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Abstract
Objective
Although UK and international guidelines recommend monotherapy, antipsychotic polypharmacy in people with serious mental illness is common in clinical practice. However, empirical evidence on its effectiveness is scarce. The effectiveness of antipsychotic polypharmacy relative to monotherapy is estimated in terms of health care utilization and mortality.
Methods
Primary care data from the Clinical Practice Research Datalink, hospital data from the Hospital Episodes statistics and mortality data from the Office of National Statistics were linked to compile a cohort of patients with serious mental illness in England during the period 2000-2014. The antipsychotic prescribing profile of 17,255 adults who had at least one antipsychotic drug record during the period of observation was constructed from primary care medication records. Survival analysis models were estimated to identify the effect of antipsychotic polypharmacy on the time to the first occurrence of each of three outcomes: unplanned hospital admissions (all-cause), emergency department presentations, and mortality.
Results
Relative to monotherapy, antipsychotic polypharmacy was not associated with increased risk of an unplanned hospital admission (HR=1.14; 95% CI=0.982–1.32), emergency department presentation (HR=0.95; 95% CI=0.80–1.14) or death (HR=1.02; 95% CI=0.76–1.37).  Relative to not receiving antipsychotic medication, monotherapy was associated with a reduced hazard of unplanned admissions to hospital and emergency department presentations but had no effect on mortality.
Conclusions
The study results support current guidelines for antipsychotic monotherapy in routine clinical practice. However, they also suggest that where clinicians have deemed antipsychotic polypharmacy necessary, healthcare utilization and mortality are not affected.
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Key points
· Where clinicians have deemed polypharmacy necessary - despite guidance discouraging its use - healthcare utilization and mortality are not affected.

· Relative to those on monotherapy patients who are not on antipsychotic medication have higher hazard of an unplanned hospital admission and ED presentations.

· The prevalence of antipsychotic polypharmacy varies significantly across studies due to diversity in the definition of polypharmacy, differences in sample characteristics and methodology.



Introduction
Antipsychotic drugs are a common component of the therapeutic strategy for patients with serious mental illness (https://www.rcpsych.ac.uk/mental-health/treatments-and-wellbeing/antipsychotics). Although UK and international guidelines recommend antipsychotic monotherapy (1, 2), antipsychotic polypharmacy (thereafter polypharmacy) – defined as the concurrent use of two or more different antipsychotic agents – is common in clinical practice (3, 4).  
The most common rationale for polypharmacy is to improve therapeutic response when the response to monotherapy is considered inadequate (1).  However, there is little empirical evidence that polypharmacy has higher efficacy than monotherapy. A Cochrane systematic review (5) of randomized controlled trials (RCTs) concluded that while polypharmacy might be superior to monotherapy in certain clinical situations, the evidence was too heterogeneous to derive firm conclusions.  Significant risks associated with polypharmacy have been reported, particularly excessive dosing (6) which can in turn result in adverse effects such as metabolic syndrome (7), cognitive impairment, extrapyramidal side effects (8), and cardiovascular disorders (9). Polypharmacy efficacy and adverse effects contribute to changes in broader patient outcomes reflecting overall polypharmacy effectiveness.  Whether polypharmacy is a valid therapeutic option or a ‘dirty little secret’ (10), it remains prevalent and empirical evidence on its effectiveness is needed.  
Our study follows a cohort of 17,255 patients with serious mental illness over time to make inferences about polypharmacy effectiveness in terms of three outcomes: unplanned hospital admissions, emergency department (ED) presentations (A&E in the UK), and mortality.  We construct the antipsychotic prescribing profile of patients from primary care records which we link to hospital and mortality data. The argument underpinning a cohort study design is that effectiveness is assessed under usual circumstances of healthcare practice rather than ideal RCT circumstances. As with all observational studies, validity relies on rigorous design and adjustment of confounding factors to minimise selection bias. Although significant progress towards this direction has been made by two studies from Denmark (11) and Finland (12) that focused on the effect of polypharmacy on mortality, studies that explored associations between polypharmacy and inpatient hospitalizations (13, 14) and ED attendances (15) suffered from important weaknesses that stem from failure (or inability due to lack of data) to model the timing of polypharmacy episodes and outcomes.   The current study improves on the fundamental issue of confoundedness by employing a Cox survival analysis model that analyses time to each outcome adjusting for both time invariant confounders and time dependent polypharmacy and monotherapy (16).
[bookmark: _Toc369779973][bookmark: _Toc369253793][bookmark: _Toc369253843][bookmark: _Toc369253794][bookmark: _Toc369253844][bookmark: _Toc369272910]Material and methods
Data sources
Our primary data source is the Clinical Practice Research Datalink (CPRD GOLD), which includes information on individual patients from family practice records including diagnoses, referrals, laboratory results, prescriptions, and immunisations.  CPRD is sourced from participating UK general practices that use the VISION software system and is broadly representative of the English population with respect to age and gender, but not region.
CPRD records from English practices were linked to inpatient hospitalizations and A&E attendances from Hospital Episode Statistics, as well as mortality data from the Office of National Statistics. To preserve anonymity, the data linkages were carried out by the trusted third party NHS Digital.  Information was provided by CPRD for all patients who were eligible for linkage and had an incident diagnosis of serious mental illness. 
Ethical approval
The study protocol was approved by the Independent Scientific Advisory Committee (protocols  14_168 and 15_213). 
Sample 
Our sample covers the period from 1 January 2000 to 31 March 2014. The observation period for each patient varies.  The entry date to the sample is defined such that the following conditions are met on this date: i) patient has been diagnosed with serious mental illness in primary care; ii) patient is 18 years or older; iii) patient is registered with a participating practice for at least 365 days; and iv) patient is not hospitalized within the last 90 days.  The latter two conditions were imposed to ensure sufficient information on patients’ medical history was available and because patients who were recently discharged from hospital are at higher risk of readmission.  The observation period for each patient ends at the earliest of death date, the date registration with the practice ends and 31 March 2014. Patients were included in the sample if they had at least one antipsychotic drug record during the observation period.
Because A&E data are only available from 2007/08 the analysis of ED presentations is limited to patients with entry date after 31 March 2007.
Patient outcomes
We investigated the association between polypharmacy and the occurrence of three outcomes: unplanned hospital admissions (all-cause), ED presentations, and mortality.  
Definition of polypharmacy
There is no consistent definition of polypharmacy in the literature. We define polypharmacy as the concurrent use of two or more antipsychotic substances for at least 30 days. The overlap period allows for cross-tapering between substances. A longer overlap period has a higher risk of misclassifying polypharmacy as monotherapy, while a shorter overlap may misclassify switching between substances as polypharmacy. We therefore explored overlap periods of 14, 60 and 90 days as sensitivity analyses. 
We considered 33 antipsychotic substances covering first-generation antipsychotic drugs or typical antipsychotics, second-generation antipsychotics or atypical antipsychotics, and depot antipsychotics (17, 18) (see online supplement). 
CPRD data provides the date a prescription was issued but the duration of prescriptions is poorly recorded.  We inferred treatment duration from the total quantity (number of units) prescribed and the numeric daily dose (number of units per day). The latter is missing for 23% of prescriptions. For these prescriptions, we imputed the numeric daily dose using an imputation strategy explained in the online supplement.  Less than 0.02% of prescription records were dropped from the analysis because they had implausibly large estimated duration. From the prescription dates and durations, we constructed the patient’s medication profile: times at which the patient is on any antipsychotic medication and on polypharmacy. 
We calculated two measures of polypharmacy prevalence. First, the annual prevalence of polypharmacy as the number of patients with at least one polypharmacy episode in a year divided by the total number of patients observed during that year.  Second, the rate of polypharmacy defined as the sum of all patients’ polypharmacy days in a year over the sum of all patients’ days at risk of polypharmacy in that year.  The latter measure is an improvement over the commonly reported point estimates of polypharmacy prevalence that measure the proportion of eligible individuals on polypharmacy on a given day (see online supplement for a proof).
Covariates
We used Read codes (the diagnostic codes used in UK primary care) recorded over the entire patient’s history and our own clinical expertise to define three diagnostic categories: schizophrenia and other psychoses, bipolar disorder and affective psychoses and those who had a diagnosis from each group (codes provided in online supplement).
All other covariates were measured at the date of entry to the study sample. We controlled for: age, gender, age-gender interactions, the number of comorbid conditions as defined by Charlson et al. (19), a diagnosis of depression, alcohol consumption and smoking status, the number of GP contacts (face-to-face visits and telephone calls) in the last year, and small area deprivation profile based on patients’ residence. We approximated ability to access secondary care by the distance from the patients’ GP practice to the nearest psychiatric inpatient hospital and general hospital and by whether the practice is in a rural area. Finally, we controlled for the year in which the patient entered the sample and the time since first diagnosis.  Details on the explanatory variables are provided in the online supplement.
Statistical analysis
Semi-parametric Cox hazard models (20) were applied to estimate the effect of polypharmacy on the time to the first occurrence of each of the three outcomes. The model adjusts for censoring, which may occur because i) a patient dies, ii) registration with the practice ends, or iii) the study period ends. The follow-up period – time from entry to the sample until the outcome occurs or censoring – is different from the observation period for outcomes other than death.
An individual may have multiple polypharmacy episodes. On each day during the study period the patient is in one of three states: i) receives no antipsychotic medication, ii) monotherapy (on one antipsychotic or on more than one but for less than 30 days), and iii) polypharmacy.  To model this, we introduce two time-varying binary variables: ‘No antipsychotic substance’ which takes a value of 1 during periods the patient is not on an antipsychotic drug and 0 otherwise, and ‘polypharmacy’ which takes a value of 1 during periods the patient is on two or more antipsychotic substances for more than 30 days and 0 otherwise.  The results are interpreted with regard to monotherapy, which is the reference category.
All coefficient estimates are reported as hazard ratios (HR) where a HR greater than 1 indicates an increase in the risk of the outcome associated with a unit change in the explanatory variable, and vice versa for a HR below 1. Details on the survival analysis are provided in the online supplement. All analyses were performed in Stata 14 (StataCorp LP, College Station, TX, US).
[bookmark: _Toc444002022]Results
All patients were prescribed an antipsychotic substance at some point during the observation period.  Table 1 provides descriptive statistics.  Unplanned admissions and mortality outcomes were studied using the same sample of 17,255 patients from 215 practices.  These patients were observed for 5.7 years on average and 12.9% of them had at least one polypharmacy episode during the observation period.  The average number of polypharmacy episodes per patient on polypharmacy was 5.5 and the mean polypharmacy episode length was 66 days (range: 2 to 2,340).  
For the unplanned admissions analysis the average follow-up period was shorter than the observation period (3.6 years) with 8.8% of patients having at least one polypharmacy episode during this period. Almost 52% of the patients (8,916) had an unplanned admission and of those 7.9% had at least one polypharmacy episode before the admission. 
For the mortality analysis, the average time to death or censoring was 5.7 years.  From the 604 patients who died (3.5%), 52 (8.6%) had received polypharmacy.
The sample for ED attendances covers a shorter period from 1 April 2007 to 31 March 2014 totalling 13,247 patients from 215 practices.  Of the 7,523 patients with an ED presentation, 511 (6.8%) had received polypharmacy.  
Figure 1 shows that annual prevalence of polypharmacy fluctuates between 5% and 6% while the polypharmacy rate is around 2%.  Polypharmacy rate estimates are lower than the annual polypharmacy prevalence because the former reflects both whether a patient is on polypharmacy during the year and the total duration of polypharmacy episodes.  Figures of the annual prevalence of polypharmacy and the polypharmacy rate for different overlap periods are provided in the online supplement.
Summary statistics for the explanatory variables are presented in Table 2. About 35% of patients had at least one of the Charlson index morbidities and 13% were diagnosed with both schizophrenia and bipolar during the observation period.
[bookmark: _Ref370416463][bookmark: _Toc443297921][bookmark: _Toc444002025]Table 3 presents the survival analysis estimates for the two time-varying variables for our main specification assuming an overlap period of 30 days. Being on polypharmacy (relative to monotherapy) was not statistically significantly associated with the risk of unplanned admission, death or ED presentation. Not being prescribed any antipsychotic substance increases the hazard (relative to monotherapy) of an unplanned admission to hospital by 8.2% (95%CI=3% –3.6%) and the hazard of an ED presentation by 18.6% (95%CI=13.5%–23.9%) but has no effect on mortality risk.  For estimates of the other explanatory variables see online supplement.  Having both diagnosis of schizophrenia and bipolar increases the hazard of an unplanned admission by 20% (HR=1.20; 95%CI=1.12–1.29).
Table 4 shows the results of sensitivity analyses that explore the impact of changing the length of overlap in the definition of polypharmacy. The estimated relationships are generally insensitive to the length of overlap. The only exception is unplanned admissions: when the lower boundary of the overlap duration is reduced to 14 days, polypharmacy is associated with an increased hazard of unplanned admission of about 21%. 
We also estimated our survival models for psychiatric hospitalisations, which are a subset of all unplanned admissions. The results are reported in the online supplement and show no association between psychiatric hospitalisations and polypharmacy. 
Discussion
The present study is a step forward towards understanding the links between polypharmacy and healthcare utilization and mortality.  As with all observational studies, validity relies on rigorous design and adjustment of confounding factors to minimise selection bias. We address this fundamental issue employing a three-step strategy.
First, we construct the antipsychotic prescribing profile of patients from primary care records.
In the UK, family practices provide the majority of care for patients with serious mental illness (21) including the management of long-term prescribing. Therefore, unlike previous studies that used solely hospital data to investigate polypharmacy (22) we define polypharmacy and monotherapy from primary care data.  Second, we link primary care data with hospital and mortality data at patient level to determine the sequence of polypharmacy episodes and hospital utilization and mortality.  Third, we employ a Cox survival analysis model that analyses time to each outcome adjusting for both time invariant confounders and time dependent polypharmacy and monotherapy (16). By specifying polypharmacy as a time-dependent variable, we address the statistical challenge arising in cases where the exposure is not present throughout the entire time of observation.  
The use of a large linked dataset coupled with a suitable survival analysis model provides more robust estimates of the effects of polypharmacy on outcomes than would be possible with aggregate data or a cross sectional design.  
We found that the annual polypharmacy prevalence fluctuates over time between 5% and 6%.
[bookmark: _Toc443297926][bookmark: _Toc444002026]It is not straightforward to compare this figure with other studies due to diversity in the definition of polypharmacy, and differences in the sample characteristics and methodology.  A large international study estimated a global median of 20% (23) but there is considerable variation between and within geographic locations (23, 24).  Higher rates of polypharmacy have been estimated for the UK but the patients included in those studies were prescribed at least one antipsychotic at the date of data collection and polypharmacy was defined as the concurrent use of more than one antipsychotic on that single date (25, 26), a definition that is likely to overestimate polypharmacy.  A more comparable approach by Kadra et al. (22) found polypharmacy to be 11.5% using a six weeks overlap.  The lower estimate of polypharmacy prevalence in our study may be because patients can be at risk of polypharmacy for a fraction of a calendar year while in Kadra et al. patients were followed for an entire 6-month period.
Current UK guidance (1) recommends antipsychotic monotherapy as a treatment option and our results provide further supportive evidence establishing a negative association between  antipsychotic monotherapy and hospitalizations.  This may be due to the fact that drug therapy helps to stabilise the patients’ condition and allows better management of their physical health. Being prescribed an antipsychotic may be associated with closer or more regular clinical monitoring in the primary care setting, as set out in the guidelines which recommend that prescription of an antipsychotic should be considered as “an explicit individual therapeutic trial” [8], accompanied by detailed requirements for monitoring.  The latter may facilitate timely diagnosis and treatment of health problems, avoiding the need for hospital care. 
It is widely believed that polypharmacy increases mortality and hospitalisations but there is a lack of methodologically sound studies to support this assumption.  To our knowledge, the only previous study that used nationwide data of medication prescriptions and appropriate methods to adjust for confounding factors was conducted by Tihonen et al (12). They investigated the impact of polypharmacy on mortality using a cohort of 2,588 patients from Finnish hospital data and concluded that polypharmacy is not associated with increased mortality. This conclusion is reinforced by the present study using a significantly larger cohort of 17,255 patients with a record of serious mental illness diagnosis in primary care. Our study further concludes no association between polypharmacy and inpatient hospitalizations or ED attendances contrasting the positive correlations found in previous studies,(13-15).
That polypharmacy is not significantly associated with any of the three outcomes, suggests that the effectiveness of polypharmacy and monotherapy are comparable.  For a shorter overlap period (14 days or longer) which captures more cross-tapering in the definition of polypharmacy, we observe an increase in the risk of unplanned admission.  One explanation is that patients who change drugs might have more unstable disease profiles and/or that changing drugs further destabilises their condition.  This suggests a need for close monitoring in the first few weeks of cross-tapering when the risk of unplanned hospitalization is higher. 
UK guidelines (1) recommend against combining antipsychotic drugs except as a last resort.  These recommendations are based on limited supportive evidence for superior efficacy of polypharmacy over monotherapy as well as concerns that combined antipsychotics are associated with an increased risk of side effects.  Our study cannot draw conclusions on the polypharmacy effect in terms of efficacy and tolerability and bearing in mind the limitations of an observational study (despite its advanced design) cannot substitute for RCTs. Its contribution lies in providing real-world evidence on the effectiveness of polypharmacy. 
There are three main limitations to the study. First, the measures of health status and healthcare utilization prior to diagnosis of serious mental illness may not fully depict the complexities of health status, including severity of the condition.  Second, imputing the treatment duration for a number of prescriptions may introduce measurement error in the calculation of polypharmacy. Lastly, we have explored the effect of polypharmacy on broadly defined outcomes. Future research could investigate whether effects vary by reason for admission or for particular combinations of antipsychotic medication.
Conclusions
Our study examined the overall effectiveness of polypharmacy relative to monotherapy by investigating associations between polypharmacy and three patient outcomes.  We found no evidence of a positive or negative effect of polypharmacy on mortality, inpatient hospitalizations, and ED presentations.  At a policy level these findings do not rule out polypharmacy options but highlight the need for further research on the appropriateness of polypharmacy.
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[bookmark: _Ref529371181]Table 1: Descriptive statistics
	
	Analysis

	
	Unplanned admissions
	Death
	ED presentations

	Full sample
	
	
	

	N individuals
	17,255
	17,255
	13,247

	During observation perioda
	
	
	

	Mean years 
	5.7
	5.7
	4.1

	Patients with at least one polypharmacy episode
	2,228
	2,228
	1,548

	% patients with at least one polypharmacy episode
	12.9
	12.9
	11.7

	Polypharmacy episodes per patient on polyph. 
	5.5
	5.5
	4.8

	Number of switches on/off polypharmacy per year
	0.96
	0.97
	1.15

	Mean polypharmacy length
	66
	66
	69

	During follow-up periodb
	
	
	

	Mean years
	3.6
	5.7
	2.5

	Patients with at least one polypharmacy episode
	1,515
	2,228
	1,068

	% patients with at least one polypharmacy episode
	8.8
	12.9
	8.1

	Sample of patients experiencing outcome

	N individuals
	8,916
	604
	7,523

	During follow-up period
	
	
	

	Mean years
	2.6
	2.8
	1.8

	Patients with at least one polypharmacy episode
	704
	52
	511

	% patients with at least one polypharmacy episode
	7.9
	8.6
	6.8


aObservation period: from entry to the sample until the earliest of death, end of registration with practice, 31 March 2014.
bFollow-up period: from entry to the sample until outcome occurs or censoring (end of observation period).
	
[bookmark: _Ref511302718]Table 2: Descriptive statistics for the explanatory variables
	Variable
	N (patients)
	(%)

	Age at entry date
	
	

	19-35
	4,484
	26

	36-45
	3,718
	22

	46-55
	3,017
	17

	56-65
	2,341
	14

	>65
	3,695
	21

	Index of multiple deprivation
	
	

	Quintile 1
	2,618
	15

	Quintile 2
	3,093
	18

	Quintile 3
	3,238
	19

	Quintile 4
	4,064
	24

	Quintile 5
	4,242
	25

	Male
	8,171
	47

	White
	12,521
	73

	GP practice in rural area
	1,921
	11

	Number of primary care contacts in year preceding FSDT
	
	

	0-4
	3,798
	22

	5-9
	4,496
	26

	10-14
	3,271
	19

	15-19
	2,158
	13

	>=20
	3,532
	20

	Distance from GP to nearest acute provider
	
	

	0-3km
	7,489
	43

	3-6km
	4,925
	29

	6-9km
	2,160
	13

	>9km
	2,681
	16

	Distance from GP to nearest MH provider
	
	

	0-3km
	3,441
	20

	3-6km
	4,330
	25

	6-9km
	3,178
	18

	>9km
	6,306
	37

	Number of Charlson Index comorbidities at FSDT
	
	

	0
	11,273
	65

	1
	4,441
	26

	2
	1,079
	6

	>=3
	462
	3

	History of depression at FSDT
	9,746
	56

	Current or ex-smoker
	12,556
	73

	Current or ex-alcohol consumption
	11,062
	64

	Schizophrenia
	9,653
	56

	Bipolar
	5,342
	31

	Both schizophrenia and bipolar
	2,260
	13


[bookmark: _Ref511302754]Table 3: Hazard Ratios for polypharmacy from the base case analysis
	 
	Unplanned admissions
	Death
	ED presentations

	
	HR
	95% CI
	HR
	95% CI
	HR
	95% CI

	Polypharmacy 
	1.14
	(.98–1.32)
	1.02
	(.76–1.37)
	.95
	(.80–1.14)

	No antipsychotic substance
	1.08**
	(1.03–1.14)
	1.02
	(.94–1.10)
	1.19***
	(1.14–1.24)


**p<0.01, ***p<0.001; 95% CI in parentheses
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	Unplanned admissions
	Death
	ED presentations

	
	HR
	95% CI
	HR
	95% CI
	HR
	95% CI

	14 days 
	1.21**
	(1.08–1.37)
	1.11
	(.87–1.40)
	.94
	(.80–1.11)

	30 days
	1.14
	(.98–1.32)
	1.02
	(.76–1.37)
	.95
	(.80–1.14)

	60 days
	1.08
	(.90–1.30)
	.90
	(.63–1.28)
	.98
	(.79–1.21)

	90 days
	1.02
	(.80–1.29)
	.83
	(.54–1.28)
	.80
	(.62–1.03)


**p<0.01; 95% CI in parentheses
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