16-1·47) 1·35 (1·23-1·48) 1·30 (1·22-1·38) 

Depression  1·56 (1·35-1·80) 1·57 (1·41-1·76) 1·53 (1·42-1·65) 

Substance abuse 1·24 (1·10-1·41) 1·39 (1·27-1·53) 1·47 (1·38-1·57) 

Personality disorder 1·62 (1·43-1·83) 1·69 (1·54-1·87) 1·59 (1·49-1·69) 

Suicide attempt 1·62 (1·42-1·85) 1·70 (1·53-1·89) 1·73 (1·61-1·86) 

Drugs redeemed in year          

Antipsychotics 1·84 (1·64-2·08) 2·01 (1·83-2·21) 2·16 (2·03-2·30) 

Antidepressants 1·53 (1·36-1·73) 1·54 (1·40-1·70) 1·65 (1·55-1·76) 

Benzodiazepines 1·85 (1·64-2·09) 1·78 (1·62-1·95) 1·93 (1·81-2·06) 
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Background: Living in a larger city is associated with increased risk of schizophrenia; and world-wide, consistent
evidence shows that the higher the degree of urbanicity the higher the risk of schizophrenia. However, the asso-
ciation between urbanicity and treatment-resistant schizophrenia (TRS) as a more severe form of schizophrenia
or separate entity of schizophrenia has not been fully explored yet. We aimed to investigate the association be-
tween urbanicity and incidence of TRS.
Methods:A large Danish population-based cohort of all individualswith a first schizophrenia diagnosis after 1996
was followed until 2013 applying survival analysis techniques. TRS was assessed using a treatment-based proxy,
defined as the earliest observed instance of either clozapine initiation or hospital admission due to schizophrenia
after having received two prior antipsychotic monotherapy trials of adequate duration.
Results: Among the 13,349 schizophrenia patients, 17.3% experienced TRS during follow-up (median follow-up:
7 years, inter-quartile range: 3–12 years). The 5-year risk of TRS ranged from 10.5% in the capital area to 17.6% in
the rural areas. Compared with individuals with schizophrenia residing in the capital area, hazard ratios were
1.44 (1.31–1.59) for provincial areas and 1.60 (1.43–1.79) for rural areas.
Conclusion: Higher rates of TRS were found in less urbanized areas. The different direction of urban-rural differ-
ences regarding TRS and schizophrenia risk may indicate urban-rural systematic differences in treatment prac-
tices, or different urban-rural aetiologic types of schizophrenia.

© 2016 Elsevier B.V. All rights reserved.
Keywords:
Schizophrenia
Treatment resistance
Urbanicity
Antipsychotics
Clozapine
1. Introduction

The association between urbanicity and schizophrenia has been ex-
tensively studied, and consistently an increased incidence of schizo-
phrenia has been observed at higher levels of urbanicity (March et al.,
2008; Pedersen and Mortensen, 2001b; Vassos et al., 2012; Vassos,
2015). This finding was invariant to the definition used for urban expo-
sure (population size or density); whether urbanicity was determined
at birth, upbringing, schizophrenia diagnosis, or interview; andwhether
based on cohort or cross-sectional study designs (March et al., 2008;
Pedersen, 2006, 2015; Pedersen and Mortensen, 2001a; Torrey et al.,
1997).
ter-based Research, School of
ngs allé 4, Building K, DK-8210
Treatment-resistant schizophrenia (TRS) is generally defined as not
responding adequately to treatment despite at least two first-line anti-
psychotic treatments. It is a clinically relevant complication of the
course of schizophrenia affecting approximately 30% of all persons
with schizophrenia. TRS is burdened with heavy reductions in life qual-
ity and high costs of medication and health services (Barnes, 2011;
Kennedy et al., 2013).

It is debated whether TRS merely constitutes themost severe end of
spectrum of schizophrenia or if it defines a distinct subtype of schizo-
phrenia. The latter may suggest a different aetiology of TRS than of
schizophrenia; in that sense, urbanicity would be hypothesized to act
differently in TRS. This hypothesis was supported by a recent study
reporting an increased incidence of TRS at lower levels of urbanicity
compared to higher levels of urbanicity (Wimberley et al., 2016). This
association merits closer investigation in an aetiological setting
adjusting for an appropriately chosen set of confounders and evaluating
its temporal association. This could help elucidate the nature and course
of schizophrenia and predict TRS. A better understanding of urban-rural

http://crossmark.crossref.org/dialog/?doi=10.1016/j.schres.2016.03.021&domain=pdf
http://dx.doi.org/10.1016/j.schres.2016.03.021
mailto:tw@econ.au.dk
http://dx.doi.org/10.1016/j.schres.2016.03.021
http://www.sciencedirect.com/science/journal/09209964
www.elsevier.com/locate/schres


151T. Wimberley et al. / Schizophrenia Research 174 (2016) 150–155
differences in TRS may be helpful to optimize treatment for patients
with TRS and thereby improve treatment outcomes. Utilizing the na-
tionwide longitudinal information on all individualswith schizophrenia
recorded in Danish registers, we therefore aim to assess the association
between urbanicity and a treatment-based proxy for TRS. Moreover, we
aim to evaluate the temporal association between urbanicity and TRS.

2. Methods

2.1. Study cohort

We conducted a population-based cohort study including all indi-
viduals born in Denmark after 1955with a first diagnosis of schizophre-
nia (ICD-10: F20) between January 1, 1996 and July 1, 2013 and aged
18 years or older. We excluded individuals who received clozapine
prior to their first recorded schizophrenia diagnosis, or died or emigrat-
ed during their first admission to a psychiatric hospital with a schizo-
phrenia diagnosis. We followed individuals from their first diagnosis
of schizophrenia until they met criteria for TRS, emigrated from
Denmark, died, or until July 1, 2013, whichever came first.

2.2. Data sources

We extracted information on all prescriptions redeemed at a phar-
macy from The Danish National Prescription Registry, where all drug
prescriptions since 1995 have been registered (Kildemoes et al.,
2011). We obtained information on hospital admission dates and diag-
noses (WHO International Classification of Diseases (ICD) version 8 and
10) both from the Danish Psychiatric Central Research Register and
from the Danish National Patient Registry (Mors et al., 2011; Lynge
et al., 2011). We obtained information on sex, date of birth, as well as
current and past residence in Denmark from the Danish Civil Registra-
tion System established in 1968 (Pedersen, 2011). The unique personal
identification number was used to link individual data across the na-
tional registration systems, including registers holding socio-
demographic information (Jensen and Rasmussen, 2011).

2.3. Treatment-resistant schizophrenia (TRS)

We defined occurrence of TRS from data on prescriptions and psy-
chiatric admissions based on Danish treatment guidelines and clinical
practice (Damkier et al., 2009; Glenthøj et al., 1998). In epidemiological
population-based studies, clozapine is often used as a proxy for treat-
ment resistance, as it is considered the most effective antipsychotic
treatment (Harris et al., 2005) and it is the only treatment for TRS
with a firm evidence base as reflected by official treatment guidelines
(National Collaborating Centre for Mental Health (UK), 2009; Leucht
et al., 2013). In Denmark, psychiatrists should consider prescribing clo-
zapine in case of insufficient treatment response to at least two different
sufficiently long antipsychotic monotherapy trials. However, clozapine
is assumed to be underprescribed, probably due to the fear of severe
side effects and the required regularly monitoring, see Summary of
Product Characteristics (SPC). Thus, we extended the definition of TRS
to include patients meeting eligibility criteria for clozapine adapted
from the definition of Kane and colleagues and as reflected by previous
and current Danish and international treatment guidelines (National
Collaborating Centre for Mental Health (UK), 2009; Damkier et al.,
2009; Kane et al., 1988; Suzuki et al., 2012). Accordingly, individuals
met the TRS proxy criteria at their earliest observed instance of either
(1) redemption of a clozapine prescription or (2) meeting the eligibility
criteria for clozapine, defined as a hospital admissionwith a diagnosis of
schizophrenia with evidence of treatment adherence after having re-
ceived twoprior antipsychoticmonotherapy trials of adequate duration,
counted from one year prior to the first recorded schizophrenia
diagnosis.
Antipsychotic treatment was defined by identifying redeemed out-
patient prescriptions of antipsychotics (ATC codes N05A, excluding
N05AN01 (lithium)). See Table A1 in the Supplementary material for a
more detailed description.

2.4. Urbanicity

The degree of urbanicity – based on place of residence – was classi-
fied into three levels: 1) capital area, 2) provincial areas, and 3) rural
areas, as previously reported (Vassos, 2015; Pedersen, 2006).

2.5. Statistical methods

We analyzed the association between levels of urbanicity at time of
first diagnosis of schizophrenia and time to treatment resistance, as de-
fined above, reporting hazard rate ratios (HR) and 95% confidence inter-
vals (CI) from Cox proportional hazards regression analysis. All analyses
were adjusted for age and calendar year of first schizophrenia diagnosis,
and allowed different baseline hazards for males and females. Addition-
ally, we calculated estimates in a model also adjusted for other socio-
demographic and disease-related baseline factors (Table 1).

Cumulative incidences were plotted stratified by urbanicity and
were based on a competing risks model with death as well as emigra-
tion from Denmark as a competing event. Ignoring censoring from em-
igration and death may bias the cumulative incidences (Andersen et al.,
2012).

To examine the temporal association between exposure and out-
come, we conducted the following secondary analyses: First, we esti-
mated the interaction between urbanicity at diagnosis and year since
diagnosis, i.e. estimates for TRS occurring in different years of follow-
up, where the follow-up time was split into five one-year calendar-
year bands. Furthermore, we conducted analyses assessing urbanicity
at various ages from birth to the 18th birthday (age 0, 2, 4, …, 18),
and urbanicity assessed in every year five years prior to the diagnosis
of schizophrenia.

Please note, that for analyses where urbanicity was assessed at birth
or during the first 18 years after birth, we restricted the study cohort to
individuals born after January 1, 1971 as information on residence was
not available before 1971 (Pedersen et al., 2006).

The assumption of proportional hazards for the variables urbanicity
and sex was tested by log-log plots and by testing for significant time-
dependent effects. Although we found no major violations of the pro-
portional hazards assumption for urbanicity, we did observe that the ef-
fect of urbanicity diminished over time and we explored this in a
secondary analysis. Statistical analyses were conducted using Stata ver-
sion 13 (StataCorp LP, College Station, TX, USA), except for cumulative
incidences which were calculated and plotted using R Statistical Soft-
ware version 3.1.2. All statistical tests were two-sided and declared sig-
nificant at the 5% level. All estimates are accompanied by 95%
confidence intervals.

2.6. Sensitivity analyses

We conducted several sensitivity analyses to investigate the robust-
ness of the results. First, we repeated the analyses using clozapine initi-
ation only as a proxy for TRS. Second, to account for the fact that N50%
redeemed antipsychotics prior to their first recorded diagnosis of
schizophrenia, which may – by definition of the outcome – bias the re-
sults, we restricted the analysis to individuals who initiated antipsy-
chotics after their first recorded diagnosis of schizophrenia. Third, the
analysis was repeated using a more detailed five-level categorization
of the urbanicity exposure (capital, suburb to the capital, provincial
city, provincial town, and rural area) as used in a previous study on
urbanicity and schizophrenia (Pedersen and Mortensen, 2001b).

Last, all-cause mortality was evaluated across levels of urbanicity.



Table 1
Baseline characteristics across levels of urbanicity at first schizophrenia diagnosis. N = 13,349.

Baseline characteristics (%) Levels of urbanicity at diagnosis Total

Capital area Provincial
areas

Rural areas

N (%) 4394 (32.9) 5746 (43.0) 3209 (24.0) 13,349 (100)
Age, median (inter-quartile range) a 28.3

(22.7–36.6)
26.6
(22.1–34.3)

27.5
(21.9–35.9)

27.4
(22.2–35.3)

Age b 25a 36.1 42.5 41.9 40.3
Female sex 37.6 39.9 38.8 38.9
Family history of SZ 8.5 7.2 7.7 7.7
Education (only primary level)a 57.4 64.9 70.3 63.7
Work status (early disability benefit)a 11.1 15.3 17.9 14.5
Living alone vs. cohabitatinga 79.1 76.1 67.2 74.9
Suicide attempts prior to diagnosisa 16.3 23.4 23.1 21.0
Prior diagnosis of SZ spectrum disordera 50.4 39.9 40.5 43.5
Other prior psychiatric diagnosis than schizophrenia (bipolar, depression, personality disorder, autism,
ADHD)a

41.6 44.9 47.5 44.4

Prior diagnosis of substance abuse 32.0 31.2 31.7 31.6
Psychiatric hosp. in previous year 30.0 27.9 28.6 28.7
In-patient at first diagnosis 40.6 42.9 42.2 42.0
Psychotropic drugs (antipsychotics, antidepressants, benzodiazepines, or mood stabilizers) redeemed in
previous yeara, b

56.1 70.5 74.5 66.7

Any drugs (excluding psychotropic drugs mentioned above) redeemed in previous yeara 56.1 60.8 64.8 60.2

a The distribution differed significantly across levels of urbanicity.
b Percentages increase across levels of urbanicity for all four classes of psychotropic drugs. Further details on classification of drugs can be found in Table A2 in the Supplementary material.
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3. Results

Among the 13,349 individuals with their first schizophrenia diagno-
sis between January 1, 1996 and July 1, 2013, a total number of 2313
(17.3%) individuals fulfilled the proxy definition for TRS by meeting at
least one of the two criteria for TRS during follow-up, whichever came
first; 1210 (9.1%) due to a redemption of clozapine (criterion one) and
1103 (8.3%) due to a hospital admission after at least two periods of dif-
ferent antipsychotic monotherapy (criterion two). Median follow-up
was 7 years, inter-quartile range: 3–12 years. A significant urban-rural
difference in absolute risk of TRS was estimated at 5 and 10 years after
first schizophrenia diagnosis; at 5 years the risk ranged from 10.5% in
the capital area to 17.6% in the rural areas (Fig. 1 and Table 2). Distribu-
tions of baseline characteristics across levels of urbanicity at first diag-
nosis of schizophrenia are shown in Table 1. Most factors were not
Fig. 1. Cumulative incidence of TRS stratified by level of urbanicity at first diagnosis of
schizophrenia. The cumulative incidence measure the probability (or risk) for a person
with schizophrenia of meeting TRS criteria according to number of years since first
schizophrenia diagnosis.
equally distributed across levels of urbanicity, and in particular a higher
prevalence of individuals with prior psychotropic medication as well as
other medication was present in the provincial and rural areas.

We found a clear association between lower levels of urbanicity (at
diagnosis) and increased incidence of TRS. Hazard ratio estimates
(HR) were (capital area as reference): HR = 1.44 (1.31–1.59) for pro-
vincial areas andHR=1.60 (1.43–1.79) for rural areas (Table 2). The ef-
fect sizes remain significant when including socio-demographic and
disease-related baseline factors in the model (Table 2).

The cumulative incidence of TRS is shown in Fig. 1. The cumulative
incidence measures the probability of meeting the TRS criteria before
a given time since the first recorded diagnosis of schizophrenia. Fig. 1
shows that irrespectively of time since first schizophrenia diagnosis, in-
dividuals living in less urban areas than the capital have the highest risk
of meeting the TRS criteria.

The effect of urbanicity was even larger when TRS occurred in the first
years after the first schizophrenia diagnosis and the effect diminished
when the TRS criteria was met in later years after diagnosis (Fig. A1).

When urbanicity at birth (as opposed to urbanicity at diagnosis)was
used as exposure, the rate of TRS remained higher in provincial and
rural areas compared to the capital area, although with slightly smaller
effect sizes: HR = 1.19 (1.05–1.34) for provincial areas and HR= 1.12
(0.98–1.28) for rural areas.

The urban-rural differences showed a tendency to diminish slightly
when urbanicity was assessed at younger age (Fig. 2a) or longer before
diagnosis of schizophrenia (Fig. 2b).

3.1. Sensitivity analyses

When applying the more narrow proxy for TRS (clozapine initiation
only), 1424 (10.7%) were defined as treatment resistant during follow-
up. Similar results for the association between urbanicity and TRS were
found. When urbanicity was obtained at diagnosis, the estimates were
(capital area as reference): HR = 1.55 (1.36–1.76) for provincial areas
and HR= 1.63 (1.41–1.88) for rural areas (Table A3). When urbanicity
was obtained at birth, the estimates were: HR = 1.18 (1.02–1.38) for
provincial areas and HR = 1.17 (0.99–1.38) for rural areas. For
urbanicity obtained at different timepoints between birth and diagnosis
of schizophrenia, and for TRS occurring in different years after diagnosis,
similar patterns as for themain TRS proxy were seen for clozapine initi-
ation only (Figs. A2 and A3).



Table 2
Association between levels of urbanicity at first schizophrenia diagnosis and treatment-resistant schizophrenia (TRS). Hazard rate ratios (HR) and absolute 5- and 10-year risks of TRS are
presented. All estimates are accompanied by 95% confidence intervals.

Level of urbanicity (diagnosis) Total Number of events Incidence Rate per 100 person-years HR and 95% CI for TRS Absolute risk of TRS after first
diagnosisc

Model 1a Model 2b 5-year risk (%) 10-year risk (%)

Capital area 4394 608 1.98 (1.83–2.14) 1.00 (ref) 1.00 (ref) 10.5 (9.6–11.6) 15.7 (14.5–17.0)
Provincial areas 5746 1081 2.98 (2.81–3.16) 1.44 (1.31–1.59) 1.40 (1.26–1.56) 17.3 (16.3–18.4) 22.0 (20.7–23.2)
Rural areas 3209 624 3.29 (3.04–3.56) 1.60 (1.43–1.79) 1.56 (1.39–1.76) 17.6 (16.1–19.1) 23.1 (21.3–24.9)

a Model 1: Adjusted for age and calendar year of first schizophrenia diagnosis, and allowing different baseline hazards for males and females. N = 13,349.
b Model 2: Adjusted for age and calendar year of first schizophrenia diagnosis, family history of schizophrenia, education, work status, marital status, prior suicide attempts, prior di-

agnosis of schizophrenia spectrum disorder, prior diagnosis of other psychiatric disorders, psychiatric hospitalization in previous year, drugs (antidepressants, benzodiazepines, or mood
stabilizers) redeemed in previous year, and allowing different baseline hazards for males and females. N = 12,611.

c The absolute risk (or cumulative incidence) of TRS at 5 and 10 years after first diagnosis with schizophrenia.
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Results of the remaining sensitivity analyses were reported for the
main TRS proxy definition including both those initiating clozapine
and those meeting eligibility criteria for clozapine. Restricting to indi-
viduals only initiating antipsychotic treatment after diagnosis of schizo-
phrenia resulted in similar but decreased effect sizes for urbanicity at
diagnosis (capital area as reference: HR = 1.22 (1.03–1.44) for provin-
cial areas and HR=1.20 (0.98–1.47) for rural areas) and the years prior
to first schizophrenia diagnosis (results not shown, available upon re-
quest). For urbanicity obtained at birth and during the first 18 years,
no relation between urbanicity and TRS was found among new users
of antipsychotics (results not shown, available upon request).

For the analysis using a more detailed 5-level classification of
urbanicity, estimates were (capital as reference): suburb to the capital,
HR = 1.34 (1.14–1.58), provincial city, HR = 1.65 (1.43–1.91), provin-
cial town, HR = 1.60 (1.41–1.82), rural area, HR = 1.79 (1.57–2.04).

The cumulative incidence of all-cause mortality after the first diag-
nosis of schizophrenia was largest in the capital area, whereas provin-
cial areas had the lowest mortality (Fig. A4).

4. Discussion

The present study demonstrates that the lower the degree of
urbanicity the higher the risk of TRS, irrespective of which point in
time urbanicity was measured. Based on the worldwide consistent
Fig. 2.Hazard ratio estimates for TRS in differentmodelswhere urbanicity was obtained at differ
1971 to have full information on residence at time of birth. (b) Years prior to first schizophren
finding that the higher the degree of urbanicity the higher the risk of
schizophrenia, our finding was contrary to our expectations.

Our finding is in accordance with a Danish study showing that indi-
viduals treated at university hospitals, which are mainly located in the
more urban areas of Denmark, are less likely to have clozapine pre-
scribed compared to individuals treated at non-university hospitals
mainly located in less urban areas (Nielsen et al., 2012). Another study
on predictors of TRS identified the same association between urbanicity
obtained at diagnosis and the treatment-based proxy for TRS
(Wimberley et al., 2016).

Using residential information on urbanicity provided us with the
rare and unique possibility to evaluate the impact of urbanicity on
TRS at various time points, both before and at first diagnosis of
schizophrenia. Considering both age at residence and the number
of years before first diagnosis of schizophrenia as alternative time
points in measuring urbanicity, we found highest urban-rural differ-
ences in rates of TRS when urbanicity was measured at time of first
schizophrenia diagnosis. With regard to timing of TRS, we only
found an effect of urbanicity if TRS occurred within the first two
years after diagnosis of schizophrenia, with living in the capital
area being associated with decreased TRS compared to any other
level of urbanicity, but we found the effect sizes diminishing with
time after diagnosis of schizophrenia. This could to some extent indi-
cate earlier recognition of TRS in rural areas.
ent time points. (a) Ages after birth, where the cohort is restricted to individuals born after
ia diagnosis.
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4.1. Can regional differences in treatment or diagnostic procedures explain
urban-rural differences in TRS?

The resultsmay partly be explained by systematic differences in pre-
scribing practice across different levels of urbanicity. Even though base-
line characteristics show that individuals living in the capital are more
likely to have prior schizophrenia-like diagnoses, individuals in rural
areas are more likely to redeem antipsychotics as well as other psycho-
tropic treatment in the year prior to their first diagnosis of schizophre-
nia. This may introduce a bias whereby individuals living in rural areas
are more likely to fulfil the treatment-based TRS criteria of having pre-
viously unsuccessfully received two or more courses of antipsychotic
treatment. The effect sizes, however, remained significant though de-
creased when restricting to new users of antipsychotic treatment.
Moreover, the association between urbanicity at first schizophrenia di-
agnosis and TRS persisted even when different proxy definitions of TRS
were applied. Using hospital and prescription registry data it was not
possible to investigate why individuals in rural areas initiated antipsy-
chotic treatment earlier than in urban areas, or whether alternative
non-pharmacological treatment options were offered in the capital
area instead. Furthermore, previous research found shorter duration of
untreated psychosis (DUP) to be associated with better prognosis
(Harris et al., 2005), and significantly longerDUPwas observed in highly
urbanized areas in the Netherlands (Boonstra et al., 2012). In our study
cohort, individuals diagnosed with schizophrenia were not older in
rural areas, indicating that detection of schizophrenia does not seem
to be delayed in less urban areas.

Moreover, first-episode psychosis patients living in rural areas may
to a higher extent – due to less access to psychiatric services – be treated
by their general practitioners before referral to a psychiatric hospital,
where the diagnosis of schizophrenia is for the first time being recorded
in the hospital register, our source of information. By contrast, the cap-
ital area and the second largest city in Denmark participated in an early
intervention trial (OPUS) for first-episode psychosis patients, which
may have generally affected treatment strategies in these areas
(Petersen et al., 2005). In the present study we found that individuals
in the capital were more likely to have a prior schizophrenia-like diag-
nosis, whereas individuals in rural areas were more likely to have a
prior diagnosis of bipolar disorder, personality disorder or depression.
First, this could indicate differences in diagnostic work-up and treat-
ment before the schizophrenia diagnosis is confirmed. Second, this
could indicate different clinical subtypes of schizophrenia in rural ver-
sus urban areas.

4.2. Is TRS a distinct subtype of schizophrenia?

Our findings are consistent with an emerging view that TRS is a dis-
tinct type of schizophrenia with a different aetiology than treatment-
responsive schizophrenia, rather than merely representing a more se-
vere form of schizophrenia (Nakajima et al., 2015; Sagud, 2015).
While urbanicity is a well-established risk factor for schizophrenia per
se (March et al., 2008; Vassos et al., 2012) it may be that the urban ex-
cess in schizophrenia applies only to treatment-responsive schizophre-
nia and does not apply to TRS. In other words, the association may be
better conceptualised as an excess of treatment-responsive schizophre-
nia in cities as opposed to an excess of treatment-resistant schizophre-
nia in rural areas.

4.3. Other potential explanations

The association between urbanicity and TRS could also to some
extend be explained by selective migration towards more urban areas
due to the development of the disorder or its prodomata (Pedersen,
2015; Freeman, 1994).

Another potential explanation includes the detected excess mortali-
ty of schizophrenia in the capital area whichmay have prevented these
individuals from meeting the TRS criteria. However, even if all persons
with schizophreniawho lived in the capital at timeoffirst schizophrenia
diagnosis and died within 10 years were designated as having devel-
oped TRS, this would still not have been sufficient to reach the same
level of cumulative incidence of TRS after 10 years as for those diag-
nosed in a rural area.
4.4. Limitations

Our TRS proxy was defined exclusively from registry data using in-
formation on antipsychotic redemptions from community pharmacies
and psychiatric hospital admissions. This definition cannot distinguish
so-called treatment resistance from insufficient treatment response
and switching to clozapine or other antipsychotics due to intolerance
or non-adherence. In that sense, the applied main TRS proxy may over-
estimate the true occurrence of treatment resistance. By contrast, the
fact that we do not have information on antipsychotic medication dur-
ing hospitalization implies potential underestimation of the number of
monotherapy trials and thereby potential underestimation of
treatment-resistant cases defined by our main proxy for TRS. Further-
more, the more narrow proxy of clozapine initiation only is expected
to have a positive predictive value close to 100% since almost all patients
on clozapine are assumed to meet criteria for treatment resistance, but
might also underestimate the true occurrence of TRS, becausemany pa-
tients with TRS are not treated with clozapine (Howes et al., 2012). We
believe that our approach of using clozapine initiation as well as re-
admission while treated after having had two periods of different anti-
psychotic monotherapies with good adherence – although not an
exactmeasure of truly treatment resistance – is themost accuratemark-
er of insufficient treatment response that can be obtained from the
available data. The fact that we found similar results when restricting
to the clozapine initiation only definition indicates that the different
rates of TRS across levels of urbanicity were not restricted to clozapine
prescribing or to other antipsychotic use and psychiatric admissions.
4.5. Conclusion

We observed that the lower the degree of urbanization the higher
the risk of TRS. This effect was strongest when urbanicity was assessed
at time of first diagnosis and when treatment resistance was identified
shortly after schizophrenia diagnosis. This inverse finding is intriguing
in comparison with the well-known association that the higher the de-
gree of urbanization the higher the risk of schizophrenia. It may indicate
systematic differences in treatment practices across different levels of
urbanicity, or differences in aetiology between treatment-responsive
and treatment-resistant schizophrenia.
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Supplementary data 

 

Table A1: Detailed description of TRS* proxies and expressions used to derive TRS proxies using registry data. 

Main TRS outcome definition 

 

TRS is defined as either first CLZ* redemption or meeting CLZ eligibility criteria (relapse after 2 

AP* periods), whatever comes first. The definition is a proxy for TRS, and is more likely 

identifying ’probable treatment non-response’. 

 

  

Description/Definition 

 

Definition of CLZ eligibility criteria 

 

Psychiatric HX* leading to a diagnosis of SZ* was used as indication for relapse. The HX should 

occur between 6 weeks and 18 months after initiating a 2nd adequate antipsychotic period. The 

number of adequate AP periods was counted from one year prior to first SZ dx.  

 

Estimated prescription duration Median distance between prescriptions calculated within patient and ATC group if the patient has 

at least four redemptions within ATC group. This estimated duration will be replaced by the 

median distance within ATC group if either the patient has less than four redemptions within a 

given ATC group or (estimated duration - DDD*number of packages) > 100. 

 

Grace period/maximum allowed gap 100% of the estimated duration of the specific redemption, resulting in a maximum allowed 

distance between redemptions around the 75th percentile of the median distance within ATC group.   

 

Duration of a treatment period Stop-Start, where 

Start = first redemption 

Stop = last redemption of subsequent redemptions of the same ATC (redeemed within 

estimated duration + grace period) + estimated duration of the last redemption. 

 

Adequate AP period Strict AP monotherapy of a period of a duration >= 6 weeks, i.e. no other AP redemptions for at 

least 6 weeks. 

 

*) TRS = Treatment-Resistant Schizophrenia, CLZ=clozapine, AP = antipsychotic, HX = hospitalization, SZ = schizophrenia, DDD = defined 

daily dose. 

 

 

Table A2: Classification of psychiatric disorders according to WHO international classification of diseases (ICD) 

version 8 and 10 and Anatomical Therapeutic Classification (ATC) codes for classification of drugs.1 

 ICD-8 ICD-10 

Schizophrenia 295.x9 (excl. 295.79) F20 

Schizo-affective disorders 295.79, 295.89 F25 

Other SZ spectrum disorders 297.xx, 298.29, 298.39, 298.98, 298.99, 299.04, 299.05, 

299.09, 301.83 

F21-F24, F28-F29 

Bipolar disorders 296.19, 296.39, 298.19 F30-F31 

Single and recurrent depressive disorder 296.09, 296.29, 298.09, 300.49 F32-F33 

Substance abuse including cannabis and 

smoking use disorders 

291.x9, 294.39 303.x9, 303.20, 303.28, 303.90, 304.x9 F10-F19 

Personality disorders 301.x9 (excl. 301.19), 301.80-301.82, 301.84 F60 

Autism  299.00-299.03 F84 

Attention Deficit Hyperactivity Disorder  308.01 F90 

Suicide attempta   

 ATC codes  

Antipsychotics N05A, excl. N05AN01  



Antidepressants N06A  

Benzodiazepines N03AE, N05BA, N05CD, N05CF  

 Mood stabilizers N05AN01, N03AG01, N03AX09, N03AF01, N03AF02  

   a) Different algorithms were used for different time periods.2  

 

Table A3: Association between levels of urbanicity at first schizophrenia diagnosis and treatment-resistant 

schizophrenia (TRS), using the narrow proxy definition (clozapine initiation). Hazard rate ratios (HR) and 

absolute 5- and 10-year risks of TRS are presented. All estimates are accompanied by 95% confidence intervals.  

 Total Number 

of events 

Incidence Rate per 

100 person-years 

HR and 95% CI for TRS Absolute risk of TRS after first 

diagnosisc 

 

Level of 

urbanicity 

(diagnosis) 

   Model 1a Model 2b 5-year risk 

(%) 

10-year risk 

(%) 

Capital area  4394 356 1.11 (1.00-1.24) 1.00 (ref) 1.00 (ref) 6.2 (5.5-7.0) 9.3 (8.3-10.3) 

Provincial areas 5746 690 1.78 (1.66-1.92) 1.55 (1.36-1.76) 1.47 (1.29-1.68) 11.1 (10.3-12.0) 14.6 (13.5-15.7) 

Rural areas 3209 378 1.85 (1.67-2.04) 1.63 (1.41-1.88) 1.60 (1.37-1.86) 10.4 (9.3-11.6) 15.0 (13.5-16.5) 

a) Adjusted for age and calendar year of first schizophrenia diagnosis, and allowing different baseline hazards for males and females. N=13,349. 

b) Adjusted for age and calendar year of first schizophrenia diagnosis, family history of schizophrenia, education, work status, marital status, 

prior suicide attempts, prior diagnosis of schizophrenia spectrum disorder, prior diagnosis of other psychiatric disorders, psychiatric 

hospitalization in previous year, drugs (antidepressants, benzodiazepines, or mood stabilizers) redeemed in previous year, and allowing different 

baseline hazards for males and females. N=12,611. 

c) The absolute risk (or cumulative incidence) of TRS at 5 and 10 years after first diagnosis with schizophrenia. 



 

 

Figure A1: Hazard ratios of TRS for levels of urbanicity (capital as reference) in different intervals of follow-up. 

Contrast estimates are plotted for the interactions of urbanicity at diagnosis and years after diagnosis in a Cox 

regression model adjusted for sex, age and calendar year at first diagnosis. The black horizontal line indicates the 

estimate from the main analysis (rate of TRS in rural areas verus capital area), where TRS were allowed to occur 

during the entire follow-up period. 

 



 

Figure A2: Hazard ratios of TRS (clozapine only definition) for levels of urbanicity (capital as reference) in 

different intervals of follow-up. Contrast estimates are plotted for the interactions of urbanicity at 

diagnosis and years after diagnosis in a Cox regression model adjusted for sex, age and calendar year at first 

diagnosis. The black horizontal line indicates the estimate from the main analysis (rate of TRS in rural areas 

verus capital area), where TRS were allowed to occur during the entire follow-up period. 

 

 

 



 

Figure A3: Hazard ratio estimates for TRS (clozapine only definition) in different models where urbanicity were 

obtained at different time points. (a) Ages after birth, where the cohort is restricted to individuals born after 1971 

to have full information on residence at time of birth. (b) Years prior to first schizophrenia diagnosis. 

 



 

Figure A4: Cumulative incidence of all-cause mortality during the time since schizophrenia diagnosis by levels of 

urbanicity at first diagnosis of schizophrenia. 
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Abstract 

Treatment-resistant schizophrenia (TRS) affects around one third of individuals with 

schizophrenia. Although a number of socio-demographic and clinical predictors of TRS have been 

identified, data on the genetic risk of TRS are sparse. We aimed to investigate the association 

between the polygenic risk score for schizophrenia and treatment resistance in patients with 

schizophrenia. We conducted a nationwide, population-based follow-up study among all Danish 

individuals born after 1981 and with an incident diagnosis of schizophrenia between 1999 and 

2007. Based on genome-wide data polygenic risk scores for schizophrenia were calculated in 862 

individuals with schizophrenia. TRS was defined as either clozapine initiation or at least two 

periods of different antipsychotic monotherapies and still being hospitalized. We estimated 

hazard rate ratios (HRs) for TRS in relation to the polygenic risk score while adjusting for 

population stratification, age, sex, geographical area at birth, clinical treatment setting, 

psychiatric comorbidity, and calendar year. Among the 862 individuals with schizophrenia, 181 

(21.0%) met criteria for TRS during 4,674 person-years of follow-up. We found no significant 

association between the polygenic risk score and TRS, adjusted HR = 1.13 (95% CI: 0.95-1.35). 

Based on these results, the use of the polygenic risk score for schizophrenia to identify individuals 

with TRS is at present inadequate to be of clinical utility at the individual patient level. Future 

research should include larger genetic samples in combination with non-genetic markers. 

Moreover, a TRS-specific developed polygenic risk score would be of great interest towards early 

prediction of TRS.  

 

Keywords: treatment resistance, genetic liability, antipsychotics, clozapine 
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Introduction 

Treatment-resistant schizophrenia (TRS) is considered to affect approximately one third of all 

individuals diagnosed with schizophrenia. TRS is commonly defined as insufficient treatment 

response despite at least two different antipsychotic treatment courses of adequate dose and 

duration.
1-3

  

It has been shown, that individuals with a family history of psychosis are more likely to poorly 

respond to antipsychotic drugs,
4-6

 suggesting a genetic influence in the development of TRS. This 

is supported by previous research indicating that variants in the gene coding for the Dopamine D2 

receptor (DRD2) may be predictive of response to antipsychotic drugs in first-episode 

schizophrenia.
7-9

 The DRD2 lies within one of the 108 associated regions reported in schizophrenia 

showing an overlap between genes contributing to the genetic risk of schizophrenia and the key 

target for antipsychotic drugs.
10

 Schizophrenia is polygenic, i.e. influenced by many genetic 

variants each having a small effect.
11

 Combining thousands of common variants of small effect, 

weighted by their effect estimates, in a polygenic risk score, provides a measure of genetic liability 

to schizophrenia.
12

 Data regarding the association of the polygenic risk score for schizophrenia 

and TRS are sparse,
13,14

 and more evidence is needed to explore this association further. As the 

social and economic costs of TRS are high,
15

 and an extended duration of insufficiently treated or 

untreated psychosis is associated with poorer prognosis,
16

 it is important to identify individuals at 

high risk of TRS to improve efficacy and reduce time and morbidity during failed treatments 

periods. Genetic predictors could potentially help to identify such high-risk individuals. 

In this nationwide, population-based follow-up study, we aimed to examine the association 

between the polygenic risk score for schizophrenia and TRS in a Danish cohort of individuals 

diagnosed with schizophrenia. 

Methods  

This was a prospective cohort study using Danish, population-based registers.  

Data sources 

Danish, population-based registers were linked using the unique personal identification number 

assigned to all Danish citizens. Information on sex, date of birth, death, emigration, and current 

and past residence in Denmark was obtained from the Danish Civil Registration System 

established in 1968.
17

 Genetic data were extracted from dried blood spots taken in the first days 

after birth of nearly all infants born in Denmark since 1981 and stored in the Danish Newborn 

Screening Biobank.
18

 Information on antipsychotic medication was obtained from the Danish 

National Prescription Registry (DNPR) which holds information on all prescriptions redeemed from 

community pharmacies in Denmark since 1995.
19

 Data on psychiatric hospital diagnoses and 

admissions were extracted from the Psychiatric Central Research Register (PCRR) which contains 

information on all inpatient contacts since 1969 and outpatient contacts since 1995.
20
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Study cohort 

The study cohort consisted of all individuals with a first diagnosis of schizophrenia (the 

International Classification of Diseases, Tenth Revision, ICD-10 code F20)
21

 between 1999 and 

2007, born in Denmark after May 1, 1981, with a DNA sample available from the Danish Newborn 

Screening Biobank.
18

  

Treatment-resistant schizophrenia 

Our measure of TRS was based on data from the DNPR and PCRR. We defined TRS as first 

occurrence of either clozapine initiation or hospitalization due to schizophrenia during 

antipsychotic treatment within 18 months after at least two periods of different antipsychotic 

monotherapy lasting at least 6 weeks each. This treatment-based proxy, used in a recent 

published study,
22

 builds on international and Danish treatment guidelines and the Kane 

criteria.
1,2,23-25

  

The polygenic risk score 

The polygenic risk score for schizophrenia was based on genome-wide data from the PGC 

discovery sample and data from the Danish Newborn Screening Biobank. We calculated polygenic 

risk scores based on the summary statistics (effect allele, effect size) derived from the discovery 

sample. The discovery sample comprised 34,600 schizophrenia cases and 45,986 controls from 

the PGC Genome-Wide Association Study (GWAS) meta-analysis for schizophrenia, excluding the 

Danish cases.
10

 We selected SNPs associated at a p-value threshold of 0.05 or lower. This 

threshold was chosen in accordance with other studies including polygenic risk scores,
26

 and this 

less stringent threshold, compared with thresholds used in association analysis of single variants, 

is considered appropriate to achieve a balance between the number of false-positive and true-

positive risk alleles.
27

 Thereby, we identified a total of 24,755 SNPs.  In our target sample, our 

independent study population, the polygenic risk score was then calculated for each individual as 

the weighted sum of risk alleles at the selected SNPs with the weight being the effect estimates in 

the discovery sample.  

The polygenic risk score, that is approximately normal distributed,
28

 was converted into a z-score 

by subtracting the mean and dividing by the standard deviation.  

Candidate predictors of TRS 

In one of the models, we included a selected subset of factors that have been shown to be 

associated with TRS.
22,29

 These factors were sex, age at first diagnosis of schizophrenia, 

geographical area at birth (born in the capital vs born outside the capital), psychiatric comorbidity 

(any inpatient psychiatric hospitalization in the year prior to first diagnosis of schizophrenia), and 

clinical treatment setting (in- or outpatient at first diagnosis of schizophrenia).  

Statistical analysis 

Individuals were followed from the date of their first hospital diagnosis of schizophrenia until TRS, 

death, emigration, or end of study (December 31, 2010), whichever came first. We estimated 
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hazard rate ratios (HRs) for the association between the standardized polygenic risk score and the 

incidence of TRS, and adjusted for the candidate predictors listed above and calendar year. All 

models including the polygenic risk score for schizophrenia were additionally controlled for 

population stratification by including ten first genomic principal components.
30

 

We conducted several sensitivity analyses to examine the robustness of the results. First, due to 

the limited size of the cohort, we included the residual from a linear regression of the polygenic 

risk score on the candidate predictors instead of including the set of candidate predictors directly 

into the model. Second, we restricted the TRS definition to clozapine initiation only. Third, we 

restricted the cohort to adult individuals (≥18 years at first diagnosis of schizophrenia) since the 

antipsychotic treatment guidelines as well as clinical prescribing practice and response to 

antipsychotics differ between childhood- and adult-onset schizophrenia.
31,32

 Finally, all analyses 

were repeated with polygenic risk scores calculated based on SNPs selected using thresholds of 

p<0.01 and p<0.1, including 10,622 and 35,792 SNPs, respectively. 

The proportional hazards assumption was checked by diagnostic plots. All statistical analyses were 

performed using SAS 9.3 and Stata 13.  

Results  

We identified 862 individuals diagnosed with schizophrenia with an available DNA sample. 

Median age at first schizophrenia diagnosis was 19 years (inter-quartile range: 17-21 years), 471 

(54.6%) were males and 391 (45.4%) were females. A total of 181 (21.0%) fulfilled the TRS 

definition during follow-up. They were followed for a total of 4,674 person-years resulting in an 

incidence rate of TRS of 3.87 (95% CI: 3.31-4.44) per 100 person-years, and a median follow-up of 

5.4 years (inter-quartile range: 4.1-7.1 years). Characteristics for these individuals according to 

TRS are presented in Table 1. The mean standardized polygenic risk score was nominally higher 

among individuals fulfilling the TRS definition (0.24) compared with individuals not fulfilling the 

TRS definition (0.20), but the difference was not statistically significant (p=0.58). 

The adjusted hazard rate ratio for TRS associated with one standard deviation increase in the 

polygenic risk score was 1.13 (95% CI: 0.95-1.35). Only adjusting for population stratification, the 

estimate was down to 1.02 (95% CI: 0.88-1.17) (Table 2).  

We also evaluated the HRs obtained for some of the known predictors for TRS in our analyses in 

order to qualify the validity of our dataset. In this cohort, the factors female sex, psychiatric 

comorbidity, and being inpatient at first diagnosis of schizophrenia were significantly associated 

with increased rate of TRS, whereas no significant associations were found for age at first 

schizophrenia diagnosis and capital birth (Table 2).  

When including the residual of a linear regression of the polygenic risk score on the candidate 

predictors, the association between the polygenic risk score and TRS was virtually unchanged, 

adjusted HR=1.12 (95% CI: 0.93-1.33).  
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When restricting the TRS definition to clozapine initiation only, the association remained 

statistically insignificant, but the adjusted HR was slightly higher, HR=1.23 (0.97-1.56) 

(Supplementary Table 1).  

We further examined the association restricted to adult individuals (≥18 years at first diagnosis of 

schizophrenia), although with a weaker statistical precision.  Among this subset of individuals 

(n=584), we found no association between the polygenic risk score and TRS, adjusted HR=1.01 

(0.80-1.27) (Supplementary Table 2).  

Finally, we repeated the analysis with polygenic risk scores calculated based on SNPs selected 

using different thresholds, and found similar results. Adjusted HRs for TRS were 1.09 (95% CI: 

0.92-1.29) for p<0.01 and 1.17 (95% CI:  0.98-1.41) for p<0.1. 

Discussion 

This study provided no statistically significant evidence for an association between an increased 

polygenic risk score for schizophrenia and TRS.  

Our study is in agreement with two other studies. In a study from Australia by Martin and Mowry, 

no statistically significant association between the polygenic risk score and TRS was found, where 

TRS was defined as non-response to antipsychotics inspired by the modified Kane criteria.
14

 

Similarly, in a study from Iceland by Sigurdsson and Ingimarsson, the polygenic risk score did not 

differ with regard to clozapine use (Abstract for the 23rd European Congress of Psychiatry: 

Polygenic Risk Scores and Metabolic Side Effects in Clozapine Treatment of Schizophrenia, 

2015;30(Supplement 1):93). Another study found crude statistically significantly increased 

polygenic risk score among people with schizophrenia treated with clozapine, but the association 

did not remain significant after adjustment for clinical variables.
13

 In our study, the HR estimate 

was insignificantly but nominally increased when lifetime clozapine treatment was used as a proxy 

for TRS. In summary, the evidence for an association between the polygenic risk score for 

schizophrenia and TRS is still sparse and not fully clarified.  

The main strengths of the setting of this study are the uniformly organized Danish health care 

system allowing a population-based design and the ability to link different data sources with 

prospectively collected data independent of the study hypothesis and with virtually complete 

follow-up.  

The validity of the schizophrenia diagnosis in the registers is high,
33

 but by only including people 

with schizophrenia with an available DNA sample, the sample was relatively young, and this may 

have introduced selection bias, thus limiting generalizability. The relatively young cohort might 

explain why we did not observe significant associations between TRS and age at first 

schizophrenia diagnosis and capital birth, as opposed to other studies,
14,22,29

 but in line with a 

study on early-onset schizophrenia and clozapine.
31

  

Based on register data with lack of information on in-hospital drug treatment and clinical scores, 

TRS cannot be identified without misclassification, as discussed elsewhere.
22

 Still, we believe that 

this proxy definition of TRS, based not only on clozapine initiation but on history of different AP 
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treatment is closer to the theoretical definition of TRS based on clinical guidelines which, in turn, 

are based on the modified Kane criteria.
1,2

 Nevertheless, sensitivity analysis restricting the TRS 

definition to clozapine initiation did not alter our conclusion. 

Even though the present study did not provide any statistical significant evidence for an 

association between the polygenic risk score for schizophrenia and TRS with small estimated 

effect sizes, we cannot rule out the possibility that the ability of our study to detect an association 

could be hindered by the relatively small sample size.  

In spite of lack of association between the polygenic risk score and TRS, there might still be a 

genetic influence on TRS. An association between total copy number duplication burden genome 

wide and TRS has been found,
14

 and people with TRS have been shown to have an excess of rare 

disruptive variants in gene targets of antipsychotics.
11

 While genetic variations at the DRD2 have 

been associated with treatment response in schizophrenia,
7-9

 these variants alone only have a 

modest effect and are not clinical useful. The polygenic risk score thus remains a potentially useful 

tool for genetic risk models. Previously, the polygenic risk score for schizophrenia has been shown 

to be able to predict case-control status in independent samples, although the sensitivity and 

specificity of the polygenic risk score for schizophrenia were found to be low.
10

 The predictive 

accuracy of the scores may be optimized by accounting for the effects of linkage disequilibrium,
34

 

and thus the scores may also improve the prediction of TRS.  

Conclusion 

The polygenic risk score for schizophrenia was not statistically significantly associated with TRS. 

This result suggests that the predictive power of this polygenic risk score in identifying TRS 

individuals is at present inadequate to be of clinical utility at the individual patient level. For 

future research on genetic markers for TRS and potential implementation in clinical practice, 

larger genetic samples and possible combination with non-genetic markers will be required. 

Moreover, development and validation of a TRS-specific polygenic risk score would be of great 

importance. 
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Supplemental material is available. 
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Tables 

Table 1 Characteristics for individuals with schizophrenia with a DNA sample available (N=862). 

Characteristics TRS during 

follow-up 

No TRS during 

follow-up 

Total 

N 181 681 862 

Polygenic risk score (mean, SD)  0.24 (1.04) 0.20 (1.01) 0.21 (1.02) 

    

Age at first schizophrenia diagnosis, years (median, 

inter-quartile range) 

19.0 (16.9-20.8) 19.2 (17.0-20.9) 19.1 (17.0-20.9) 

    

Sex, N (%)*    

  Female 101 (55.8%) 290 (42.6%) 391 (45.4%) 

  Male 80 (44.2%) 391 (57.4%) 471 (54.6%) 

    

Geographical area at birth, N (%)    

  Capital 25 (13.8%) 116 (17.0%) 141 (16.4%) 

  Provincial or rural 156 (86.2%) 565 (83.0%) 721 (83.6%) 

    

Treatment setting at first diagnosis of schizophrenia, N 

(%)* 

   

  Inpatient 121 (66.9%) 306 (44.9%) 427 (49.5%) 

  Outpatient 60 (33.1%) 375 (55.1%) 435 (50.5%) 

    

Psychiatric comorbidity in the year prior to first 

diagnosis of schizophrenia, N (%)* 

   

  Yes 91 (50.3%) 208 (30.5%) 299 (34.7%) 

  No 90 (49.7%) 473 (69.5%) 563 (65.3%) 

* p<0.05 for significant difference between individuals with treatment-resistant and non-treatment-resistant 

schizophrenia.   
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Table 2 Hazard rate ratios (HR) for the event of TRS (crude and adjusted associations with TRS) (N=862). 

 Crude HR (95% CI) Adjusted HR (95% CI)
1
 

   

Polygenic risk score  1.02 (0.88-1.17)
 2

 1.13 (0.95-1.35)
 2

 

Age at first diagnosis of schizophrenia (years) 1.02 (0.97-1.08) 1.02 (0.96-1.08) 

Female 1.68 (1.25-2.25) 1.57 (1.16-2.13) 

Capital birth 0.74 (0.49-1.13) 0.76 (0.48-1.19) 

Inpatient at first diagnosis of schizophrenia 2.15 (1.58-2.93) 2.07 (1.50-2.84) 

Any psychiatric comorbidity in the year prior to first 

diagnosis of schizophrenia 

2.10 (1.57-2.81) 1.86 (1.38-2.51) 

Calendar year 1.02 (0.94-1.10) 1.04 (0.95-1.13) 

1
 Adjusted for age, sex, geographical area at birth, treatment setting, psychiatric comorbidity, and calendar year. 

2
 Including the first ten genomic principal components to adjust for population stratification. 
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Supplementary material 

Supplementary Table 1 Hazard rate ratios (HR) for the event of clozapine initiation (crude and adjusted associations 

with clozapine initiation) (N=862). 

 Crude HR (95% CI) Adjusted HR (95% CI)
1
 

   

Polygenic risk score  1.08 (0.90-1.30)
 2

 1.23 (0.97-1.56)
 2

 

Age at first diagnosis of schizophrenia (years) 1.06 (0.99-1.13) 1.09 (1.01-1.19) 

Female 1.39 (0.95-2.05) 1.35 (0.91-2.00) 

Capital birth 0.74 (0.43-1.30) 0.81 (0.45-1-46) 

Inpatient at first diagnosis of schizophrenia 2.17 (1.44-3.28) 2.02 (1.32-3.09) 

Any psychiatric comorbidity in the year prior to first 

diagnosis of schizophrenia 

2.28 (1.55-3.35) 1.98 (1.33-2.94) 

Calendar year 0.96 (0.87-1.05) 0.94 (0.84-1.06) 

1
 Adjusted for age, sex, geographical area at birth, treatment setting, psychiatric comorbidity, and calendar year. 

2
 Including the first ten genomic principal components to adjust for population stratification. 

Supplementary Table 2 Hazard rate ratios (HR) for the event of TRS among adult individuals (crude and adjusted 

associations with TRS) (N=584). 

 Crude HR (95% CI) Adjusted HR (95% CI)
1
 

   

Polygenic risk score
2
  0.92 (0.75-1.11)

 2
 1.01 (0.80-1.27)

 2
 

Age at first diagnosis of schizophrenia (years) 1.02 (0.91-1.14) 1.07 (0.93-1.22) 

Female 1.28 (0.87-1.86) 1.08 (0.72-1.61) 

Capital birth 0.59 (0.31-1.13) 0.65 (0.34-1.27) 

Inpatient at first diagnosis of schizophrenia 2.29 (1.54-3.40) 2.30 (1.53-3.46) 

Any psychiatric comorbidity in the year prior to first 

diagnosis of schizophrenia 

1.92 (1.32-2.80) 1.74 (1.18-2.58) 

Calendar year 0.98 (0.88-1.09) 0.99 (0.88-1.13) 

1
 Adjusted for age, sex, geographical area at birth, treatment setting, psychiatric comorbidity, and calendar year. 

2
 Including the first ten genomic principal components to adjust for population stratification. 
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Abstract 

Objective We evaluated rates of all-cause mortality and self-harm in association with 

clozapine treatment in individuals with treatment-resistant schizophrenia (TRS). Method We 

conducted a population-based cohort study of 2370 individuals meeting criteria for TRS after 

Jan 1, 1996 and followed until death, the first episode of self-harm, emigration, or June 1, 

2013. Time to all-cause death, as well as time to the first episode of self-harm, was analyzed in 

Cox regression models with time-dependent clozapine exposure, adjusted for clinical and 

sociodemographic covariates. Results Compared with current clozapine treatment, an 

elevated rate of all-cause mortality was observed for no clozapine treatment, HR=1.94 (95% 

CI: 1.19-3.17), mainly driven by periods of no antipsychotic treatment, HR=2.58 (1.54-4.33), 

rather than treatment with other antipsychotics, HR=1.50 (0.89-2.54). Particularly, an excess 

mortality was observed in the year after clozapine discontinuation, HR=2.70 (1.49-4.88). For 

self-harm, non-clozapine antipsychotic treatment was associated with an increased rate, 

HR=1.38 (1.04-1.81), and periods of no antipsychotic treatment was not associated with an 

increased rate of self-harm, HR=1.15 (0.89-1.57). Conclusions Our results demonstrated a 

remarkably increased mortality after clozapine discontinuation and substantially increased 

mortality in periods of no antipsychotic treatment, while less evidence was found for other 

antipsychotic treatment compared with clozapine treatment.  Furthermore, our results 

suggest a protective effect of clozapine in the prevention of self-harm in TRS compared with 

other antipsychotics. It remains to be investigated to which extent the observed excess 

mortality after clozapine discontinuation is confounded by non-adherence and other 

unobserved factors and to which extent it is caused by side effects from recent clozapine 

exposure or clozapine discontinuation.  

 

Key words: treatment resistance, all-cause mortality, schizophrenia, discontinuation, 

antipsychotics 
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Introduction 

Clozapine is considered the most effective second-generation antipsychotic treatment 

recommended for treatment-resistant schizophrenia (TRS). However, clozapine is underused 

in most countries, probably due to the fear of severe side effects and the inconvenience of 

therapeutic blood monitoring (1). Consequently, alternative treatment strategies such as 

switching or augmenting with other antipsychotics are often applied (2). Antipsychotic 

polypharmacy is – despite the lack of evidence for its efficacy – commonly prescribed (3). 

An excess early mortality in schizophrenia has been demonstrated in several studies, 

regarding both natural and unnatural causes of death (4, 5). Mortality in association with 

antipsychotic treatment – especially clozapine – has been studied extensively over the past 

decades. The FIN11-study found a significantly reduced mortality in for clozapine compared 

with any other antipsychotic drug (6). Several studies similarly concluded that clozapine was 

associated with a lower all-cause mortality compared with no antipsychotics or first-

generation antipsychotics (7), never clozapine users (8), and past or recent clozapine use (9). 

Other studies did not found decreased all-cause mortality for clozapine compared with 

haloperidol (10) or other antipsychotics (11). Clozapine has particularly been found to be 

associated with a lower risk of suicide (7, 10) and suicide attempts (10, 12). However, concern 

about a potentially higher risk of suicide following clozapine discontinuation has been raised 

(13).  

These studies are comparable in their observational design, which is required because 

randomized controlled trials will never be capable of addressing the issue of mortality in 

association with clozapine due to the requirement of ethical approval, selection bias, short 

follow-up and rare outcome. However, the studies differ in length of follow-up, different 

model adjustment, and exposure definition used. Moreover, these observational studies used 

comparison groups including individuals not eligible for clozapine, and so it is not clear 

whether the effect on mortality was specific to clozapine treatment. One exception is the 

study by Stroup and colleagues (11), which restricted the study cohort to TRS and found no 

significant difference in all-cause mortality and self-injurious behavior when comparing 

clozapine users with individuals using other antipsychotics (11). Even though a potentially 

adequate comparison group was selected, follow-up was restricted to one year, and mortality 

after clozapine discontinuation was not studied.  

Still, the role of clozapine in TRS in preventing death and self-harm needs to be studied and 

be compared to alternative antipsychotic treatment strategies often used in TRS. This should 

be addressed in population-based cohorts with long-term follow-up, only including 

individuals with TRS to minimize confounding by severity and indication.  
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The primary aim of the present study was to compare rates of all-cause mortality and self-

harm in association with clozapine treatment compared with no clozapine treatment, 

particularly non-clozapine antipsychotic treatment, among individuals with schizophrenia 

meeting criteria for TRS. Secondary aims were: 1. to compare rates between different 

treatment strategies in terms of antipsychotic monotherapy and polypharmacy, 2. to compare 

rates of death and self-harm in initial clozapine versus non-clozapine antipsychotics users, 3. 

to investigate the timing of all-cause death in relation to clozapine discontinuation, and 4. to 

compare rates of cause-specific mortality in association with clozapine treatment.  

Method 

Data sources 

We extracted information on medication from The Danish National Prescription Registry, 

where all outpatient drug prescriptions since 1995 have been registered (14). We obtained 

information on admission dates and diagnoses (WHO International Classification of Diseases 

(ICD) version 8 and 10) from the Danish Psychiatric Central Research Register (PCRR) 

(inpatient contacts since 1969, outpatient contacts since 1995) and the Danish National Patient 

Registry (inpatient contacts since 1977, outpatient contacts since 1995) (15, 16). We obtained 

information on sex, date of birth, vital status, and nationality and parents' personal 

identification numbers from the Danish Civil Registration System (CRS) established in 1968. 

Information on causes of death was obtained from the Causes of Death Register (CDR) with 

information available until December 31, 2011. The unique personal identification number 

was used to link individual data across the national registration systems, including registers 

holding socio-demographic information (17).     

Study cohort 

We designed the study as a population-based cohort study, including individuals born in 

Denmark after 1955 with a first diagnosis of schizophrenia (ICD 8: 295.x9, excl. 295.79, ICD-

10: F20) between 1996 and 2013, aged 18 years or older, and fulfil criteria for TRS. To define 

the cohort and start of follow-up (baseline), we used a treatment-based proxy for TRS. This 

proxy was defined as first event of either of the following two criteria: (i) clozapine 

prescription redeemed from the pharmacy, and (ii) psychiatric hospital admission within 18 

months after at least two periods of different antipsychotic monotherapy, each lasting at least 

6 weeks. The definition has been applied and described more fully elsewhere (18).  

Outcome measures  

As primary outcomes, we studied all-cause mortality and first recorded episode of self-harm 

after TRS.   
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All-cause mortality was defined using the recorded date of death retrieved from the CRS, 

where the vital status is continuously updated. 

Self-harm was defined as the first registered episode of self-harm after meeting TRS criteria. 

Self-harms included suicide attempts as well as self-harm such as cutting and poisoning (excl. 

food, alcohol, and mild analgetics). Similar classifications have been applied and described in 

details elsewhere (19-22). 

As secondary outcomes we assessed causes of death in the following three categories as 

applied in a previous study (23): Suicide (ICD-10 codes: X60-84), death from diseases and 

medical conditions (“natural” deaths) (ICD-10 codes: A00-R99), and death from other 

external causes (“unnatural” deaths, excluding suicide) (ICD-10 codes: V01-Y98, excl. X60-84).  

Exposure measures 

The primary exposure was defined as a time-varying treatment exposure, classifying 

individual follow-up time into periods of clozapine exposure and no clozapine exposure 

(Supplementary Table 1). No clozapine exposure was further classified into non-clozapine 

antipsychotic exposure and no antipsychotic exposure and thereby ensuring active 

comparator groups.  

Secondary exposure measures were defined. First, to account for periods of concomitant 

antipsychotic treatment, exposure status was further classified into the following sub-

categories: clozapine monotherapy (reference), clozapine with other antipsychotics, non-

clozapine antipsychotic polypharmacy, non-clozapine antipsychotic monotherapy, and no 

antipsychotic exposure. Next, to study the timing of all-cause mortality in relation to 

clozapine, the time-varying exposure was classified as past, no, and current clozapine 

exposure periods. Last, instead of a time-varying treatment exposure, we defined a binary 

initial-treatment exposure, i.e. clozapine exposure versus other antipsychotics at baseline 

(TRS). Individuals initiating clozapine at the defined time point of TRS or within a three-

month exposure window after meeting TRS criteria were assigned to the initial clozapine-

exposed group. 

Potential confounders 

We adjusted for sex and previous episodes of self-harm as well as the following time-

dependent factors: age; calendar year; comorbid substance abuse; comorbid somatic 

disorders (Charlson index score > 0) (24); comorbid psychiatric diagnoses: other 

schizophrenia spectrum disorders, singular or recurrent depression, personality disorder; 

living in the capital area; and cumulative clozapine exposure (0, 0-1, 1-3, 3+ years). For 

analyses including the initial-treatment exposure, we were allowed to adjust for a larger set 



6 

 

of potential confounders (Supplementary Table 2) to be included in a propensity score for 

matching.  

Data analysis 

We performed crude and adjusted Cox proportional hazards regression and analyzed time to 

death as well as time to the first recorded episode of self-harm in separate models, where 

individuals were followed from the date of meeting TRS criteria (i) or (ii). Individuals were 

censored at emigration from Denmark or end of follow-up (June 1, 2013).  

For all-cause mortality, we additionally studied the timing of death by comparing rates after 

clozapine discontinuation (designated as past clozapine treatment) and rates in non-

clozapine-exposed individuals with rates during current clozapine exposure. The time at risk 

started at every time point of clozapine initiation, discontinuation, or at TRS, and ended at 

any change in clozapine exposure status. Because individuals could contribute to several 

exposure periods, we used robust standard errors to account for inter-individual correlation. 

Adjusted hazard ratio estimates are presented for models splitting follow-up into the 

following time intervals: 0-1, 1-3 and 3+ years to assess the timing of death after clozapine 

discontinuation. 

For cause-specific death, analyses were conducted for crude and partly adjusted models and 

with further adjustment for psychiatric hospitalization the previous year. For these analyses, 

the number of events was relatively small, due to restriction to cause-specific deaths and due 

to restricted data availability. Individuals were censored at death from other causes, 

emigration from Denmark, or last available information on cause of death from the CDR 

(December 31, 2011). 

For the initial-treatment analysis (i.e. initial treatment carried forward, resembling an 

intention-to-treat analysis), follow-up started at first clozapine redemption or three months 

after meeting criteria (ii) for TRS, whichever came first. Propensity score methods allowed 

adjustment for a larger set of baseline confounders, which was expected to further reduce 

potential confounding by severity and indication. A propensity score was estimated for each 

individual in a logistic regression model including all variables listed in Supplementary Table 

2. Cubic splines (with four knots) for age and calendar year were included. We did 1:1 

propensity score matching without replacement within levels of sex and age ranges and 

within a pre-specified calliper width. Multivariable Cox regression analyses on original 

cohort as well as analysis on propensity score-matched cohort were performed.  

The proportional hazards assumption for the Cox regression models was evaluated from 

diagnostic plots. All estimates are accompanied by 95% confidence intervals and the two-
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sided tests were declared statistically significant at the 5% level. All analyses were conducted 

in Stata version 13.  

Sensitivity analyses 

First, the main analysis was repeated after exclusion of days at psychiatric hospitals of 

inpatient stays lasting longer than one month to account for the fact that we do not have  

information on medication during hospitalization. Because death after clozapine 

discontinuation might be related to recent clozapine treatment, we conducted a sensitivity 

analysis where we extended all clozapine-exposed periods by three months until the end of 

follow-up, so that deaths registered within three months after discontinued clozapine 

treatment were attributed to the extended clozapine treatment period. 

Next, an as-treated analysis was conducted, censoring at first change in treatment status (i.e. 

at first discontinuation of initial clozapine or other antipsychotic treatment). Finally, the 

initial-treatment analyses were repeated with restriction to one year of follow-up, so as to 

mimic the analyses by Stroup et al. (Stroup et al., 2016). 

Results 

Baseline characteristics in relation to exposure and outcome 

We identified 2370 individuals meeting criteria for TRS. The cohort included 45.8% women 

and 54.2% men, and the median age at the point of meeting criteria for TRS was 30.1 years 

(inter-quartile range (IQR): 24.8 – 37.3). In total, 157 (6.6%) died, and 599 (25.3%) had at least 

one episode of self-harm registered during follow-up of up to 17 years (median=6.8 years, 

IQR: 3.2 – 10.6) since the date of TRS.  

A number of 1367 (58%) of the cohort of individuals with TRS initiated clozapine during 

follow-up. The median number of periods exposed by clozapine periods was 3, and the 

median duration of a single clozapine-exposed period was 10 months (IQR: 5-19 months). 

Clozapine users were younger and had been admitted to a psychiatric hospital within the 

previous year, but were less likely to have had a diagnosis of substance abuse and to have 

lived in the capital area (Table 1). Dividing follow-up into different kind of treatment 

exposure status, the distribution of risk time was: clozapine monotherapy (15%), clozapine 

with other antipsychotic (17%), non-clozapine antipsychotic monotherapy (26%), other 

antipsychotic polypharmacy (17%), and no antipsychotic treatment (26%) of the entire follow-

up time.  
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Initial treatment exposure groups resulted in 1298 (55.2%) initial clozapine users and 1054 

(44.8%) initial non-clozapine users. The TRS proxy was able to identify a relatively 

homogeneous subgroup of individuals with schizophrenia with treatment groups being 

equally distributed across several baseline characteristics (Supplementary Table 2) and with a 

substantial overlap in propensity score distributions (Supplementary Figure 1). Still, the 

discrimination was fair (Harrell’s C statistic=0.65), and the resulting propensity score-

matched cohort was balanced across all baseline characteristics (Supplementary Table 2).  

The overall rates per 100 person-years were 0.9 (0.8-1.1) for all-cause death and 4.6 (4.2-4.9) 

for self-harm. Rates of death, as well as rates of self-harm, clearly differed across most 

baseline characteristics. Male sex, older age, and living in the capital were associated with 

higher mortality rates, whereas female sex, younger age, and living outside the capital were 

associated with a higher rate of self-harm. Nearly all other illness-related factors, such as 

somatic and psychiatric comorbidity, substance abuse, and previous episode of suicidal 

behaviour, were associated with both death and self-harm (Table 1). 

All-cause mortality and clozapine 

In a Cox regression model with time-varying clozapine treatment exposure, we found that no 

clozapine exposure was associated with an elevated rate of all-cause mortality, HR = 1.94 

(1.19 – 3.17), compared with clozapine exposure in adjusted models. Estimates were 

substantially higher for no antipsychotic exposure, HR = 2.58 (1.54 – 4.33), and lower for non-

clozapine antipsychotic exposure, HR = 1.50 (0.89 – 2.54), compared with clozapine exposure 

(Table 2, Model B).  

No significant differences were seen when comparing clozapine monotherapy with any other 

antipsychotic treatment strategy, as opposed to no antipsychotic exposure, HR = 2.66 (1.37 – 

5.19). However, the adjusted HR estimate comparing non-clozapine antipsychotic 

monotherapy with clozapine monotherapy was 1.74 (0.87 – 3.48) (Table 2, Model B). 

When comparing rates in initial non-clozapine users with initial clozapine users in a 

propensity score-matched cohort with no restrictions of follow-up, no difference was 

observed, HR = 1.00 (0.70 – 1.45) (Table 3, Model 3).  

All-cause mortality after clozapine discontinuation 

Rates of all-cause mortality were highest after clozapine discontinuation, particularly within 

the first year after clozapine discontinuation when compared with rates during clozapine 

exposure (Figure 1). Hazard ratios adjusted for sex, age, calendar year, and psychiatric 

hospitalization in the previous year, restricted to one year of follow-up were (clozapine 

exposure as reference): 1.32 (0.60 – 2.92) for no clozapine exposure and 2.70 (1.49 – 4.88) after 

clozapine discontinuation.  
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Cause-specific mortality and clozapine  

The analyses with cause-specific mortality included 2141 individuals, of whom 124 died 

during follow-up. The estimated adjusted HRs were (current clozapine exposure as 

reference): 1.74 (0.59 – 5.13) for suicide, 1.39 (0.79 – 2.46) for other external causes of death, 

and 0.95 (0.37 – 2.45) for deaths from other diseases or medical conditions (Table 4, Model C). 

Self-harm and clozapine 

Non-clozapine antipsychotic exposure was associated with an elevated rate of self-harm, HR 

= 1.38 (1.04 – 1.81), compared with clozapine exposure in adjusted models, whereas no 

association was found when comparing no antipsychotic exposure with clozapine exposure 

HR = 1.15 (0.89 – 1.57) (Table 2, Model B).  

Estimated rates of self-harm were lowest for clozapine (monotherapy or polypharmacy) and 

highest for non-clozapine antipsychotic polypharmacy, but no significant differences were 

found across treatment strategies in any of the models (Table 2).  

When comparing rates in initial non-clozapine users with initial clozapine users in a 

propensity score-matched cohort, we found a significantly increased rate of self-harm, 

adjusted HR = 1.73 (1.42 – 2.11). This association was statistically significant in all models 

(Table 3).  

Influence of sensitivity analyses 

When excluding periods of psychiatric hospitalization lasting longer than one month, effect 

estimates comparing non-clozapine antipsychotic exposure with clozapine exposure did not 

alter the size of the estimates much with adjusted HR being 1.46 (0.86 – 2.49) for all-cause 

mortality and 1.34 (1.01 – 1.77) for self-harm.  

In the analyses with extended clozapine treatment periods, adjusted HRs were down to 1.07 

(0.67 – 1.72) for all-cause mortality and 1.26 (0.95 – 1.67) for self-harm. 

The as-treated analysis resulted in substantially increased HRs of 4.12 (1.48 – 11.53) for all-

cause mortality (crude analysis due to few events), and an adjusted HR of 2.79 (1.22 – 6.36) 

for self-harm. 

When restricting the initial-treatment analysis to one year of follow-up, the rate was two-fold 

increased, HR = 2.02 (0.61 – 6.67) in non-clozapine users, indicating a decreased mortality in 

the first year after clozapine initiation. However, the confidence intervals were wide due to a 

relatively small number of deaths (n = 15) in the first year of follow-up (Table 3, Model 4). 
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Discussion 

This study demonstrated that clozapine treatment in TRS was associated with a substantially 

reduced rate of all-cause mortality compared with no antipsychotic treatment, mainly driven 

by an excess mortality after clozapine discontinuation. Moreover, results of the present study 

demonstrated a significantly reduced rate of self-harm during clozapine treatment compared 

with non-clozapine antipsychotic treatment in TRS, regardless of the model used.  

Our findings of a lower mortality in association with clozapine are in line with findings of 

previous studies (6-8). Our results indicated a potential protective effect when compared with 

other antipsychotics, particularly non-clozapine antipsychotic monotherapy in TRS, but 

results were not statistically significant. Apart from the FIN11-study (6), studies have likewise 

not been able to detect a significant protective effect of clozapine compared with other 

antipsychotics (7, 10, 11). 

Our findings of significantly reduced rate of self-harm in clozapine users corroborate 

previous research (10, 12). Unexpectedly, no significant effect was observed in adjusted 

analyses when comparing clozapine with no antipsychotic treatment. More evidence is 

needed to further explore whether alternative antipsychotic treatment strategies in TRS might 

increase the risk of self-harm, even when compared with no antipsychotic use. 

The study by Stroup and colleagues was probably closest in design to our study in that they 

also restricted the cohort to TRS (11). Unlike their study, we found a reduced rate of mortality 

and self-harm associated with clozapine treatment, except for all-cause mortality studied by 

groups of initial treatment exposure. However, when we restricted to one-year follow-up or 

first change in treatment status, larger effect sizes were observed as for analyses based on 

entire follow-up. Differences in findings between the studies might to some extent be 

explained by differences in exposure and outcome definitions used, unmeasured 

confounding, and different treatment settings. 

In line with previous research (6, 9, 10), we found the largest effect size for suicide. In the 

present study, higher estimates in non-clozapine users for death caused by medical 

conditions also indicate a protective effect of clozapine. For analyses of cause-specific 

mortality, the number of events was small, and a potential statistically significant association 

could not be detected. 

In the present study, we found that mortality was increased after discontinued clozapine 

treatment, with a significant excess mortality in the first year, or even within three months 

after discontinuation, in line with what have been found previously (9). This indicates that 

death after clozapine discontinuation, and probably caused by other causes than suicide, is a 

cause for concern (13). We do not know whether the severity of disease (mental or somatic) 



11 

 

caused the discontinuation or the other way around. One potential explanation is that 

clozapine, or at least redemptions from the pharmacy, is discontinued because of severe 

medical conditions related or unrelated to treatment with clozapine, also known as the ‘sick-

stopper effect’ (25). Most common reasons for discontinuation have been reported to be side 

effects and deaths (26). Another study found that adverse drug reactions for over half of 

clozapine discontinuations, with sedation being the clearly most common, followed by 

neutropenia and tachycardia (27).   

The present study was the first to study mortality and self-harm across different treatment 

strategies – particularly clozapine – in a cohort of individuals with apparent TRS. In the 

present study, mortality rates were particularly increased in periods of no antipsychotic 

treatment with non-clozapine antipsychotic monotherapy, but we were not able to detect a 

potentially significant difference, probably due to fewer events in each exposure category.  

Strengths and limitations 

A major strength of the present study is the population-based, longitudinal study design 

linking several registers to gather information obtained at baseline as well as time-varyingly 

over a long period of up to 17 years of follow-up. Another strength of the study is the 

restriction to a cohort of individuals meeting criteria for treatment resistance, which we 

consider the most appropriate preferable approach for studying outcomes in relation to 

clozapine treatment, because all cohortees are considered to have an indication for clozapine. 

Even though the study population by Stroup and colleagues restricted to TRS (11), we 

additionally used a time-varying treatment exposure design which enabled us to study the 

temporal and acute treatment effect before, during, and after treatment with clozapine, 

adjusting for several time-dependent factors associated with treatment and outcome.  

Observational studies using registry data have some limitations. One major limitation is the 

lack of information on antipsychotic medication status during hospitalization. However, we 

repeated analyses excluding the periods of psychiatric hospitalization, resulting in very 

similar estimates.  

The outcome in the present study termed ‘self-harm’ included both suicide attempts (the 

majority) and self-harm without the intent of suicide. The lack of possibility to distinguish 

between the two and underreporting of self-harm and suicide attempts from the Danish 

registers is a major limitation (22). It is possible that clozapine affects the risk of self-harm 

(without intent of suicide) and the risk of suicide, differently.  

Furthermore, the results could be biased due to uncontrolled confounding such as symptom 

type and severity, non-antipsychotic co-medication and therapeutic treatment, and the 

inability of the register-based design to distinguish between discontinuation of antipsychotic 
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medication due to medication non-response, intolerance, and non-adherence. Furthermore, 

we did not take into account the regular contact with the health care system due to clozapine 

blood monitoring, which could serve as an important confounding or intermediate factor 

associated with decreased severity in clozapine initiators (8). This could potentially partly 

explain the lower rate of deaths in the first year after clozapine initiation or re-initiation.  

Finally, the design of time-varying treatment and confounders might introduce collider-

stratification bias, i.e. due to conditioning on factors affected both by the prior status of the 

covariate as well as by the prior treatment status. However, alternative methods such as time-

varying propensity scores or inverse probability weighting of marginal structural models 

may not improve results remarkably (28). 

Conclusion  

The results of the present study indicate that clozapine use is associated with a decreased 

mortality in line with previous research (6-8). This was, however, only significant when 

compared with periods of no antipsychotic treatment, probably largely explained by an 

excess mortality observed after clozapine discontinuation. Furthermore, the results of the 

present study suggest a protective effect of clozapine in the prevention of self-harm when 

compared with other antipsychotics, but no effect was found when compared with no use of 

antipsychotics. It remains unclear whether the protective effect of clozapine in TRS to prevent 

self-harm could be partly explained by a potentially harmful effect of alternative treatment 

strategies with other antipsychotics. Moreover, it remains to be investigated to which extent 

the observed excess mortality after clozapine discontinuation is caused by side effects from 

recent clozapine exposure, unobserved factors, or clozapine discontinuation. This study 

suggests that clozapine discontinuation needs more attention with a thorough evaluation, 

care, and monitoring of the patient.  
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Tables and Figures 

 

Table 1 Distributions of clozapine exposure and rates of all-cause death and self-harm by baseline characteristics.  

Baseline factors  
 

All 
N (%) 

Clozapine 
exposure 
during 

follow-up 
N (%) 

No clozapine 
exposure 
during 

follow-up 
N (%) 

Number of 
deaths/ 
total 

number of 
person-
years 

Rate of  
all-cause 
death 
per 100  

person-years  
(95% CI) 

Number of 
episodes of 
self-harmb/ 
total number 
of person-

years 

Rate of  
self-harmb 
per 100  

person-years  
(95% CI) 

Total 2370 (100%) 1367 (100%) 1003 (100%) 157/16806 0.9 (0.8-1.1) 599/13158 4.6 (4.2-4.9) 

Sex        
     Male 1284 (54.2%) 752 (55.0%) 532 (53.0%) 107/9018 1.2 (1.0-1.4) 235/7672 3.1 (2.7-3.5) 
     Female 1086 (45.8%) 615 (45.0%) 471 (47.0%) 50/7788 0.6 (0.5-0.8) 364/5486 6.6 (6.0-7.4) 
Age at TRS         
     18 – 30 1200 (50.6%) 666 (48.7%) 534 (53.2%) 55/8524 0.6 (0.5-0.8) 372/6239 6.0 (5.4-6.6) 
     30 – 56 1170 (49.4%) 701 (51.3%) 469 (46.8%) 102/8282 1.2 (1.0-1.5) 227/6919 3.3 (2.9-3.7) 
Calendar year        
     1996-2005 1,175 (49.6%) 748 (54.7%) 427 (42.6%) 118/12458 0.9 (0.8-1.1) 377/9507 4.0 (3.6-4.4) 
     2006-2013 1195 (50.4%) 619 (45.3%) 576 (57.4%) 39/4348 0.9 (0.7-1.2) 222/3651 6.1 (5.3-6.9) 
Substance abuse       
     Yes 1063 (44.9%) 588 (43.0%) 475 (47.4%) 100/7056 1.4 (1.2-1.7) 325/5143 6.3 (5.7-7.0) 
     No 1307 (55.1%) 779 (57.0%) 528 (52.6%) 57/9750 0.6 (0.5-0.8) 274/8015 3.4 (3.0-3.8) 
Previous episode of self-harm       
     Yes 966 (40.8%) 565 (41.3%) 401 (40.0%) 83/6553 1.3 (1.0-1.6) 421/3999 10.5 (9.6-11.6) 
     No 1404 (59.2%) 802 (58.7%) 602 (60.0%) 74/10253 0.7 (0.6-0.9) 178/9159 1.9 (1.7-2.3) 
Somatic comorbidityc       
     Yes 397 (16.8%) 224 (16.4%) 173 (17.2%) 34/2350 1.4 (1.0-2.0) 132/1588 8.3 (7.0-9.9) 
     No 1973 (83.2%) 1143 (83.6%) 830 (82.8%) 123/14456 0.9 (0.7-1.0) 467/11570 4.0 (3.7-4.4) 
Psychiatric hospitalization  
in previous year   

    

     Yes 1507 (63.6%) 912 (66.7%) 595 (59.3%) 106/10825 1.0 (0.8-1.2) 460/7956 5.8 (5.3-6.3) 
     No 863 (36.4%) 455 (33.3%) 408 (40.7%) 51/5981 0.9 (0.6-1.1) 139/5202 2.7 (2.3-3.2) 
Other schizophrenia  
spectrum disorder   

    

     Yes 1509 (63.7%) 874 (63.9%) 635 (63.3%) 115/10824 1.1 (0.9-1.3) 367/8619 4.3 (3.8-4.7) 
     No 861 (36.3%) 493 (36.1%) 368 (36.7%) 42/5982 0.7 (0.5-1.0) 232/4539 5.1 (4.5-5.8) 
Depression        
     Yes 758 (32.0%) 422 (30.9%) 336 (33.5%) 47/4853 1.0 (0.7-1.3) 246/3453 7.1 (6.3-8.1) 
     No 1612 (68.0%) 945 (69.1%) 667 (66.5%) 110/11953 0.9 (0.8-1.1) 353/9705 3.6 (3.3-4.0) 
Personality 
disorder    

    

     Yes 1024 (43.2%) 579 (42.4%) 445 (44.4%) 83/7564 1.1 (0.9-1.4) 357/5318 6.7 (6.1-7.4) 
     No 1346 (56.8%) 788 (57.6%) 558 (55.6%) 74/9242 0.8 (0.6-1.0) 242/7839 3.1 (2.7-3.5) 
Urbanicity        
     Capital area 537 (22.7%) 289 (21.1%) 248 (24.7%) 38/3572 1.1 (0.8-1.5) 91/3083 3.0 (2.4-3.6) 
     Outside capital  1833 (77.3%) 1078 (78.9%) 755 (75.3%) 119/13234 0.9 (0.8-1.1) 508/10075 5.0 (4.6-5.5) 

a Follow-up starts at TRS and ends at emigration, death, or June 1, 2013. 

b First episode of self-harm after meeting criteria for TRS. 

c At least one disease included in the Charlson comorbidity index. 
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Table 2 Hazard ratios and 95% CIs presented for all-cause mortality and self-harm for different categorizations of 

time-dependent antipsychotic (AP) treatment exposure.  

Time-dependent treatment 

exposure  

(n=2370) 

Events/ total 

person-years 

at risk 

Rate per 100 

person-years 

(95% CI) 

Model A 

Crude 

 

 

HR (95% CI) 

Model B 

Adjusteda 

 

 

HR (95% CI) 

Model C 

Adjusteda 

Excl. inpatientsb 

 

HR (95% CI) 

Model D 

As-treated analysisc 

 

HR (95% CI) 

All-cause mortality 

N(events)=157 

     Crude 

       

Clozapine exposure (ref) 31/5330 0.58 (0.41-0.83) 1 1 1 1 

No clozapine exposure 126/11476 1.10 (0.92-1.31) 1.90 (1.28-2.82) 1.94 (1.19-3.17) 1.88 (1.15-3.09) 3.64 (1.16-11.47) 

       

Clozapine exposure (ref) 31/5330 0.58 (0.41-0.83) 1 1 1  

Non-clozapine AP exposure 63/7156 0.88 (0.68-1.13) 1.52 (0.99-2.33) 1.50 (0.89-2.54) 1.46 (0.86-2.49) Not relevant 

No AP exposure 63/4320 1.46 (1.14-1.87) 2.56 (1.66-3.94) 2.58 (1.54-4.33) 2.49 (1.48-4.22)  

       

Clozapine monotherapy (ref) 13/2524 0.51 (0.30-0.89) 1 1 1  

Clozapine with other APs 18/2806 0.64 (0.40-1.02) 1.23 (0.60-2.52) 1.06 (0.52-2.17) 1.08 (0.53-2.20)  

Non-clozapine AP polypharmacy 21/2719 0.77 (0.50-1.18) 1.50 (0.75-3.00) 1.26 (0.59-2.71) 1.32 (0.61-2.85) Not relevant 

Non-clozapine AP monotherapy  42/4437 0.95 (0.70-1.28) 1.83 (0.98-3.40) 1.74 (0.87-3.48) 1.65 (0.81-3.35)  

No AP exposure 63/4320 1.46 (1.14-1.87) 2.87 (1.58-5.23) 2.66 (1.37-5.19) 2.60 (1.32-5.10)  

Self-harm 

N(events)=599 

     Adjusted a 

       

Clozapine exposure (ref) 137/4676 2.93 (2.48-3.46) 1 1 1 1 

No clozapine exposure 462/8482 5.45 (4.97-5.97) 1.99 (1.64-2.41) 1.29 (0.99-1.67) 1.24 (0.95-1.61) 3.12 (1.27-7.64) 

       

Clozapine exposure (ref) 136/4682 2.90 (2.46-3.44) 1 1 1  

Non-clozapine AP exposure 307/5335 5.75 (5.15-6.44) 2.13 (1.75-2.61) 1.38 (1.04-1.81) 1.34 (1.01-1.77) Not relevant 

No AP exposure 133/3108 4.28 (3.61-5.07) 1.73 (1.37-2.19) 1.18 (0.89-1.57) 1.10 (0.82-1.47)  

       

Clozapine monotherapy (ref) 57/2276 2.50 (1.93-3.25) 1 1 1  

Clozapine with other APs 80/2401 3.33 (2.68-4.15) 1.37 (0.98-1.93) 0.92 (0.65-1.29) 0.94 (0.66-1.32)  

Non-clozapine AP polypharmacy 124/1900 6.53 (5.47-7.78) 2.96 (2.16-4.05) 1.34 (0.93-1.94) 1.34 (0.92-1.95) Not relevant 

Non-clozapine AP monotherapy  192/3435 5.59 (4.85-6.44) 2.32 (1.72-3.12) 1.28 (0.90-1.83) 1.26 (0.88-1.80)  

No AP exposure 146/3147 4.64 (3.94-5.46) 2.06 (1.52-2.80) 1.12 (0.79-1.59) 1.06 (0.74-1.51)  

a Adjusted for sex, and time-dependent covariates: age, calendar year, prior episodes of self-harm, substance 

abuse, comorbid somatic disorders, comorbid psychiatric disorders (other schizophrenia spectrum disorders, 

depression, personality disorder), living in the capital area, psychiatric hospitalization within the previous year, 

and cumulative clozapine exposure (0, 0-1, 1-3, 3+ years). 

b Excluding risk time for psychiatric hospitalization after one month allowing the individual to re-enter. 

N(deaths)=148 and N(self-harm)=576. 

c Comparing rates in other AP users vs clozapine users, censored at first change in treatment status. N(deaths)=15 

and N(self-harm)=209. 
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Table 3 Hazard ratios and 95% CIs presented for all-cause mortality and self-harm for comparing initial non-

clozapine antipsychotic (AP) users with initial clozapine users.  

Initial-treatment exposure 

(n=2353) 

Events/ total 

person-years 

at risk 

Rate per 100 

person-years 

(95% CI) 

Model 1 

Crude 

 

HR (95% CI) 

Model 2 

Adjusteda 

 

HR (95% CI) 

Model 3 

PS-matched 

cohortb 

HR (95% CI) 

Model 4 

Restricted to one-

year follow-upc 

HR (95% CI) 

All-cause mortality 

N(events)=154 

      

       

Initial clozapine users 87/9582 0.91 (0.74-1.12)  1 1 1 1 

Initial non-clozapine AP users 67/6955 0.96 (0.76-1.22) 1.06 (0.77-1.46) 1.02 (0.73-1.43) 1.00 (0.70-1.45) 2.02 (0.61-6.67) 

Self-harm 

N(events)=584 

      

       

Initial clozapine users 282/7873 3.58 (3.19-4.03) 1 1 1 1 

Initial non-clozapine AP users 302/5152 5.86 (5.24-6.56) 1.64 (1.39-1.94) 1.87 (1.57-2.23) 1.73 (1.42-2.11) 1.94 (1.40-2.70) 

a Adjusted for sex, age, calendar year, substance abuse, psychiatric hospitalization in the previous year, 

prior episodes of self-harm, somatic diagnoses, psychiatric diagnoses, primary education, living in the 

capital area, time since first SZ (< 2 years), calendar year of TRS (4 lev). 
b Analysis based on a 1:1 propensity score-matched cohort, levels of sex and age (18-25, 25-30, 30-35, 

35+ years). N=1711. N(deaths)=118 and N(self-harm)=435. 
c N(deaths)=15 and N(self-harm)=196. 
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Figure 1 All-cause mortality rates estimated in time intervals of current clozapine exposure, no clozapine 

exposure, and after clozapine discontinuation. Follow-up started at any initiation or discontinuation of a clozapine 

period, or at the time of meeting TRS criteria, and ended at any change in clozapine treatment status or end of 

follow-up. 
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Table 4 Hazard ratios and 95% CI for cause-specific mortality comparing no clozapine exposure to current 

clozapine exposure after meeting criteria for treatment-resistant schizophrenia. Follow-up restricted to end by 

December 31, 2011. N=2141. 

Time-varying 

treatment exposure  

Failures/ total 

person-years at 

risk         

Hazard rate/100 

person-years 

 

Model A 

crude 

HR (95% CI) 

Model Ba 

 

HR (95% CI) 

Model Cb 

 

HR (95% CI) 

All-cause mortality   

Current clozapine 

No clozapine 

26/4478 

98/9356 

 

0.58 (0.40-0.85) 

1.05 (0.86-1.28) 

 

1 

1.80 (1.17-2.77) 

1 

1.70 (1.10-2.63) 

1 

1.38 (0.88-2.14) 

Suicide (X60-84)      

Current clozapine 

No clozapine 

4/4478 

23/9356 

 

0.09 (0.03-0.24) 

0.25 (0.16-0.40) 

 

1 

2.89 (1.00-8.37) 

1 

2.83 (0.97-8.24) 

1 

1.74 (0.59-5.13) 

Death from diseases 

and medical conditions 

(A00-R99) 

     

Current clozapine 

No clozapine 

16/4478 

56/9356 

 

0.36 (0.22-0.58) 

0.60 (0.46-0.78) 

 

1 

1.67 (0.96-2.91) 

1 

1.57 (0.89-2.74) 

1 

1.39 (0.79-2.46) 

Other external causes 

(V01-Y98, excl. X60-84) 

     

Current clozapine 

No clozapine 

6/4478 

18/9356 

0.13 (0.06-0.30) 

0.19 (0.12-0.31) 

1 

1.36 (0.54-3.42) 

1 

1.22 (0.48-3.10) 

1 

0.95 (0.37-2.45) 

a Adjusted for sex, age, calendar year, suicide attempts, substance abuse, somatic comorbidity (as in main 

analyses). 
b Further adjustment for psychiatric hospitalization within previous year. 
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Supplementary Material 

Supplementary Table 1 Definition of treatment exposure periods based on registry data. 

 Operational definitions 

Estimated duration of a single 

prescription 

Median time interval between prescription redemption dates calculated 

within individuals and type of antipsychotic medication (defined by 

Anatomic Therapeutic Classification (ATC) groups) for patients with at least 

four redemptions within ATC group. If either the patient has less than four 

redemptions within a given antipsychotic medication type or if the estimated 

prescription duration exceeds the number of defined daily doses by 100 

days, the prescription duration will be estimated by the median time interval 

between prescription redemptions within type of antipsychotic medication 

based on all individuals in the cohort. 

  

Grace period/maximum allowed 

gap 

100% of the estimated duration of the specific prescription. 

 

Start and end of a treatment 

exposure period 

Start = date of first redemption or first redemption occurring after gap 

exceeded grace period. 

 

End = date of last redemption of subsequent redemptions of the same ATC 

(redeemed within estimated duration plus grace period) plus estimated 

duration of the last prescription. 

 

Monotherapy Periods with use of one single type of antipsychotic medication 

 

Polypharmacy Overlapping periods of concurrent treatment with two or more different 

antipsychotics. 
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Supplementary Table 2 Baseline characteristics in the original and propensity score-matched cohort across 

groups of initial treatment exposure. 

   Original cohort  

(N=2352) 

 Propensity score-matched 

cohort (N=1728) 

Baseline factors All 

 

N=2352 

 Initial 

clozapine 

users 

N=1298 

(55.2%) 

Initial non-

clozapine 

users 

N=1054 

(44.8%) 

 Initial 

clozapine 

users 

N=864 (50%) 

Initial non-

clozapine 

users 

N=864 (50%) 

Age at TRS < 30 49.2%  50.2% 48.0%  49.1% 49.1% 

Sex (female) 45.7%  44.1% 47.8%  54.2% 54.2% 

Marital status (living alone) 80.8%  83.3% 77.8%  80.1% 79.9% 

Psychiatric hospitalization in prev 

year 63.6% 

 

66.3% 60.2% 

 60.8% 63.4% 

Substance abuse 44.7%  42.7% 47.2%  47.9% 47.5% 

Drugs redeemed in prev year        

   Antidepressants 49.9%  44.2% 56.8%  57.2% 54.3% 

   Benzodiazepines 57.8%  52.0% 65.0%  65.7% 61.7% 

   Non-neuroleptic drugs 63.9%  58.4% 70.8%  73.0% 69.0% 

Number of episodes of self-harm        

   0 59.4%  60.2% 58.3%  55.8% 57.1% 

   1 14.2%  13.9% 14.6%  15.3% 15.2% 

   2-4 15.5%  14.3% 16.9%  17.7% 16.8% 

   5+ 11.0%  11.6% 10.2%  11.2% 11.0% 

Psychiatric comorbidity        

   Schizo-affective disorder 9.8%  10.9% 8.4%  8.3% 9.7% 

   Other schizophrenia spectrum 

disorder 59.5% 

 

59.9% 58.9% 

 58.7% 60.0% 

   Depression 31.9%  30.2% 34.1%  33.9% 33.6% 

   Personality disorder 43.2%  41.7% 45.2%  44.9% 43.5% 

Somatic comorbidity (Charlson 

score>0) 16.6% 

 

16.2% 17.2% 

 18.2% 18.9% 

Education (primary only) 61.8%  62.3% 61.2%  62.8% 62.2% 

Working status        

   In work 11.6%  10.7% 12.6%  11.7% 11.5% 

   outside working force 35.7%  34.6% 37.1%  35.6% 34.7% 

   early disability benefit 52.7%  54.7% 50.3%  52.7% 53.8% 

Urbanicity (capital area) 22.5%  22.6% 22.4%  22.3% 21.9% 

Family history of schizophrenia        

   Yes 8.9%  9.5% 8.2%  8.4% 8.3% 

   No 88.0%  87.8% 88.2%  88.2% 88.4% 

   Unknown 3.1%  2.8% 3.6%  3.4% 3.2% 
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Supplementary Figure 1 Distributions in the original initial-treatment cohort of the propensity score for clozapine 

treatment in initial clozapine users versus initial non-clozapine users, all meeting criteria for TRS.  
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