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ABSTRACT
Objective
To examine the risk of unexpected death in patients prescribed an antipsychotic. Unexpected death was defined as death occurring within 7 days of the onset of acute symptoms. 

Method
A case-control study conducted on events occurring between July 2009 and January 2011 in a UK mental health trust providing in-patient and out-patient services. 

Results
The study included 100 cases (deaths) and 436 unmatched controls. Current users of antipsychotics had a lower risk of unexpected death than non-users - adjusted odds ratio (OR) 0·48 (95%CI 0·24-0·94, p = 0·033). A significant reduction in risk was seen for second generation (adjusted OR 0·42, (95%CI 0·21-0·86, p = 0·018) but not first generation agents (adjusted OR 0·83, (95%CI 0·31-2·20, p = 0·706). Treatment with antipsychotics for any duration was associated with reduced risk. Dose and route of administration did not affect risk.  In a planned secondary analysis not adjusting for cardiovascular disease, prescription of an antipsychotic was not associated with increased risk of unexpected death (adjusted OR 0·56, (95%CI 0·28-1·08, p = 0·084). 



Conclusion
Our findings do not support an association between current antipsychotic use and increased risk of unexpected death.
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Significant outcomes
· Antipsychotic use at any dose and for any duration did not increase the risk of unexpected death.
· These results may go some way to explain earlier findings of reduced overall mortality associated with the use of antipsychotics.

Limitations
· Data about current antipsychotic prescription were collected from patient notes but compliance with prescribed antipsychotics was not assessed.
· We were unable to assess the impact of the duration or severity of mental illness on risk of unexpected death, nor adjust for these potential confounders in our calculation of relative risk. 


INTRODUCTION
People with a serious mental illness (SMI) have a shorter life expectancy than the general population. Death occurs, on average, around 15-20 years earlier than in those without an SMI (1) and the gap may have widened in recent years (2).  Standardised mortality ratios are highest for so-called unnatural causes, such as suicide (1,2), although natural causes account for the majority of excess mortality (1,3). Various risk factors for premature death have been proposed, amongst them antipsychotic use (4). 

Most antipsychotics are known to cause metabolic adverse effects and many prolong the cardiac QTc interval (5-8). Yet, uncertainty remains as to whether antipsychotic use is a contributory factor to premature death. For example, a clear association has been shown between antipsychotics and increased mortality in elderly patients with dementia. However, results of studies examining the association between antipsychotic use and death in non-elderly patients are less consistent in their findings. A systematic review of studies of patients with schizophrenia concluded that long-term exposure to antipsychotics increased mortality (9) and subsequent studies have supported this association (8,10). In 2010, colleagues in our own unit reported substantially higher mortality amongst patients with an SMI (11).  The authors proposed various reasons for this, one being the long-term use of antipsychotics. Before this, Ray and colleagues (12) had demonstrated an apparent dose-related increased risk of sudden cardiac death amongst users of both typical and atypical antipsychotics. By contrast, a large observational follow-up study conducted in Finland showed a lower mortality amongst patients on long-term antipsychotic treatment compared with non-users (13). A more recent study reported similar findings (14). 

There is further uncertainty surrounding the effects of antipsychotic use on different causes of death. Sudden death, as usually defined, is death which occurs within an hour of the onset of acute symptoms, (e.g. cardiac arrest; arrhythmia). Previous studies suggested an association between antipsychotic use and sudden cardiac death (8,10,12,15). Antipsychotic use has also been associated with other serious conditions, such as pneumonia (16) which would not normally be categorised as ‘sudden death’. 

In our hospital we are often consulted on the possible contribution of antipsychotic use on what might be termed “unexpected deaths”. Many of these might meet the criteria for sudden death, many do not but are nonetheless unexpected, occurring either in physically healthy individuals or in those not in the end-stage of chronic illness. In addition, the precise time of the onset of acute symptoms is often not clear, especially in non-hospitalised patients and thus, the time of death in relation to the onset of symptoms cannot accurately be determined in all cases. 

In this paper we present results of a case-controlled study of patients who died unexpectedly from natural causes in the South London and Maudsley NHS Foundation trust (SLaM), in London, UK. 




Aims of the study
The aim of the study was to examine the risk of unexpected death from cardiac and non-cardiac causes in patients prescribed an antipsychotic in our unit. For the purpose of this study we defined unexpected death as death occurring within 7 days of the onset of symptoms. Our null hypothesis was that antipsychotic use does not alter the risk of unexpected death.

Material and methods
Study design and setting
We used an unmatched case-controlled design to investigate the association between antipsychotic exposure and unexpected death in a psychiatric population aged between 18 to 65 years. Cases and controls were recruited from our unit which provides in-patient and out-patient mental Health services to the local population in London, England. The area covers 4 London boroughs, three of which fall within the 10th percentile for deprivation among the boroughs in England (17), and has a population of around 1·2 million people.

We obtained approval for the study from the trust drug and therapeutics committee and the trust patient safety department. All patient data were anonymised and no patients were interviewed for this study.

Definitions:
Unexpected death: Any death occurring within seven days of the appearance of symptoms preceding death, or before the “end stage” of a chronic or terminal condition. 
Case: Any unexpected death from natural causes of a patient aged 18 to 65 years registered with SLaM at the time of the study.
Exclusion criteria: Suicide, accidental death or death where suicide or accidental death could not be excluded; patients under the age of 18 and over the age of 65; patients with a diagnosis of either dementia or cancer.
Control: Any living patient aged between 18 and 65 years, without a diagnosis of either dementia or cancer registered with the trust and actively receiving care from the trust at the time of data collection. 

Selection of cases and controls
All in-patient and out-patient deaths which occurred between July 2009 and January 2011 were identified from the trust incident reporting system (known as DATIX). Details of the circumstances and date of death (index date) were obtained from the trust patient safety department.  Information about the cause of death (COD) was obtained from inquest notes recorded in DATIX or death certificates obtained from local registries. COD was classified according to ICD10 classification (WHO) (18). Details of the circumstances and the cause of each death were examined to determine whether it met inclusion criteria. 

We aimed to recruit four unmatched controls per case. Controls were randomly selected from the trust database of 41135 in-patients and out-patients registered with the trust at the time of the study (index date), using a random number generator. 



Exposure definition
We examined for each case and control ‘current antipsychotic treatment’, defined as a prescription lasting 14 consecutive days leading up to the index date. Antipsychotics were defined as drugs categorised by the World Health Organisation (WHO) Anatomical Therapeutic Chemical (ATC) code N05A (19) (excluding N05N) and classified into two main groups: First generation and second generation antipsychotics.

Data on formulation, route of administration and duration of treatment were noted. Doses were recorded as the total daily dose of an oral preparation and the weekly dose of a depot formulation. Doses were standardised by expressing them as a percentage of the maximum licensed dose (20) as defined by the British National Formulary (21). Data were collected from patient’s electronic medical notes, their electronic pharmacy dispensing records, prescriptions and discharge summaries.

Covariates
We collected information from patients’ electronic medical notes on age, gender, ethnicity, psychiatric diagnoses, physical comorbidities, concomitant medication, smoking status, and substance misuse. Psychiatric diagnoses were further classified into psychotic and non-psychotic disorders. Psychotic disorders were diagnoses fulfilling ICD-10 categories for schizophrenia, schizotypal and delusional disorders (F20–F29), manic episode (F30) and bipolar affective disorder (F31).  Of the physical comorbidities we identified cardiovascular disease and epilepsy as potentially significant confounders. Cardiovascular risk factors fulfilled the following ICD-10 categories: diseases of the circulatory system (I00–I99); diabetes mellitus (E10–E14); obesity (E66) and disorders of lipoprotein metabolism and other lipidaemias (E78). Substance misuse was defined as reported illicit use of cocaine, cannabis, benzodiazepines, alcohol and other substances including amphetamines and gamma-hydroxybutyrate (GHB). ‘Current use’ was defined as documented concomitant use during 14 days leading to the index date. 

Statistical analysis 
The primary outcome measure was risk of unexpected death during current antipsychotic exposure, adjusted for significant confounders. For the purpose of this study, the odds ratios estimated risk ratios. The reason for this is that death is a rare event. In the case of rare events (defined as an incidence below 10%), the ‘rare disease assumption’ allows for odds ratios in case-controlled studies to approximate risk ratios (22). 
Descriptive statistics were calculated by cases and control group using mean (SD), median (IQR) and frequency (%) where appropriate. Bivariate associations were examined by calculating an unadjusted odds ratio and associated 95% confidence interval. Unconditional multivariable logistic regression models were used to estimate adjusted odds ratios. Using an entirely automatic procedure to select variables for inclusion was not employed for several reasons, including the potential for this approach to miss the ‘best’ model (due to one variable being added or subtracted at each iteration), biased high regression coefficients and multiple testing issues. It was not possible for us to include all potential confounders because of the number of cases so we used a combined approach: The multivariable models were built by including known risk factors (previously published) for mortality (age, gender, cardiovascular disease, psychotic diagnosis, physical comorbidity), antipsychotic exposure followed by a stepwise procedure of all other variables (Table 1). A significance level of 0·2 was used for forward selection. Multiplicative interactions among the antipsychotic exposure variables were evaluated by including an interaction term and the statistical significance assessed using the likelihood ratio test. All analyses were performed using STATA, version 12·0 (23). 

Secondary analysis
We re-analysed our results as above but without adjusting for cardiovascular disease. 



Results 
In total, 899 patient deaths were reported during the study period. Of these, 799 were excluded because they did not meet inclusion criteria for unexpected death (Figure 1). Thus 100 cases were included in the study.

A total of 800 patients were randomly selected from the trust patient database. Of these, 436 met inclusion criteria and were included in the study.

Figure 1: Flowchart of cases identified and included in the study goes here

The impact of missing data
For most variables examined, some data were missing because details for some patients could not be found in information sources available. For every variable, missing data represented fewer than 10% of the total. Percentage figures expressed in Tables 1 and 2 represent proportions of subjects for whom data were available. Numbers of missing data are also listed for each category. 


Patient characteristics 
Demographics
Unmatched controls had broadly similar demographics to cases (Table 1) although cases were significantly older (49 vs 39 years of age). Men and those defined as white were non-significantly over-represented in cases. Cases were less likely to have had a depressive disorder but more likely to have had 3 or more prior admissions. 

Health conditions
Cases were significantly more likely to have a psychotic diagnosis, cardiovascular disease, epilepsy and other physical co-morbidity (Table 1).

Risk factors
None of our identified potentially confounding risk factors was significantly associated with caseness (unexpected death) (Table 1). In all but one factor (cannabis use) there was a trend for the risk factor to be over-represented in cases.



Table 1: Patient characteristics goes here

Antipsychotic use
Unadjusted data
Prescription of antipsychotics was not associated with an increased likelihood of caseness before data adjustment (unadjusted OR 1·29 (0·84-2·00)), nor was duration of treatment with antipsychotics or route of administration. Doses of greater than 100% of licensed maximum were significantly over-represented in cases (unadjusted OR 2·29 (1·08-4·86)), as was the prescription of doses greater than 50% of maximum (unadjusted OR 1·99 (1·16-3·45)). 

Adjusted data 
Prescription of any antipsychotic was associated with a reduction in risk of caseness (adjusted OR 0·48 (0·24-0·94; p = 0·033)). A statistically significant advantage was seen only for second generation antipsychotic prescription and not for first generation drugs. Caseness was significantly less likely in those receiving antipsychotics for any duration (<1 year, 1-5 years and >5 years) compared with never having received antipsychotics. Dose and route of administration showed no association with caseness. No significant interactions were noted between the antipsychotic exposure variables. 


Table 2:  Association between unexpected death and antipsychotics (after adjusting for confounding factors) goes here




Cause of death 

Table 3 shows the causes of death amongst the cases. Diseases of the cardiovascular system and respiratory systems constituted the highest number of deaths in our cases. 

Table 3: Cause of death (ICD-10) classification (cases) (18) goes here


Secondary analysis 
Prescription of antipsychotics was not associated with increased risk of caseness. 

Table 4: Secondary analysis: Association between unexpected death and antipsychotic (without cardiovascular disease as a confounder) goes here



DISCUSSION
Our findings
In this study we found current users of antipsychotic medication to have a significantly lower adjusted risk of unexpected death than non-users. The null hypothesis was therefore rejected. Though this risk was lower with both first and second generation antipsychotics the difference was statistically significant only for users of second generation agents compared with non-users. Both short and long term antipsychotic treatment afforded apparent protection against unexpected death. Dose and route of administration of the drug did not affect risk. 
Unexpected death was very strongly associated with older age, diagnosis of a psychotic illness, cardiovascular disease, epilepsy and other physical co-morbidity. Risk of unexpected death was not significantly increased by ethnicity, gender, smoking and alcohol or substance misuse, although there was a trend for all but one of these factors (cannabis use) to be associated with unexpected death. When considered together, these findings – coincidental to our primary research question – provide internal validity support for our research method.
Comparison with other studies
In 2001, Ray and colleagues reported that patients prescribed an antipsychotic had a greater risk of sudden cardiac death (8) than those not taking an antipsychotic. Subsequent studies, including one in a UK primary care setting, have shown an association between treated schizophrenia and increased overall mortality (10,24,25). In 2009, in a further study, Ray and co-workers examined the effect of second generation agents on sudden cardiac death (12). They found users of first and second generation agents had a similar, dose-related risk, which was higher than for non-users. 
The results were not unexpected: most antipsychotics are known to increase the cardiac QTc interval and associated risk of sudden cardiac death. The majority of the evidence at that time seemed to support the association between antipsychotic use and an increased risk of death; sudden, cardiac or otherwise. However, findings of a large epidemiological study of patients with schizophrenia in Finland raised questions about the relationship between antipsychotic use and higher mortality (13). The authors reported lower mortality amongst long-term users of antipsychotics compared with non-users. Two smaller studies by the same authors also reported a protective effect of antipsychotic agents (26,27). More recently, a case-controlled population study in Sweden found a higher overall mortality amongst antipsychotic non-users with schizophrenia compared with those prescribed an antipsychotic (14) and Arif and colleagues showed that the presence of a psychiatric diagnosis itself was associated with a significantly higher risk of mortality, but that this risk was not increased by exposure to antipsychotic agents (28). 
Our study examined risk of unexpected death, but not overall mortality. As such, our findings cannot be compared directly with those of the Scandinavian observational studies. Nonetheless, our findings of a protective effect against unexpected death are consistent with findings of an overall reduction in mortality. In our study patients prescribed a low or moderate antipsychotic dose had a numerically lower risk of unexpected death compared with those on a high dose, though the results were not significantly different for any dose. The Swedish study reported lower mortality amongst users of low and moderate dose antipsychotics compared with high dose or no antipsychotic (14). We found no significant difference in the risk of death between treatment durations, unlike the Finnish study in which patients on treatment for less than six months and between seven and 11 years had a lower risk than non-users. 
A UK primary care study which reported higher all-cause mortality amongst antipsychotics users compared with psychiatric non-users (10) differed importantly from our study. Unlike our patient population, a high proportion had a diagnosis of dementia and the average patient age was 60 years (over a quarter of patients were above the age of 80). Consistent with our findings was the discovery that those prescribed a second generation agent had a lower risk of death than those on a first generation agent. 
It is not clear why the use of antipsychotics should be shown in different studies to have radically different effects on mortality or sudden death. Interestingly, the American Psychiatric Association (APA) has questioned the validity of the results from the study by Ray and colleagues (12). This is because rates of cardiovascular morbidity and mortality are known to be high amongst patients with an SMI (25) and because the authors, whilst reporting a higher risk of sudden cardiac death amongst antipsychotic users, did not adjust their results for presence of cardiovascular disease or primary mental illness in their primary cohort. A secondary analysis included antipsychotic users and non-users with a similar psychiatric illness profile but, patients with schizophrenia were specifically excluded. The APA concluded that without correcting for cardiovascular risk and primary psychiatric diagnosis it was unclear whether increased cardiac mortality in this study was in fact attributable to antipsychotic medication or other causes (29).

A closer examination of the findings of our study is also prudent. It is possible that antipsychotic non-users were patients who had previously been non-compliant with medication and prescribing had subsequently been abandoned. Adherence to drug treatment is associated with positive health outcomes and it has been proposed that adherence with drug treatment may be a surrogate marker for overall healthy behaviour (30). Thus, patients poorly compliant with medication may also be poorly engaged with other aspects of healthcare. Conversely, patients with treated psychiatric illness may see improvements in their organised thinking and insight enabling better management of their physical health (31). In addition, it has been proposed that patients in whom psychiatric symptoms are controlled may be more likely to engage in positive social relationships, which in turn have been associated with positive health outcomes (32).  Our view, however, is that prescribing of antipsychotics is rarely completely abandoned in those with a serious mental illness.
Secondary analysis
There is a high prevalence of cardiovascular disease amongst patients with an SMI and most antipsychotics impair glucose control, cause hyperlipidaemia and weight gain and may themselves increase the risk of cardiovascular disease and mortality.  So, by correcting for the presence of cardiovascular disease we might be correcting for something actually caused by antipsychotics themselves (and thereby obscuring any causative association).

Analysis of our results without correcting for cardiovascular disease did not greatly alter our conclusions: there was no evidence that antipsychotic use increased the risk of unexpected death even when cardiovascular disease was not accounted for, although antipsychotics were no longer seen to reduce the risk of unexpected death. Note also that confidence intervals excluded all but a tiny increase risk associated with antipsychotics.
Limitations of our study
We collected data on antipsychotic prescription and smoking, alcohol and substance use from patient notes. This information was not verified with patients themselves. We were not able to assess the effect of combinations of antipsychotics on mortality risk because of the low number of patients in this category. It is possible that patients in this group may separately have had a higher morality, as suggested in previous studies (33,34). Nonetheless, as these patients were included in the overall analysis the main conclusions of the study remain unchanged. We did not assess or correct for the effect of the severity or duration of mental illness on the risk of unexpected death. It has been reported that increased illness severity may increase mortality. Patients are often prescribed high doses of antipsychotics or combinations of antipsychotics as a last resort, where standard doses or monotherapy have failed. The use of high doses or polypharmacy may therefore be an indication of a more severe illness (35). In our study the risk of death was higher amongst patients prescribed a high dose. However, overall, very many fewer patients were prescribed a high dose compared with a low or moderate dose. We do not therefore expect our results to be greatly affected by illness severity. In addition to this, the lack of association between duration of treatment (a proxy for illness duration) and risk of unexpected death suggests that duration of illness was relatively unimportant. Finally, epidemiological studies by design may be subject to survival bias. For the purpose of this study we defined ‘current antipsychotic’ use as 14 consecutive days of treatment before either death (for cases) or recruitment into the study (for controls). The defined exposure of antipsychotic treatment was therefore the same for both cases and controls. In addition, we excluded any patient for whom full details of ‘current medication’ use were not available from their records. 

Strengths of our study 
We coincidentally found known risk factors for unexpected death to be strongly associated with unexpected death in our study, providing strong support for our method. Also, unlike the FIN11 paper (13), our study included deaths which occurred during hospital stays as well as out-patient deaths. We collected data on lifestyle factors, which enabled us to adjust for these parameters. Lastly, unlike Ray and colleagues (12) our study adjusted for both cardiovascular risk and primary psychiatric illness. 

Cause of death
The highest numbers of deaths in our study were from diseases of the cardiac and respiratory systems, consistent with other studies (36-38). The association between cardiovascular mortality and schizophrenia is well documented. More recently, concerns have been raised about the possibility that atypical antipsychotics may increase the risk of fatal pneumonia (16). The leading cause of death in England and Wales, excluding lung cancer and dementia, is heart disease, followed by respiratory disease (39). Our results did not show an association between antipsychotic use and an increased risk of unexpected death. Thus, the suggested link between antipsychotics and death by cardiac and respiratory causes may be coincidental. 
In summary, in our study we found that antipsychotic use, at any dose and for any duration, did not increase the risk of unexpected death. These results do not support a causative association between antipsychotic use and premature unexpected death and may explain some findings of reduced overall mortality associated with the use of antipsychotics.
Clinical implications
Antipsychotics are often used with caution or completely withheld where there are concerns about physical health. Our results do not suggest that this caution is misplaced – antipsychotics have obvious physical toxicity – but that antipsychotics may have ill-defined positive effects which outweigh or balance their well-known toxicity. Carefully monitored use of effective antipsychotic treatment is therefore to be recommended. 
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