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Abstract

Antipsychotic medications are used for the treatment of various psychiatric disorders, 
including psychotic disorders such as schizophrenia. There are two main classes of 
antipsychotic drugs; the older, typical antipsychotics and the newer atypical 
antipsychotics. Studies in the USA and the Netherlands show that antipsychotic use in 
children is rising, primarily for 'off-label' indications. Thus, despite the evident increase 
in use, the safety profile of these drugs in this population is lacking. Furthermore, there 
is a gap in investigations of antipsychotic use and safety in the UK paediatric 
population. Therefore, the aim of this thesis was to investigate the utilisation and 
safety of antipsychotic medications in children and adolescents in the UK.

Three main studies were conducted. Firstly, the pharmacoepidemiology of 
antipsychotic prescribing in the paediatric population was examined using the General 
Practice Research Database (GRRD). Secondly, the incidences of specific serious 
adverse events of mortality, liver abnormalities, diabetes mellitus and extrapyramidal 
effects in the identified GPRD cohort exposed to antipsychotic therapy was 
investigated. Finally, a targeted pharmacovigilance pilot study was conducted to 
describe adverse reactions associated with atypical antipsychotic treatment seen in 
children from secondary and tertiary care settings. The feasibility of conducting the 
pharmacovigilance study, with the view of expanding it to a wider scale, was also 
explored.

The largest UK paediatric cohort exposed to antipsychotic therapy was identified from 
the GPRD. The overall prevalence of antipsychotic prescribing almost doubled between 
1992 and 2005 (0.39 to 0.77 patients per 1,000 person-years). The greatest increase 
was seen in patients aged 7-12 years (0.23 patients per 1,000 person-years in 1992 and 
0.61 patients per 1,000 person-years in 2005). Atypical antipsychotic agents were 
shown to be replacing the older, typical antipsychotics. Although there was an 
increasing prevalence trend, the incidence of all antipsychotic prescribing remained 
stable suggesting patients stay on treatment for longer durations. Results from the 
safety studies revealed that children exposed to antipsychotic therapy have a higher 
mortality rate than the general paediatric population (SMR of 4.03; 95% Cl: 1.48 to 
8.76). However, it was demonstrated that antipsychotic therapy was unlikely to be 
associated with the majority of the identified cases of death. The rate of diabetes 
mellitus was not significantly different compared to the general paediatric population 
(SIR of 1.61; 95% Cl: 0.20 to 5.81) and there were also no cases of liver adverse 
reactions in the antipsychotic-exposed cohort. However, these results were possibly 
limited by the sample size of the study cohort. On the other hand, antipsychotic- 
exposed patients were shown to have significantly higher odds ratios of experiencing 
extrapyramidal symptoms compared to unexposed patients (OR of 1.88; p < 0.05). The 
targeted pharmacovigilance study on atypical antipsychotics allowed for an alternative 
method for investigating the safety of these drugs in children. The study revealed a 
high rate of adverse drug reactions with every five patients experiencing a reaction. 
The study also identified relevant methodological issues which need to be addressed 
related to expanding such a study to wider scale.
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Chapter ONE: Introduction

1 Chapter ONE: Introduction

1.1 Background of antipsychotic drugs

Chlorpromazine is considered the prototype antipsychotic, first being introduced in 

1951 (Meltzer, 2004; Bitter, 2006). The therapeutic potential of chlorpromazine 

originated from the discovery by a French surgeon, Laborit, who in 1947 tested the 

drug promethazine to alleviate signs of stress in patients undergoing surgery (Rang et 

al, 1999). He then concluded that promethazine had a calming effect that was 

dissimilar from plain sedation (Rang et al, 1999). Modifications of the phenothiazine 

structure of promethazine then lead to the discovery of chlorpromazine in the early 

1950s (Rang et al, 1999; Meltzer, 2004; Bitter, 2006).

Since its introduction, it was found that chlorpromazine was more effective in the 

treatment of acute symptoms of schizophrenia compared to non-pharmacological 

treatment including placebo or psychotherapy (Lieberman, 2006). Chlorpromazine has 

also been studied in many randomised controlled trials to assess its effectiveness in 

the treatment of schizophrenia (Adams et al, 2005). Following its release, other 

antipsychotic drugs such as thioridazine, haloperidol and pimozide have been 

marketed for the treatment of psychotic conditions.

Clinical efficacy of antipsychotic therapy in patients suffering from psychotic disorders 

can be measured by investigating their effect in the clinical dimensions of 

schizophrenia. There are 2 main dimensions or domains of schizophrenia; positive 

symptoms, and negative symptoms. The concept of positive and negative symptoms
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Chapter ONE: Introduction

was first described by Hughllngs Jackson, a 19"' century neurologist. It was not until 

1970 that this concept was applied to schizophrenia (Hollis, 2002). Another vital 

parameter in the pathology of schizophrenia is cognitive impairment. These 

dimensions and symptoms are explained below:

•  Positive symptoms which are acute and episodic (Scahill & Lynch, 1998). These 

include delusions, hallucinations, and thought disorder (Jibson & Tandon, 1998; 

Bitter, 2006).

•  Negative symptoms which are chronic and continuous (Scahill & Lynch, 1998). 

Negative symptoms include a lack of motivation and social drive, impaired 

emotional expression and experience, impoverished speech and thought, 

anhedonia, and a lowered social interaction (Bilder, 1997: Jibson & Tandon, 

1998; Scahill & Lynch, 1998).

•  Cognitive and neuropsychological impairments (Bilder, 1997; Jibson & Tandon, 

1998). Cognition has been reported to progressively depreciate for several 

years following the onset of psychotic symptoms (Jibson & Tandon, 1998). 

Cognitive function in schizophrenic patients can either be improved or 

worsened with antipsychotic symptoms (Jibson & Tandon, 1998).

The initial hypothesis of schizophrenia proposed an overall excess of dopaminergic

activity in the brain (Svensson, 2003). This suggestion was fundamentally based upon

the pharmacological evidence of the antagonistic activity of antipsychotic agents in

patients suffering from schizophrenia; as well as the effects of dopamine agonists such

as amphetamine to induce psychosis and paranoid symptoms (Svensson, 2003). It

should be noted however that the model proposed by amphetamine-induced
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Chapter ONE: Introduction

psychotic symptoms has a few limitations; whereby a number of core symptoms of 

schizophrenia including thought disorder, auditory hallucinations and anhedonia fail to 

manifest in psychosis induced by amphetamines (Svensson, 2003).

Dopamine is a neurotransmitter that has a role in mediating an extremely wide variety 

of physiological and behavioural functions such as coordinated movement, facial 

expression as well as complex emotional responses (Scahill & Skrypeck, 1997). From a 

therapeutic perspective, it is a critical property for antipsychotic drugs to have 

antagonistic properties on dopamine 0% receptors to produce an antipsychotic effect 

(Kinon & Lieberman, 1996; Jibson & Tandon, 1998). It has also been shown that there 

is a direct correlation between clinical potency of antipsychotic drugs and presynaptic 

action on dopamine neurons (Seeman & Lee, 1975; Kapur, 1996; Kinon & Lieberman, 

1996; Jibson & Tandon, 1998). In addition to receptor antagonism, interference of 

dopamine neurotransmission can also be achieved by impairing granular storage of 

dopamine within the neurons resulting in an inhibition of nerve impulse mediated 

release of dopamine (Ichikawa & Meltzer, 1999; Svensson, 2003).

Antagonism of dopamine Dz receptors in different dopamine regions causes different 

effects (Burns, 2001). This is illustrated in Figure 1.1. Antipsychotic action is the result 

of dopamine D] antagonism at the mesolimbic regions of the brain (Meltzer, 2004). 

Extrapyramidal effects are caused by dopamine D2 receptor blockade at the 

mesostriatal regions (Melzter, 2004). It is reported that dopamine D2 occupancies of 

75-80% are associated with extrapyramidal effects (Kapur, 1996; Horacek et al, 2006).
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Chapter ONE: Introduction

Figure 1.1: Different effects of dopamine antagonism
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Chapter ONE: Introduction

The unwanted extrapyramidal effects related to antipsychotic use comprise of 

symptoms such as acute dystonias and tardive dyskinesia. Acute dystonias are 

involuntary movements such as muscle spasms, protruding tongue, torticollis (wry 

neck) and Parkinson-type syndrome. They usually occur in the first few weeks of 

treatment and commonly decline as treatment continues. On the other hand, tardive 

dyskinesia develops after a period of treatment (months or years) with antipsychotic 

treatment. The syndrome of tardive dyskinesia consists of involuntary movements, 

usually of the face and tongue, but may also occur in the trunk and limbs. Tardive 

dyskinesia is a disabling and often irreversible condition, which may worsen when 

antipsychotic therapy is stopped (Rang et al, 1999).

Dopamine D2 antagonism at the anterior pituitary gland affects prolactin pathways as 

dopamine is a natural inhibitor of prolactin secretion. Blockade of dopamine D2 

receptors in this region results in a raised serum prolactin which may potentially 

manifest as breast swelling, breast pain, and lactation; occurring in both males and 

females (Rang et al, 1999; Haddad & Wieck, 2004; Meltzer, 2004).

The first-generation antipsychotic drugs or typical antipsychotics such as flupenthixol,

haloperidol and perphenazine are more potent in blocking the effects of dopamine

action compared to chlorpromazine (Bitter, 2006). However, the increased potency in

dopamine receptor antagonism was found to be related to a higher incidence of

extrapyramidal side effects and not an increased efficacy in antipsychotic action

(Bitter, 2006). As stated by Bitter (2006), the antipsychotic action of the typicals were

"inseparable from extrapyramidal effects" associated with their use. Typical
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Chapter ONE; Introduction

antipsychotic drugs were found to be effective in treating the positive symptoms of 

schizophrenia. On the other hand, as a class, the agents have limited efficacy in 

treating the negative symptoms and can even potentially cause the development of 

negative symptoms such as anhedonia in certain patients (Borison, 1997; Bitter, 2006).

These treatm ent issues with typical antipsychotic therapy lead to the discovery of 

clozapine, which was first marketed in the late 1980s in the United Kingdom. Clozapine 

was the first of the atypical antipsychotics agents. It was found to be at least as 

effective as chlorpromazine in treating psychosis, but did not have as high an 

extrapyramidal side effect profile as chlorpromazine. Furthermore, it was also shown 

to be effective in reducing both positive and negative symptoms of schizophrenia and 

also useful in the management of treatment-resistant schizophrenia (Borison, 1997; 

Meltzer, 2004).

Despite the advantages clozapine had over the typical antipsychotic drugs, its use was 

found to be associated with severe blood disorders including agranulocytosis, seizures 

and sedation (Borison, 1997). Nevertheless, its discovery led researchers to search for 

newer drugs by focusing on the pharmacological similarities of clozapine but without 

the side effects. This then led to the discovery of other atypical antipsychotic drugs 

such as risperidone, olanzapine, quetiapine, and zotepine.
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Chapter ONE: Introduction

1.1.1 Typical antipsychotic drugs

Following the introduction of chlorpromazine in the early 1950s, other typical 

antipsychotic drugs such as haloperidol and thioridazine have been used in children and 

adolescents for various psychiatric conditions including aggression, tics, and pervasive 

developmental disorders (Scahill & Skrypeck, 1997; Bitter, 2006).

Despite the emergence of newer and reportedly safer and more efficacious 

psychopharmacological agents, chlorpromazine remains one of the most commonly used 

and inexpensive antipsychotic agents around the world (Adams et al, 2005). In fact 

chlorpromazine still remains the benchmark which other treatments are compared and 

evaluated with (Adams et al, 2005).

Typical antipsychotic agents are usually classified according to their chemical structure. 

The majority of typical antipsychotic agents are classified as phenothiazine derivatives. 

These can be further categorised into 3 groups (British National Formulary, 2008):

•  Group 1

o Antipsychotic drugs under this group are characterised by generally 

pronounced sedative effects and moderate antimuscarinic and 

extrapyramidal side effect profiles. Drugs under this group include 

chlorpromazine, levomepromazine and promazine.

Group 2
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o Antipsychotic drugs under this group are generally characterised by 

moderate sedative effects, marked antimuscarinic effects, and have a less 

severe extrapyramidal side effect profile than Groups 1 and 3. Examples of 

drugs in Group 2 include pericyazine.

•  Group 3

o Antipsychotic agents under this group are generally characterised by fewer 

sedative effects, fewer antimuscarinic effects, and a more pronounced 

extrapyramidal side effect profile compared to Groups 1 and 2. Examples of 

antipsychotic agents in this group include fluphenazine, perphenazine, 

prochlorperazine, and trifluoperazine.

Other typical antipsychotic agents resemble Group 3 of the phenothiazines. These include 

(British National Formulary, 2008):

•  The butyrophenones such as benperidol and haloperidol.

•  The diphenylbutylpiperidines such as pimozide.

•  The thioxanthenes such as flupenthixol and zuclopenthixol.

•  The substituted benzamides such as sulpiride.

Typical antipsychotic medications have been found to be beneficial in the management of 

various conditions. This includes controlling active psychotic symptoms, the reduction of 

assaultive behaviour, managing severe agitation, and reducing the risk of psychotic 

relapse in schizophrenic patients during maintenance therapy (Jibson & Tandon, 1998).
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As mentioned earlier, the primary pharmacological activity of all antipsychotic drugs is due 

to the blockade of dopamine D2 receptors in the brain (Jibson & Tandon, 1998; Horacek et 

al, 2006). The typical antipsychotic drugs are usually clinically effective at 70% Dz-receptor 

occupancy in the brain though the risks of extrapyramidal symptoms are very high above 

80% occupancy (Svensson, 2003). It was found that the affinity of typical antipsychotic 

drugs for both the mesolimbic and mesostriatal dopamine regions was strongly correlated 

and therefore the desired antipsychotic effect was undividable from unwanted 

extrapyramidal symptoms (Meltzer, 2004).

It was estimated that 20-40% of patients treated with typical antipsychotic drugs develop 

extrapyramidal symptoms such as Parkinsonian syndrome, akathisia and tremor. 

Additionally, another 15-20% of patients who receive long term treatment with typicals 

develop tardive dyskinesia (Borison, 1997). Chlorpromazine and other typical 

antipsychotic drugs were also associated with an increased risk of elevated serum 

prolactin levels, sedation, cardiotoxicity, weight gain, as well as the potentially fatal 

neuroleptic malignant syndrome (Committee on Safety of Medicines, 2000; Meltzer, 

2004).

Typical antipsychotic drugs have also been associated with cognitive dysfunction. 

Cognitive dysfunction in patients on typical antipsychotic therapy is directly attributed to 

extrapyramidal symptoms, to the drugs' anticholinergic trait, and also as the indirect
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result of anticholinergic agents such as benztropine or trihexyphenidyl which are usually 

given as adjunctive therapy (Bilder, 1997; Jibson & Tandon, 1998)

Additionally, typical antipsychotic drugs are associated with intrinsic limitations in regards 

to efficacy. Up to 30% of patients exposed to typical antipsychotic medication do not 

experience any significant clinical improvement (Jibson & Tandon, 1998; Jones et al, 

2006). In patients who do respond to treatment, the spectrum of therapeutic activity of 

typical antipsychotic drugs is relatively narrow (Jibson & Tandon, 1998; Jones et al, 2006). 

Although typical antipsychotic medicines as a class are effective in treating the positive 

symptoms of schizophrenia in responding patients, the drugs have limited effectiveness in 

treating the negative symptoms of schizophrenia and are minimally effective in treating 

the cognitive deficits associated with the condition (Jibson & Tandon, 1998). It was found 

that some of the typical antipsychotic drugs may reduce secondary negative symptoms by 

means of reducing psychosis, but the high incidence of extrapyramidal effects often makes 

the negative symptoms generally more prominent (Borison, 1997). Symptomatic relapses 

combined with potential adverse effects including extrapyramidal symptoms and sedation 

has a negative effect on adherence with these agents (Jibson & Tandon, 1998; Jones et al, 

2006).

In spite of the severity of adverse effects and limited efficacy in treating specific symptoms 

related to schizophrenia, the typical antipsychotic drugs have been of enormous clinical 

significance in the treatment of psychotic disorders (Jibson & Tandon, 1998).
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1.1.2 Atypical antipsychotic drugs

The atypical antipsychotic drugs were developed to either improve the treatment of 

adults with schizophrenia, to minimise the adverse effects seen with the older, typical 

antipsychotic drugs, or a combination of both (Kinon & Lieberman, 1996; Gracious & 

Findling, 2001; Lohr & Braff, 2003). The atypical antipsychotic drugs are thought to be a 

major advance in psychopharmacotherapy primarily as these drugs have been proposed 

to reduce the risk of developing extrapyramidal effects compared to patients exposed to 

the older generation drugs (Jones et al, 2006). This is considered a significant advantage 

especially as the lower risk of dyskinesias is more notable when taking into account the 

treatment of chronic conditions such as schizophrenia and pervasive developmental 

disorders which require long-term pharmacotherapy (Malone et al, 2001; Kumra et al, 

2008). Furthermore as there is a link between extrapyramidal symptoms and the 

development of tardive dyskinesia, it is thought that the lower rates of extrapyramidal 

effects associated with atypical antipsychotic treatment compared to typical antipsychotic 

treatment results in a lower occurrence of tardive dyskinesia in patients exposed to the 

newer generation drugs (Correll & Kane, 2007).

Defining characteristics of whether an antipsychotic drug is atypical or otherwise usually 

includes measures of both therapeutic effects as well as adverse effects (Kinon & 

Lieberman, 1996). These include:

•  Produces antipsychotic effects but does not produce catalepsy in animal models 

(Geddes et al, 2000; Meltzer, 2004).
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•  Possesses a unique receptor binding profile, with significantly lower affinity for 

dopamine D2 receptors; with effect on other receptors including 5 -HT2 receptors 

(Bilder, 1997).

•  Shows a clear difference i.e. a decrease or absence in causing extrapyramidal 

symptoms and tardive dyskinesia compared to the typical antipsychotic drugs 

(Kinon & Lieberman, 1996; Bilder, 1997; Scahill & Lynch, 1998; DuBois, 2005).

•  Demonstrates efficacy in patients who are non-responders to typical 

antipsychotic treatment (Bilder, 1997).

•  Increase in therapeutic efficacy towards the positive, negative, or cognitive 

symptoms associated with psychotic disorders (Kinon & Lieberman, 1996; Scahill 

& Lynch, 1998; DuBois, 2005).

•  Decrease or absence in elevating serum prolactin levels (Kinon & Lieberman, 

1996; Scahill & Lynch, 1998).

In 1989, the first atypical antipsychotic drug, clozapine, was marketed for the treatment of 

schizophrenia (Malone et al, 1999). Clozapine is a benzodiazepine with a chemical 

structure similar to chlorpromazine. However, clozapine did not produce signs of 

extrapyramidal symptoms even at doses many times higher than that produced an 

apparent antipsychotic effect in rats (Meltzer, 2004). The introduction of clozapine had 

changed the notion that extrapyramidal effects and tardive dyskinesia were unavoidable 

concomitants of antipsychotic therapy (Tamminga, 2003).
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Clozapine has been reported to be more effective in reducing symptoms related to 

schizophrenia spectrum disorders in both treatment-resistant and non-treatment- 

resistant patients, as well as being associatied with fewer extrapyramidal symptoms when 

compared to treatment with typical antipsychotic medication (Wahlbeck, 1999a; 

Wahlbeck, 1999b). Clozapine was also found useful in alleviating the negative symptoms 

and depression in patients suffering from schizophrenia (Bitter, 2006). However, clozapine 

was found to cause severe adverse effects,, most notably agranulocytosis (Borison, 1997; 

Jones et al, 2006) which almost resulted in the withdrawal of clozapine from the market. 

Since then, clozapine is now reserved for patients with treatment-resistant schizophrenia 

(Scahill & Lynch, 1998; Stigler et al, 2001). While this has limited the use of clozapine in 

the treatment of psychotic patients, clozapine is considered the standard for "atypicality" 

to which all other atypical antipsychotics are compared (Bilder, 1997; Jibson & Tandon, 

1998) and is considered to be the most "atypical" of the atypical antipsychotic drugs 

(Meltzer, 2004). The clinical advantages of clozapine then led to the discovery of other 

newer antipsychotic agents with similar efficacy such as risperidone, olanzapine, 

quetiapine and aripiprazole. This class of drugs was then labelled under the name 'atypical 

antipsychotics'.

While the typical antipsychotic agents are usually classified according to similarities in 

their chemical structures, the atypical antipsychotic drugs are often categorised according 

to their pharmacodynamic profiles, which essentially reflect their affinities for different 

receptors (Horacek et al, 2006). Atypical antipsychotic agents with high selectivity for
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serotonin 5 -HT2A receptors and dopamine D2 receptors are known as serotonin-dopamine 

agonists. Risperidone and sertindole are examples of this class of atypical antipsychotic 

agents (Horacek et al, 2006).

Atypical antipsychotic drugs which show an affinity not only for serotonin 5-HÎ2a and 

dopamine D2 receptors; but also show affinity for a wide range of receptors of other 

systems including cholinergic, histaminergic, and other serotonin receptor subtypes 

(including serotonin 5-HTiAand serotonin 5-HT2c) are called multi-acting receptor-targeted 

antipsychotics or MARTA (Bymaster et al, 1996; Horacek et al, 2006). Examples of atypical 

antipsychotic agents from this class include clozapine, olanzapine and quetiapine (Horacek 

et a I, 2006).

Atypical antipsychotic agents that preferentially block dopamine D2 and D3 receptor 

subtypes are classified as combined D 2 / D 3  receptor antagonists. Amisulpride is an example 

of an atypical antipsychotic agent from this class (Horacek et al, 2006). Lastly, atypical 

antipsychotic agents that also produce dopaminergic activity in addition to receptor 

blockade are known as the partial dopamine receptor agonists. An example of this class of 

drug is aripiprazole (Horacek et al, 2006).

As with the older typical antipsychotics, all atypical antipsychotic agents block the 

dopamine D2 receptors (DuBois, 2005). Unlike the typical antipsychotic drugs however, 

where the degree of dopamine D2 receptor antagonism is directly related to the
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antipsychotic effect, it is different with the atypical antipsychotic agents (Horacek et al, 

2006). It was found that clozapine has a higher affinity for dopamine Di receptors than D2 

receptors, whereby Di receptors are found in the prefrontal cortex and is often linked to 

negative and cognitive symptoms of schizophrenia (Horacek et al, 2006). It was also found 

that clozapine is clinically effective at about 45% dopamine D2 receptor occupancy 

(compared to the reported 70% of dopamine occupancy with typical antipsychotic drugs), 

suggesting an alternative mechanism of antipsychotic action (Svensson, 2003). However 

as not all atypical antipsychotic drugs has the same affinity for dopamine Di and D2 

receptors as clozapine; this proposed an alternative theory on atypical antipsychotic drug 

efficacy (Svensson, 2003; Horacek et al, 2006).

It is thought that it is the antagonistic ability of the atypical antipsychotic agents at 

serotonin 5 -HT2 receptors which is responsible for this class of drug's unique 

pharmacology (Tamminga, 2003). Historically, serotonergic regulation and its association 

with schizophrenia originated from the finding that serotonin 5-HÏ2a receptor agonists 

such as lysergic acid diethylamide or LSD, a potent psychogenic hallucinogen, can produce 

psychotic symptoms (Horacek et al, 2006). Although psychotic symptoms as a result of 

serotonin S-HT2A agonists differ from the symptoms of schizophrenic psychosis, the 

serotonin 5 -HT2A antagonistic activity is proposed to be an additional therapeutic 

advantage of atypical antipsychotic drugs (Horacek et al, 2006). Furthermore, early 

investigations with ritanserin, a potent serotonin 5 -H T 2  receptor antagonist, demonstrated 

a mood-elevating effect in patients suffering from depressive conditions with improved
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energy, drive, and motivation. Ritanserin was also shown to reduce the negative 

symptoms associated with schizophrenia and improve the effects of haloperidol in 

schizophrenic patients resistant to treatment. Dose-dependent indirect activation of 

dopamine cell activity was also seen in subsequent experimentations with ritanserin 

(Svensson, 2003). Following these investigations, it was concluded that the addition of 

serotonin 5 -HT2 receptor antagonism activity to dopamine D2 receptor blockade results in 

a level of limbic selectivity of a psychotropic drug. This then leads to a facilitated 

physiological function and transmitter output of mesocortical dopamine neurons 

(Svensson, 2003).

Overall, the atypical antipsychotic drugs demonstrate a high ratio of 5-H Ï2a/ D2 receptor 

antagonism (Stigler et al, 2001; Svensson, 2003). The combination of dopamine D2 and 

serotonin 5 -HT2A receptor blockade, which is one of the main defining characteristics of 

atypical antipsychotic action, is proposed to be beneficial in reducing extrapyramidal 

symptoms associated with the older generation antipsychotics (Kapur, 1996; Tamminga, 

2003; Horacek et al, 2006). It has been proposed that when dopamine D2 receptor 

blockade is just above the extrapyramidal symptom threshold, additional 5 -HT2A 

antagonism may delay the onset of extrapyramidal effects (Kapur, 1996). Additionally, if 

the dose of dopamine D2 antagonistic agents is further increased, the concurrent 

serotonin 5 -HT2A occupancy may decrease the severity of extrapyramidal effects. 

Nevertheless if the dose of the dopamine D2 antagonistic agent is raised to a
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suprathreshold level, the effect of serotonin 5-HÎ2A blockade may be inundated (Kapur, 

1996).

Serotonin 5 -HT2A receptor blockade has also been proposed to reduce dopaminergic 

output into the mesolimbic system which would lead to an amplification of antipsychotic 

potential of atypical antipsychotic drugs with combination of 5 -HT2A /  D2 receptor 

antagonism (Horacek et al, 2006).

These apparent advantages of atypical antipsychotic drugs as a class have resulted in a 

treatment shift away from the older typical antipsychotic drugs in patients suffering from 

psychotic disorders (Meltzer, 2004; Jones et al, 2006).

However, the atypical antipsychotic agents are not totally free from unwanted effects. In 

addition to their therapeutic advantage via antagonism at dopamine D2 and 5 -HT2 

receptors in the limbic system, they also have varying affinities towards the histamine, 

adrenergic, and muscarinic receptor subtypes (Burns, 2001). It is this mechanistic 

difference among the atypical antipsychotic agents which leads to the individual drugs' 

unique efficacy and side effect profile (Tamminga, 2003). The antagonism of various 

receptors in different systems results in unwanted side effects such as weight gain, 

dizziness, blurred vision, metabolic effects including glucose dysregulation, cardiac effects 

such as QT prolongation, and even the rare but potentially fatal neuroleptic malignant 

syndrome (Burns, 2001).
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1.1.3 Atypical antipsychotics better than typical antipsychotics?

A major disadvantage of typical antipsychotic drugs is the narrow therapeutic index 

whereby therapeutic efficacy is often achieved at doses which also cause extrapyramidal 

symptoms (Bryden et al, 2001). As mentioned earlier, the emergence of the newer 

atypical antipsychotic drugs has lead to a shift away from the older typical antipsychotics 

(Meltzer, 2004; Jones et al, 2006). The increase in prescribing of atypical antipsychotic 

medications is probably due to the assumption that the newer drugs are more effective in 

treating certain dimensions of schizophrenia and are better tolerated compared to the 

older generation drugs (Toren et al, 2004).

Many studies have been conducted to show the advantage of atypical antipsychotics over

the typicals. In adults, clozapine has been found to be more effective in treatment-

resistant schizophrenic patients compared to chlorpromazine (Kane et al, 1988) and has

also been proven to cause fewer extrapyramidal effects than typical antipsychotic therapy

(Leucht et al, 2003). The benefits of clozapine compared to conventional typical

antipsychotic therapy have also been demonstrated in a Cochrane review (Wahlbeck et al,

1999b). The review stated that more patients on clozapine experienced clinical

improvements compared to patients exposed to typical antipsychotic therapy. Patients on

clozapine also had fewer relapses in the short term and clozapine treatment was also

found to be more acceptable compared to low potency antipsychotic drugs. Overall,

clozapine was confirmed to be more effective in reducing symptoms of schizophrenia,
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producing clinical improvements as well as delaying relapse compared to typical 

antipsychotic treatment (Wahlbeck et al, 1999b).

As a class, atypical antipsychotic drugs have been shown to improve negative symptoms 

associated with schizophrenia in adults compared to the typical antipsychotics. This is 

largely due to the different mechanisms of action or by reducing secondary negative 

symptoms associated with extrapyramidal symptoms (Jibson & Tandon, 1998; Bryden et 

al, 2001). Atypical antipsychotic therapy is also found to have a reduced risk for producing 

tardive dyskinesia compared to the older generation antipsychotics (Correll et al, 2004). It 

should be noted however that this advantage was reduced when the dose of atypical 

antipsychotic therapy was elevated, which resulted in an increase in extrapyramidal 

effects (Correll et al, 2004).

The apparent advantage of atypical antipsychotic medication in children and adolescents 

has also been demonstrated in a number of studies. Clozapine has been found to be more 

effective than haloperidol in the treatment of childhood-onset schizophrenia (Kumra et al, 

1996). However, approximately 30% of the study subjects experienced adverse effects, 

most notably neutropaenia and seizures. Although clozapine has been proven to be 

effective in treating early-onset schizophrenia in children and adolescents, its use similar 

to adults, is limited as a last resort due to the severity of adverse effects and the need for 

continuous blood monitoring (Malone et al, 1999).
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Risperidone has been found to be more effective and better tolerated than haloperidol in 

the long-term maintenance treatment of children with autistic disorder (Gencer et al, 

2008). It was also found that autistic children exposed to risperidone do not suffer the 

same language deterioration as those exposed to haloperidol (Gencer et al, 2008). 

Risperidone has also been found to be superior to pimozide in reducing tic symptoms in 

children with Tourette's disorder. However, patients exposed to risperidone experienced 

greater weight gain than those treated with pimozide (Gilbert et al, 2004).

Despite the various studies and reports proposing a clear clinical advantage of the atypical 

antipsychotic drugs over the older typical antipsychotics, a number of reviews and meta

regression analyses have refuted this claim. Systematic overviews of antipsychotic drugs 

reported that the dose of comparator drugs, such as haloperidol and chlorpromazine, 

significantly affected the apparent advantage of atypical antipsychotic therapy in the 

reviewed trials (Geddes et al, 2000; Leucht et al, 2003). Results from reviews and meta

analyses of published studies identified a significant advantage for atypical antipsychotic 

medication as the dose of comparator typical antipsychotic increased. Conversely the 

observed advantage of atypical antipsychotic medication disappeared as the dose of the 

comparator typical antipsychotic medication decreased (Geddes et al, 2000; Leucht et al, 

1999; Leucht et al, 2003). One review concluded that "taking the results at face value, 

atypical antipsychotics are slightly more effective and better tolerated in patients with 

schizophrenia". However, when controlled for the "higher than recommended dose" of 

typical antipsychotic therapy that was used in a number of the reviewed trials, the
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differences in efficacy and overall tolerability was negated (Geddes et al, 2000). This 

suggests that the apparent advantage of atypical antipsychotic drugs over the older 

generation antipsychotics is actually due to excessively high doses of comparator drugs 

used in the investigative trials. It must be noted however, that the review showed that 

atypical antipsychotic therapy was still found to have a modest advantage in the 

extrapyramidal side effect profile even after controlling for the high doses of conventional 

antipsychotic medications (Geddes et al, 2000).

A more recent randomised controlled trial investigating the quality of life, tolerability and 

costs of care in schizophrenic adult patients on typical versus atypical antipsychotic 

therapy failed to result in a significant clinical advantage or an improved quality of life 

favouring atypical antipsychotic treatment. In fact patients exposed to the older typical 

antipsychotic drugs showed a greater trend towards improvements in quality of life, 

although this effect was not statistically significant (Jones et al, 2006).

A number of reviews have also been conducted on studies in children and adolescents. A 

review and meta-analysis investigating antipsychotic treatment in children suffering from 

early-onset schizophrenia concluded that atypical antipsychotic drugs had no beneficial 

advantage in terms of efficacy when the dose of the comparator typical antipsychotic was 

equivalent to or less than 12mg per day of haloperidol (Armenteros & Davies, 2006). The 

review also found that weight gain and sedation were more pronounced in children 

exposed to atypical antipsychotic therapy compared to typical antipsychotics (Armenteros

40



Chapter ONE: Introduction

& Davies, 2006). Another study comparing the clinical response and tolerability of 

haloperidol, risperidone, and olanzapine in the treatment of adolescents with 

schizophrenia, found that the atypical antipsychotic drugs were not clinically superior to 

haloperidol; and all 3 drugs were equally effective in treating acute symptoms of the 

condition (Gothelf et al, 2003).

On the other hand, there have also been published meta-analyses rebuffing these 

conclusions and claiming that the dose of comparator haloperidol drug did not affect the 

results and that a number of atypical antipsychotic drugs were significantly more effective 

compared to typical antipsychotic medication (Davis et al, 2003; Horacek et al, 2006).

To summarise, it can be said that despite studies with claims of atypical antipsychotic 

superiority over the typical antipsychotic drugs, many meta-analyses and clinical trials 

have questioned the size and significance of these effects (Leucht et al, 2003; Lieberman 

et al, 2005; Lieberman, 2006; Jones et al, 2006). These studies have found few differences 

favouring the newer atypical antipsychotic drugs. Whether atypical antipsychotic has an 

advantage over the older, typical antipsychotics in children and adolescents remains 

debatable.

1.2 Antipsychotic therapy in children and adolescents

Studies of antipsychotic therapy in adults with chronic schizophrenia may provide rough

guidance for treatment in paediatric patients with the condition. The use of antipsychotic
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therapy in the paediatric population is considered to be relatively new compared to the 

adult population (Erdogan et al, 2008). However, children and adolescents have unique 

developmental aspects which may influence the pharmacology of these drugs (Lewis, 

1998; Bryden et al, 2001; Kumra et al, 2008). The developmental difference in the young 

population compared to adults includes changes in dopamine cell density, peaking of 

basal dopamine levels, dopamine turnover, and changes in dopamine Di and D2 receptor 

concentrations in the striatum (Lewis, 1998; Kumra et al, 2008). Adolescents also have 

higher levels of basal dopamine levels in the prefrontal cortex of the brain. These changes 

during maturation could potentially affect clinical response and pharmacology of 

antipsychotic therapy; as well as increase the sensitivity and susceptibility of young 

patients to possible adverse effects associated with these drugs (Lewis, 1998; Kumra et al, 

2008).

Progressively more children are being exposed to psychotropic medicines over the recent 

years (Jacobs et al, 2001; Wong et al, 2004). Although investigations on prescribing 

practices of child psychiatrists are lacking compared to those conducted from adult 

practices, it has been reported that as many as half of child and adolescent psychiatric 

inpatients and one-third of child and adolescent psychiatric outpatients are prescribed 

antipsychotic medication (Kaplan et al, 1994).

42



Chapter ONE: Introduction

1.2.1 Indications of antipsychotic drugs in children and adolescents

The use of and indications of antipsychotic medications are well defined in adults but less 

clearly outlined for use in paediatric patients (Scahilll & Skrypeck, 1997).

Schizophrenia is considered a major indication of antipsychotic medication in children and 

adolescents (Lewis, 1998; Frangou & Byrne, 2000; Armenteros & Davies, 2006). This is 

highlighted by the general consensus that early onset-schizophrenia is more detrimental 

compared to adult-onset due to its potential severe effect on the developing social skills 

and neurocognitive functions of children (Findling & McNamara, 2004). It has also been 

said that antipsychotic treatment produces a better response in patients suffering from 

first-episode schizophrenia rather than in chronic multiepisode patients (Lieberman et al, 

1993). As it has been proven that early treatment of first-episode schizophrenia generates 

a greater therapeutic outcome with a more complete remission of symptoms in adults, 

the same approach in younger patients may also substantially reduce long-term morbidity 

associated with these disorders. It has also been suggested that pharmacological 

intervention at an early stage of the disease progression may play a "neuroprotective" 

role (Bryden et al, 2001).

Although schizophrenic disorders in children has been reported to be a rare condition 

(Malone et al, 1999), it has been noted that almost half of males and about one-third of 

females who develop schizophrenia do so by 19 years of age, and the incidence of this 

condition increases dramatically during adolescence (Armenteros et al, 1997; Lewis, 1998;
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Armenteros & Davies, 2006; Kumra et al, 2008). Furthermore it has been reported that the 

onset of psychosis after 35 years of age only occurs in 17% and 2% of women and men 

with schizophrenia respectively (Loranger, 1984). Both the typical antipsychotic agents 

including haloperidol (Scahill & Skrypeck, 1997; Spencer & Campbell, 1994; Campbell et al, 

1999; Malone et al, 1999; Gillberg, 2000; Bryden et al, 2001; Gothelf et al, 2003) as well as 

the atypical antipsychotic drugs such as clozapine (Frazier et al, 1994; Kumra et al, 1996), 

risperidone (Armenteros et al, 1997; Cannon et al, 2002), olanzapine (Kumra et al, 1998; 

Findling et al, 2003; Ross et al, 2003) and quetiapine (Malone et al, 1999; Findling, 2002; 

Cheer & Wagstaff, 2004) have been shown to be efficacious in treating children and 

adolescents with psychotic disorders including first-episode schizophrenia.

Besides schizophrenia and psychotic disorders, other common uses of antipsychotic 

agents in child psychiatry include mood disorders such as bipolar disorder and major 

depression with psychotic features; movement disorders such as tic disorders and 

Tourette's syndrome; and pervasive developmental disorders such as autism (Campbell et 

al, 1999; Malone et al, 1999; Gracious & Findling, 2001; McClellan & Werry, 2003; Patel et 

al, 2006b; Correll, 2008). A survey of child psychiatry practices has even revealed that 

approximately two-thirds of children exposed to antipsychotic medication were 

prescribed these drugs for non-psychotic conditions including aggression associated with 

conduct disorder (Kaplan et al, 1994). The newer atypical antipsychotic agents have also 

been studied in many case reports and open-label trials for the treatment of a wide 

variety of psychiatric conditions in children and adolescents (Findling & McNamara, 2004).

44



Chapter ONE: Introduction

It has been reported that the best evidence for use of antipsychotic therapy in children 

and adolescents is probably in the treatment for autism (McClellan & Werry, 2003). 

Autism has also been considered among the most severe among the pervasive 

developmental disorders (Kemner et al, 2002). Autistic spectrum disorders comprise of 3 

main areas of deficit, which are social deficits, communication deficits, and restricted 

repetitive behaviours (Lord & Bailey, 2002). Most children with this condition are 

identified by their parents as showing abnormal behaviour or delays in development by 

the second year of life (Lord & Bailey, 2002). Unlike schizophrenic disorders, children 

suffering from autistic spectrum disorders usually develop abnormalities related to the 

condition in the first 3 years, while children with schizophrenia often show abnormalities 

later in life (Lord & Bailey, 2002).

Antipsychotic therapy in children with autism is used clinically to reduce the disruptive 

symptoms associated with the condition such as temper tantrums, aggressiveness and 

hyperactivity (Campbell et al, 1999; Gencer et al, 2008). Haloperidol is considered to be 

the most critically studied medication in children suffering from autistic disorder (Malone 

et al, 2001; Coghill, 2003; Gencer et al, 2008). Haloperidol has been established to be 

efficacious (Perry et al, 1989), superior to placebo (Gencer et al, 2008), and comparable to 

olanzapine (Malone et al, 2001) in the reduction of disruptive behavioural symptoms in 

autistic children. Atypical antipsychotic agents such as risperidone, amisulpride and 

olanzapine have also been shown to be effective and well tolerated in children with
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pervasive developmental disorders or autistic disorders (Potenza et al, 1999; Malone et al, 

1999; Malone et al, 2001; Casaer et al, 2002; Diler et al, 2002; Kemner et al, 2002; Malone 

et al, 2002; McCracken et al, 2002; Gagliano et al, 2004; Gencer et al, 2008).

Haloperidol and pimozide have been studied and found to be effective in treating children 

with behavioural disorders (Naruse et al, 1982). Trifluoperazine has been shown to reduce 

hyperactivity and attention deficits, aggressive behaviour as well as behavioural 

symptoms in autistic children (Gillberg, 2000). The effectiveness of the atypical 

antipsychotic risperidone has also been demonstrated in children with behaviour 

disorders (Ad-Dab'bagh et al, 2000; Turgay et al, 2005; Findling et al, 2004; Croonenberghs 

et al, 2005).

Conduct disorders comprise of an extensive range of antisocial and aggressive behaviours 

which may become prominent in early childhood and may even persist into adulthood 

(Earls & Mezzacappa, 2002). Early recognition and management of this disorder has been 

reported to both reduce childhood dysfunction, and also prevent abusive and criminal 

behaviour that may manifest later in life (Earls & Mezzacappa, 2002). A number of 

antipsychotic agents including haloperidol, thioridazine, and risperidone have been 

investigated and found to be efficacious in the treatment of conduct disorders in children 

and adolescents (Campbell et al, 1997; Scahill & Skrypeck, 1997; Findling et al, 2000; Ercan 

et al, 2003).
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Typical antipsychotic agents have been shown to be effective in reducing tic symptoms 

associated with Tourette's disorders (Sallee et al, 1997; Campbell et al, 1999; Gillberg, 

2000). The onset of Tourette's syndrome is usually in early childhood, increases severity at 

puberty, and stabilises in adulthood. The severity of tics associated with the condition 

varies throughout this period with an average cycle of about 3 months (Coghill, 2003). Tic 

disorders are often associated with difficulties in self esteem, family life, social acceptance 

and school performance (Leckman & Cohen, 2002). In addition to tic symptoms, patients 

suffering from tic disorders may present with a wide range of behaviour difficulties 

(Leckman & Cohen, 2002). Haloperidol, pimozide and sulpiride are the typical 

antipsychotic agents considered to be the primary forms of pharmacotherapy in the 

treatment of tics (Coghill, 2003). Atypical antipsychotic drugs including risperidone have 

also been shown to be effective in reducing the frequency and intensity of tics in 

paediatric patients with tic disorders (Lombroso et al, 1995; Malone et al, 1999; Gaffney et 

al, 2002; Gilbert et al, 2004).

Antipsychotic agents have also been found useful in the treatment of symptoms 

associated with mental retardation (McClellan & Werry, 2003). Thioridazine and 

haloperidol have been studied and shown to be useful in treating children suffering from 

mental retardation and hyperactivity (Scahill & Skrypeck, 1997; Campbell et al, 1999). 

Chlorpromazine was also found useful in children with attention deficit hyperactivity 

disorders (Campbell et al, 1999). Recently antipsychotic use in the treatment of attention
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deficit hyperactivity disorder is only in cases where patients are also suffering from 

Tourette's disorder or psychosis co-morbidities (Campbell et al, 1999).

The atypical antipsychotic agents have been proposed as part of the management strategy 

in the treatment of adolescents with mood disorders including bipolar illness (Clark, 2001). 

Bipolar disorder is characterised by a combination of depression and "distinct episodes of 

manic disorder" (Harrington, 2002). Even so, all patients suffering from mania are 

considered in the bipolar group, even in the absence of depression (Harrington, 2002). In 

severe cases of mania, patients may even present with symptoms of delusions, 

hallucinations and frenzied overactivity (Harrington, 2002). Quetiapine, an atypical 

antipsychotic drug, has been shown to significantly reduce symptoms of mood disorders 

including mania as an adjunct to divalproex (semisodium valproate) compared to 

divalproex with placebo (DelBello et al, 2002; Findling, 2002).

Other indications of antipsychotic agents include the treatment of anorexia nervosa. 

Olanzapine has been shown to be promising in treating the condition by way of its effect 

on weight gain (Powers et al, 2002). Clozapine has also been indicated to be effective in 

reducing psychiatric symptoms and risk behaviours in adolescents suffering from post 

traumatic stress disorder and psychotic symptoms (Wheatley et al, 2004).

In summary, the use of both typical and atypical antipsychotic agents has been studied for 

an extensive range of psychiatric conditions in children and adolescents. It must be noted
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however, that the majority of these agents are not licensed in children, and many of the 

indications studied are for 'off-label' uses (Yan, 2007). Among the available typical 

antipsychotic agents, only haloperidol and trifluoperazine are licensed for behavioural 

disorders and schizophrenia in children. Pimozide and sulpiride are only licensed for 

patients aged 12 years and above and 14 years and above respectively for the treatment 

of psychotic disorders. Among the available atypical antipsychotic drugs, only amisulpride, 

clozapine and risperidone are licensed for use in patients aged 18 years and under. 

Amisulpride is licensed for patients aged 15 years and above for acute and chronic 

schizophrenic disorders; risperidone is licensed for the treatment of acute and chronic 

schizophrenic disorders as well as mania in bipolar disorders in patients aged 15 years and 

above whereas clozapine is only licensed in adolescents aged 16 years and above suffering 

from treatment-resistant schizophrenia non-responsive to other antipsychotic drugs 

(Electronic Medicines Compendium).

The off-label prescribing of these drugs in children and adolescents is an important issue 

as it demonstrates a lack of adequate investigations and experience for use in this 

population. This is highlighted by the fact that off-label prescribing to children may 

potentially increase the risk of drug toxicity (Impicciatore et al, 2001).

1.2.2 Safety of antipsychotic drugs in children and adolescents

Only in recent years has research been shifted from investigating efficacy to studying

safety of medicines in children (Conroy et al, 2000). Although there have been significant
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advances in the research of other areas of paediatric psychopharmacology, research on 

safety and efficacy on the treatment of early-onset schizophrenia has been lacking 

(Armenteros & Davies, 2006). The rate of prescribing of antipsychotic drugs has been 

increasing in children and adolescents for a rising number of psychiatric indications. 

Despite this, the availability of evidence for the safety and efficacy of these drugs in the 

young is limited, where the majority of available studies are the result of open-label trials, 

reviews and case reports (Malone et al, 1999; Bhana et al, 2001; Bryden et al, 2001; Laita 

et al, 2007). In general, the incidence of adverse drug reactions correlates with age in the 

general population, suggesting that paediatric patients are more susceptible to adverse 

effects (Impicciatore et al, 2001). The severity of potential adverse effects of antipsychotic 

drugs seen in adult studies (Glazer, 2000; Kane, 2004; Laita et al, 2007) further 

accentuates caution when prescribing these drugs to the paediatric population. 

Furthermore, it has been reported that adverse effects associated with moderate doses of 

antipsychotic medications in children are more prevalent and severe compared to the 

effects reported in the adult population (Sikich et al, 2004). This could possibly be due to 

differences in developmental pharmacokinetics such as lower proportion of adipose tissue 

and levels of protein binding seen in children, which may result in an increased 

bioavailability of antipsychotic drugs leading to increased therapeutic and adverse effects 

(Piscitelli et al, 1994; DuBois, 2005).

Extrapvramidal svmptoms
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With typical antipsychotic therapy, extrapyramidal effects manifests in the same dose 

range as the antipsychotic effect i.e. clinical benefit goes hand in hand with 

extrapyramidal symptoms. In atypical antipsychotic therapy, clinical efficacy reported to 

be achieved without producing extrapyramidal symptoms, or at doses less than at which 

causes significant extrapyramidal symptoms (Jibson & Tandon, 1998). Despite this, 

extrapyramidal symptoms have been reported in paediatric patients on both typical and 

atypical antipsychotic treatment (Armenteros & Davies, 2006; Correll, 2008). It has also 

been shown that high-potency atypical antipsychotic drugs such as risperidone have a 

"higher-than-expected" rate of producing extrapyramidal effects (Lewis, 1998). On the 

other hand, quetiapine has been reported to have the lowest rate of producing 

extrapyramidal adverse effects in children when compared to other atypical antipsychotic 

agents including risperidone and olanzapine (Findling, 2002).

Extrapyramidal side effects usually manifest during the initial few weeks of treatment, but 

can also appear much later in the course of antipsychotic treatment. The 3 most common 

types of these symptoms are acute dystonie reactions, akathisia, and pseudoparkinsonism 

(Gracious & Findling, 2001). Laryngospasm, a form of dystonie reaction can also occur in 

patients exposed to antipsychotic treatment, and can be potentially fatal (Gracious & 

Findling, 2001). Early occurrence of extrapyramidal effects during treatment with 

antipsychotic medication is reported to significantly increase the likelihood of developing 

tardive dyskinesia (Jibson & Tandon, 1998).
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The impact of extrapyramidal side effects in antipsychotic-treated patients should not be 

overlooked as it plays an important role in compliance and adherence to therapy. As acute 

dystonie reactions and akathisia are common in the initial stages of antipsychotic therapy, 

it is associated with premature discontinuation of treatment (Jibson & Tandon, 1998). 

Among patients who do continue treatment, extrapyramidal symptoms can manifest as 

bradykinesia and rigidity which may impair social function, adding to the likelihood of non- 

compliance (Jibson & Tandon, 1998). Furthermore, as mentioned earlier, extrapyramidal 

effects are associated with cognitive dysfunction in patients suffering from psychotic 

disorders (Bilder, 1997). It has also been reported that poorly controlled extrapyramidal 

effects induced by antipsychotic therapy is a risk factor for neuroleptic malignant 

syndrome (Pelonero et al, 1998).

Tardive dvskinesia

Among the adverse effects seen with antipsychotic therapy, tardive dyskinesia is often 

regarded as the most serious (Casey, 1999). Tardive dyskinesia has been associated with 

poor quality of life and may even result in an increase in morbidity as well as mortality 

(Correll et al, 2004). Although this condition is relatively rare, it is thought that younger 

patients exposed to antipsychotic therapy may be more prone to developing tardive 

dyskinesia (Gracious & Findling, 2001). Symptoms of tardive dyskinesia include:

•  Repetitive, involuntary, hyperkinetic, tic-like movements. Examples include chewing, 

protrusion or vermicular motion of the tongue, side-to-side jaw movements, lip 

smacking and lip puckering (Casey, 1999; Gracious & Findling, 2001).
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•  Hyperkinetic movements of the limbs and trunk (Casey, 1999).

The respiratory system has also been reported to be affected by tardive dyskinesia, 

resulting in irregular respiration rates. However, this clinical manifestation is not as 

common as the previously mentioned symptoms (Casey, 1999). Other clinical 

manifestations include tardive dystonia which is sustained abnormal postures and tardive 

akathisia which is persistent restlessness. These clinical presentations are similar to the 

acute extrapyramidal symptoms typically seen, but persist over a longer period of time 

after antipsychotic therapy has been stopped (Casey, 1999).

It has been reported that as many as half of patients have recurrent symptoms of tardive 

dyskinesia without prolonged remission, and between 10-50% of patients experiencing 

tardive dyskinesia will have a reduction in movements or full remission. Up to one-third of 

patients will experience worsening of symptoms (Casey, 1999).

Hvperprolactinaemia

Prolactin is responsible for stimulating lactation, developing breast tissue and also plays a 

role in certain aspects of gonadal function and development (Pappagallo & Silva, 2004). 

Prolactin is secreted by the lactotroph cells found in the anterior pituitary in the brain 

(Haddad & Wieck, 2004). Dopamine is the predominant inhibiting factor of prolactin 

secretion whereby dopamine inhibits prolactin secretion by binding to dopamine D2 

receptors found on the membrane of lactotroph cells (Haddad & Wieck, 2004). An 

increase in prolactin production is a common side effect associated with both typical and
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atypical antipsychotic therapy (Bryden et al, 2001; Masi et al, 2001; Toren et al, 2004) as 

virtually all antipsychotic agents are capable of blocking dopamine D2 receptors in the 

brain (Haddad & Wieck, 2004). However, the unique mechanism of action of atypical 

antipsychotic agents and their individual differences in receptor binding profiles may be 

the cause of the varying effects on prolactin for this newer class of drugs (Pappagallo & 

Silva, 2004). Among the atypical antipsychotic agents, risperidone has been shown to have 

the most effect on prolactin levels compared to olanzapine and quetiapine (Saito et al, 

2004).

Hyperprolactinaemia has been associated with the development of menstrual and sexual 

dysfunction, breast enlargement, lactation, and reduced bone density (Haddad & Wieck, 

2004; Pappagallo & Silva, 2004; Saito et al, 2004; Croonenberghs et al, 2005). Potential 

indirect long-term sustained effects of hyperprolactinaemia include an increased risk of 

impotency, cardiovascular disease, obesity, and osteoporosis which is caused by a 

decrease in oestrogen and testosterone (Gracious & Findling, 2001; Pappagallo & Silva, 

2004; Toren et al, 2004; Correll, 2008). Hyperprolactinaemia may also potentially affect 

patients' compliance. For example, galactorrhoea and gynaecomastia, especially in males, 

may have a strong impact on self-image and may lead to premature discontinuation of 

treatment (Pappagallo & Silva, 2004).

It has been reported that children may be more liable and sensitive to the effects of 

elevations in serum prolactin than adults (Wudarsky et al, 1999; Haddad & Wieck, 2004;
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Pappagallo & Silva, 2004). Furthermore, the effect of hyperprolactinaemia during the 

essential developmental period of puberty is currently unknown (Pappagallo & Silva, 

2004).

Neuroleptic malignant svndrome

Neuroleptic malignant syndrome (NMS) is a rare but potentially fatal adverse effect of 

antipsychotic medication. The earliest case of NMS can probably be traced back to 1959 

which occurred in a patient exposed to trifluoperazine (Brown, 1999). Practically all 

antipsychotic drugs are capable of producing NMS (Pelonero et al, 1998). A number of 

reports of NMS in children and adolescents associated with atypical antipsychotic drug 

treatment including risperidone (Sharma et al, 1996; Robb et al, 2000; Vercammen et al, 

2003; Zalsman et al, 2004; Mané et al, 2005), olanzapine (Berry et al, 2003; Hanft et al,

2004), clozapine (Sachdev et al, 1995; Brown, 1999; Skarpathiotakis & Westreich, 2005), 

and aripiprazole (Spalding, 2004; Hammerman et al, 2006) have been reported as case 

reports and letters in scientific journals.

It is the antagonism of dopamine D2 receptors in the hypothalamus and nigrostriatum 

which is the likely mechanism of NMS in antipsychotic-treated patients (Burns, 2001). 

There are 3 major manifestations of NMS; high fever, muscle rigidity, and elevated 

creatine phosphokinase (Levenson, 1985). Other characteristics of NMS include altered 

mental status, autonomic dysfunction including hyperthermia, cardiovascular changes and
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elevated white blood cell count (Pelonero et al, 1998; Gracious & Findling, 2001; DuBois,

2005).

Weight gain

Weight gain has been reported in patients exposed to both typical and atypical 

antipsychotic medication (Campbell et al, 1999; Gracious & Findling, 2001; King et al, 

2003; Gilbert et al, 2004; Sikich et al, 2004; Bebarta et al, 2005; Armenteros & Davies, 

2006; Correll, 2007; Laita et al, 2007; Gencer et al, 2008). Increase in weight and body 

mass index (BMI) correlates with an increased appetite, which is one of the mechanisms 

of weight gain. Increase in appetite is due to the antipsychotic drugs' affinity for 

histaminergic and adrenergic receptors (Burns, 2001; Laita et al, 2007). Another possible 

mechanism for weight gain with atypical antipsychotic therapy is the disruption of the 

satiety centre regulation, which is mediated by serotonin 5-HÏ2 receptors in the 

hypothalamus (Gracious & Findling, 2001).

Besides an increased appetite, many other factors including age, gender, schizophrenia 

sub-type, metabolic and endocrine processes, duration of treatment, as well as genetic 

factors may potentially have an effect on weight changes in patients exposed to 

antipsychotic medication (Martin et al, 2000; Lane et al, 2006). Weight gain can also be 

attributed to the psychiatric disorder itself as well as unhealthy lifestyles of patients 

(Correll, 2008).
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Weight changes related to antipsychotic therapy is a cause for concern because of the 

known relationship between weight gain and obesity with diabetes mellitus, abnormal 

lipid levels and hypertension which may potentially lead to cardiovascular morbidity and 

mortality (Pi-Sunyer, 1993; Green et al, 2000; Armenteros & Davies, 2006; Correll, 2007). 

In the young, weight gain may have a particularly detrimental effect as it predicts an 

increased morbidity and mortality associated with obesity, cardiovascular disease and 

metabolic syndrome in adulthood (Stigler et al, 2004; Correll, 2007). It has also been 

suggested that the onset of obesity and metabolic abnormalities in childhood could lead 

to a faster progression of those conditions compared to patients who commence 

treatment later in life (Correll, 2007).

It has been shown that the younger the patient, a greater magnitude of weight gain is 

seen relative to baseline body weight across the age span (Woods et al, 2002; Safer, 2004; 

Correll, 2008). Additionally, weight gain may potentially have an effect on compliance, 

especially in image-conscious adolescents where an increase in body weight may distort 

self image (Potenza et al, 1999; Bryden et al, 2001; Ross et al, 2003; DuBois, 2005).

Diabetes mellitus

Diabetes mellitus has been reported with chlorpromazine administration, as well as other 

typical antipsychotic medications (Hagg et al, 1998; Mackin et al, 2005). The newer 

atypical antipsychotic drugs are also not free from this adverse effect. Diabetes mellitus 

has been linked with clozapine and olanzapine treatment in adolescents (Koller &
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Malozowski, 2001) as well as in adult patients (Wirshing et al, 1998; Henderson et al, 

2000; Koller et al, 2001).

The possible mechanism of antipsychotic-emergent diabetes mellitus is via the drugs' 

dopamine antagonistic effect on blood glucose regulation by the hypothalamus. 

Bromocriptine, a dopamine agonist, was shown to decrease elevated blood glucose 

concentrations in non-diabetic hyperinsulinaemic women. Therefore it has been 

postulated that the antagonistic effect of antipsychotic drugs on dopamine receptors 

cause dysregulation of blood glucose levels (Liebzeit et al, 2001). An additional mechanism 

of diabetes mellitus with atypical antipsychotic therapy is the hindering of cellular glucose 

uptake or the reduced response of pancreatic p-cells which is mediated by serotonin S-HT] 

receptors (Stigler et al, 2004).

Weight gain itself and an increase in adipose tissue may lead to diminished insulin 

sensitivity, impaired glucose tolerance, and diabetes mellitus (Wirshing, 1998; Liebzeit et 

al, 2001; Stigler et al, 2004; Bebarta et al, 2005). Dyslipidaemia and increased fatty acids 

associated with weight gain could also potentially alter glucose metabolism (Stigler et al, 

2004). However, new-onset diabetes mellitus has been reported in patients who are not 

overweight, suggesting a number of underlying mechanisms which increases the risk of 

developing diabetes mellitus in patients exposed to antipsychotic therapy (Stigler et al, 

2004).
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Cardiovascular effects

Both typical and atypical antipsychotic agents produce effects on the cardiovascular 

system (Haddad & Anderson, 2002; Labellarte et al, 2003; Brown et al, 2004). It is 

proposed that many antipsychotic drugs have electrophysiological effects similar to 

quinidine (Reilly et al, 2000; Brown et al, 2004). Examples of cardiovascular effects include 

tachycardia, dizziness, and orthostatic hypotension (Gracious and Findling, 2001).

Adverse cardiovascular effects may have serious consequences including prolonged QT 

interval and sudden death (Haddad & Anderson, 2002; Brown et al, 2004). The normal QT 

interval runs from the beginning of the QRS complex to the end of the T wave (Haddad & 

Anderson, 2002). Prolongation of the QT interval may lead to Torsade de Pointes, which is 

a type of arrhythmia with a twisting morphology of the QRS complexes (Haddad & 

Anderson, 2002; Brown et al, 2004). Torsade de Pointes may be asymptomatic, or 

manifest as palpitations, dizziness, or syncope. Rarely, the condition may even lead to 

ventricular fibrillation and sudden death (Haddad & Anderson, 2002; Bebarta et al, 2005; 

Correll, 2008).

The phenothiazines, including the typical antipsychotic drugs chlorpromazine, 

trifluoperazine, promazine and fluphenazine affect the calcium and potassium ion 

channels in cells thus prolonging QT intervals (Labellarte et al, 2003). Thioridazine and 

droperidol have been proposed to have high odds ratios of 5.4 and 6.7 respectively for 

causing QT prolongation in adult psychiatric patients (Reilly et al, 2000). Thioridazine has
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also been the most commonly implicated antipsychotic agent in causing cardiovascular 

related arrhythmias and sudden death (Brown et al, 2004). This has resulted in a warning 

issued by the Committee on Safety of Medicines restricting its use to the second-line 

treatment of schizophrenia in adults (Committee on Safety of Medicines, 2000).

Prolonged QT intervals have also been reported in patients exposed to atypical 

antipsychotic medications (Bebarta et al, 2005). Sertindole, an atypical antipsychotic drug, 

was withdrawn from the market following studies reporting sudden deaths related to 

cardiac complications associated with its use (Brown et al, 2004).

Other potentially fatal effects are myocarditis and cardiomyopathy associated with 

exposure to clozapine treatment (Killian et al, 1999; La Grenade et al, 2001; DuBois, 2005).

Other cardiovascular events associated with antipsychotic therapy include tachycardia and 

hypotension, a result of a-adrenergic receptor antagonism (Burns, 2001; Gracious & 

Findling, 2001). Antipsychotic binding of the M i muscarinic receptors produces 

hypertension and tachycardia (Burns, 2001).

Liver damage

Antipsychotic drugs are extensively metabolised by the liver, primarily by cytochrome 

P450 enzymes. The resultant metabolites are usually in an active form (Burns, 2001). 

Increases in liver enzymes in patients exposed to atypical antipsychotic treatment have
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been reported (Biswas et al, 2001; Holtman et al, 2003b; DuBois, 2005). This effect is 

shown to be dose related and reversible (DuBois, 2005). More importantly, liver toxicity 

manifesting as steatohepatitis have also been reported in paediatric patients exposed to 

atypical antipsychotic therapy (Kumra et al, 1997; Holtman et al, 2003a; Correll, 2008).

Other adverse effects

Generalised tonic-clonic seizures have been reported with atypical antipsychotic drugs 

including clozapine, risperidone, quetiapine, and olanzapine use (Kumra et al, 1996; 

Kumra et al, 1998; Bebarta et al, 2005; DuBois, 2005). Furthermore, antipsychotic drugs 

have also been known to lower the threshold of seizures. However, this effect is not 

thought to be significant except in patients with known seizure disorders (Gracious & 

Findling, 2001).

Other adverse effects seen in patients exposed to antipsychotic therapy include sedation, 

headaches, photosensitivity, drooling, fever, and enuresis (Nitenson et al, 1995; Findling, 

2002; Malone et al, 2002; King et al, 2003; DuBois, 2005).

In summary, antipsychotic therapy is associated with a wide range of adverse effects. 

More importantly, it has been proposed that younger patients are more prone to many of 

these side effects including tardive dyskinesia (Gracious & Findling, 2001) and weight gain 

(Safer, 2004; Correll, 2008). Furthermore, many adverse effects seen with the older typical

61



Chapter ONE: Introduction

antipsychotic drugs are also seen in patients exposed to the newer generation atypical 

antipsychotic agents (Cheng-Shannon et al, 2004).
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2 Chapter TWO: Aims and objectives 

2.1 Aim:

The aim of this PhD project was to investigate the utilisation and safety of 

antipsychotic medications in children and adolescents in the UK.

2.2 Objectives:

i. To investigate the epidemiology of antipsychotic prescribing to children and 

adolescents in the UK, using the General Practice Research Database 

(GPRD).

ii. To evaluate the safety of antipsychotic drugs by:

a. Investigating the mortality rates in the cohort identified from (i).

b. Investigating the incidence of diabetes mellitus, liver abnormalities, and 

extrapyramidal symptoms in the cohort of patients identified from (i).

iii. To investigate the feasibility of conducting a prospective surveillance study 

using consultant child and adolescent psychiatrists and consultant 

paediatricians as a data source to assess the safety of atypical antipsychotic 

agents in children and adolescents.

iv. To discuss the methodology of conducting a national surveillance system 

for antipsychotic drug use in children.
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3 Chapter THREE: Methodology

3.1 Pharmacoepidemiology

Pharmacoepidemiology is the study of the use and the effects of drugs in large numbers of 

people. It combines both the fields of pharmacology i.e. the study of the effects of drugs; 

and epidemiology, which is the distribution of conditions or diseases in populations 

(Strom, 2003). This PhD project aims to describe the utilisation of antipsychotics in 

children and adolescents; as well as to quantify specific adverse effects that occur in terms 

of frequency and incidence in these patients. The fields of drug utilisation review and the 

surveillance of adverse drug reactions are important functions in the area of 

pharmacoepidemiology.

Chapter 1 has demonstrated a current gap with regards to sufficient data on the utilisation 

and safety of antipsychotic therapy in the paediatric population. Published studies have 

also identified a number of potentially serious adverse drug reactions associated with 

these drugs in adults as well as children. For the purpose of this PhD project, a large 

cohort of patients from the General Practice Research Database (GPRD) was identified. 

The following sections describe the GPRD, its history, data; and the basic methods used to 

identify the study cohort.
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3.2 The General Practice Research Database (GPRD)

GPRD: History

The GPRD was established as the VAMP research database by VAMP Ltd, a commercial 

company in May, 1987 (The General Practice Research Database; Hollowell, 1997; Walley 

& Mantgani, 1997). Participating general practitioners were provided with computer 

equipment for submitting anonymised patient data for research use. The purpose of the 

database was to develop an automated clinical research database with longitudinal and 

continuous data on 4 million patients which are representative of the UK population 

(Walley & Mantgani, 1997).

The VAMP database was not commercially successful, and Reuters Health Information 

took over the database in 1993 (The General Practice Research Database; Hollowell,

1997). Reuters launched Vision, which was a new Windows-based practice management 

software and is the only practice software used by participating general practitioners in 

the GPRD.

The database was then subsequently donated to the Department of Health in 1994 and 

was renamed the GPRD (Hollowell, 1997; Wood & Martinez, 2004). The database was 

managed by the Department of Health's Statistics division and run by the Office for 

National Statistics (ONS) from 1994 until 1999. Since 1999, the database has been 

managed by the Medicines Control Agency (MCA), which became the Medicines and
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Healthcare products Regulatory Agency (MHRA) in April 2003 (The General Practice 

Research Database; Wood & Martinez, 2004).

GPRD: Population

The GPRD is one of the world's largest computerised databases containing anonymised 

longitudinal data from patients in primary care (The General Practice Research Database; 

Wood & Martinez, 2004). As the National Health Service (NHS) in the UK provides 

complete coverage of the UK population, there is no section of the population which is 

omitted from the GPRD (Rodriguez & Gutthann, 1998).

Additionally, the GPRD population is widely representative of the UK population in age 

and gender. Comparisons of age and gender distributions in the GPRD population and the 

National Population Census have been shown to be closely similar (Rodriguez & Gutthann,

1998). In April 2008, there were 8.55 million patients (803,595 patients aged 19 or less) 

registered in the GPRD from 433 general practices around the UK (The General Practice 

Research Database).

GPRD: Recorded Data

Observational 'cradle to grave' patient data collected from participating general 

practitioners are anonymised with no patient, general practitioner, or practice identifiers 

presented to researchers (The General Practice Research Database; Rodriguez &
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Gutthann, 1998). The general practitioners use clinical software supplied by In Practice 

Systems Ltd as a tool to contribute data to the GPRD, although the software is used 

primarily as a system for managing patients' medical records electronically. Identifiable 

data on patients are encrypted and unique numerical patient codes are assigned to 

individual patients. These encrypted codes are only deciphered by the contributing 

practice (Wood & Martinez, 2004). Information collected from participating general 

practitioners includes (The General Practice Research Database; Hollowell, 1997):

•  patient demographics

• medical symptoms

•  therapy details

•  referrals to hospitals or specialists

•  laboratory tests and pathology results

•  lifestyle factors such as alcohol consumption, smoking and BMI

•  patient registration details

Therapy details include data on medicines, vaccines and devices. Additional information 

concerning medicines prescribed such as dose, route of administration, daily quantity, 

number of packs and pack size are also provided by the GPRD. Dosage free text data are 

also easily converted into daily dose numerical values (The General Practice Research 

Database; Wood & Martinez, 2004).
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GPRD: Quality of Data

The GPRD is a database which provides a high level of quality data (The General Practice 

Research Database; Jick et al, 1991; Jick et al, 1992; Nazareth et al, 1993). The quality of 

data from the GPRD is maintained at the practice and patient level. Data from both 

practices and patients seen at individual practices undergo stringent quality checks before 

being included in the database, and subsequently before being available for use in 

different studies.

All patients included in studies where the GPRD was used as the data source were 

'acceptable' patients. For a patient to be 'acceptable', patients' data were assessed 

against 4 criteria regarding gender, age, registration details and event dates. Acceptability 

flags are given to each of the criteria where all 4 flags need to be set to 'Yes' for the 

patient to be 'acceptable'. Details of the 4 criteria are given below (Medicines and 

Healthcare Products Regulatory Agency, 2005):

•  Acceptable event record flag

o Set to 'Yes' when no event record exists prior to the patient birth year.

•  Acceptable patient age flag

o Set to 'Yes' when the patient is less than 115 years old.

•  Acceptable patient gender flag

o Set to 'Yes' when the patient is recorded as being either 'Male', 'Female' or 

'Indeterminate'.

•  Acceptable registration details
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o Set to 'Yes' when the patient is registered as 'Applied', 'Permanent' or 

'Transferred Out' AND 

o The patient registration year is after or equal to the patient birth year AND

o For a patient registered as 'Permanent' or 'Applied' there is no Transferred

Out Date and Reason OR For a patient registered as 'Transferred Out' there 

is a valid Transferred Out Reason and the Transferred Out Date is after the 

registration date.

Additionally, at the practise level, specific practice-based measurements are applied as a 

quality marker for participating practices; where the practice up-to-standard (UTS) date is 

the first date at which a participating practice complied with the GPRD-defined minimum 

standards for data recording quality (The General Practice Research Database; Wood & 

Martinez, 2004). The generation of the UTS date is based on an evaluation of the 

"completeness, continuity and plausibility of data recording in key areas, in accordance 

with the GPRD Recording Guidelines" (The General Practice Research Database). The 

completeness of data is assessed as a minimum value from ten variables (Medicines and 

Healthcare Products Regulatory Agency, 2005):

•  The percentage of patients which are defined as acceptable (minimum value: 

80%).

•  The percentage of prescriptions patients which are defined as an acceptable 

registration status (minimum value: 80%).

•  The number of prescriptions per patient by month (minimum value: 0.33).
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•  The percentage of new prescriptions for which a medical indication has been 

recorded (minimum value: 70%).

•  The percentage of deaths for which a transfer out reason of 'death', and a 

transfer out date which is after the date of death have been recorded (minimum 

value: 70%).

•  The percentage of deaths for which the cause of death has been recorded 

(minimum value: 80%).

•  The percentage of pregnancies for which an outcome has been recorded 

(minimum value: 70%).

•  The number of contraception events per 100 women by month (minimum value: 

6 ).

•  The percentage of referrals for which the clinical speciality has been recorded 

(minimum value: 38%).

•  The referral rate per 100 patients (minimum value: 0.23).

•  The number of deaths in a 12 month period (minimum value: 15% of maximum)*. 

* Refers to first of 12 calendar months for which the minimum of 15% was achieved

It has been shown that there is good correlation between prescribing data from the GPRD 

and national dispensing data from the Prescription Pricing Authority (PPA) (Hollowell 

1997). Medical symptoms and medical events are Read/OXMIS (Oxford Medical 

Information System) coded and presented as Read/OXMIS terms. Medical events are also

70



Chapter THREE: Methodology

presented according to MedDRA (Medical Dictionary for Regulatory Activities) (The 

General Practice Research Database; Wood & Martinez, 2004).

Participating practices are required to record a minimum of 95% of completeness, with 

regards to prescribing and relevant patient-encounter data (Wood & Martinez 2004; 

Walley & Mantgani, 1997). Data from practices are routinely checked and validated, and 

feedback is provided on the level of completeness and quality of data recording after each 

contribution (Wood & Martinez, 2004). Several studies have also been published 

validating the database quality and completeness (Nazareth et al 1993; Jick et al 1991; Jick 

et al 1992, Van Staa & Abenheim, 1994).

The GPRD contains data from as early as 1987, though most participating practices have 

been providing complete quality data required for research starting in 1991 (Rodriguez & 

Gutthann, 1998).

GPRD: Data Extraction

Firstly, a list of antipsychotic drugs was generated according to the British National 

Formulary (Table 3.1) (British National Formulary, 2008). The corresponding list of product 

codes based on type of drug was then obtained using the GPRD Product Dictionary 

(Appendix A).
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Table 3.1: Antipsychotic medications in the study

Antipsychotic medications investigated
Atypical anti psychotics
Amisulpride
Aripiprazole

Clozapine
Olanzapine

Quetiapine
Risperidone

Typical antipsychotics
Thioridazine

Haloperidol
Chlorpromazine
Sulpiride

Trifluoperazine
Flupenthixol
Zuclopenthixol
Promazine
Pimozide
Pericyazine
Methotrimeprazine
Droperidol
Benperidol
Perphenazine

Fluphenazine
Fluspirilene
Remoxipride

Loxapine

The relevant product codes were then applied in the data extraction using Business 

Objects™ (Business Objects, France). Business Objects™ is a software package supplied by 

the GPRD which is designed for the extraction of data from the database. The software 

allows for complex and flexible extraction of data without expert knowledge on the
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database (Medicines and Healthcare Products Regulatory Agency, 2005). All subjects aged 

18 years and under who received at least one prescription for an antipsychotic agent from 

the list of products previously acquired were identified using Business Objects™. The 

resultant data was known as Therapy file. A screen-shot example of a query using Business 

Objects™ is illustrated in Appendix B.

Once the subjects were identified in the Therapy file from Business Objects™, additional 

patient, clinical, and laboratory data for these patients in the database were extracted 

using BORIS (Business Objects Replacement Information System) which is a 

supplementary extraction tool provided by the GPRD. A screen shot example of data 

extraction using BORIS is shown in Appendix C. A summary of the data extraction process 

is illustrated in Figure 3.1.

Data retrieved was then exported to other applications including Microsoft Excel 

(Microsoft, United States) and Stata/SE version 9.1 (StataCorp, College Station, Texas, 

United States) for analysis.

GPRD: Study population

Patients included in the study population had at least one year of research standard data 

available, a known gender, and an acceptable patient registration status from a 

participating practice with a suitable UTS date. The availability of at least one year of

73



Chapter THREE: Methodology

Figure 3.1: Summary of the steps taken for GPRD data extraction

List of product codes of antipsychotic 
agents obtained from the Product 
Dictionary of the GPRD

B
List of product codes from A exported 
into Business Objects

Therapy file i.e. data of all patients 
who received prescriptions of 
antipsychotic agents (from the list of 
product codes from A) were identified

Therapy file from C in the form of 
patient IDs was then exported to 
BORIS to extract additional patient, 
clinical, and laboratory data
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research standard data criteria was implemented to avoid the inclusion of patients who 

are temporarily registered with a practice into the study. Additionally, subjects who had a 

registration status as "Temporary" with a practice were also excluded. The defined study 

period for studies using the GPRD was between 01/01/1992 and 31/12/2005 (except for 

Chapter 6; the study investigating the incidence of extrapyramidal symptoms).

GPRD: Data analysis

All data analysis was carried out using Stata/SE version 9.1 (StataCorp, College Station, 

Texas, United States). Specific methods and steps of analyses were carried out based on 

the type and design of individual studies. More detailed descriptions on methods of 

analysis are given in the individual study chapters.

GPRD: Strengths and limitations

As the GPRD is one of the largest computerised databases available, it allows for a large 

number of patients to be studied. Furthermore, the availability and high level of 

demographic, therapy and clinical data provides the capability of investigating drug 

utilisation and pharmacovigilance studies on adverse events to be conducted in a large 

number of subjects. This is a major advantage when conducting studies involving the 

paediatric population as sample size is a recognised problem.
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Despite its many apparent advantages, the GPRD is also subject to a number of 

limitations. Firstly, the GPRD lacks data on the filling of prescriptions and compliance of 

patients. Secondly, the GPRD does not provide a direct link between diagnoses or 

indications and the prescribed drugs. As the GPRD is a database focused on primary care, 

it does not provide any direct evidence on the pathway into care that patients follow; 

including secondary and tertiary care, which results in prescription of an antipsychotic. 

Furthermore, unlike clinical trials, the number of study subjects cannot be increased as 

there is a finite number of subjects in the database.

However, data from the GPRD has been well validated with a large number of studies 

using the database as a data source that have been conducted and published in scientific 

journals (The General Practice Research Database). And although it is impossible to 

increase sample size by recruiting more patients (as done in clinical trials), the database 

allowed the study of a much larger study sample size of paediatric patients exposed to 

antipsychotic medication compared to any other known study set in real-life settings 

where recruitment of such a large number of exposed patients is probably difficult.

3.3 Pharmacoepidemiological analysis

The cohort identified from the GPRD was used as a data source to conduct descriptive

pharmacoepidemiological analysis of antipsychotic prescribing (Chapter 4), as well as to

quantify specific adverse events and adverse drug reactions within the identified cohort

(Chapters 5 and 6). As previously stated in Chapter 1, a number of serious adverse effects
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associated with antipsychotic agents are potentially fatal, or may have long-term 

consequences affecting patients' morbidity. This includes rare events such as liver 

abnormalities, diabetes mellitus and even mortality. Even extrapyramidal symptoms, 

which are considered a common side effect of antipsychotic therapy, may also have 

serious consequences to patients', and may also have an effect on patients' morbidity.

Liver abnormalities, diabetes mellitus and mortality are considered rare, albeit serious 

adverse effects associated with antipsychotic treatment. It has been recommended that 

larger child populations, i.e. in the thousands, should be used to obtain data to investigate 

and detect such adverse events (Greenhill et al, 2003). Therefore, this large population 

extracted from the GPRD was useful in investigating these conditions. Extrapyramidal 

symptoms associated with antipsychotic treatment are more common compared to liver 

damage, diabetes mellitus and mortality. Extrapyramidal symptoms are seen in patients 

exposed to both typical and atypical antipsychotic therapy and are a major cause for non- 

compliance and may even lead to more serious events such as tardive dyskinesia (Chapter 

1). Therefore, the rate and likelihood of developing this adverse effect was also 

investigated using the identified cohort.

Descriptive pharmacoepidemiological studies describe general characteristics of a 

distribution of a disease or condition (in this case the distribution of antipsychotic 

prescribing and specific adverse effects related to antipsychotic use) in relation to 

population and time. Descriptive data has allowed healthcare providers to allocate
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resources and plan effective measures in the management of conditions in the population 

(Hennekens & Buring, 1987). Descriptive pharmacoepidemiological data has also provided 

the first clues about determinants of a disease (Hennekens & Buring, 1987). Two 

important forms of measurements in descriptive pharmacoepidemiology are the 

measurements of prevalence and incidence.

Adverse events and adverse drug reactions

As previously mentioned, the incidence of mortality, liver abnormalities, diabetes mellitus 

and extrapyramidal symptoms was investigated in a cohort of children on antipsychotic 

therapy. The incidences of these conditions were described in two ways, as adverse 

events and adverse drug reactions.

Adverse events were defined as conditions of interest experienced by patients who 

received prescriptions for antipsychotic therapy, regardless of whether the event occurred 

while the patient was exposed to therapy, which occurred during the course of the study. 

Therefore if a subject experiences a condition of interest which occurs during the course 

of the study, it is considered an adverse event regardless of causality.

On the other hand, an event is considered as an adverse drug reaction if the condition of

interest is related to antipsychotic therapy from the results of the causality assessment.

Important elements when categorising an event as an adverse drug reaction include a

plausible time relationship, i.e. whether or not the patient is exposed to the antipsychotic
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agent at the time of experiencing an event, as well as any other concurrent therapy or 

other medical conditions the subject may have experienced during the time of the event 

of interest.

Consequently, the equations for determining the incidence of the evens of interest are 

influenced on whether it is adverse events or adverse drug reactions which is being 

analysed. This will be further described in later sections.

Prevalence

Prevalence can be defined as the number of subjects who experience an event in a 

population at a specific point in time (Hennekens & Buring, 1987). Prevalence provides a 

measure of the status of how widespread an event is occurring in a population at given 

time points. Measures of prevalence were used in Chapter 4 to determine the proportion 

of patients aged 18 years and below who received prescriptions for antipsychotic 

medications in the general paediatric population during the defined study period. The 

equation to calculate prevalence is given in Equation 3.1.

Equation 3.1: Calculation of prevalence of antipsychotic prescribing

Prevalence =  xlOOO
K

Where A/̂  = Number of patients with a prescription of an antipsychotic in a particular 

year

And K = Total number of person-years in the general population in the GPRD aged 18
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years and younger in a particular year

Incidence

Unlike prevalence, incidence measures the number of new events occurring in the 

population. Therefore, incidence only quantifies the number of subjects who newly 

experience the event of interest rather than the number of all subjects who experience 

the event in the population. Incidence calculation was used to investigate the number of 

new starters of antipsychotic drugs (Chapter 4), as well as to investigate the incidence 

rates of adverse events and adverse drug reactions of interest associated with 

antipsychotic medication (Chapters 5 and 6). The general equation for calculating 

incidence is given in Equation 3.2.

Equation 3.2: General calculation of Incidence

Incidence of an event = — -xlOOO

Where n ' = Number of patients with a new event of interest 

And /Ĉ  = Total number of person-years at risk

Person-years

Person-years is the main unit for the denominator used in the calculations of prevalence

and incidence in this study. As opposed to using 'total number of patients' as a

denominator, person-years takes into account the period of time subjects were at risk to

develop or experience the event of interest (Webb et al, 2005). This unit of calculation
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takes into consideration that not all subjects contribute the same amount of follow-up 

time during the study period. This is particularly true in large scale studies and studies 

investigating the occurrence of relatively rare events whereby subjects do not contribute 

to the whole follow-up period of the total study duration. Subjects often do not enter a 

study at the same time, and for those that do, there will most likely be a varying period of 

follow-up among the study subjects (Hennekens & Buring, 1987). A simple example of 

person-years would be if 100 subjects each present in the GPRD for a full year, this would 

equate to 100 person-years.

Calculating person-years

For the purpose of this thesis, the calculation of person-years was conducted using a 

number of methods. This was depending on the nature of the event of interest and 

whether it is the incidence or prevalence that was being calculated.

When investigating the epidemiology of antipsychotic prescribing to children and 

adolescents in the general population (Chapter 4), the cumulative person-years of all 

subjects in the GPRD aged 18 years and below during the study period of 01 January 1992 

until 31 December 2005 were determined (all subjects in the GPRD, not just those 

prescribed antipsychotic agents). The resulting total number of person-years for all 

subjects was then used as the denominator when calculating the prevalence and 

incidence of antipsychotic prescribing in Chapter 4. The number of person-years
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contributed by a subject in the general paediatric population in the GPRD was calculated 

using the equation illustrated in Equation 3.3.

Equation 3.3: Calculation of the number of person-years contributed by a subject In the 
GPRD general paediatric population

K = xend -xstart

Where;

K = Total person-years of a subject

xend = The earliest date of either the subject's transferred out date (date the subject 

transferred out of the practice), subject's date of death, or the end of the study 

period

xstart = The latest date of either the subject's first registration date with the practice, 

the 'Up-to-standard'* date of the practice, or the start of the study period

*See previous section on GPRD: Quality of Data

A brief example for the calculation of person-years for all paediatric patients in the GPRD 

when investigating the prevalence and incidence of antipsychotic prescribing in Chapter 4 

is shown in Figure 3.2. This example illustrates how the number of person-years from a 

theoretical sample of 5 patients is determined.

For studies investigating the safety of antipsychotic medication in children (Chapters 5 and 

6), 2 different methods were used for calculating person-years. Firstly, the person-years at
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Figure 3,2: Example of the calculation of person-years for all paediatric patients in the GPRD

Total person-years

Patient 1 ............................• o......... 14

Patient 2 FRD....... UTS o......... 11

Patient 3 FRD TO 9

Patient 4 FRD........ •  X 8

Patient 5 FRD TO 12

Year 11990 11992 11994 11996 11998 12000 12002 12004 12006 Total 54

•  -

FRD = 

UTS =

Follow-up time contributing to person-years 

Time in database not contributing to person-years 

Start of study

First registration date of patient 

'Up-to-standard' date of practice

TO = 

X = 

o -

Transferred out 

Death

End of study
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risk for a subject to experience an adverse event was calculated. The person-years at risk 

was defined as the time contributed by a subject from the date of the first antipsychotic 

drug prescription until the earliest occurrence of either the date of the event of interest, 

date the subject transferred out of the practice, subject's date of death or the end of the 

study period.

The equation used for the calculation of person-years at risk for a subject when 

investigating the incidence of adverse events is shown below in Equation 3.4.

Equation 3.4: Calculation of person-years at risk for an adverse event

= xend''"-xstart'

Where;

= Total person-years at risk for a subject to experience an adverse event 

Xend^^ = The earliest date of either the event of interest, the subject's transferred out 

date (date the subject transferred out of the practice), subject's date of 

death, or the end of the study period 

Xstart^^ = The latest date of either the subject's first registration date with the practice, 

the 'Up-to-standard'* date of the practice, the date of first antipsychotic 

prescription, or the start of the study period 

* See previous section on GPRD: Quality of Data

A brief example on how the calculation of person-years at risk for experiencing an adverse

event is illustrated in Figure 3.3. In this example, 2 patients have experienced an adverse

event of interest (Patients 1 and 3) during the person-years at risk. The incidence of

adverse events based on this example is then 2 adverse events per 34 person-years at risk.
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The calculation for person-years at risk when investigating incidence depends on the 

nature of incidence being reported, i.e. whether it is the incidence of adverse events, or 

the incidence of adverse drug reactions. The main difference between the 2 forms of 

calculation is whether or not the event was associated with antipsychotic therapy, based 

on the measure of causality. As previously mentioned, one of the main criteria when 

determining causality is the exposure status of the patient to the drug at the time the 

subject experienced the event of interest. The calculation of person-years at risk for 

adverse events assumes patients to be at risk at any time after the first prescription, 

regardless whether or not they were exposed to antipsychotic therapy at the time of the 

event. For the calculation of person-years at risk for the incidence of adverse drug 

reactions, the total person-years at risk depends on whether or not the subject was 

exposed to antipsychotic treatment, i.e. the subject is not at risk for developing an 

adverse drug reaction if the subject is not exposed to therapy. Therefore, the person-years 

of exposure, or treatment-years, is calculated for all patients who received antipsychotic 

therapy. This number will then be used as the denominator when investigating the 

incidence of adverse drug reactions. The equation used for the calculation of treatment- 

years is shown in Equation 3.5.
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Figure 3.3: Example of the calculation of person-years at risk when investigating the incidence of adverse events

Total person-years at risk

Patient 1  • ....... ++++++++++++++++++*++++++++++++++++0+++... 6

Patient 2 FRD..++UTS+++++++++++++++++++++______________ o .......... 11

Patient 3 FRD........... ++++++______ * ..........TO 4

Patient 4 FRD • ____________ +++++_______X 4

Patient 5................FRD..............++++++++++++++++++++++++++T0 9

Year 1990 11992 11994 11996 11998 12000 12002 12004 12006 Total 34

__  = Follow-up time contributing to person-years at risk for an TO = Transferred out
adverse event X = Death

±±± = Person-years of drug exposure (treatment-years) contributing •  = Start of study
to person-years at risk for an adverse event 0 = End of study

= Time in database not contributing to person-years at risk for an * _ Event of interest
adverse event FRD = First registration date of patient

+ = Person-years of drug exposure (treatment-years) not
contributing to person-years at risk for an adverse event

UTS = 'Up-to-standard' date of practice
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Equation 3.5: Calculation of treatment-years at risk for an adverse drug reaction

= xend"""-xstart"""

Where;

k""" = Total treatment-years at risk for a subject to experience an adverse drug

reaction

Xend""" = The earliest date of either the event of interest, subject's transferred out 

date (date the subject transferred out of the practice), subject's date of 

death, end of the exposure to drug duration, or the end of the study period 

Xstart""" = The latest date of either the subject's first registration date with the 

practice, the 'Up-to-standard'* date of the practice, the date of first 

antipsychotic prescription, or the start of the study period 

*See previous section on GPRD: Quality of Data

An example on how the calculation of treatment-years risk for experiencing an adverse 

drug reaction (using the same sample illustrated in Figure 3.3) is shown in Figure 3.4. Only 

one of the 5 patients experienced the adverse reaction while being exposed to the drug 

(Patient 1). The total person-years at risk is also reduced compared to the previous 

example, which is the reflection of the cumulative treatment-years. Therefore, the 

incidence of adverse reactions based on this example is 1 adverse reaction per 26 

treatment-years at risk. A summary of the epidemiological rates, the type, as well as the 

numerators and denominators used in its calculation are shown in Table 3.2.
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Figure 3.4: Example of the calculation of person-years at risk when investigating the incidence of adverse drug reactions

Total person-years at risk

Patient 1  • .......++++++++++++++++++*++++++++++++++++0+++... 6

Patient 2 FRD..++UTS+++++++++++++++++++++............................ o ..........  7

Patient 3..................FRD........... +++++........... Z...........TO 2

Patient 4 FRD • .................... +++++...........X 2

Patient 5..................FRD............ ++++++++++++++++++++++++++T0 9

Year 11990 11992 11994 | 1996 | 1998 |2000 |2002 |2004 |2006 Total 26

__  = Follow-up time contributing to person-years at risk for an TO = Transferred out
adverse event X Death

±+± = Person-years of drug exposure (treatment-years) contributing •  - Start of study
to person-years at risk for an adverse event 0 = End of study

= Time in database not contributing to person-years at risk for an * = Event of interest
adverse event FRD = First registration date of patient

+ = Person-years of drug exposure (treatment-years) not
contributing to person-years at risk for an adverse event

UTS = 'Up-to-standard' date of practice
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Table 3.2: Summary of pharmacoepidemiological rates

Epidemiological rate Type Numerator Denominator

Prevalence of antipsychotic
prescribing
(Chapter 4)

Prevalence Number of all patients (both new 

and existing) who received 

prescriptions for antipsychotic 

medication.

Total person-years of all patients 

aged 18 years and under in the 

GPRD.

Incidence of antipsychotic
prescribing
(Chapter 4)

Incidence Number of patients who newly 

received prescriptions for 
antipsychotic medication.

Total person-years of all patients 

aged 18 years and under in the 

GPRD.

Crude Mortality Rate, for cases 
which are not necessarily 

antipsychotic-induced fatalities 

(Chapter 5)

Incidence Number of patients who received 

antipsychotic prescriptions, who 

experience a fatal outcome.

Total person-years at risk for 
patients who received 

antipsychotic medication.

Crude Mortality Rate, for cases 

which are suspected to be 

antipsychotic-induced fatalities 

(Chapter 5)

Incidence Number of deceased patients 

who experienced the fatal 
outcome while exposed to 

antipsychotic therapy; whereby 
the event was either possibly, 
probably, or certainly associated 

with antipsychotic therapy from 

the causality assessment.

Total treatment-years at risk for 
subjects exposed to antipsychotic 

drug therapy to experience an 

adverse drug reaction related to 

death.

Incidence of liver adverse events 

which are not necessarily 

antipsychotic-induced

Incidence Number of patients who received 

prescriptions for antipsychotic 

therapy, who newly experience a

Total person-years at risk for 
patients who received 

antipsychotic medication to
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(Chapter 6) clinical event related to liver 
abnormalities.

experience an adverse event 
related to liver abnormalities 

(regardless of drug exposure 

status).

Incidence of liver adverse drug 

reactions for cases which are 

suspected to be antipsychotic- 
induced (Chapter 6)

Incidence Number of patients who newly 

experience a clinical event 
related to liver abnormalities 

while exposed to antipsychotic 

therapy; whereby the event was 

either poss/b/y, probably, or 
certainly associated with 
antipsychotic therapy from the 

causality assessment.

Total treatment-years at risk for 
subjects exposed to antipsychotic 

drug therapy to experience an 

adverse drug reaction related to 

liver abnormalities.

Incidence of diabetes mellitus 
adverse events which are not 
necessarily antipsychotic-induced 

(Chapter 6)

Incidence Number of patients who received 

prescriptions for antipsychotic 

therapy, who newly experience a 

clinical event related to diabetes 

mellitus.

Total person-years at risk for 
patients who received 

antipsychotic medication to 

experience an adverse event 
related to diabetes mellitus 

(regardless of drug exposure 

status).

Incidence of diabetes mellitus 

adverse drug reactions for cases 

which are suspected to be

Incidence Number of patients who newly 

experience a clinical event 
related to diabetes mellitus while

Total treatment-years at risk for 
subjects exposed to antipsychotic 

drug therapy to experience an
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antipsychotic-induced (Chapter 6) exposed to antipsychotic therapy; 

whereby the event was either 

possibly, probably, or certainly 

associated with antipsychotic 

therapy from the causality 

assessment.

adverse drug reaction related to 

diabetes mellitus.

Incidence of extrapyramidal 
symptoms adverse events which are 

not necessarily antipsychotic- 
induced (Chapter 6)

Incidence Number of patients who received 

prescriptions for antipsychotic 

therapy, who newly experience a 

clinical event related to 

extrapyramidal symptoms.

Total person-years at risk for 

patients who received 

antipsychotic medication to 

experience an adverse event 
related to extrapyramidal 
symptoms (regardless of drug 

exposure status).

Incidence of extrapyramidal 
symptoms adverse drug reactions 

(Chapter 6)

Incidence Number of patients who newly 

experience a clinical event 

related to extrapyramidal 
symptoms while exposed to 

antipsychotic therapy; whereby 

the event was either possibly, 
probably, or certainly associated 

with antipsychotic therapy from 

the causality assessment.

Total treatment-years at risk for 

subjects exposed to antipsychotic 

drug therapy to experience an 

adverse drug reaction related to 

extrapyramidal symptoms.
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Additional pharmacoepidemiological analysis

Additional analysis was conducted when investigating the rates of diabetes mellitus 

and mortality in the cohort. For these 2 events, the standardised incidence ratio (for 

the incidence of diabetes) and standardised mortality ratio (for mortality) were 

investigated. This method of analysis involves calculating the overall incidence or 

mortality rate that would be expected in the 'standard' population if the population 

had the same age-specific rates as the study cohort (Webb et al, 2005). The methods 

for calculation and the populations used as comparators are described in more detail 

in Chapters 5 and 6.

Furthermore, when investigating the incidence of liver injury, diabetes mellitus and 

mortality, causality assessments were conducted to determine the likelihood of an 

association between exposure to antipsychotic medication and the event of interest 

(Uppsala Monitoring Centre). For this purpose, additional data was obtained and 

scrutinised from electronic patient profiles available from the GPRD. This is described 

in more detail in later sections (Chapters 5 and 6). An example of an electronic patient 

profile is shown in Appendix D.

3.4 Pharmacovigilance

In addition to the pharmacoepidemiological methods using the GPRD, a 

pharmacovigilance study (Chapter 7) was conducted to investigate the incidence of 

adverse drug reactions associated with atypical antipsychotic medication. The 

feasibility of conducting such a study was also investigated.
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For this section of the thesis, a targeted pharmacovigilance approach was taken. 

Targeted pharmacovigilance is focused on monitoring the safety profiles of specific 

groups of drugs in relation to specific adverse reactions. This method has led to the 

development of evidence based guidelines to reduce drug toxicity with regards to 

particular groups of drugs (Royal College of Paediatrics and Child Health, 2004; 

Choonara, 2006).

The participants in this study were clinicians from secondary and tertiary care who 

reported all patients aged 18 years and below under their care who were exposed to 

antipsychotic medication; and any adverse drug reactions experienced by these 

patients. The number of patients on treatment was used as the denominator when 

determining rates of adverse drug reactions.

In-depth data from participating clinicians was also obtained when an adverse drug 

reaction was reported. This included patient age, type of antipsychotic and duration of 

treatment, symptoms of the adverse drug reaction, as well as any concurrent 

medication the patient was taking at the time of the event.

Data collection was conducted from September 2005 until September 2006. A more 

detailed methodology for the study is described in Chapter 7.
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4 Chapter FOUR: Epidemiology of antipsychotic drug prescribing to children and 

adolescents in UK primary care

4.1 Introduction

General practitioners in the UK play an important role in prescribing and monitoring 

antipsychotic drugs for children with emotional and behavioural problems in the 

community. Antipsychotic drug prescriptions for children are usually initiated by 

specialists in secondary care such as child psychiatrists and behavioural paediatricians; 

however, general practitioners continue to monitor and prescribe these drugs (Bramble, 

2003).

Studies in the USA and the Netherlands show that antipsychotic drug use in children is 

rising. In the Netherlands, there was a 1.5 fold increase between 1995 and 1999 of new 

users (1.1 to 1.7 per 1,000 children) of antipsychotic drugs. Prevalence of antipsychotic 

drug use also increased 2-fold in the same period (1.6 to 3.4 per 1,000 children) (Schirm et 

al, 2001). A more recent study in the Netherlands demonstrated over a 2-fold increase in 

the prevalence of all antipsychotic agents from 1997 and 2005 (3.0 to 6.8 per 1,000 

children) (Kalverdijk et al, 2008). A study in the USA showed the number of new users 

(aged 2 to 18 years) of antipsychotic treatment almost doubled (23 to 45 per 10,000 

children) from 1996 to 2001 (Cooper et al, 2004). In the USA a recent study estimated a 6- 

fold increase in the number of "office-based visits by youth that included antipsychotic
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treatment" from 1993 to 2002 (Olfson et al, 2006). This rapid rise in antipsychotic drug 

prescribing is a concern as there is little robust evidence of a corresponding increased 

prevalence of psychotic illness in young people (Sutcliffe & Wong, 2006). However, a 

previous study suggests that the number of psychotropic drug prescriptions to children in 

the UK has increased by 68% between 2000 and 2002, and is much higher than the rate of 

increment in the USA and other countries (Wong et al, 2004). Following this, a systematic 

literature review using the Medline database (1950 to 08/08/2008) was conducted to 

evaluate studies which have investigated the utilisation trends of antipsychotic agents, 

and to identify any studies which have possibly been conducted in the UK paediatric 

population.

4.1.1 Systematic literature review on the utilisation of antipsychotic drugs in children

and adolescents

4.1.1.1 Aim of the literature review

To review published studies which have reported utilisation trends of antipsychotic drugs 

in children and adolescent patients.

4.1.1.2 Methodology of the literature review

A keyword search on published studies was conducted using the keywords shown in Table

4.1
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Inclusion criteria

Studies reporting the utilisation or prescribing rates of antipsychotic medication in 

children and adolescents were included in the review.

Table 4.1: Keywords used in literature search on utilisation trends of antipsychotic drugs 
in children and adolescents

Antipsychotic drug keywords Population keywords Utilisation keywords
atypical typical paediatrics drug utilisation
antipsychotic$ antipsychotic$ adolescents drug utilization
atypical typical adolescence prescribing patternS
neuroleptic$ neuroleptic$ school childS pharmacoepidemiology
new$ first generation juveniles pharmacovigilance
antipsychotic$ antipsychotic$ infants prescribing trends
new$ benperidol childS prescribing epidemiology
neuroleptic$ chlorpromazine neonateS
second chlorprothixene baby
generation droperidol babies
antipsychotic$ flupentixol pediatrics
amisulpride flupenthixol young people
amisulpiride fluphenazine young persons
aripiprazole fluspirilene
clozapine haloperidol
olanzapine levomepromazine
quetiapine loxapine
risperidone methotrimeprazine

pericyazine
perphenazine
pimozide
promazine
remoxipride
sulpiride
thioridazine
trifluoperazine
zuclopenthixol
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Exclusion criteria

For the purpose of this review, interventional studies such as trials, published reviews and 

meta-analyses, studies that were not in the English language, and studies that did not 

report on antipsychotic drugs in children and adolescents were excluded.

4.1.1.3 Results of the literature review

The search resulted in 33 published papers. After removing duplicates and reviewing the 

titles and abstracts of the articles, a total of 15 papers were deemed relevant (Table 4.2). 

Ten out of the 15 publications were studies derived from paediatric populations in the 

USA (Kaplan et al, 1994; Zito et al, 2000; Patel et al, 2002; Martin & Leslie, 2003; Lekhwani 

et al, 2004; Lyons et al, 2004; Najjar et al, 2004; Staller et al, 2005; Patel et al, 2006a; 

Aparasu & Bhatara, 2007), 2 in Australia (Efron et al, 2003; Dean et al, 2006), and one in 

Canada (Doey et al, 2007), Italy (Alacqua et al, 2008) and UK (Clark, 2004) respectively. 

Only 5 of the 15 publications reported prescribing or utilisation trends over periods of 

time (Zito et al, 2000; Patel et al, 2002; Martin & Leslie, 2003; Najjar et al, 2004; Patel et 

al, 2006a), while the remaining 10 only reported a rate of antipsychotic drug prescribing at 

a specific point in time (Kaplan et al, 1994; Efron et al, 2003; Clark, 2004; Lekhwani et al, 

2004; Lyons et al, 2004; Staller et al, 2005; Dean et al, 2006; Aparasu & Bhatara, 2007; 

Doey et al, 2007; Alacqua et al, 2008).
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Table 4.2: Utilisation studies reporting rates of antipsychotic drug use in children and adolescents

Author Country Data and Setting Result Summary

Alacqua et al, 2008 Italy Chart reviews from children and 
adolescents seen in 2 Child Neurology 
and Psychiatry Divisions of Southern 
Italy.

All paediatric patients aged 18 years 
and below who newly start treatment 
with atypical antipsychotic agents or 
SSRIs as monotherapy from 1 January 
2002 until 31 December 2003.

Out of 97 patients' charts 
reviewed, 75 (75%) were newly 
started on atypical antipsychotic 
treatment.

Risperidone was the most 
frequently prescribed drug (62%), 
followed by olanzapine (32%).

Aparasu & Bhatara, 2007 USA •  Data obtained from the 2003-2004 
National Ambulatory Medical Care 
Survey (NAMCS) and the Outpatient 
Department of the 2003-2004 
National Hospital Ambulatory 
Medical Care Survey (NHAMCS).

•  Patients aged 20 years and under 
were included in the analysis.

Antipsychotic drugs were 
prescribed in 2.08 (95% Cl: 1.46 to 
2.70) million outpatient visits, 
representing 0.99% (95% Cl: 0.71 
to 1.06) of all visits involving 
children and adolescents.

The most prescribed atypical 
antipsychotic agent was 
risperidone (43.81%), followed by 
quetiapine (26.97%) and 
aripiprazole (16.79%).
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Clark, 2004 UK Data was obtained from 21 child and 
adolescent mental health services 
(CAMHS) in England.

All new incidences of prescribing for 
patients within the CAMHS within 12 
months (September 1999 to February 
2000; and September 2000 to 
February 2001) were included in the 
study.

Typical and atypical antipsychotic 
drugs were the fourth and fifth 
most commonly prescribed 
psychotropic drug respectively.

Typical antipsychotic drugs were 
the most commonly prescribed 
drug (22% of patients) in in-patient 
or day-patient units.

Atypical antipsychotic drugs were 
the third most commonly 
prescribed drug (15% of patients) 
in in-patient or day-patient units.

Antipsychotic drugs were 
prescribed for 10% of new cases in 
outpatient units.

Four percent of these were for 
typical antipsychotic prescriptions 
and 6% were for atypical 
antipsychotic prescriptions.

Dean et al, 2006 Australia Data obtained from inpatient and 
outpatient child and youth mental 
health services (CYMHS) between

Atypical antipsychotic agents were 
the second most frequently used 
class of drug (23% of inpatients)
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April 2002 and September 2003.

•  Charts of all paediatric patients who 
received psychotropic drug therapy 
were reviewed during the study 
duration.

Typical antipsychotic therapy was 
used in 9.8% of inpatients.

Antipsychotic therapy was given 
for a variety of indications, most of 
which were for off-label uses.

Doey et al, 2007 Canada Data was obtained from a survey of 
members of the Canadian Academy 
of Child and Adolescent Psychiatry 
and the Developmental Paediatrics 
Section of the Canadian Paediatric 
Society.

Child psychiatrists and paediatricians 
provided data on whether they 
prescribed atypical antipsychotic 
treatment to patients under their 
care, as well as type and frequency of 
drug, and frequencies of monitoring.

•  Ninety-four percent of child 
psychiatrists and 89% of 
paediatricians prescribed atypical 
antipsychotic treatment to their 
patients.

•  The most commonly prescribed 
atypical antipsychotic agent was 
risperidone (69%).

•  Participating clinicians prescribed 
atypical antipsychotic therapy to 
patients under their care for a 
wide range of off-label psychiatric 
indications.

Efron et al, 2003 Australia A postal survey of general 
paediatricians and child psychiatrists 
was conducted in the year 2000.

Clinicians were asked to provide data 
on prescribing of psychotropic 
medications to patients under their

•  Typical antipsychotic medications 
were the seventh most prescribed 
psychotropic drug prescribed by 
paediatricians and the fifth most 
common psychotropic drug 
prescribed by child psychiatrists.
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care. Atypical antipsychotic medications 
were the sixth most commonly 
prescribed psychotropic drug 
prescribed by paediatricians and 
the third most common 
psychotropic drug prescribed by 
child psychiatrists.

Typical antipsychotic therapy was 
prescribed by 4.9% of 
paediatricians and 28% of child 
psychiatrists.

Atypical antipsychotic therapy was 
prescribed by 6.3% of 
paediatricians and 46% of child 
psychiatrists.

Kaplan et al, 1994 USA •  Data was obtained from 2 sites; an 
outpatient service of a university- 
affiliated children's psychiatric center 
in New York and a child psychiatry 
service of a university-based 
outpatient clinic in Ohio.

•  Questionnaires were sent out to 
psychiatrists from both sites 
requesting. Among the information 
requested were data on medications 
prescribed as well as rationale for

Thirty-seven percent of the 
patients in the medicated sample 
in the New York site and 18% of 
the medicated patients in the Ohio 
site received prescriptions for 
antipsychotic drugs.

The majority of patients (65% of 
patients in the New York site and 
67% of patients in the Ohio site) 
who received antipsychotic drug 
therapy were prescribed these
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prescribing and target symptoms the 
psychiatrists were attempting to 
treat.

drugs for essentially non-psychotic 
disorders.

Lekhwani et al, 2004 USA • Prescribed psychotropic drugs upon 
admission and discharge for patients 
aged 9 years and below seen in child 
inpatient psychiatric units of a 
university hospital between the years 
1998 and 2001 were investigated.

•  Atypical and typical antipsychotic 
drugs were the third and sixth 
highest type of psychotropic 
medication prescribed.

•  Antipsychotic therapy was 
consistently given for non- 
psychotic disorders in children.

Lyons et al, 2004 USA Clinical records of a sample of 
paediatric patients aged 5 to 17 years 
who received state (Office of Mental 
Health) or federal (Medicaid) funding 
for mental health services from ten 
different random sites were 
reviewed.

A duration of 12 months was 
reviewed for each case regardless if 
the patient was still receiving care or 
discharged.

Antipsychotic medications were 
most commonly prescribed in 
more intensive services including 
state-operated inpatient units and 
residential programs.

Risperidone was the most 
commonly prescribed 
antipsychotic agent.

The majority of children who 
received antipsychotic drug 
treatment (64%) did not have any 
signs of psychotic disorders.

Martin & Leslie, 2003 USA Pharmacy claims from a research Antipsychotic drugs were the third 
most commonly prescribed class
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database as a data source.

All patients aged 17 years and 
younger between the years 1997 and 
2000 were included in the study.

of drugs in the database.

Overall prevalence of antipsychotic 
agents increased by 57.6% 
between 1997 and 2000.

The prevalence of atypical 
antipsychotic agents increased by 
138.4% during the study duration; 
and was also the highest increase 
among all drugs.

The prevalence of typical 
antipsychotic drugs reduced by 
58.4% between 1997 and 2000.

Najjar et al, 2004 USA Data obtained from the pharmacy 
dispensing database of a private child 
psychiatric hospital.

The number and type of admissions 
and medication status of all patients 
aged 18 years and younger between 
the years 1991 and 1998 were 
investigated.

Antipsychotic drug prescribing was 
stable from 1991 (19.2% of 
patients) to 1998 (21.0% of 
patients).

The number of patients who 
received typical antipsychotic 
therapy declined from 1991 
(19.2% of patients) to 1998 (3.3% 
of patients).

The number of patients who 
received prescriptions for atypical 
antipsychotic agents increased
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from 1991 (0% of patients) to 1998 
(17.7%).

Patel et al, 2002 USA Data was obtained from the Texas 
Medicaid program.

All patients aged 20 years and under 
between the years 1996 and 2000 
were included in the analysis.

•  Overall prevalence of all 
antipsychotic medications 
increased from 7.63 per 1,000 
children in 1996 to 19.88 per 1,000 
children in 2000.

•  The prevalence of typical 
antipsychotic medications reduced 
from 4.94 per 1,000 children in 
1996 to 3.87 per 1,000 children in 
2000.

•  The prevalence of atypical 
antipsychotic medications 
increased from 2.69 per 1,000 
children in 1996 to 15.98 per 1,000 
children in 2000.

•  Risperidone was the most 
commonly prescribed atypical 
antipsychotic agent during the 
study period.

Patel et al, 2006a USA Data obtained from all paid 
prescription claims for antipsychotic 
drug therapy from the Texas

The number of paediatric patients 
prescribed any antipsychotic drug 
increased from 7,240 patients 
(6.33 per 1,000 patients) in 1996
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Medicaid Vendor Drug database.

Prescriptions for children and 
adolescents aged 19 years and below 
from 1 January 1996 and 31 
December 2001 were included in the 
analysis.

to 17,790 patients (15.53 per 
1,000 patients) in 2001.

The number of youths prescribed 
typical antipsychotic agents 
decreased from 5200 patients 
(4.55 per 1,000 patients) in 1996 
to 1753 patients (1.53 per 1,000 
patients) in 2001.

The number of youths prescribed 
atypical antipsychotic drugs 
increased from 2841 patients (2.49 
per 1,000 patients) in 1996 to 
17,034 patients (14.9 per 1,000 
patients) in 2001.

Staller et al, 2005 USA Data obtained from 8 child and 
adolescent outpatient treatment sites 
in the year 2002.

Patients aged 1 to 18 years from 3 
private child psychiatrists' office 
practices, a county outpatient mental 
health clinic, a state psychiatric 
hospital outpatient mental health 
clinic, a state university hospital 
outpatient clinic, a community 
hospital outpatient clinic and a 
county day treatment centre were

Antipsychotic agents were the 
third highest prescribed class of 
psychotropic drugs to the 
paediatric patients in the study.

Patients aged 10 to 14 years were 
more likely to receive 
antipsychotic therapy compared to 
patients aged 5 to 9 years; while 
there was no difference in 
likelihood for teenage patients to 
receive antipsychotic therapy
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included in the analysis. compared to younger children.

The majority of patients who 
received antipsychotic treatment 
did not have a diagnosis related to 
psychotic disorders.

Zito et al, 2000 USA •  Data was obtained from 3 large data 
sets; the Midwestern state Medicaid 
population, the mid-Atlantic state 
Medicaid population, and the health 
maintenance organisation (HMO).

•  Patients aged 19 years and below 
between the years 1991 and 1995 
were included in the study.

The prevalence of all antipsychotic 
medications increased throughout 
all 3 datasets during the study 
period.

There was a 1.3-fold, 1.2-fold and 
a 1.5-fold increase in the 
prevalence of antipsychotic 
medications in the Midwestern 
state Medicaid program, mid- 
Atlantic state Medicaid program, 
and the HMO program 
respectively.
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Among the 5 studies which reported prescribing trends over periods of time, 4 studies 

demonstrated an increase in the overall prescribing of antipsychotic medications (Zito 

et al, 2000; Patel et al, 2002; Martin & Leslie, 2003; Patel et al, 2006a) while one study 

(Najjar et al, 2004) reported a stable antipsychotic prescribing trend during the study 

period. Although this study demonstrated a stable prescribing trend of all 

antipsychotic medications, the individual prescribing trend of typical antipsychotic 

medications decreased while the atypical antipsychotic prescribing trend increased 

during the study period (Najjar et al, 2004). This trend whereby atypical antipsychotic 

prescribing was seen to replace typical antipsychotic prescribing was also shown in 3 

other studies (Patel et al, 2002; Martin & Leslie, 2003; Patel et al, 2006a).

Studies which did not investigate prescribing trends demonstrated high numbers of 

paediatric patients being prescribed antipsychotic treatment (Kaplan et al, 1994; Clark 

et al, 2004; Lekhwani et al, 2004; Lyons et al, 2004; Staller et al, 2005; Dean et al, 2006; 

Aparasu & Bhatara, 2007; Alacqua et al, 2008); or showed a high number of clinicians 

prescribing these medications to paediatric patients under their care (Efron et al, 2003; 

Doey et al, 2007). Five studies reported risperidone to be the most commonly 

prescribed antipsychotic agent in the study populations (Patel et al, 2002; Lyons et al, 

2004; Aparasu & Bhatara, 2007; Doey et al, 2007; Alacqua et al, 2008).

There was only one study conducted using data obtained from UK paediatric 

populations (Clark, 2004). The study investigated all new incidences of antipsychotic 

drug prescribing in inpatient and outpatient units in 21 Child and Adolescent Mental
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Health Services (CAMHS) in England over a 12 month period. Although the authors 

reported the number of new prescribing for inpatients and outpatients, they did not 

report on utilisation trends over duration of time.

4.1.1.4 Discussion of the literature review

Investigations on drug utilisation and prescribing patterns are an important element in 

pharmacoepidemiological studies (Stolley & La porte, 2003). The majority of published 

studies used data obtained based on paediatric populations in the USA. Additionally, 

only 5 of the 15 studies investigated prescribing trends over a period of time, and all 5 

were studies based on USA populations. Most of these studies have shown an obvious 

rise in the utilisation of antipsychotic drugs, specifically the newer atypical 

antipsychotic agents in the young. This increase in atypical antipsychotic drug 

prescribing in the paediatric population is most probably due to the claims of 

enhanced safety and improved efficacy of these drugs (Findling et al, 1998). 

Furthermore, a number of the published studies showed that the antipsychotic drugs 

were prescribed for essentially non-psychotic indications, thereby highlighting the 

issue of appropriateness for use of these drugs in paediatric populations (Lekhwani et 

al, 2004; Lyons et al, 2004; Staller et al, 2005; Dean et al, 2006; Doey et al, 2007).

It should be noted also that the results from the literature review indicate an obvious 

gap in studies investigating the prescribing trends and utilisation of antipsychotic drugs 

in the UK paediatric population. It is still not known if the trends of antipsychotic
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prescribing in children from the UK mirror the trends demonstrated from studies 

conducted from the USA.

Investigations on prescribing patterns and drug utilisation are a recognised important 

function of pharmacoepidemiology (Stolley & La porte, 2003). It has been reported that 

there is much room for improvement in prescribing patterns and utilisation of specific 

drugs even in developed countries where dependable prescribing information is 

provided (Stolley & La porte, 2003). As the majority of antipsychotic agents are used for 

off-label indications outside their product license in the paediatric population (Chapter 

1), the gap in knowledge regarding the distribution of prescribing and utilisation 

patterns of these drugs in children in the UK are further intensified. Additionally, the 

fact that off-label prescribing to children may potentially increase the risk of drug 

toxicity (Impicciatore et al, 2001) further highlights the importance of investigating the 

prescribing trends of antipsychotic agents to children to determine the extent of how 

much these agents are used in the paediatric population.

As the majority of antipsychotic agents are prescribed for essentially off-label 

indications to children (Chapter 1), the lack of studies investigating the distribution of 

prescribing and patterns of drug utilisation in the UK paediatric population is further 

highlighted.
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Following the results of the literature review, the aim of this chapter was to investigate 

the trends in antipsychotic drug prescribing to children and adolescents in using a large 

database of general practices around the UK.

4.2 Methodology 

Data source

The data for this study were obtained from the General Practice Research Database 

(GPRD). The history of the GPRD and validation of its data is described in more detail in 

Chapter 3.

The study population, inclusion and exclusion criteria, and data extraction and analysis 

are described in detail in Chapter 3. Patients who received at least one prescription for 

an antipsychotic medication during the defined study period between 1 January 1992 

and 31 December 2005 were classified as cases in the study (i.e. the numerator).

Ethics approval was granted by the GPRD's Scientific and Ethical Advisory Group 

(SEAG) and the Independent Scientific Advisory Committee (ISAC) for Medicines & 

Healthcare products Regulatory Agency (MHRA) database research (Appendix E).

Data analysis

Data analysis was carried out using Stata/SE version 9.1 (StataCorp, College Station,

Texas, United States). Once all patients in the study population were identified,
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prescribing data for the first year of each patient was screened for type of prescription. 

If a patient received their first antipsychotic drug prescription after this screening 

period, they were classified as a new starter and counted as an incident case. 

Incidence was defined as the frequency of new starters of an antipsychotic in the 

general pediatric population. The calculation for incidence of antipsychotic drug 

prescribing is given below in Equation 4.1.

Equation 4.1: Calculation of Incidence of antipsychotic drug prescribing

N ’
Incidence of an event =  xlOOO

K

Where;

n ' = Number of patients with a new prescription for an antipsychotic drug in a

particular year

And = Total number of patient years in GPRD population aged 18 years and 

younger in a particular year

Prevalence was defined as the number of patients who were prescribed antipsychotic 

treatment in the general paediatric population. Prevalence was calculated using the 

equation illustrated in Equation 4.2.
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Equation 4.2: Calculation of prevalence of antipsychotic drug prescribing

N
Prevalence =  xlOOO

K

Where;

= Number of patients with a prescription of an antipsychotic drug in a particular year 

And K = Total number of person-years in the general population aged 18 years and 

younger in a particular year

The prevalences were stratified by 6-year age bands (0 to 6, 7 to 12, and 13 to 18 years 

of age). A chi-square test (Cochran-Armitage test for trend) was used to examine the 

yearly trend of antipsychotic drug prescribing.

The duration of each prescription for an antipsychotic drug was calculated from the 

prescribed quantity and daily dosage. The prescription duration was calculated using 

Equation 4.3.

Equation 4.3: Calculation of antipsychotic prescription duration

Prescription duration =

Where;

Q = Quantity of drug prescribed 

And D = Daily dosage of the prescribed drug
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For example, a patient who was prescribed 56 tablets with a daily dose of 2 tablets a 

day would have a prescription duration of 28 days. After prescription durations were 

calculated, the durations of treatment episodes were determined. Treatment episodes 

were defined as the duration of time when the patient was exposed to antipsychotic 

therapy. The duration of treatment episodes were calculated using the equation 

shown in Equation 4.4.

Equation 4.4: Calculation of antipsychotic treatment episodes

Episode duration = + L

Where;

Episode end date 

And = Episode start date 

And L = Latency period of 30 days

A latency period of 30 days was added to the episode duration to allow for non- 

compliance or delays in drug dispensing. If a gap of > 90 days is present between 

treatment episodes for a patient, then a treatment gap was presumed. In this case, a 

new treatment episode start date was determined for the subsequent treatment 

episode. The exposure duration for incidence patients were calculated and the time to 

discontinuation was investigated using Kaplan-Meier survival estimates.

Patients were censored if the subject was still on antipsychotic medication by the close 

of the study period; or if the calculated exposure episode for a subject runs beyond the
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'transferred-out' date (date the subject transfers out of a practice); therefore implying 

the subject is lost to follow-up (Clark et al, 2003). The survival analysis was conducted 

using SPSS version 14.0.

For psychiatric conditions, general practitioners are usually informed of a diagnosis 

requiring specialist medications from secondary or tertiary care. Unfortunately, there 

is no direct link between medical diagnoses and prescriptions in the GPRD. Therefore 

all clinical records for patients in the study cohort were screened for possible 

diagnoses associated with antipsychotic drug prescriptions. The clinical codes were 

presented as Read and OXMIS codes which consist of syndromal, symptom, and clinical 

event descriptors. The codes were mapped onto 5 different syndromal categories 

derived from the International Classification of Diseases (ICD) 10. The classification of 

codes was checked by Dr Patrick Byrne\ a consultant adolescent psychiatrist, for 

accuracy. The 5 categories were: 1: Psychosis/ Schizophrenia/ Hallucinations/ 

Delusions/ Paranoia; 2: Behaviour/ Conduct/ Personality Disorders; 3: Autism/ 

Asperger's Syndrome; 4: Depression/ M ood/ Affective disorders; and 5: Tics/ 

Tourette's syndrome. The number of patients with diagnoses based on the different 

categories within 6 months of their first prescription was then investigated. As there is 

no direct link between diagnoses and prescriptions, the first prescription of each 

subject may be associated with more than one diagnosis.

’ Dr Patrick Byrne MMedScI FRCPsych
Consultant In Adolescent Psychiatry & Hon Research Associate loP
Bethlem Adolescent Unit
South London & Maudsley NHS Trust
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Data verification

The IMS Disease Analyser-Mediplus database was used as a source of data to verify the 

findings from the GPRD. Like the GPRD, the IMS database is a primary care database 

which collects practice records from over 500 general practitioners in the UK. There 

are more than 3 million active patients registered with the contributing general 

practitioners in the IMS database. An advantage of the IMS database is that it links 

prescriptions to diagnoses. The distribution of participating general practitioners is 

broadly representative of the UK population, although there is under-representation of 

smaller practices and practices from Scotland and Northern Ireland (Wong & Murray, 

2005).

For verification purposes, analysis on prevalence, incidence as well as diagnoses was 

carried out using the IMS database and compared with findings obtained from the 

GPRD. Ethics approval was granted by the IMS's Independent Scientific and Ethics 

Committee (Appendix F).

4.3 Results

During the study period, 16,497 patients received a total of 38,286 prescriptions for 

antipsychotic drugs. However, prescriptions for prochlorperazine were subsequently 

excluded from the analysis as prochlorperazine is often prescribed for the treatment of 

nausea and vertigo, and not usually given for psychotic disorders in UK primary care. 

After excluding prescriptions for prochlorperazine, a total of 2,767 patients received
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21,089 prescriptions for antipsychotic drugs. There were 1,871 patients who received a 

total of 10,135 prescriptions for typical antipsychotic treatment with a median of 2 

prescriptions per patient (inter quartile range 1-4) and 1,103 patients who received 

10,954 prescriptions for atypical antipsychotic treatment with a median of 5 

prescriptions per patient (inter quartile range 2-12). There were 207 patients who 

were prescribed both an atypical and a typical antipsychotic drug (Table 4.3). The most 

commonly prescribed atypical antipsychotic agent was risperidone (73% of all 

prescriptions for atypical antipsychotic agents), followed by olanzapine (16%) and 

quetiapine (7.3%). The most commonly prescribed typical antipsychotic agent was 

thioridazine (27% of all prescriptions for typical antipsychotic agents), followed by 

haloperidol (26%) and chlorpromazine (19%). The overall percentage of antipsychotic 

drug prescribing by type of drug and number of patients is given in Table 4.3.
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Table 4.3: Number of patients and prescriptions in the cohort

Atypical antipsychotic drugs Typical antipsychotic drugs* All antipsychotic drugs**
Drug Number of Number of Drug Number of Number of Number of Number of

prescriptions patients (% of prescriptions patients (% of prescriptions patients (% of
(% of total) total) (% of total) total) (% of total) total)

Risperidone 8,039 (38.12) 799 (28.88) Thioridazine 2,721 (12.90) 532 (19.23)
Olanzapine 1,727 (8.19) 282 (10.19) Haloperidol 2,654 (12.58) 304 (10.99)
Quetiapine 800 (3.80) 83 (3.00) Chlorpromazine 1,927 (9.14) 438 (15.83)
Amisulpride 326(1.55) 40 (1.45) Sulpiride 759 (3.60) 114 (4.12)
Clozapine 12 (0.06) 4 (0.15) Trifluoperazine 657 (3.12) 234 (8.46)
Aripiprazole 50 (0.24) 11 (0.40) Flupenthixol 524 (2.50) 280 (10.12)

Zuclopenthixol 206 (0.98) 21 (0.76)
Promazine 196 (0.93) 91 (3.29)
Pimozide 160 (0.76) 25 (0.90)
Pericyazine 115 (0.55) 31(1.12)
Methotrimeprazine 133 (0.63) 39(1.41)
Droperidol 25 (0.12) 11 (0.40)
Benperidol 30 (0.14) 4(0.15)
Perphenazine 19 (0.09) 2 (0.07)
Fluphenazine 2 (0.01) 2 (0.07)
Fluspirilene 2 (0.01) 1 (0.04)
Remoxipride 4 (0.02) 1 (0.04)
Loxapine 1 (0.005) 1 (0.04)

All atypicals 10,954 (52) 1,103 (38.86) All typicals 10,135 (48) 1,871 (67.61) 21,089 (100) 2,767 (100)
Male/female 781/322 1001/870 1651/1116
Mean age at 14.6 (3.3) 14.6 (4.1) 14.5 (3.9)
study entry
(SD), years
*Prochlorperazine has been excluded
* *  Total num ber is less than the  sum of atypical &  typical patients as there are patients who w ere prescribed m ore than one type of antipsychotic
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Duration of prescriptions and treatment episodes

Duration analysis was conducted on 98.8% (N=2,733 out of 2,767 patients) of the 

identified cohort. The remaining 1.2% of patients was excluded in the duration analysis 

due to incomplete data on amount of drug prescribed and daily dose of drug.

The median prescription duration for all antipsychotic drugs was 28 days per 

prescription (inter quartile range 23-30 days for all antipsychotic drugs; 20-33 days for 

typical antipsychotic drugs and 28-30 days for atypical antipsychotic drugs).

Treatment episodes were defined as the duration of time a patient is exposed to 

antipsychotic therapy. If a gap of > 90 days is present between treatment episodes for 

a patient, then a treatment gap was presumed. There were 3,323 treatment episodes 

from the 2,733 patients for patients exposed to antipsychotic treatment (either typical, 

atypical or both antipsychotic drugs). The majority of patients had only one treatment 

episode (N=2,286, 83.6%), 361 patients (13.2%) experienced 2 treatment episodes and 

86 patients (3.2%) experienced 3 or more treatment episodes during the study period. 

The median exposure duration for all antipsychotic drugs was 86 days (inter quartile 

range 53-226 days).

Additional analysis on drug exposure was conducted for all incidence patients on their

first episode. A higher proportion of patients on atypical antipsychotic treatment were

on treatment for significantly longer durations (p < 0.0001) compared to patients on

typical antipsychotic agents as illustrated as Kaplan-Meier survival estimates in Figure
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4.1. Fifty percent of incidence patients exposed to typical antipsychotic treatment 

stopped treatment after approximately 2 months of therapy, where as 50% of patients 

on atypical antipsychotic agents stopped treatment after about 6 months of therapy.

There were 1,793 patients with 2,114 treatment episodes for patients taking typical 

antipsychotic drugs. Among these patients, 1546 (86.2%) had only one treatment 

episode, 200 patients (11.2%) had 2 treatment episodes and 47 patients (2.3%) 

experienced 3 or more treatment episodes during the study period. The median 

exposure duration for patients on typical antipsychotic therapy was 60 days (inter 

quartile range 45-141 days).

There were 972 patients with 1,157 treatment episodes for patients taking atypical 

antipsychotic drugs. Among these patients, 824 (84.8%) had only one treatment 

episode, 123 (12.7%) experienced 2 treatment episodes and 25 (2.5%) experienced 3 

or more treatment episodes during the study period. The median exposure duration 

for patients on atypical antipsychotic therapy was 152 days (inter quartile range 65- 

353 days).
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Figure 4.1: Kaplan-Meier survival curves on drug exposure by type of antipsychotic drug
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Prevalence and incidence

Figure 4.2 shows the overall prevalence of all antipsychotic drugs (either atypical or 

typical) almost doubled (p < 0.01) from 1992 to 2005 (0.39 patients to 0.77 patients 

per 1,000 person-years respectively). Typical antipsychotic drug prescribing was stable 

from 1992 to 2000 before decreasing significantly (p < 0.01) in 2000 (0.44 patients per

1,000 person-years; 95% Cl: 0.38 to 0.49 patients per 1,000 person-years) to 2005 

(0.18 patients per 1,000 person-years; 95% Cl: 0.15 to 0.21 patients per 1,000 person- 

years). On the other hand. Figure 4.2 shows the prevalence of atypical antipsychotic 

drug prescriptions rising steadily from 0.006 patients per 1,000 person-years (95% Cl: 

0.002 to 0.02 patients per 1,000 person-years) in 1994 (when the first atypical 

antipsychotic drug prescription was recorded) to 0.61 patients per 1,000 person-years 

(95% Cl: 0.55 to 0.67 patients per 1,000 person-years) in 2005 (p < 0.01).

Figure 4.3 shows the incidence (new starters) of both typical and atypical antipsychotic 

drugs mirroring the prevalence in Figure 1 whereby there is a steady increase in new 

starters of atypical antipsychotic agents and a decline in new starters of typical 

antipsychotic agents. However, unlike the prevalence of all antipsychotic drugs seen in 

Figure 4.2, the overall incidence of all antipsychotic agents is stable without a 

significant increase (p > 0.10) between 1992 (0.30 patients per 1,000 person-years; 

95% Cl: 0.24 to 0.37 patients per 1,000 person- years) to years) to 2005 (0.33 patients 

per 1,000 person-years; 95% Cl: 0.29 to 0.37 patients per 1,000 person-years).
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Figure 4.2: GPRD data: Prevalence of antipsychotic drug prescriptions
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Figure 4.3: GPRD data: Incidence of antipsychotic drug prescriptions
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Figure 4.4 shows the prevalence of all antipsychotic agents by 6 year age bands (0 to 6, 7 to 12, 

and 13 to 18 years of age). The prevalence of antipsychotic agents for teenagers (13 to 18 

years) increased significantly (p <0.001) from 1992 (1.09 patients per 1,000 person-years; 95% 

Cl: 0.87 to 1.31 patients per 1,000 person-years) to 2005 (1.57 patients per 1,000 person-years; 

95% Cl: 1.41 to 1.73 patients per 1,000 person-years). However, the prescribing of antipsychotic 

agents to patients in middle childhood aged 7 to 12 years shows the most significant increase (p 

< 0.0001) throughout the study period from 1992 (0.23 patients per 1,000 person-years; 95% 

Cl: 0.15 to 0.34 patients per 1,000 person-years) to 2005 (0.61 patients per 1,000 person-years; 

95% Cl 0.51 to 0.71 patients per 1,000 person-years).

A total of 1557 patients (56% of all patients) had diagnoses in at least one of the 5 categories 

within 6 months of their first prescription. The distribution of patients with diagnoses by 

different age bands is reflected in Figure 4.5.

There was a higher proportion of patients with a diagnoses from categories 2 (Behaviour/ 

Conduct/ Personality Disorders) and 3 (Autism/ Asperger's Syndrome) in early childhood (2 to 6 

years of age) and middle childhood (7 to 12 years of age) compared to adolescent patients (13 

to 18 years of age). On the other hand, adolescent patients had a higher proportion of 

diagnoses from category 1 (Psychosis/ Schizophrenia/ Hallucinations/ Delusions/ Paranoia) and 

category 4 (Depression/ M ood/ Affective disorders) compared to patients in the other age 

groups. There were 17% of patients in the 13 to 18 year age band who had a diagnosis related
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Figure 4.4: GPRD data: Prevalence of all antipsychotic drug prescriptions by age
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Figure 4.5: GPRD data: Percentage of patients by age group with diagnoses within 6 months of their first prescription
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to category 1 compared to 2% of patients in middle childhood and 0.8% of patients in 

early childhood.

Verification using the IMS database

For verification purposes, the epidemiology of antipsychotic drug prescribing in 

patients aged 18 years and under was also analysed using the IMS database from 1997 

to 2005. The results obtained from the IMS were compared directly to the results from 

the GPRD for the same study duration (1997 to 2005). The prevalence and incidence 

rates from the IMS database were very similar at the start and end points of the study 

period with overlapping confidence intervals. Additionally, both the prevalence and 

incidence trends mirrored the results obtained from the GPRD where there was a 

significant increase in the prevalence (p < 0.01) of all antipsychotic agents in 1997 (0.45 

patients per 1,000 person-years; 95% Cl: 0.37 to 0.53 patients per 1,000 person-years) 

to 2005 (0.78 patients per 1,000 person-years; 95% Cl: 0.67 to 0.89 patients per 1,000 

person-years) and a stable trend (p > 0.10) in the incidence of all antipsychotic agents 

in 1997 (0.31 patients per 1,000 person-years; 95%CI: 0.24 to 0.38 patients per 1,000 

person-years) and 2005 (0.41 patients per 1,000 person-years; 95%CI: 0.33 to 0.49 

patients per 1,000 person-years in 2005). Both the prevalence and incidence of 

atypical and typical antipsychotic drugs using the IMS database also showed similar 

trends as the GPRD (Figure 4.7).
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Figure 4.6; IMS Data: Prevalence of antipsychotic drug 
prescriptions
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Figure 4.7: IMS Data: Incidence of antipsychotic drug prescriptions
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Unlike the GPRD, the IMS database provides data on the associated diagnoses linked to 

prescriptions issued. Data on diagnoses from the IMS database is illustrated in Figure 

4.8. The diagnoses trends of antipsychotic drug prescriptions from the IMS database 

also mirrored the associated diagnoses from the GPRD where patients in the older age 

group of 13 to 18 years had a higher proportion of diagnoses related to schizophrenic 

and depression disorders compared to patients in the younger age group (0 to 6 and 7 

to 12 years respectively). Conversely, patients in the younger age groups had a higher 

proportion of diagnoses related to behavioural disorders compared to patients in the 

older age group.

4.4 Discussion

During the past decade, there have been significant changes in the patterns of 

utilisation and prescribing trends of antipsychotic therapy in children and adolescents 

(Cooper et al, 2004; Olfson et al, 2006; Kalverdijk et al, 2008). This is the first and 

largest paediatric cohort study to examine the epidemiology of antipsychotic drug 

prescribing in the UK. The results presented raise many important issues related to the 

prescribing of antipsychotic medications in the paediatric population.

Comparison with utilisation studies in other countries

The results obtained present a very different picture from the study by Olfson et al 

(2006) in the USA which showed a 6-fold increase in antipsychotic treatment between
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Figure 4.8: IMS Data: Diagnoses of antipsychotic drug prescriptions
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1993 and 2002. During the same period of this study, there was only a 36% increase in the 

prescribing of antipsychotics.

The difference in prevalence compared to the study in the USA may be due to a number of 

reasons. Firstly, different methodologies were used. While the Olfson study used 

outpatient practices similar to this study, the authors reported on office-based visits, 

where there could be duplication of patients, and hence an overestimation of 

antipsychotic prescribing prevalence. Their study population also included patients aged 

20 years and younger whereas the study population in this study was 18 years and below. 

Another possible reason for the difference is the variation of prescribing practice between 

physicians in the USA compared to physicians in the UK. Indirect evidence comes from the 

prescribing of psychostimulants, where the prevalence of stimulants prescribing in 

children in the USA is estimated at 1-6% compared to 0.03% in the UK paediatric 

population (Rey & Sawyer, 2003).

Another important finding is the overall prevalence of antipsychotic drug prescribing 

almost doubled between 1992 and 2005; however, the overall incidence was relatively 

stable during the same period. This suggests that patients are being prescribed 

antipsychotic treatment for longer durations rather than more new patients starting 

treatment. This is a sharp contrast to the USA data by Cooper et al (2004) who reported 

the number of new users (aged 2 to 18 years) of antipsychotic medications almost
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doubled (23 to 45 per 10,000 children) from 1996 to 2001. The study by Kalverdijk et al 

(2008) also demonstrated a mild, but statistically significant increase in the incidence of 

new-onset prescribing of overall antipsychotic agents (1.3 to 1.6 per 1,000 children) from 

1998 and 2005. With regards to prevalence of antipsychotic prescribing by age groups, 

similar trends were demonstrated to the study by Kalverdijk et al (2008) whereby there 

were significant increases in the prevalence of overall antipsychotic prescribing in the 

middle childhood and adolescent age groups. Although similar prescribing trends were 

demonstrated by Kalverdijk et al (2008), the actual prevalence and incidence of that study 

was higher. This could be because the database used in the Netherlands study comprised 

of all paediatric patients who receive antipsychotic prescriptions, where as the GPRD only 

includes prescriptions issued from primary care.

Effect of restricted indications of thioridazine

The most commonly prescribed typical antipsychotic agent in this study was thioridazine,

contributing to 27% of all typical antipsychotic prescriptions. In December 2000, the

Committee on Safety of Medicines restricted the indications of thioridazine to "the second

line treatment of schizophrenia in adults" and also declared that the "balance of risks and

benefits is unfavourable for its previous indications (anxiety, agitation and restlessness in

the elderly, moderate to severe psychomotor agitation, violent and dangerously impulsive

behaviour, mania/hypomania, and behavioural disorders and epilepsy in children)"

because of cardiotoxicity associated with its use (Committee on Safety of Medicines,
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2000). The effect of this warning is evident when thioridazine prescribing reduced 

significantly after 2000 and slowed down the increasing trend of overall antipsychotic drug 

prescribing.

Antipsychotic treatment in early and middle childhood

In the UK, atypical antipsychotic prescribing to patients aged 18 years and under is "off-

label" or used outside of the product license; except for amisulpride, risperidone, and

clozapine. Amisulpride and risperidone may be prescribed to patients aged 15 years and

above with schizophrenia with positive and/or negative symptoms and clozapine may be

given to patients 16 years and above with treatment-resistant schizophrenia unresponsive

to other antipsychotics. However, there has been an increasing interest in the use of

atypical antipsychotic drugs in the treatment of other psychiatric conditions such as

bipolar disorder, obsessive compulsive disorder, autism, tic disorder, and Tourette's

syndrome in children and adolescents (Coghill, 2003; Dubois, 2005). Analysis by age bands

shows the increase in prescribing has been greatest in middle childhood (Figure 4.4). Data

on the associated diagnoses from both the GPRD and the IMS database show that

adolescent patients in the 13 to 18 year age band have a higher proportion of diagnoses

related to schizophrenia and psychosis compared to patients in early and middle

childhood (Figures 4.5 and 4.8). This demonstrates that schizophrenia spectrum disorders

are less prominent in early and middle childhood compared to adolescence and therefore

are unlikely to account for this upward trend in antipsychotic prescribing. This suggests
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that these drugs are used for other indications rather than psychotic disorders. 

Furthermore, the results show that patients in early and middle childhood have a 

relatively higher proportion of diagnoses related to behaviour disorders and autistic 

spectrum disorders compared to patients in the 13-18 year age band. This accentuates the 

need for more rigorous investigations concerning the use of antipsychotic medications for 

such indications in the young.

Also, a recent study has suggested an increase in the prevalence of autistic spectrum 

disorders (Baird et al, 2006). Although the reason for this increase is unclear, i.e. whether 

the increase is due to better ascertainment, broadening diagnostic criteria, or an 

increased incidence (Baird et al, 2006), such trends may fuel a demand for medications to 

modify behaviours associated with developmental disorders.

Rising trend of antipsychotic drug prescribing

Results of the study also showed an increase in atypical antipsychotic prescribing and a 

decline in typical antipsychotic prescribing during the study period (Figures 4.1 and 4.2); 

this implies that the use of typical antipsychotic drugs in the paediatric population have 

been largely replaced by the newer atypical antipsychotic agents. Interestingly, a similar 

trend in antidepressant prescribing to young people was observed between 1992 and 

2001, where selective serotonin re uptake inhibitors (SSRIs) gained popularity over tricyclic 

antidepressants despite a paucity of research into their efficacy and safety (Murray et al,
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2004). Subsequently, the UK regulator, Medicines and Healthcare products Regulatory 

Agency, contraindicated the use of SSRIs other than fluoxetine as new treatment for 

patients younger than 18 years of age with depressive illness following concerns raised 

about their safety and the increased risk of suicidal behaviour associated with their use 

(Committee on Safety of Medicines, 2003). This highlights the availability of sufficient 

evidence with regards to antipsychotic drug prescribing to children. While scores of 

clinical trials have been devoted to adults with schizophrenia, relatively few trials of 

reasonable quality have focused on children with this condition over the past 20 years 

(Armenteros & Davies, 2006). Many trials involving the younger population were 

conducted using small sample sizes and short durations of study. Experience from the 

antidepressant saga raises the question that publication bias may also exist for studies 

investigating the effects of antipsychotic agents (Whittington et al, 2004).

There have been numerous reports of adverse drug reactions associated with atypical 

antipsychotic use in children and adolescents such as neuroleptic malignant syndrome, 

weight gain, metabolic abnormalities, diabetic ketoacidosis, hepatotoxicity, and 

hyperprolactinaemia (Stigler et al, 2001; Cheng-Shannon et al, 2004; Dubois, 2005). 

Results on the analysis of treatment exposure on incidence patients (patients who newly 

start antipsychotic treatment) present steep Kaplan-Meier survival curves for patients on 

both typical and atypical antipsychotic therapy (Figure 4.1). The steep reduction showed 

half of the proportion of patients stopping therapy within approximately 2 months with
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typical antipsychotic agents and after 6 months with atypical antipsychotic agents. This 

steep curve and short duration of exposure leads to the possibility that the cessation of 

therapy in the study cohort is due to the patients experiencing acute adverse effects. This 

further emphasizes the necessity of long-term safety investigations and ongoing clinical 

monitoring of atypical antipsychotic therapy in children and adolescents, particularly if the 

prescribing rate of these medicines continues to grow. It should also be noted that the 

European Medicines Agency (EMEA) has recognised the lack of adequate investigations 

concerning these drugs in the paediatric population. Consequently, risperidone was added 

by the EMEA to a list of drugs known as the priority list (European Medicines Agency, 

2008). The priority list is a directory of off-patent medicines for which it is thought studies 

are required. The specific information needs required for risperidone was described as 

"Data on efficacy and safety in psychosis in adolescents" as well as "conduct disorder in 

children (not developmentally delayed)" (European Medicines Agency, 2008).

It has recently been reported that most physicians have financial relationships with the 

pharmaceutical industry, including receiving drugs samples, payments, or reimbursements 

for costs associated with professional meetings (Campbell et al, 2007). However, the 

Medicines Act in the UK prohibits the pharmaceutical industry to promote unlicensed and 

off label use of medicines. Therefore, it is unlikely that the trends shown by the results are 

influenced by such relationships as the majority of antipsychotic medications are 

unlicensed in the study population.
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Validation using the IMS database

In addition to the results obtained from the GPRD, additional validation of the results was 

conducted using the IMS. The validation results from the IMS database showed good 

correlation with the results from the GPRD. Almost every point prevalence and incidence 

from both databases also had overlapping confidence intervals, suggesting no differences 

between the prevalence and incidence of antipsychotic prescribing between 1997 and 

2005 of the GPRD and the IMS database. The patterns and trends of diagnoses obtained 

from the IMS database also mirrored the trend seen from the GPRD where a higher 

proportion of patients in the 13 to 18 year age-band had diagnoses related to 

schizophrenic and depressive disorders than patients aged 0 to 6 and 7 to 12.

In summary, data presented from the IMS proved to be very similar with the results 

obtained from the GPRD and hence demonstrates strong validation. It should also be 

noted that validation of results using other large health databases is uncommon in 

published studies, which further highlights the reliability of the results presented.

Another data source which may be considered for future studies investigating prescribing 

trends is the Prescription Pricing Authority (PPA). All NHS prescriptions issued from 

primary care are sent to the PPA for reimbursement which allows for analyses on 

prescribing volume and trends to be conducted. However, a major disadvantage of this
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database for paediatric studies is that the database does not record age of patients who 

receive prescriptions (Wong & Murray, 2005).

Clinical Implications

This study also raises the issue of availability and appropriateness of properly established 

antipsychotic therapy guidelines in the young population. The current National Institute 

for Health and Clinical Excellence (NICE) Guidance on Schizophrenia does not cover 

patients aged below 18 (National Institute for Health and Clinical Excellence, 2002). 

Findings of a significant increase in the trend of antipsychotic prescribing for paediatric 

patients underlines the need for improved clinical guidelines in this area. This would be 

helpful for general practitioners as they are likely to be the first point of contact for the 

majority of patients and are the ones who continue to prescribe and monitor 

antipsychotic treatments.

Study limitations

The GPRD does not provide any direct evidence on the pathway into care that children 

follow; including secondary and tertiary care, which results in prescription of an 

antipsychotic or the quality of diagnostic decisions which underlie it.
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The study calculated accurate prevalence and incidence of prescribing in primary care; 

however, patients who were solely cared for in secondary or tertiary care, or by prison 

services were unable to be captured. Given that the UK National Health Service is a 

primary care-driven healthcare system, general practitioners in primary care are the 

gatekeepers of referral to both secondary and tertiary care. Patients cannot go to 

secondary or tertiary care without primary care referrals (Bramble, 2003). Furthermore, 

there has been some evidence to suggest that many children including those with severe 

forms of mental disorders are not referred for assessment to specialist services and 

remain in primary care (Montoliu & Crawford, 2002). Additionally, paediatric psychotropic 

prescription analyses have shown that psychotropic drug prescribing is becoming 

increasingly common in recent years in general practice (Wong et al, 2004). Therefore the 

lack of data from secondary and tertiary care is unlikely to have a significant effect on the 

overall national trend shown by the results.

Finally, not all general practitioners recorded the diagnosis in clinical records; this limits 

the analysis for diagnostic indications.

Nevertheless, this is the largest UK paediatric cohort study to investigate the trends of 

antipsychotic drug prescribing and the results are true representative of the trend 

occurring in UK general practice. The IMS database which was used as verification, 

confirmed the epidemiological trends of the results obtained from the GPRD.
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4.5 Conclusions

This study has identified 3 major trends in the prescribing of antipsychotic medications 

for children and adolescents in the UK. Firstly, the prevalence of antipsychotic prescribing 

in general practice has almost doubled between 1992 and 2005. Secondly, the greatest 

increase is affecting children aged 7 to 12 years and thirdly, there is a strong trend for the 

replacement of typical antipsychotic drugs by atypical antipsychotic agents. This increase 

in prescribing is predominantly for off-label and unlicensed indications. While this trend is 

nowhere near the magnitude of such changes in the USA where psychotropic 

prescriptions for young children are increasingly common, there may be grounds for 

caution.

As previously shown in Chapter 1, the use of antipsychotic agents is associated with a 

wide range of side effects, some of which are potentially fatal or may result in long-term 

morbidity. These adverse effects have been shown to occur in patients from both adult 

and paediatric populations. As the results from this chapter indicate that the rates of 

prescribing of antipsychotic agents are clearly rising, this poses a significant safety issue, 

especially as there is a clear gap in safety investigations of these drugs in the paediatric 

population. Furthermore, children are likely to be on therapy for longer durations, 

primarily for unlicensed indications, which in itself leads to an increased risk of possible 

long-term adverse effects (Chapter 1). Therefore, it is important to monitor the safety of
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these medications in children in order to improve the prescribing and therapy of these 

agents in this special population, and ultimately improve the quality of healthcare in 

children. Subsequently, the following chapters investigate specific serious adverse events 

in the cohort of children on antipsychotic therapy identified from this chapter.
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5 Chapter FIVE: Mortality in children and adolescents on antipsychotic medication in 

UK primary care

5.1 Introduction

As demonstrated in Chapter 4, there was an almost 2-fold increase in the prevalence of 

antipsychotic prescribing from 1992 and 2005 (from 0.39 to 0.77 per 1,000 person-years) 

(Rani et al, 2008b).

Despite the evident increase in use, the safety profile of antipsychotic medications has not 

yet been fully established in the young (Chapter 1). The majority of these drugs are used 

off-label or outside their product license in children and adolescents. More importantly, 

the connection between the event of unexpected death and antipsychotic medication has 

long been suspected (Lader, 2006). Sudden death in patients taking antipsychotics is 

thought to be the result of cardiac complications, more specifically arrhythmias as a result 

of prolongation of the QT interval which in turn may lead to torsades de pointes and other 

cardiac arrhythmias (Straus et al, 2004). Deaths in healthy young adults suffering from 

schizophrenia as a result of myocarditis and cardiomyopathy while exposed to clozapine 

have also been reported in the literature (Killian et al, 1999; La Grenade et al, 2001). In 

addition to cardiac effects, other adverse effects that may be potentially fatal or lead to 

lethal complications include blood disorders such as agranulocytosis associated with
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clozapine treatment; metabolic syndrome comprising of weight gain, diabetes mellitus 

and lipid abnormalities; and neuroleptic malignant syndrome (Lader, 2006).

Therefore the aim of this study was to investigate the mortality in children and 

adolescents taking antipsychotic medication.

5.2 Methodology 

Data source

Data for this study were obtained from the GPRD. The history of the GPRD and validation 

of its data is described in more detail in Chapter 3.

The study population encompassed all patients in the GPRD aged 0 to 18 years who 

received at least one prescription for an antipsychotic agent during the defined study 

period between 1 January 1992 and 31 December 2005 as described in Chapter 3.

Ethics approval was granted by the GPRD's Scientific and Ethical Advisory Group (SEAG) 

and the Independent Scientific Advisory Committee (ISAC) for Medicines & Healthcare 

products Regulatory Agency (MHRA) database research (Appendix G).
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Data extraction

Cases were identified from a cohort of patients previously studied in Chapter 4 (Rani et al, 

2008b). Patients in the cohort were followed from the date of the first antipsychotic drug 

prescribed until the earliest occurrence of a code related to death, age greater than 18 

years, or end of the study period. To identify cases of death, an algorithm devised by 

GPRD was followed. Cases of death were identified by screening patients' medical records 

for clinical or referral events with a Read/OXMIS code indicating death. Death cases were 

also identified if a transferred out patient had a "Transfer out reason" specified as 

"Death".

Confirmation of cases was carried out by examining each individual patient profiles. An 

example of a patient profile is given in Appendix D. Additional clinical information 

including cause of death, the presence of co-morbid illnesses, exposure and indication of 

antipsychotics, as well as concurrent medication was requested from the general 

practitioners via questionnaires (Appendix H). If required, the death certificates and/or 

post mortem reports were obtained by the 'Follow-up' and source data verification 

service the GPRD provide. The verification service allows researchers to obtain additional 

information to validate death. All patient identifiers were anonymised by the GPRD.

A summary of data extraction and confirmation of deceased patients is illustrated in 

Figure 5.1.
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Figure 5.1: Summary of data extraction and confirmation of deceased patients

Confirmation of cases and 
additional information 

requested from the 
general practitioners

Deceased patients

All patients with a clinical 
event or Read/OXMIS 
codes related to death

All patients who have 
transferred out of a 

practice with a "Transfer 
out reason" specified as 

"Death"
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Data analysis

Mortality rates

Once cases of death were identified, the mortality rates were calculated as crude 

mortality rates (CMR) and standardised mortality ratios (SMR). The CMR and SMR were 

calculated using the method published by Bland (Bland, 1993). Baseline mortality rates 

were obtained from population data from the Office for National Statistics (ONS). 

Mortality rates of 1998 (midpoint of the study duration) from the ONS were used as a 

referral year in the calculation. The CMR was first calculated per 1,000 person-years at risk 

for an adverse event (all confirmed cases of death that occurred after the first prescription 

for an antipsychotic, regardless of exposure status).

Following the analysis on exposure status (new cases of death that occurred during 

treatment exposure plus a latency washout period of 30 days were considered as 

treatment-emergent) and the causality assessment, the CMR in the study cohort was then 

calculated per 1,000 treatment-years at risk for an adverse drug reaction. The CMR was 

calculated using the method shown in Equation 5.1.
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Equation 5.1: Calculation of crude mortality rate (CMR)

CMR = — X  1,000 
D

Where;

A / c =  Number of deaths in the cohort

And D = Total person-years at risk for an adverse event or; total treatment-years at risk 

for an adverse drug reaction

The SMR and the 95% confidence intervals were then calculated. The SMR is the ratio of 

deaths observed in the study cohort to the number of deaths that would be expected 

during the follow-up period if the group in question had experienced the same age and 

sex specific rates of death as the general population (Bland, 1993). The SMR was 

calculated using person-years at risk for an adverse event as the denominator (all 

confirmed cases of death that occurred after the first prescription for an antipsychotic, 

regardless of exposure status). The expected number of deaths, E was calculated using 

Equation 5.2.

Equation 5.2: Calculation of the expected number of deaths

E  =  M x D  

Where ;

M  = Mortality rate of general population

And D = Total person-years at risk for an adverse event
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The SMR was calculated using Equation 5.3.

Equation 5.3: Calculation of standardised mortality ratios (SMR)

SMR = —
E

Where;

A/c = Number of deaths in the cohort 

And E = Number of deaths that will be expected

Person-years at risk for an adverse event does not take into account the status of drug 

exposure whereby any event of death that occurs after the first prescription for an 

antipsychotic agent is included in the analysis, regardless of results from the causality 

assessment (see below), or whether or not the subject was exposed to antipsychotic 

therapy at the time of death.

On the other hand, treatment-years only calculate the person-years at which the subject 

was exposed to antipsychotic therapy. Treatment-years is defined as the date of the first 

prescription until the earliest occurrence of either the end latency date, date of death, or 

end of the study period. The end latency date was defined as the end of the prescriptions' 

duration date plus an additional 30 days. The latency period was added to the episode 

duration to allow for non-compliance, delay in drug dispensing, as well as half-life drug
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kinetics. The equation used to calculate exposure duration is shown in Chapter 4. Both 

these methods of calculation of person-years and treatment-years at risk are illustrated in 

detail in Chapter 3.

Causality assessment

Once all cases of death were confirmed, a causality assessment adapted from the WHO- 

UMC system for standardised case causality assessment method (Uppsala Monitoring 

Centre) was carried out to determine the likelihood of a relationship between the drug 

and an event of death. The causality assessment was modified as it is impossible to 

implement the criteria for re-challenge when investigating mortality. Classification and 

criteria of the causality assessment is shown in Table 5.1.

Table 5.1: Categories used for the causality assessment for cases of death in the cohort

Causality term Assessment criteria

Certain •  Event of death with a plausible time relationship to drug intake

•  Event cannot be explained by other disease or drugs

•  Event definitive pharmacologically or phenomenologically

Probably/

Likely
•  Event of death with reasonable time relationship to drug intake

•  Event unlikely to be attributed to other disease or drugs

Possible •  Event of death with reasonable time relationship to drug intake

• Event could be possibly explained by disease or other drugs

Unlikely •  Event of death with a time to drug intake that makes a 

relationship improbable, but not impossible

•  Disease or other drugs provide plausible explanations
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After conducting the analysis on the causality assessment, it was also assessed 

independently by Professor Ian Wong^ a paediatric pharmacoepidemiologist. Dr Noel 

Cranswick^ a clinical pharmacologist and Dr Patrick Byrne"̂ , a consultant child and 

adolescent psychiatrist. Cases where the antipsychotic therapy were deemed possibly, 

probably, and certainly associated with the event of death (from the analysis on causality 

assessments; Table 5.1) were considered as adverse drug reactions.

5.3 Results

A total of 2,767 patients who received at least one antipsychotic prescription contributing 

6,007 person-years at risk for an adverse event and 2,041 treatment-years at risk for an 

adverse drug reaction were previously identified from Chapter 4 (Rani et al, 2008b). From 

this cohort of patients, a total of 30 deceased patients were identified (Table 5.2).

 ̂ Professor Ian Chi Kei Wong, Director and Professor of Paediatric Medicines Research,
Centre for Paediatric Pharmacy Research, A collaboration between the School of Pharmacy, Institute of Child 
Health &  Great Ormond Street Hospital for Children
 ̂ Noel E Cranswick, Director, Clinical Pharmacology, Royal Children's Hospital 

Director, APPRU, Murdoch Children's Research Institute & the Royal Children's Hospital 
Associate Professor, University of Melbourne  
 ̂ Dr Patrick Byrne MMedSci FRCPsych

Consultant in Adolescent Psychiatry & Hon Research Associate loP 
South London & Maudsley NHS Trust
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Table 5.2: Deceased patients

Patient 1 Age at 

1 death

Cause of death Exposed to 

antipsychotic

1 12 Anaplastic astrocytoma Haloperidol

2 9 Acute lymphoblastic leukaemia Haloperidol

3 13 Neuroblastoma Methotrimeprazine

4 11 Pneumonia secondary to 

Hunter's syndrome

Not exposed

5 17 Non Hodgkin's lymphoma Not exposed
6 6 Nephroblastoma Methotrimeprazine

7 8 Adrenoleukodystrophy Thioridazine

8 10 Wilms' tumour Methotrimeprazine

9 2 Choroid plexus carcinoma Methotrimeprazine

10 16 Bronchopneumonia 

Acquired immunodeficiency 

syndrome

Chlorpromazine

11 9 Brain tumour Methotrimeprazine

12 18 Drug overdose (MSI) Not exposed

13 6 Undiagnosed progressive 

neurological condition
Chlorpromazine

14 17 Multiple gliomas, Acute 

lymphoblastic leukaemia
Haloperidol

15 3 Astrocytoma hypothalamus Chlorpromazine

16 17 Self harm, multiple injuries Not exposed

17 14 Sanfilippo syndrome Not exposed

18 16 Sanfilippo syndrome Not exposed

19 10 Astrocytoma Haloperidol

20 15 Pneumonia;

Adrenoleukodystrophy
Chlorpromazine

21 13 Epilepsy Thioridazine

22 18 Malignant lung neoplasm Haloperidol

23 11 Neuroblastoma Methotrimeprazine

24 16 Rhabdomyosarcoma Not exposed

25 13 Medulloblastoma Methotrimeprazine

26 17 Osteosarcoma Methotrimeprazine
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27 18 Acute peritonitis; Perforation 

of small bowel by chicken 

bone; Down's syndrome

Risperidone

28 17 Non-Hodgkin's Lymphoma Methotrimeprazine

29 3 Pneumonia; Childhood 

dementing illness with chorea
Haloperidol

30 17 New variant Creutzfeldt-Jakob 

disease

Not exposed

There was a 97% response rate from the questionnaires sent to the general practitioners. 

Additional verification was requested for 3 cases of death (Patients 13,16, and 21) and the 

death certificates were obtained for 2 of these 3 patients (Patients 16 and 21).

Mortality rates

The CMR was 4.99 cases per 1,000 patients-years at risk for an adverse event (95% Cl: 3.21 

to 6.78 cases per 1,000 person-years at risk) while the SMR was 20 (95% Cl: 13 to 29). 

After closer investigation of the 30 deceased patients, it was found that the causes of 

death for the majority of these patients were related to pre-existing medical conditions 

(Table 5.2). Therefore the results were subject to confounding due to the patients' co- 

morbid conditions (where the patient suffered from potentially fatal pre-existing medical 

conditions prior to receiving an antipsychotic medication). Consequently, the analysis of 

CMR and SMR were then adjusted to exclude these patients.
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After exclusion of patients with pre-existing medical conditions

Upon investigating the causes of death in the 30 patients, it was found that 24 of the 

patients had a cause of death related to neoplasms (N=17), Acquired Immune Deficiency 

Syndrome (AIDS) (N=l), genetic or inherited disorders (N=5), and childhood dementia 

(N =l) (Table 5.2). Subsequently, all patients in the cohort who had clinical events related 

to these conditions prior to their first prescription for an antipsychotic were then excluded 

in the analysis.

After exclusion, there were 6 cases of death in 5,963 person-years at risk for an adverse 

event (Patients 12, 13, 16, 21, 27 and 30). There was an equal number of males (N=3) and 

females (N=3). The median age of death was 17 years (inter quartile range: 14 -17 .75 ).

Mortalitv rates after exclusion of patients with pre-existing medical conditions 

After adjusting for pre-existing medical conditions, the overall CMR was 1.01 cases per

1,000 person-years at risk for an adverse event (95% Cl: 0.20 to 1.81 cases per 1,000 

person-years at risk) and the adjusted 5MR was 4.03 (95% Cl: 1.48 to 8.76).

Causality assessment on the 6 patients

Using the WHO-UMC system for standardised case causality assessment method (Uppsala 

Monitoring Centre), a causality assessment analysis was conducted on the 6 cases of 

death. Details of the causality assessment on the 6 subjects are described in Table 5.3.

154



Chapter FIVE: Mortality in children and adolescents on
antipsychotic medication in UK primary care

Table 5.3: Causality assessment on the 6 cases of death

Patient Gender Age at 

death

Cause of death Antipsychotic

agent
Causality assessment Outcome

12 Female 18 From GP 

questionnaire: 

Drug overdose 

(MSI)

Not exposed at 
the time of death

Subject was not exposed to 

antipsychotic therapy when the 

event occurred, demonstrating 

a poor time relationship 

between drug intake and the 

event

Subject also suffered from 

depression and suicidal 
ideation, which provides a more 

plausible explanation of the 

circumstances of death

•  Antipsychotic drug 

therefore unlikely to 

have contributed to 

the cause of death in 

this case

13 Female From GP
questionnaire:

Undiagnosed
progressive
neurological
condition

Chlorpromazine Subject was exposed to 

antipsychotic therapy when the 

event occurred, indicating a 

reasonable time relationship 

between drug intake and the 

event

Subject also suffered from pre

existing dyskinetic cerebral 

palsy

Subject's cause of death is not

Antipsychotic drug 

therefore unlikely to 

have contributed to 

the cause of death in 

this case
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phenomenologically or 

pharmacologically related to 

antipsychotic medication
16 Male 17 From GP 

questionnaire: 

Unknown; self 

harm
From death 

certificate: 
Multiple injuries

Not exposed at 

the time of death
•  Subject was not exposed to 

antipsychotic therapy when the 

event occurred, demonstrating 

a poor time relationship 

between drug intake and the 

event

•  Subject also suffered from 

depression and was on 

fluoxetine therapy, which 

provides a more plausible 

explanation of the 

circumstances of death

Antipsychotic drug 

therefore unlikely to 

have contributed to 

the cause of death in 

this case

21 Male 13 From death
certificate:
Epilepsy

Thioridazine Subject was exposed to 

antipsychotic therapy when the 

event occurred, indicating a 

reasonable time relationship 

between drug intake and the 

event

Subject also suffered from 

seizures, even prior to starting 

antipsychotic treatment 

Thioridazine has been known to

Antipsychotic drug 

therefore possibly to 

have contributed to 

the cause of death in 

this case
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lower the threshold of seizures

27 Male 18 From death 

certificate;
1(a) Acute 

peritonitis 

1(b) Perforation 

of small bower by 

chicken bone 

2) Downs 

syndrome

Risperidone Subject was exposed to 

antipsychotic therapy when the 

event occurred, indicating a 

reasonable time relationship 

between drug intake and the 

event

Subject's cause of death is not 
phenomenologically or 
pharmacologically related to 

antipsychotic medication

Antipsychotic drug 

therefore unlikely to 

have contributed to 

the cause of death in 

this case

30 Female 17 From GP 

questionnaire: 
Creutzfeldt-Jakob 

disease

Not exposed at 

the time of death
Subject was not exposed to 

antipsychotic therapy when the 

event occurred, demonstrating 

a poor time relationship 

between drug intake and the 

event

Subject's cause of death is not 
phenomenologically or 
pharmacologically related to 

antipsychotic medication

Antipsychotic drug 

therefore unlikely to 

have contributed to 

the cause of death in 

this case
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Of the 6 cases, 3 patients were exposed to antipsychotic therapy at the time of death 

(Patients 13, 21 and 27). Patient 13 was exposed to chlorpromazine probably for the 

management of vomiting while Patients 21 and 27 were on thioridazine and risperidone 

therapy respectively probably for the management of behaviour disorders.

Only one of the 6 cases of death was possibly associated with antipsychotic medication 

(Patient 21). The cause of death for this patient was listed as epilepsy based on the death 

certificate obtained. As antipsychotic medications can lower the seizure threshold and 

modify electroencephalogram (EEC) discharge patterns (Baldessarini & Tarazi, 2001), it 

was concluded that the antipsychotic medication in question, thioridazine, was possibly 

associated with the event of death in this subject. A more detailed conclusion was not 

possible as the subject had pre-existing epilepsy and information on drug withdrawal was 

not sufficiently clear.

The remaining 5 of the 6 identified cases had a cause of death not pharmacologically or 

phenomenologically relevant to antipsychotic medication, or did not have a plausible time 

relationship between drug intake and the time of death. Furthermore, the majority of 

these subjects had underlying chronic medical conditions such depression, degenerative 

disorders such as Creutzfeldt-Jacob disease, and also cerebral palsy. After conducting the 

causality assessment, it was concluded that none of the 5 cases of death were likely to be 

associated with antipsychotic medication.
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Therefore results on the causality assessment demonstrated only one patient where the 

antipsychotic therapy is possibly associated with the event of death. Based on this one 

subject (Patient 21) and after adjusting for person-years of treatment exposure, the CMR 

was 0.51 cases per 1,000 treatment-years (95%CI: 0.09 to 2.89 cases per 1,000 treatment- 

years at risk). A summary of the results is illustrated in Figure 5.2.

5.4 Discussion

In recent years, much attention has been given to mortality associated with drug 

treatments including antiepileptics, stimulants, and antibiotics in the paediatric 

population (Clarkson & Choonara, 2002; Vetter et al, 2008). This is the largest UK 

paediatric cohort to investigate the mortality related to antipsychotic medication.

Causality assessments

Although the study yielded a relatively high SMR of 4.03 (95% Cl: 1.48 to 8.76) based on 6 

cases of death in 5,963 person-years at risk for an adverse event, it was unlikely that the 

prescribed antipsychotic drugs were associated with the event of death in the majority of 

the identified cases. Two of the deceased patients had a cause of death related to suicide 

(Patients 12 and 16). Both were also suffering from depression. One of the 2 patients 

(Patient 12) had a cause of death of morphine sulphate overdose which was prescribed to
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Figure 5.2: Summary of the results on mortality

30 deceased patients identified from 6,007 person-years at risk

CMR = 4.99 cases per 1,000 person-years at risk (95% Cl: 3.21 to
6.78)

SMR = 20 (95% Cl: 13 to 29)

1 case of death possibly associated with antipsychotic 
treatment from 1,959 treatment-years at risk

CMR = 0.51 cases per 1,000 treatment-years at risk (95% Cl: 
0.09 to 2.89)

Adverse
event

Adverse
drug

reaction

Treatment exposure analysis 
and causality assessments

Exclusion of patients with pre
existing medical conditions

Study cohort of N=2,767 
patients contributing 6,007 

person-years at risk

CMR = 1.01 cases per 1,000 person-years at risk (95% Cl: 0.20 to
1.81)

SMR = 4.03 (95% Cl: 1.48 to 8.76)

6 cases of death from 5,963 person-years at risk
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her mother. Another patient had a cause of death of acute peritonitis due to the 

perforation of the small bowel by a chicken bone (Patient 27). This patient was also 

suffering from Down's syndrome. One patient had a cause of death of undiagnosed 

progressive neurological condition (Patient 13). Additional information was requested to 

obtain more detailed information on the cause of death for this patient. Unfortunately the 

death certificate could not be acquired. While this patient was exposed to antipsychotic 

therapy at the time of death, the patient was also suffering from dyskinetic cerebral palsy, 

chronic motor tic disorders and was often referred to both neurologic and paediatric 

clinics. Therefore it was concluded that the antipsychotic medication was unlikely to be 

associated with the cause of death. The last patient (Patient 30) had a cause of death of 

variant Creutzfeldt-Jakob disease which is a prion (infectious protein) disease. The disease 

is thought to be the result of transmission of bovine spongiform encephalopathy from 

cattle to humans (Variant Creutzfeldt-Jacob disease, 2002). Creutzfeldt-Jacob disease 

makes up for approximately 85% of cases of prion diseases in humans and the incidence 

of the disease is reported to be about 1 case per 1,000,000 population with an increasing 

incidence in the 60 to 74 year old age group (Prusiner, 2001). Clinical manifestations of 

this condition include dementia, ataxia, insomnia and deviant behaviour (Prusiner, 2001). 

Nonetheless, the specific indications for antipsychotic therapy in this subject were unclear 

from the electronic patient profile and the questionnaire completed by the general 

practitioner for this patient. Creutzfeldt-Jakob disease is reported to be a persistently 

progressive condition, and often results in death within one year of onset (Prusiner, 2001).
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There was only one patient (Patient 21) where the causality assessment concluded that it 

was possible for the antipsychotic medication to be associated with the event of death. 

This patient was exposed to thioridazine at the time of death, providing a plausible 

temporal relationship between the drug and the event. The patient was suffering from 

seizures approximately 2 years prior to receiving his first prescription for thioridazine. The 

patient died approximately 3 weeks after receiving his last prescription and the cause of 

death as stated on the coroner's certificate was epilepsy. Antipsychotic medications 

including thioridazine has been known to lower the seizure threshold and induce EEG 

discharge patterns which are related to epileptic seizures (Baldessarini & Tarazi, 2001; 

MHRA Prescribing information for thioridazine). It has also been suggested that children 

and adolescents exposed to antipsychotic therapy have a significantly higher risk ratio for 

developing convulsions compared to adult patients (Woods et al, 2002). Patients suffering 

from epilepsy, including those from the paediatric population, have a higher rate of 

mortality compared to the general population. This could be due to a complication of the 

disease itself, or the treatment of epilepsy such as suffocation, aspiration of gastric 

contents, or as a result of status epilepticus (Appleton, 2003). Additionally, there are a 

number of deaths in patients with epilepsy which cannot be sufficiently explained. This 

syndrome is recognised as 'sudden, unexplained death due to epilepsy' or SUDEP 

(Appleton, 2003). The cause of death for this patient could be explained by the patients' 

pre-existing seizures or any of the complications of epilepsy previously mentioned;
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however, the possibility that the adverse effect of thioridazine contributed to the cause of 

death cannot be overlooked.

A confounding factor when investigating the association of mortality in patients taking 

antipsychotic medication is that patients with psychiatric disorders already suffer from an 

increase in mortality compared to the general population (Allebeck, 1989; Osby et al, 

2000). This is true even for patients who are not exposed to antipsychotic medication 

(Ruschena et al, 1998; Harris & Barraclough, 1998). Additionally, sudden death is a 

complex condition which may possibly be the result of multiple factors including a pre

existing cardiovascular defect, family history and even depression (Zarate, 2001).

Standardised Mortality Ratios

After the exclusion of patients with pre-existing medical conditions, a total of 6 cases of 

death in 5,963 person-years at risk for an adverse event were included in the SMR 

analysis. The SMR was then 4.03 (95%CI: 1.48 to 8.76), suggesting a higher mortality rate 

in the study cohort of patients who received antipsychotic treatment compared to the 

general paediatric population.

However, results from the causality assessment demonstrated that antipsychotic therapy 

was possibly associated with the event of death in only one subject (Patient 21), indicating 

that antipsychotic therapy is not associated with death in the majority of identified cases.
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Based on this one case, and after adjusting for the person-years for drug exposure, the 

new CMR was 0.51 cases per 1,000 treatment-years at risk (95%CI: 0.09 to 2.89).

Limitations

Despite the size of the cohort, it is still relatively small when compared to studies 

conducted in adults. This is a common problem when conducting safety studies in the 

paediatric population.

Nevertheless, because the background rate of mortality in the general paediatric 

population is rare, the study would require an unreasonably large sample size of 

approximately 49,000 exposed patients and another 49,000 controls to detect a 2-fold 

increased rate of mortality with 80% power (Appendix I). Unlike clinical trials, sample sizes 

cannot be increased in pharmacoepidemiological safety studies using databases as there 

are a finite number of subjects in research databases.

Clinical implications

As previously stated, there has been much attention given to mortality associated with 

drugs for conditions including epilepsy but few studies have addressed this issue in 

relation to antipsychotic treatment. It is also known that patients suffering from 

schizophrenia have higher rates of death as a result of cardiac complications compared to
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the general population (Ray & Meador, 2002). Growing reports of serious ventricular 

arrhythmias and unexplained sudden deaths in patients on antipsychotic medication has 

gradually shifted the suspicion to the drugs (Ray & Meador, 2002). There is much reason 

to prioritise research in this area as currently all antipsychotic medication has been 

reported to prolong the QT interval and can therefore be potentially fatal (Zarate, 2001). 

Reports of changes in electrocardiograph patterns and myocarditis further accentuate the 

need to question these potentially fatal effects in children exposed to antipsychotic 

therapy (McIntyre & Jerrell, 2008). Furthermore, the majority of recent reviews regarding 

treatment with cardioactive psychotropic drugs are concentrated in adult populations, 

with very few addressing treatment in children and adolescents (Labellarte et al, 2003). In 

addition to cardiac arrhythmia, sudden death has also been reported in healthy young 

adults on clozapine treatment as a result of cardiomyopathy and myocarditis (Killian et al, 

1999; La Grenade et al, 2001). As mentioned in Chapter 1, metabolic adverse effects of 

antipsychotic drugs such as weight gain, increased serum lipid levels and diabetes mellitus 

may also lead to fatal complications (Lader, 2006). Dyslipidaemia combined with other 

metabolic effects of antipsychotic therapy in young patients foretells a higher risk for 

cardiovascular disease, which in turn is the most frequent cause of premature death in 

patients suffering from psychiatric conditions, including psychotic disorders (McIntyre & 

Jerrell, 2008).
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Additionally, results from Chapter 4 on the utilisation of antipsychotic therapy in children 

and adolescents indicate that antipsychotic agents are prescribed for a wide range of 

psychiatric disorders. Therefore it can be said that these patients are usually given a range 

of psychotropic pharmacotherapy, including antidepressants and stimulants (Bebarta et 

al, 2005; Rani et al, 2008b). This phenomenon of polypharmacy itself may elevate the risk 

for cardiovascular events, and indirectly, mortality.

Although the majority of identified cases of death in this study were unlikely to be 

associated with antipsychotic therapy, the high SMR (SMR of 4.03; based on 6 cases of 

death in 5,963 person-years at risk for an adverse event) would suggest the possibility of 

inadequate management or poor control of patients' underlying medical conditions prior 

to death. This includes the management of diseases such as epilepsy, Creutzfeldt-Jakob 

disease and depression.

Additionally, the results demonstrate that a number of the study subjects were on 

antipsychotic therapy for the management of essentially off-label indications other than 

schizophrenia such as behavioural disorders. As the majority of antipsychotic agents are 

not licensed in children for many of the indications for which they are commonly used 

(Chapters 1 and 4), this further emphasizes the lack of sufficient long-term investigations 

and research in this population.
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Despite the unlikelihood for antipsychotic therapy to be associated with the event of 

death in the majority of identified patients, clinicians would still be advised to use caution 

when prescribing these drugs to children. Appropriate guidelines regarding the baseline 

screening of patients, including the presence of any cardiovascular abnormalities including 

congenital long QT syndrome or history of cardiac illnesses such as arrhythmias should be 

implemented. As chronic conditions including diabetes mellitus and weight gain may itself 

increase risk of mortality, parameters of these conditions should also be considered and 

continuously monitored throughout therapy, especially if the treatment is ongoing for 

long-term chronic psychiatric conditions.

5.5 Conclusions

Results of the study demonstrated a high mortality rate compared to the general 

population. However after adjusting for antipsychotic exposure and analysis on causality, 

it was found that antipsychotic medications were not associated to the cause of death in 

the majority of these cases. Nevertheless, as antipsychotic therapy is known to potentially 

cause life-threatening adverse effects, patients exposed to these medications should be 

monitored carefully. Baseline and periodic parameters such as cardiovascular functions, 

potentially fatal co-morbidities, and metabolic functions should be observed during 

antipsychotic therapy. As stated in Chapter 1, children are potentially more at risk to 

experiencing adverse effects, consequently, the monitoring of these safety parameters are 

further highlighted.
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It is also suggested that further studies with ideally large sample sizes and matched 

controls are required to further investigate the incidence as well as potential contributing 

factors of mortality associated with antipsychotic medications in this population.

168



Chapter SIX: Incidence of liver abnormalities, diabetes
mellitus and extrapyramidal symptoms in a cohort of

patients on antipsychotic medication

6 Chapter SIX: Incidence of liver abnormalities, diabetes mellitus and extrapyramidal 

symptoms in a cohort of patients on antipsychotic medication

6.1 Introduction

Results from Chapter 4 have shown a clear increase in the prescribing of antipsychotic 

medication to the paediatric population. This trend echoes the prescribing patterns seen 

in the USA and the Netherlands, although not to the same degree (Rani et al, 2008b).

In the face of the obvious increase in prescribing, the safety of these drugs in the 

paediatric population has not yet been fully established. As stated in Chapter 1, paediatric 

patients may be more susceptible to adverse effects of antipsychotic medication due to 

developmental changes during maturation (Lewis, 1998; Gracious & Findling, 2001; Correll 

& Kane, 2007).

Furthermore, antipsychotic agents have also been reported to cause serious adverse

effects which may be potentially fatal, or may have long-term consequences affecting

patients' morbidity. Serious adverse effects are not unheard of in both adult and

paediatric patients exposed to antipsychotic treatment. There have been a number of

case reports and studies describing the occurrence of liver injury and abnormalities

(Holtmann et al, 2003a; Holtmann et al, 2003b; Kumra et al, 1997; Malone et al, 1999),

diabetes mellitus (Hagg et al, 1998; Koller & Malozowski, 2001; Kornegay et al, 2002;
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Liebzeit et al, 2001; Mackin et al, 2005) and extrapyramidal symptoms (Sathpathy & 

Winsberg, 2003) occurring in patients from adult and paediatric populations with 

psychiatric disorders treated with antipsychotic medication.

Despite these published investigations, the number of patients studied still remains low. 

This is a common problem in investigative studies in the paediatric population (Greenhill 

et al, 2003). Results from the study in Chapter 4 identified the largest paediatric cohort 

exposed to antipsychotic therapy from the UK paediatric population. Therefore, the aim of 

this chapter was to investigate the incidence of liver abnormalities, diabetes mellitus and 

extrapyramidal symptoms in this large cohort of children and adolescents exposed to 

antipsychotic medication.

6.2 Incidence of liver abnormalities

6.2.1 Systematic literature review on liver abnormalities associated with antipsychotic

drug therapy in children and adolescents

6.2.1.1 Aim of the literature review

To review published studies which have reported cases or rates of liver abnormalities 

associated with children and adolescents exposed to antipsychotic therapy.
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6.2.1.2 Methodology of the literature review

A Medline (1950 to 31/07/2008) search was conducted using the keywords shown in 

Table 6.1.

Inclusion criteria

Studies reporting the development of liver abnormalities, or the manifestation of 

symptoms associated with the liver abnormalities in children and adolescents exposed to 

antipsychotic therapy were included in the review.

Exclusion criteria

For the purpose of this review, published reviews and editorial opinions, studies that were 

not in the English language, and studies that did not report on liver abnormalities and/or 

its associated symptoms associated with antipsychotic drug therapy in children and 

adolescents were excluded.

6.2.1.3 Results of the literature review

The search resulted in 28 published papers. After removing duplicates and reviewing the 

titles and abstracts of the articles, a total of 7 papers were deemed relevant (Table 6.2). 

Two of the 7 publications were open-label studies which reported children who
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Table 6.1: Keywords used in the literature search for liver abnormalities associated with 
antipsychotic therapy in children and adolescents

Antipsychotic drug keywords Population keywords Diabetes mellitus
keywords

atypical typical paediatric$ liver damage
antipsychotic$ antipsychotic$ adolescent$ liver toxicity
atypical typical adolescence liver failure
neuroleptic$ neuroleptic$ school child$ steatohepatitis
new$ first generation juvenile$ hepatitis
antipsychotic$ antipsychotic$ infant$ fatty liver
new$ benperidol child$ elevated liver enzyme$
neuroleptic$ chlorpromazine neonate$ raised liver enzyme$
second chlorprothixene baby liver function test$
generation droperidol babies liver$ abnormality
antipsychotic$ flupentixol pediatric$ hepatotoxicity
amisulpride flupenthixol young people hepatomegaly
amisulpiride fluphenazine young person$ hepatic failure
aripiprazole fluspirilene jaundice
clozapine haloperidol
olanzapine levomepromazine
quetiapine loxapine
risperidone methotrimeprazine

pericyazine
perphenazine
pimozide
promazine
remoxipride
sulpiride
thioridazine
trifluoperazine
zuclopenthixol

experienced asymptomatic changes in liver enzyme levels while being exposed to 

risperidone (Perry et al, 1997; Erdogan et al, 2008). Two publications were a retrospective 

chart review (Szigethy et al, 1999) and a retrospective study of patient records (Gonzalez- 

Heydrich et al, 2003). The retrospective chart review reported one patient who
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Table 6.2: Published studies reporting liver abnormalities associated with antipsychotic treatment in paediatric patients

Author Study Design Subjects Result Summary

Aman et ai, 
2005

A double-blind placebo- 
controlled trial followed by 
open-label extensions to 
investigate acute and long
term safety of risperidone in 
children and adolescents

•  A total of 101 children participated 
in the placebo-controlled study 
(Mean age = 8.8 years (±2.7 years); 
82 participants were males and the 
remaining 19 were females).

•  Thirty-seven subjects in the 
placebo-group who were not 
responders subsequently received 
an 8-week trial of open-label 
risperidone therapy (Mean age = 8.8 
years (±2.6 years); 29 participants 
were males and the remaining 8 
were females).

•  A total of 63 children participated in 
the open-label extension (Mean age 
= 8.6 years (±2.8 years)).

•  A statistically significant decrease in 
AST/SGOT levels was demonstrated in 
participants exposed to risperidone 
therapy.

•  However, this decrease was not clinically 
significant.

Erdogan 
al, 2008

et Open-label observational 
cohort study to investigate 
changes in liver function 
tests associated with 
risperidone therapy in

120 child and adolescent patients 
were started on risperidone therapy 
after a 2-week period of being drug- 
free.

Liver function tests and weight of

•  The mean dose of risperidone given to the 
study subjects ranged from 0.25 to 6mg 
daily.

•  All but one child experienced an
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children and adolescents patients were monitored during 
follow-up visits throughout the 
study duration.

asymptomatic increase in liver enzymes.

•  ALT levels increased up to 3-fold and AST 
levels up to 2-fold.

•  Change in levels of GGT was significantly 
related to gender; males experienced a 
higher change in mean value compared to 
females (p = 0.022).

•  Mean body weight increased for the 
majority of study subjects 57.4% of all 
study subjects) and extreme weight gain 
(defined as a weight increase of 7% of 
more from baseline measurements) was 
seen in 28.7% of study subjects. However, 
there was no significant correlation 
between liver enzyme changes and 
increase in weight.

Gonzalez- 
Heydrich 
a I, 2003

et
Retrospective study of 
computerised patient 
records evaluating liver 
enzyme evaluations in 
patients exposed to 
olanzapine, divalproex 
(semisodium valproate) or a 
combination of both agents

•  All patients under 18 years of age 
who were prescribed olanzapine, 
divalproex between January 1998 
and Dcember 1999 with serum 
levels of ALT, AST, or LDH 
documented.

•  A total of 52 children were 
identified; 17 of these received

•  At least one liver enzyme (ALT, AST or 
LDH) were elevated above the normal 
range in all of the patients who received 
olanzapine-divalproex combination 
therapy, in 59% of patients who received 
olanzapine therapy alone and in 26% of 
patients who received divalproex alone.

•  The mean enzyme level (the average of all
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olanzapine, 12 received a 
combination of olanzapine and 
divalproex and 23 received 
divalproex.

the measured levels for each liver enzyme 
investigated) was elevated above the 
normal range in 83% of patients who 
received the olanzapine-divalproex 
combination therapy, in 47% of patients 
who received olanzapine therapy alone 
and in 17% of patient who received 
divalproex alone.

•  One patient (male; 13 years of age) on 
olanzapine-divalproex combination 
therapy presented symptoms of 
abdominal discomfort, nausea, 
tenderness and vomiting and was 
diagnosed as to having acute pancreatitis. 
Both olanzapine and divalproex were 
discontinued. However, the hepatic 
enzymes started to rise and peaked at 6 
days later. The last laboratory results from 
the patient were on day 8 where AST and 
ALT levels decreased moderately.

•  One patient received divalproex therapy 
for many years with normal liver function 
before olanzapine was added. The patient 
experienced weight gain, elevations in 
liver enzymes and developed 
steatohepatitis while on combination 
therapy. Subsequently, his ALT returned
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to normal range with diet and weight loss 
and olanzapine was switched to 
risperidone.

Holtmann et 
al, 2003a

Case report One case.

17 year old female.

•  Patient was first given clozapine for the 
management of psychosis (300mg daily).

•  While on clozapine, patient experienced 
weight gain and mild elevation in liver 
enzymes.

•  Patient was then put on risperidone 
(titrated to 4mg daily) after 4 weeks due 
to the inconveniences of regular blood 
cell counts required with clozapine 
treatment.

•  While on risperidone, patient's liver 
enzymes increased further (GGT = 27U/I, 
AST = 61 U/l, ALT = 108 U/l), as well as 
triglycerides and LDL-cholesterol.

•  Dose of risperidone was reduced to Im g  
daily but liver enzymes, cholesterol and 
triglycerides remained moderately 
elevated.

•  Antipsychotic therapy was stopped after 
12 months due to weight gain,_________
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amenhorrheoa, and extensive abdominal 
striae rubrae.

After 10 weeks, patient experienced a 
relapse of psychosis and at readmission 
liver enzymes were still moderately 
elevated and patient presented with fatty 
infiltration of the liver.

Patient was then started on amisulpride 
and after 3 months following the 
withdrawal of risperidone, liver function 
tests returned to near normal values and 
body weight also decreased moderately.

Kumra et al, 
1997

Case series Thirteen children who had been 
treated with risperidone from 
December 1993 to April 1996 were 
included in the case series (10 
females and 3 males).

One child (male, age = 17 years) on a dose 
of 4mg twice daily of risperidone 
developed an elevation of 
aminotrasferace levels suggestive of 
hepatocellular injury. Findings from an 
abdominal ultrasound suggested fatty 
infiltration of the liver.

The subject gained 16.1kg during the 17 
months of treatment with risperidone and 
setraline (BMI at time of liver injury = 
33.1kg/m^).

Patient's medications, including

177



Chapter SIX: Incidence of liver abnormalities, diabetes
mellitus and extrapyramidal symptoms in a cohort of

patients on antipsychotic medication

risperidone, were tapered off.

One week after risperidone cessation, the 
patient's liver function test results were 
still abnormal and a liver biopsy was 
conducted which showed the presence of 
mild spotty necrosis and marked fatty 
change which may have represented early 
steatohepatitis.

The subject's liver function test results 
normalised over a period of 3 months; 
however, his weight did not change.

Another child (male, age = 9 years)on a 
dose of 6mg daily of risperidone 
developed significant elevations of liver 
transaminase levels which were 2 to 3 
times above reference values as well as 
elevated cholesterol and triglyceride 
values.

An abdominal ultrasound revealed 
minimal fatty infiltration.

Upon cessation of risperidone, the 
subject's liver function test values 
returned to normal over a period of 2
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weeks.

Perry et al, 
1997

Open-label pilot trial of 
risperidone in children and 
adolescents with pervasive 
developmental disorder

A total of 6 patients on risperidone 
for the treatment of pervasive 
developmental disorders were 
included in the study.

Five participants were male and one 
was female. The mean age of 
participants was 10.7 years (± 3.3 
years).

•  Of the 6 participants, one subject (age =
17.5 years) experienced elevations in liver 
enzymes (SGOT = 43 U/l, SGPT = 87) with 
a dramatic increase in weight (28 kg) 
during the first 6 months of risperidone 
therapy. Risperidone (6mg daily) was 
withdrawn on the advice of a consultant 
liver specialist.

•  Another subject (age = 7 years) 
experienced moderate elevations in liver 
enzymes (SGOT = 48 U/l, SGPT = 54) after 
14 months of exposure to risperidone.

Szigethy 
al, 1999

et Retrospective chart review 
to investigate the rate and 
clinical factors associated 
with liver dysfunction in 
children exposed to 
risperidone therapy

A total of 38 children and 
adolescents (32 males and 6 
females; mean age = 10.6 years) 
were identified.

The mean dose of risperidone given was 
2.5mg daily (range = 0.5 to lOmg) and the 
mean length of treatment exposure was
15.2 months (range = 1 to 35 months).

Only one patient experienced a slight 
elevation of ALT outside the reference 
range (ALT = 46U/I) while exposed to 
risperidone. This subject also became 
significantly obese during treatment.

ALT - alanine aminotransferase; AST - aspartate aminotransferase; GGT - gamma glutamyl transferase; SGOT - serum glutamic 
oxaloacetic transaminase; LDH -  lactate dehydrogenase; SGPT - Serum glutamic pyruvic transaminase
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experienced a slight elevation in liver enzyme levels (Szigethy et al, 1999) where as the 

retrospective study on patients' records described the percentage and severity of liver 

enzyme elevations in children exposed to olanzapine, divalproex (semisodium valproate) 

or a combination of both agents (Gonzalez-Heydrich et al, 2003). One publication was a 

double-blind placebo-controlled trial followed by open-label extensions which 

investigated the safety and tolerability of risperidone therapy in children (Aman et al, 

2005). Unlike the results presented from the open-label studies (Perry et al, 1997; Erdogan 

et al, 2008), the placebo-controlled trial with open-label extensions by Aman et al (2005) 

demonstrated a decrease in liver enzyme levels in risperidone-exposed patients, which 

was statistically, though not clinically, significant. Fatty infiltration of the liver, or 

steatohepatitis, in combination with elevations of liver enzyme levels were presented as a 

case report and case series in children and adolescents exposed to atypical antipsychotic 

agents including clozapine and risperidone (Kumra et al, 1997; Holtmann et al, 2003a).

All of the published studies included in the review reported on atypical antipsychotic 

drugs. The majority of papers reported liver abnormalities associated with risperidone 

therapy in children and adolescents (Kumra et al, 1997; Perry et al, 1997; Szigethy et a I, 

1999; Aman et al, 2005, Erdogan et al, 2008). One case report presented steatohepatitis in 

a child initially given clozapine followed by risperidone (Holtmann et al, 2003a), and one 

publication investigated liver enzyme levels in children exposed to olanzapine therapy
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alone or a combination of olanzapine and divalproex therapy (Gonzalez-Heydrich et a I, 

2003).

6.2.1.4 Discussion of the iiterature review

For a number of the published studies included in this review, assessments on causality 

are limited. This is especially true for studies which reported patients who experienced 

liver abnormalities while also being exposed to other medications including divalproex 

(Gonzalez-Heydrich et al, 2003) and carbamazepine (Perry et al, 1997).

It has been stated that steatohepatitis, or fatty liver, is probably due to the excessive 

weight gain experienced by patients on antipsychotic therapy (Gonzalez-Heydrich et al, 

2003). As children have been reported to be more susceptible to the effects on weight by 

antipsychotic drug therapy (Safer, 2004; Correll, 2008), they too could be more at risk to 

developing steatohepatitis. However, not all patients on antipsychotic therapy who 

experienced significant weight gain developed liver abnormalities, as shown in the 

retrospective chart review by Szigethy et al (1999).

It has also been proposed that gender may have an influence on the development of liver 

abnormalities antipsychotic-exposed children where male patients are suggested to be 

more susceptible to this event (Kumra et al, 1997). However, the lack of controls and the
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small sample sizes of the published studies limit more meaningful conclusions with 

regards to possible contributing factors to developing liver injuries.

Results from the published studies also indicate that liver abnormalities including changes 

in liver enzyme levels or steatohepatitis appear to be reversible with drug cessation 

and/or weight loss (Kumra et al, 1997; Gonzalez-Heydrich et al, 2003; Holtmann et a I, 

2003a; Erdogan et al, 2008).

As with other serious albeit relatively rare adverse effects associated with antipsychotic 

therapy in children such as diabetes mellitus, the majority of published studies are subject 

to limitations concerning small sample sizes (Kumra et al, 1997; Perry et a I, 1997; Aman et 

al, 2005; Erdogan et al, 2008), short durations of study, and limited analysis with regards 

to causality (Gonzalez-Heydrich et al, 2003). This is seen to be the case for a number of 

publications included in this review. These reports on cases of liver abnormalities in 

children exposed to antipsychotic therapy further intensify the uncertainty about the 

incidence and clinical relevance of elevations in liver enzymes in this population.

Following that, the aim of this study was to investigate the incidence and nature of liver 

abnormalities related to antipsychotic therapy, using the large cohort of paediatric 

patients identified from Chapter 4.
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6.2.2 Methodology 

Data source

The data for this study were obtained from the GPRD. The history of the GPRD and 

validation of its data is described in more detail in Chapter 3.

The study population and data extraction methods are described in detail in Chapter 3. 

Patients who received at least one prescription for an antipsychotic during the defined 

study period between 1 January 1992 and 31 December 2005 were included in the study.

A similar methodology investigating the risk of acute liver injury with the use of antifungal 

drugs in adults was adapted (Rodriguez et al, 1999). Patients with a history of cancer, liver 

disease, cystic fibrosis, gallbladder disease, pancreatic disease, heart failure, HIV infection, 

rheumatoid arthritis, sarcoidosis, systemic lupus, or inflammatory bowel disease, prior to 

the first prescription of an antipsychotic were excluded from the study.

Ethics approval was granted by the GPRD's Scientific and Ethical Advisory Group (SEAG) 

and the Independent Scientific Advisory Committee (ISAC) for Medicines & Healthcare 

products Regulatory Agency (MHRA) database research (Appendix J).
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Cases of liver abnormalities

Cases were identified from the cohort described in Chapter 4. The identification of cases 

was adapted from a similar methodology investigating the risk of acute liver injury with 

the use of antifungal drugs in adults (Rodriguez et a I, 1999). Patients in the cohort were 

followed from the date of the first antipsychotic drug prescription until the earliest 

occurrence of a code of liver damage, age greater than 18 years, or end of the study 

period.

Cases of acute liver injury were identified by screening patients' medical records for 

clinical or referral events with a Read/OXMIS code indicating an event related to liver 

abnormalities (Appendix K). Test events such as liver function tests, liver enzyme levels 

(alanine aminotransferase, alkaline phosphatise, aspartate aminotrasnferase, bilirubin, 

gamma-glutamyl transerase) were also used to identify subjects with liver abnormalities.

Liver injury was defined following an international consensus meeting on drug-induced

liver disorders (Report of an international consensus meeting, 1990). Cases of acute liver

injury were defined as patients with symptoms suggestive of liver disorder such as

asthenia, abdominal pain, nausea, vomiting, pruritus, jaundice, referrals to specialists or

admissions to hospitals, and patients who were free of the exclusion criteria. Additionally,

biochemical test results were investigated. Patients with a code related to liver injury

and/or biochemical abnormalities in liver function tests were reviewed independently
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after removing drug exposure status by Dr Patrick Byrne^ a consultant child and 

adolescent psychiatrist. Patients with both a code related to liver injury with an increase 

over 2 times the upper limit of the reference range in any biochemical parameters related 

to liver function tests were considered as cases. The patient profile of each identified case 

was examined. An example of a patient profile is given in Appendix D.

Data analysis

Liver injury is an extremely rare event in the general paediatric population, even in the 

presence of antipsychotic treatment (Geller & Zuiderwijk, 1998). Therefore a descriptive 

analysis on the incidence of liver injury was conducted. For case confirmation, a causality 

assessment adapted from the WHO-UMC system for standardised case causality 

assessment method (Uppsala Monitoring Centre) was carried out to determine the 

likelihood of a relationship between the drug and the event of liver abnormality. The use 

of this system for assessing the relationship between the drug exposure and the adverse 

event requires knowledge of certain information. Therefore, the patient profiles, clinical 

records, antipsychotic exposure duration, as well as all therapy records of all cases 

identified were examined. The criteria used for the causality assessment categories are 

shown in Table 6.3. After conducting the analysis on the causality assessment, it was also

 ̂ Dr Patrick Byrne MMedSci FRCPsych
Consultant In Adolescent Psychiatry & Hon Research Associate loP 
South London & Maudsley NHS Trust
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assessed independently by Professor Ian Wong^ a paediatric pharmacoepidemiologist and 

Dr Patrick Byrne^ a consuitant child and adolescent psychiatrist. Cases where the 

antipsychotic therapy were deemed possibly, probably, and certainly associated with the 

event of liver abnormalities were categorised as adverse drug reactions.

Once cases were identified, the incidence of liver adverse events was calculated per 1,000 

person-years at risk. Following analysis on exposure status (new cases of adverse events 

that occurred during the exposure plus a latency washout period of 30 days were 

considered as treatment-emergent) and causality assessments, the incidence of liver 

adverse drug reactions in the cohort were calculated per 1,000 treatment-years at risk. 

Cases where the antipsychotic therapy were classified as possibly, probably, or certainly 

associated with the liver abnormality (from the analysis on causality assessments. Table 

6.3) were deemed as adverse drug reactions.

 ̂ Professor Ian Chi Kel Wong, Director and Professor o f Paediatric Medicines Research,
Centre for Paediatric Pharmacy Research, A collaboration between the School of Pharmacy, Institute of Child 
Health & Great Ormond Street Hospital for Children 
’  Dr Patrick Byrne MMedSci FRCPsych
Consultant in Adolescent Psychiatry & Hon Research Associate loP 
South London & Maudsley NHS Trust
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Table 6.3: Categories used for the causality assessment for cases of liver abnormaiities in 
the study cohort

Causality term Assessment criteria

Certain •  Event of liver abnormality with a plausible time relationship to 

drug intake

•  Event cannot be explained by other disease or drugs

•  Event definitive pharmacologically or phenomenologically

•  Rechallenge satisfactory

Probably/
Likely

•  Event of liver abnormality with reasonable time relationship to 

drug intake

•  Event unlikely to be attributed to other disease or drugs

•  Response to withdrawal clinically reasonable

•  Rechallenge not required

Possible •  Event of liver abnormality with reasonable time relationship to 

drug intake

•  Event could be possibly explained by disease or other drugs

•  Information on drug withdrawal may be lacking or unclear

Unlikely •  Event of liver abnormality with a time to drug intake that makes 

a relationship improbable, but not impossible

•  Disease or other drugs provide plausible explanations

6.2.3 Resuits

A total of 2,767 children (contributing 6,007 person-years at risk for an adverse event and 

2,041 treatment-years at risk for an adverse drug reaction) who received at least one 

prescription an antipsychotic were previously identified (Rani et al, 2008b). From this 

cohort, a total of 36 patients had an event related to liver abnormalities after their first 

prescription for an antipsychotic agent. However, only 6 patients (from 5,924 person- 

years at risk for an adverse event and 2,019 treatment-years at risk for an adverse drug
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reaction) out of the 36 were classified as cases from the inclusion criteria. After excluding 

patients with a previous history of cancer and/or liver injury (see exclusion criteria) the 

incidence of liver adverse events in the cohort was 1.01 cases per 1,000 person-years at 

risk (95% Cl: 0.20 to 1.82 cases per 1,000 person-years).

From the analysis on causality assessments (Table 6.4), 5 of the 6 cases did not have a 

time relationship between the antipsychotic drug intake and the event of liver 

abnormality. For the one case which had a time relationship (Patient 3), the patient was 

found to have suffered from a paracetamol overdose which was likely the cause of the 

liver abnormality. Following the overdose, the patient was continued on the antipsychotic 

agent and no further liver abnormalities were observed. Therefore results on the causality 

assessment demonstrated that all of the cases of liver abnormalities were unlikely to be 

associated with antipsychotic therapy. Hence the incidence of liver adverse drug reactions 

in the study cohort was 0 cases per 1,000 treatment-years at risk (95% Cl: 0 to 1.82 cases 

per 1,000 treatment-years).

A summary of the results including the incidence rates is illustrated in Figure 6.1
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Table 6.4: Causality assessment on the 6 cases of liver abnormalities

Patient Gender Age at 
event

Liver abnormality Antipsychotic
agent

Causality assessment Outcome

1 Female 17 i. Liver function test 

abnormal
ii. Abdominal pain

Not exposed at 

the time of 
event

•  Subject was not exposed to 

antipsychotic therapy when the 

event of liver abnormality 

occurred, demonstrating a poor 
time relationship between drug 

intake and the event.

•  'Alcohol consumption' was also 

recorded in the subject's 

electronic patient profile.

•  Antipsychotic drug 

unlikely to be 

associated with the 

liver abnormality in 

this case.

2 Male 16 i. Raised plasma 

gamma-glutamyl 

transferase level 
(>2N)
ii. Abdominal pain

iii. Nausea

iv. Tiredness

Not exposed at 
the time of 

event

•  Subject was not exposed to 

antipsychotic therapy when the 

event of liver abnormality 

occurred, demonstrating a poor 

time relationship between drug 

intake and the event.

•  Antipsychotic drug 

unlikely to be 

associated with the 

liver abnormality in 

this case.

3 Female 18 i. Raised ALT blood 

level (>2N)
ii. Abdominal pain

Amisulpride •  Subject developed symptoms of 

liver abnormalities while exposed 

to amisulpride therapy, indicating

•  Antipsychotic drug 

unlikely to be 

associated with the
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a reasonable time relationship 

between drug intake and the 

event.
However, subject was revealed to 

have paracetamol poisoning at 
the time of the event.

Following the event of liver 

abnormality, amisulpride was 

continued and no further events 

related to liver abnormalities 

were seen.

liver abnormality in 

this case.

Male 17 i. Serum bilirubin 

raised (>2N)
ii. Malaise

Not exposed at 
the time of 
event

Subject was not exposed to 

antipsychotic therapy when the 

event of liver abnormality 

occurred, demonstrating a poor 

time relationship between drug 

intake and the event.

'Sickle cell anaemia' was also 

recorded in the subject's 

electronic patient profile, 
providing a possible explanation 

for the symptoms of liver 
abnormality.

•  Antipsychotic drug 

unlikely to be 

associated with the 

liver abnormality in 

this case.

Female 16,17, 

18

i. Raised ALT level 

(>2N)

Not exposed at 

the time of

Subject was not exposed to Antipsychotic drug
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ii. Raised serum 

alkaline
phosphatase level 
(>2N)
iii. Raised ALT/SGPT 

serum level (>2N)
iv. Raised gamma- 

glutamyl 

transferase level 
(>2N)

event antipsychotic therapy when the 

event of liver abnormality 

occurred, demonstrating a poor 
time relationship between drug 

intake and the event.

•  Subject was also taking 

mesalazine, cyclosporin and 

suffered from iron deficiency 

anaemia, which provides possible 

explanations for the symptoms of 
liver abnormality.

unlikely to be 

associated with the 

liver abnormality in 

this case.

Female 15 i. Increased 

ALT/SGPT serum 

level (>2N)

ii. Jaundice

Not exposed at 

the time of 
event

Subject was not exposed to 

antipsychotic therapy when the 

event of liver abnormality 

occurred, demonstrating a poor 

time relationship between drug 

intake and the event.

Subject was also suffering from 

epilepsy and was taking 

lamotrigine therapy, which 

provide possible explanations for 

the symptoms of liver 
abnormality.

Antipsychotic drug 

unlikely to be 

associated with the 

liver abnormality in 

this case.
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Figure 6.1: Summary of the results on incidence of liver abnormalities

6 patients from 5,940 person-years at risk fit the inclusion 
criteria for a case

Incidence of liver adverse events = 1.01 per 1,000 person-years 
at risk (95% Cl: 0.20 to 1.81)

0 cases of liver adverse drug reactions associated with 
antipsychotic treatment from 2,020 exposure person-years at

risk

Incidence of liver adverse drug reactions = 0 per 1,000 exposure 
person-years at risk (95% Cl: 0 to 1.82)

Adverse
event

Adverse
drug

reaction

Treatment exposure analysis 
and causality assessments

Study cohort of N=2,767 
patients contributing 6,007 

person-years at risk

Exclusion of patients with a 
previous history of cancer and/or 
liver injury (see exclusion criteria)

36 patients had an event related to liver abnormalities
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6.2.4 Discussion

Results on the Incidence of liver abnormalities show an incidence rate of 1.01 cases per

1.000 person-years at risk for an adverse event (95% Cl: 0.20 to 1.81 cases per 1,000 

person-years at risk). However, after conducting analysis on exposure status and causality 

assessments, is was revealed that none of the identified cases were likely to be caused by 

antipsychotic therapy, bringing the incidence of liver adverse drug reactions to 0 cases per

1.000 treatment-years at risk for an adverse drug reaction (95%CI: 0 to 1.82 cases per

1.000 treatment-years at risk). A low incidence rate is to be expected as liver injury in the 

paediatric population is a very rare event.

Nonetheless, among over a thousand drugs that are known to induce hepatic side effects, 

16% of these are psychotropic agents, including antipsychotic drugs (Llinares Tello et a I, 

2005). Although antipsychotic-induced liver toxicity is considered a rare event and is more 

associated with the typical antipsychotic agents from the phenothiazine group such as 

chlorpromazine, hepatic adverse effects associated with the atypical antipsychotic drugs 

clozapine, risperidone and olanzapine have also been reported in both adults and children 

(Fuller et al, 1996; Hummer et al, 1997; Kumra et al, 1997; Cordeiro & Elkis, 2001; 

Gaertner et al, 2001; Llinares Tello et al, 2005).

As previously discussed in the literature review, changes in liver enzyme levels are

considered to be a common effect in patients exposed to typical and atypical
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antipsychotic agents (Woods et al, 2002). This increase is thought to be transient and is 

eventually resolved in the majority of subjects without disruptions in pharmacological 

management, which suggests that the elevations are more of adaptive changes of liver 

functions as a result of drug exposure rather than actual liver injuries (Hummer et a I, 

1997; Gaertner et a I, 2001; Erdogan et al, 2004). More importantly, children and 

adolescents exposed to antipsychotic therapy are reported to have significantly higher risk 

ratios for developing abnormal liver function test results compared to patients from adult 

populations (Woods et al, 2002). Although these liver enzyme elevations are assumed not 

to have clinical significance, there is a lack of data regarding possible long-term clinical 

effects in patients (Gonzalez-Heydrich et al, 2003).

Although liver function test abnormalities in antipsychotic-exposed children and 

adolescents are relatively common, serious hepatotoxicity as a result of antipsychotic drug 

exposure is considered to be extremely rare (Erdogan et al, 2008). In adults however, 

serious liver injuries including fatal fulminant hepatitis (Macfarlane et a 1,1997) and icteric 

hepatitis (Thatcher et al, 1995; Worrall et al, 1995) have been demonstrated. Another 

form of liver injury which has been demonstrated in antipsychotic-treated adult subjects is 

cholestatic hepatitis (Llinares Tello et al, 2005). Cholestatic hepatitis is the result of liver 

injury and inflammation which leads to significant increases in liver enzyme levels as well 

as cholestasis (an arrest of the normal flow of bile) (Llinares Tello et al, 2005).
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Other manifestations of liver injury associated with antipsychotic medication are 

steatohepatitis, or fatty liver, which has been reported in adolescents treated with 

risperidone (Kumra et al, 1997; Holtmann et al, 2003a). This condition is a result of the 

accumulation of fatty acids, chiefly triglycerides and symptoms include transient 

abdominal pain and hepatomegaly (Baldridge et al, 1995). Proposed contributing factors 

include obesity, high lipid levels, male gender, and possibly hormonal changes associated 

with pubertal development (Baldridge et al, 1995; Kumra et al, 1997; Gonzalez-Heydrich 

et al, 2003; Holtmann et al, 2003a). As antipsychotic medications are commonly 

associated with weight gain (Casey et al, 2004; Dubois, 2005; Laita et al, 2007), there is an 

increased risk of obesity which in turn may raise the risk of harmful effects on the liver 

including steatohepatitis and hepatotoxicity. Nonetheless, as discussed in the literature 

review, not all patients who experience significant increases in weight develop liver 

abnormalities (Szigethy et al, 1999). It should also be noted that children diagnosed with 

steatohepatitis present fatty livers with prominent vesicular changes. Additionally, 

although fibrosis may not be present in adult cases of non-alcoholic steatohepatitis, portal 

fibrosis has been demonstrated to be prominent in children presenting with this 

condition. These fibrotic changes are potentially serious as it may well lead to further 

hepatic complications such as chronic liver dysfunction and cirrhosis (Baldridge et al, 1995; 

Erdogan et al, 2004).
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Therefore, although increases in liver enzymes is considered a common effect related to 

antipsychotic therapy, patients who present with these enzyme elevations should also be 

screened for additional symptoms indicative of more serious liver abnormalities related to 

hypersensitivity including gastrointestinal complaints, rash, fever, muscle aches, and 

eosinophilia (Hummer et al, 1997; Erdogan et al, 2004). Rarely, treatment with 

perphenazine, a typical antipsychotic drug, also causes asymptomatic rises in bilirubin 

levels (Gaertner et al, 2001).

Following this, it should be highlighted that the low incidence presented in this study does 

not suggest an absence of risk, but indicates the necessity for more well-monitored trials 

with ideally larger sample sizes to investigate the occurrence of liver abnormalities as well 

as the significance of liver enzyme changes in children exposed to antipsychotic 

medication.
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6.3 Incidence of diabetes mellitus

6.3.1 Systematic literature review on diabetes mellitus associated with antipsychotic 

therapy in children and adolescents

6.3.1.1 Aim of the literature review

To review published studies which have reported cases or rates of diabetes mellitus 

associated with children and adolescents exposed to antipsychotic therapy.

6.3.1.2 Methodology of the literature review

A Medline (1950 to 02/07/2008) search was conducted using the keywords listed in Table 

6.5.

Inclusion criteria

Studies reporting the development of diabetes mellitus, or the manifestation of symptoms 

associated with the condition in children and adolescents exposed to antipsychotic 

therapy were included in the review.
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Exclusion criteria

For the purpose of this review, published reviews and editorial opinions, studies that were 

not in the English language, and studies that did not report on diabetes mellitus and/or its 

associated symptoms associated with antipsychotic drug therapy in children and 

adolescents were excluded.

Table 6.5: Keywords used in the literature search for diabetes meilitus associated with 
antipsychotic therapy in chiidren and adolescents

Antipsychotic drug keywords Population keywords Diabetes mellitus 
keywords

atypical typical paediatrics diabetes
antipsychotic$ antipsychotic$ adolescents diabetes mellitus
atypical typical adolescence hyperglycaemia
neuroleptic$ neuroleptic$ school childS hyperglycemia
new$ first generation juveniles blood sugar
antipsychotic$ antipsychotic$ infants blood glucose
new$ benperidol childS diabetic
neuroleptic$ chlorpromazine neonateS diabetic ketoacidosis
second chlorprothixene baby
generation droperidol babies
antipsychotic$ flupentixol pediatrics
amisulpride flupenthixol young people
amisulpiride
aripiprazole
clozapine
olanzapine
quetiapine
risperidone

fluphenazine
fluspirilene
haloperidol
levomepromazine
loxapine
methotrimeprazine
pericyazine
perphenazine
pimozide
promazine
remoxipride
sulpiride

young persons
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thioridazine
trifluoperazine
zuclopenthixol

6.3.1.3 Results of the literature review

The search resulted in 51 published papers. After removing duplicates and reviewing the 

titles and abstracts of the articles, a total of 10 papers were deemed relevant. From these 

10 publications, 4 were case reports (Domon & Webber, 2001; Selva & Scott, 2001; 

Courvoisie et al, 2004; Logue et al, 2007), 2 were case series (Saito & Kafantaris, 2002; 

Bloch et al, 2003), 2 were reports of spontaneous adverse events using the Food and Drug 

Administration's MedWatch Drug Surveillance System in the USA (Koller & Malozowski, 

2001; Koller et al, 2004) and 2 were cohort studies (Harrison-Woolrych et al, 2007; Jerrell 

& McIntyre, 2008).

The majority of published studies included in the review reported on atypical 

antipsychotic drugs. Only one paper included typical antipsychotic agents as part of the 

retrospective cohort study (Jerell & McIntyre, 2008). The atypical antipsychotic olanzapine 

was the most commonly reported antipsychotic agent to be associated with diabetes 

mellitus among the published case reports and case series (Domon & Webber, 2001; Selva 

& Scott, 2001; Bloch et al, 2003; Courvoisie et al, 2004). Other atypical antipsychotic 

agents reported in the published case reports and case series include risperidone in 2
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adolescents (Saito & Kafantaris, 2002) as well as quetiapine and aripiprazole in an 

adolescent patient and one child respectively (Saito & Kafantaris, 2002; Logue et al, 2007).

The 2 published reports on spontaneous adverse drug events presented paediatric 

patients with diabetes mellitus who were exposed to risperidone (Koller et al, 2004), 

olanzapine and clozapine (Koller & Malozowski, 2001). A more detailed description of the 

published papers included in the review is shown in Table 6.6.
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Table 6.6: Published studies reporting diabetes mellitus associated with antipsychotic treatment in paediatric patients

Author Study Design Subjects Result Summary

Bloch et al, 2003 Case series. •  Five cases.

•  Ages 14 to 17 years.

•  Three females and 2 males.

•  All case reports involved paediatric patients 
exposed to olanzapine.

•  All cases developed hyperglycaemia (fasting 
blood glucose levels 148 -4 0 2  mg/dL; 36 -  120 
days after starting olanzapine therapy).

•  All patients were extremely obese.

•  Only one patient had a family history of diabetes 
mellitus.

•  Diabetes mellitus was resolved in 3 of the five 
patients; where as the remaining 2 patients 
eventually developed diabetes mellitus.

Courvoisie et al, 2004 Case report. One case.

7 year old male.

•  Patient on olanzapine with a dose of 2.5mg every 
night.

•  Patient had hyperglycaemia (serum glucose level 
reported was 302 mg/dL) and trace amounts of 
urine ketones were reported.
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•  Insulin was administered to stabilise the patient's 
blood sugar level.

•  Insulin was discontinued after one week from 
hospital discharge.

•  Patient had strong family history of diabetes and 
had gained considerable weight during 
olanzapine therapy.

•  Following the cessation of olanzapine, the 
patient's weight decreased and need for insulin 
was reversed.

•  Two years after initial presentation, the patient 
was diagnosed with diabetes mellitus.

Domon & Webber, 
2001

Case report. One case.

15 year old male.

Patient exposed to olanzapine.

Patient had a strong family history for type II 
diabetes mellitus.

Patient was obese at initial stages of olanzapine 
treatment and gained weight when examined 4 
months after presentation (BMI = 34.1 kg/m^).

Three months later, patient experienced 
significant weight loss and symptoms consistent 
with diabetes mellitus including polyuria and
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polydipsia.

Olanzapine was then discontinued.

No pharmacological or dietary management was 
given.

Blood glucose levels normalised after 8 weeks.

Harrison-Woolrych et 
al, 2007

Observational 
cohort study.

•  A total of 420 children aged 2 
to 15 years (contributing to
641.2 patient-years of 
exposure) were identified.

•  Cohort was identified from 
the Intensive Medicines 
Monitoring Program 
databases in New Zealand.

•  All children aged 15 years and 
below who were prescribed 
atypical antipsychotic agents 
between April and July 2003 
were included in the cohort.

A total of 2 reports of diabetes mellitus was 
identified from the study cohort.

Both reports were male patients exposed to 
risperidone.

One patient (13 years of age) developed new- 
onset diabetes and the remaining patient (9 years 
of age) experienced a worsening of pre-existing 
diabetes mellitus which resulted in severe 
diabetic ketoacidosis and encephalopathy.

The estimated incidence of new-onset diabetes 
or exacerbation of pre-existing diabetes mellitus 
in the study population was 4 cases per 1,000 
patient-years (95% Cl: 0.5 to 15).

Jerrell & McIntyre, 
2008

Retrospective 
cohort study.

A total of 4140 children 
exposed to antipsychotic 
therapy were identified.

A regression analysis was conducted to 
determine the likelihood of patients exposed to 
antipsychotic therapy to develop diabetes
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Average age of patients In the 
cohort exposed to 
antipsychotic therapy was 10.4 
years (SD = 3.6 years).

Cohort was identified from 
the Medicaid database in the 
USA, and included all patients 
aged 17 years and under from 
1996 to 2005.

mellitus.

The odds ratio of developing metabolic 
conditions of type II diabetes and dyslipidaemia 
was shown to be higher for females (odds ratio = 
2.04; 95%CI: 1.59 to 2.63; p < 0.0001), those 
exposed to multiple antipsychotic therapy (odds 
ratio = 2.65; 95%CI: 1.47-4.74; p = 0.001), and 
patients aged 13 years and older (odds ratio = 
1.80; 95%CI: 1.39 to 2.33; p < 0.0001).

Koller & Malozowski, 
2001

Report of 
spontaneous 
adverse events.

Data source was the Food and 
Drug Administration's 
MedWatch Drug Surveillance 
system of the USA (January 
1993 to May 2001).

All cases reporting olanzapine- 
and clozapine-associated 
diabetes mellitus in patients 
aged below 19 years were 
reported.

Nine reports of 
hyperglycaemia associated 
with olanzapine treatment in 
patients aged 13 to 18 years 
were identified. Five of these 
were females and the

Among the reports of olanzapine-associated 
diabetes mellitus, 7 of these presented with new- 
onset hyperglycaemia, and the remaining 2 
experienced a worsening of pre-existing diabetes 
mellitus.

The dosing range for olanzapine in these patients 
were 10 to 20mg daily.

Two patients presented with hyperglycaemia 
within one week of starting olanzapine, and 6 
patients presented with hyperglycaemia within 6 
weeks of drug initiation.

Glucose levels in 4 patients normalised after 
cessation of or a reduction in dosage of 
olanzapine treatment.
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remaining 4 were males.

Eleven reports of 
hyperglycaemia associated 
with clozapine treatment in 
patients aged 13 to 18 years 
were identified. Four of these 
were females and the 
remaining 7 were males.

•  Hyperglycaemia recurred in one patient after 6 
months of stopping olanzapine treatment

•  Among the reports of clozapine-associated 
diabetes mellitus, 8 of these presented with new- 
onset hyperglycaemia, 2 experienced a 
worsening of pre-existing diabetes mellitus, and 
the status of one subject was not provided.

•  The dosing range for clozapine in these patients 
were 100 to lOOOmg daily.

•  Presentation of hyperglycaemia was 6 weeks 
from drug commencement in 6 subjects, and 
within 6 months for the remaining 5 patients

•  Clozapine treatment was stopped, or the dose 
decreased in 6 patients. Glucose normalisation 
was achieved in 3 of these subjects.

All patients were exposed to risperidone, with a 
dosing range of 1 to 10 mg daily.

Among the cases which presented with new- 
onset diabetes mellitus, 7 subjects developed the 
condition within 6 months of starting risperidone 
therapy.

Koller et al, 2004 Report of 
spontaneous 
adverse events.

•  Data source was the Food and 
Drug Administration's 
MedWatch Drug Surveillance 
system of the USA (January 
1993 to February 2002)

•  Twelve children were 
identified among over 100 
risperidone-associated • Two patients had ketoacidosis.
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diabetic adverse-event 
reports.

•  Mean age of children was 13.5 
years (SD = 3 years).

•  Seven children were male and 
the remaining 5 were female.

Hyperglycaemia normalised after risperidone was 
discontinued in 3 patients, including in one 
subject who was also given dietary management.

Logue et al, 2007 Case report. One case.

7 year old male.

Patient was exposed to aripiprazole with a dose 
of 2.5mg daily.

Patient was overweight, with a BMI of 21kg/m^ 
(98̂ '̂  percentile).

Patient had a positive family history of type II 
diabetes mellitus.

Within 4 weeks of aripiprazole (no other 
treatment), the patient developed symptoms 
consistent with new-onset diabetes including 
hyperglycaemia (659mg/dL), mild ketonuria, 
polyuria, polyphagia and polydipsia.

Aripiprazole was discontinued and patient was 
given NPH (Neutral Protamine Hagedorn, an 
intermediate acting insulin) and Humalin insulin.

After 4 weeks of subcutaneous insulin treatment.
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the patient's blood sugar levels normalised.

Seven months after the patient's initial 
presentation, he developed insulin-dependent 
diabetes mellitus.

Saito & Kafantaris, 
2002

Case series. •  Three cases.

•  Ages 13 to 17 years.

•  One female and 2 males.

•  Two patients were exposed to risperidone and 
one patient to quetiapine.

•  All patients were obese (BMI ranging from 35 to 
43 kg/m^).

•  All patients presented symptoms consistent with 
diabetes mellitus including polydipsia, trace 
ketones and hyperglycaemia (fasting blood 
glucose ranging from 155 to 1,292 mg/dL).

•  For the management of diabetes mellitus, 2 
patients were given insulin (one eventually 
switched to metformin) and one patient was 
given dietary management.

Selva & Scott, 2001 Case report. •  One case.

•  16 year old female.

•  Patient was exposed to olanzapine with a dose of 
lOmg daily, which was increased to 15mg daily.

•  Patient had a strong family history for type II 
diabetes mellitus.

•  Patient gained 30 pounds in weight since
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olanzapine was initiated.

•  The patient presented symptoms including 
significant glucosuria, ketonuria and was 
reported to have a serum glucose level of 669 
mg/dL.

•  Olanzapine was discontinued and the patient was 
given insulin therapy.

•  After 17 days, insulin was discontinued and the 
patient's blood glucose levels normalised.

•  After 6 months from initial presentation, the 
patient was diagnosed to have type II diabetes 
mellitus.
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63.1.4 Discussion of the literature review

Despite a clear increase in the utilisation of antipsychotic drug therapy in children and 

adolescents in many countries (Chapter 4), there is still a lack of published safety data for 

these drugs in the young (Malone et al, 1999; Armenteros & Davies, 2006). Additionally, 

results from this literature review confirm earlier findings which indicate a gap in the 

literature and quantity of studies investigating diabetes mellitus in children and 

adolescents exposed to antipsychotic therapy (Cohen & Huinink, 2007). The majority of 

the publications identified in this review were case reports (Domon & Webber, 2001; 

Selva & Scott, 2001; Courvoisie et al, 2004; Logue et al, 2007) and case series (Saito & 

Kafantaris, 2002; Bloch et al, 2003) and only 2 publications were cohort studies which 

reported either an estimated incidence (Harrison-Woolrych et al, 2007), or an odds ratio 

(Jerrell & McIntyre, 2008) of developing diabetes mellitus. Of the 2 cohort studies, only 

the study conducted by Jerrell & McIntyre (2008) included children on typical 

antipsychotic agents. However, the results in the form of odds ratios which were 

presented in this study were not exclusive to diabetes mellitus, but were the odds ratio of 

developing metabolic conditions of type II diabetes mellitus as well as dyslipidaemia 

(Jerrell & McIntyre, 2008). The remaining cohort study (Harrison-Woolrych et al, 2007) as 

well as the case reports (Domon & Webber, 2001; Selva & Scott, 2001; Courvoisie et al, 

2004; Logue et al, 2007), case series (Saito & Kafantaris, 2002; Bloch et al, 2003) and
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reports on spontaneous adverse drug events (Koller et al, 2001; Koller et al, 2004) only 

reported diabetes mellitus associated with atypical antipsychotic drugs.

Five of the publications identified in this review reported diabetes mellitus associated with 

the atypical antipsychotic agent olanzapine (Domon & Webber, 2001; Koller et al, 2001; 

Selva & Scott, 2001; Bloch et al, 2003; Couvoisie et al, 2004) which incidentally, is also 

proposed to have one of the highest rates of weight gain in exposed children (Saito & 

Kafantaris, 2002).

Among the proposed factors which may contribute to the development of diabetes 

mellitus in paediatric patients exposed to antipsychotic therapy include a positive family 

history of diabetes mellitus and obesity (Cohen & Huinink, 2007). All the paediatric 

patients who developed diabetes mellitus in the identified published case reports and 

case series were overweight and/or suffered from obesity (Domon & Webber, 2001; Selva 

& Scott, 2001; Saito & Kafantaris, 2002; Bloch et al, 2003; Courvoisie et al, 2004; Logue et 

al, 2007); and the majority of these patients had a positive family history of diabetes 

mellitus, except for 4 patients in the case series reported by Bloch et al (2003). Although a 

family history of diabetes mellitus is considered a higher risk factor for patients to increase 

in weight and develop insulin resistance and glucose dysregulation, not all reported 

patients have this element (Bloch et al, 2003; Newcomer et al, 2002).
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It has been reported that hyperglycaemia and diabetes mellitus appears to be reversible 

upon cessation of the offending antipsychotic agent; and reappears when the drug is 

reintroduced (Rigalleau et al, 2000). Diabetes mellitus was shown to resolve upon 

discontinuation of the suspected antipsychotic agent in all the case reports (Domon & 

Webber, 2001; Selva & Scott, 2001; Courvoisie et al, 2004; Logue et al, 2007); however, 3 

of these patients eventually developed diabetes mellitus between 6 months to 2 years 

after their initial presentation, even after the period of glucose normalisation following 

cessation of antipsychotic treatment (Selva & Scott, 2001; Courvoisie et al, 2004; Logue et 

al, 2007). This phenomenon was also presented in patients from the case series reported 

by Bloch et al (2003) where 2 of the 5 patients reported eventually developed diabetes 

mellitus even after a drug-free period. It has been proposed that the recurrence of full

blown diabetes mellitus in these patients is a reflection of the underlying predisposition of 

these subjects to the condition; which was unmasked with antipsychotic drug treatment 

(Courvoisie et al, 2004). Furthermore, cessation of the antipsychotic agent may not always 

result in a favourable outcome or resolved diabetes mellitus. This has been shown in 

published case series whereby cessation of olanzapine therapy in a patient who developed 

diabetes mellitus achieved only partial remission, suggesting that the condition could 

potentially be an irreversible side effect (Bloch et al, 2003).

Results from the spontaneous adverse events reports have also suggested the possibility

of antipsychotic agents, specifically the atypical antipsychotics risperidone (Koller et al,
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2004), olanzapine and clozapine (Koller et al, 2001) having the potential to further 

exacerbate or worsen pre-existing diabetes mellitus in exposed children.

Major limitations for the majority of these publications (case reports, case series and 

reports on spontaneous adverse events) include small number of study subjects, lack of 

control groups, confounding by concurrent medications or illnesses, as well as the 

incapability of conducting causality assessments to determine the likelihood of an 

association between the antipsychotic agent and the event of diabetes mellitus. This is 

especially true for the reports on spontaneous adverse drug events (Koller et al, 2001; 

Koller et al, 2004). It has been proposed that despite the low number of contribution of 

reports and allowing for reporting and publishing bias, the severity of diabetes mellitus in 

children exposed to antipsychotic medication remains high (Cohen & Huinink, 2007). This 

further highlights the need for more rigorous investigations on antipsychotic-induced 

diabetes mellitus in children and adolescents with ideally large sample sizes and longer 

study durations.

Consequently, the aim of this study was to investigate the incidence of diabetes mellitus 

related to antipsychotic drug therapy, using the large cohort of paediatric patients 

exposed to antipsychotic agents around the UK identified from Chapter 4, and compare 

this with the rates found in the general paediatric population.
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6.3.2 Methodology 

Data source

The data for this study were obtained from the GPRD. The history of the GPRD and 

validation of its data is described in more detail in Chapter 3.

The study population and data extraction methods are described in detail in Chapter 3. 

Patients who received at least one prescription for an antipsychotic during the defined 

study period between 1 January 1992 and 31 December 2005 were included in the study.

Patients with a history of diabetes prior to the first prescription of an antipsychotic were 

excluded from the study. Additionally, patients with a medical condition that may increase 

the likelihood of detection of diabetes mellitus such as pregnancy were excluded. Patients 

who are diagnosed with hyperglycaemia but without subsequent diagnoses or treatments 

for diabetes mellitus were also excluded.

Ethics approval was granted by the GPRD's Scientific and Ethical Advisory Group (SEAG) 

and the Independent Scientific Advisory Committee (ISAC) for Medicines & Healthcare 

products Regulatory Agency (MHRA) database research (Appendix J).
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Cases of diabetes

Cases were identified from the cohort described in Chapter 4. Patients in the cohort were 

followed from the date of the first prescription until the earliest occurrence of a clinical 

event related to diabetes mellitus (Appendix L), age greater than 18 years, or the end of 

the study period.

Cases were defined based on similar methodologies investigating the incidence of 

diabetes mellitus associated with antipsychotic drug use in adults (Kornegay et al, 2002; 

Carslon et al, 2006). Cases were defined as patients with symptoms consistent with a 

diagnosis of diabetes mellitus including prescriptions for oral hypoglycaemic agents, 

insulin, or referrals to diabetic clinics. Potential cases were confirmed by evaluating the 

individual patient profiles, therefore the patient profile of each identified case was 

examined. An example of a patient profile is given in Appendix D. The earlier date of either 

the first diagnosis for diabetes mellitus or the date when the hypoglycaemic agent was 

first prescribed was regarded as the date for a new case of diabetes mellitus.

Data analysis

Once cases of diabetes mellitus were identified from the study cohort, the incidence of 

diabetes mellitus adverse events per 1,000 person-years at risk was calculated with 95% 

confidence intervals. Following that, exposure analysis as well as a causality assessment
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adapted from the WHO-UMC system for standardised causality assessment method 

(Uppsala Monitoring Centre) was conducted to investigate the likelihood of a relationship 

between the antipsychotic and the event of diabetes mellitus. The criteria and categories 

used for the assessment is shown in Table 6.7. After conducting the analysis on the 

causality assessment, it was also assessed independently by Professor Ian Wong®, a 

paediatric pharmacoepidemiologist and Dr Patrick Byrne^ a consultant child and 

adolescent psychiatrist. Cases where the antipsychotic agent was classified as possibly, 

probably, or certainly associated with diabetes mellitus were considered as adverse drug 

reactions. Subsequently, the incidence of diabetes mellitus adverse drug reactions was 

calculated per 1,000 treatment-years at risk with 95% confidence intervals.

Table 6.7: Categories used for the causality assessment for cases of diabetes mellitus in 
the study cohort

Causality term Assessment criteria

Certain •  Event of diabetes mellitus with a plausible time relationship to 

drug intake

•  Event cannot be explained by other disease or drugs

•  Event definitive pharmacologically or phenomenologically

•  Rechallenge satisfactory

Probably/

Likely
•  Event of diabetes mellitus with reasonable time relationship to 

drug intake

 ̂ Professor Ian Chi Kel Wong, Director and Professor of Paediatric Medicines Research,
Centre for Paediatric Pharmacy Research, A collaboration between the School of Pharmacy, Institute of Child 
Health &  Great Ormond Street Hospital for Children 
 ̂ Dr Patrick Byrne MMedSci FRCPsych

Consultant in Adolescent Psychiatry & Hon Research Associate loP 
South London & Maudsley NHS Trust
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•  Event unlikely to be attributed to other disease or drugs

•  Response to withdrawal clinically reasonable

•  Rechallenge not required

Possible •  Event of diabetes mellitus with reasonable time relationship to 

drug intake

•  Event could be possibly explained by disease or other drugs

•  Information on drug withdrawal may be lacking or unclear

Unlikely •  Event of diabetes mellitus with a time to drug intake that makes 

a relationship improbable, but not impossible

•  Disease or other drugs provide plausible explanations

The standardised incidence ratio (SIR) is the ratio of the observed number of cases in the 

study cohort to the expected number of cases that would be expected during the follow- 

period in the total population (Webb et al, 2005). For this purpose, the incidence of 

diabetes mellitus in the total GPRD population in patients aged 18 years and younger was 

first determined. The incidence of diabetes mellitus, in the total GPRD population was 

identified using diabetic medical codes (Appendix L) and product codes related to anti

diabetic therapy agents (Appendix M) and was calculated using the method shown in 

Equation 6.1.
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Equation 6.1: Calculation of Incidence of diabetes mellitus In the GPRD general 
paediatric population

—  X  1,000 
K

Where 1̂  = Incidence of diabetes mellitus in the total GPRD cohort for patients 18 years 

and younger

/v'  ̂= Number of patients with either a new medical code related to diabetes mellitus or 

a new prescription for an anti-diabetic agent in a particular year 

And K = Total number of person-years in the GPRD population aged 18 years and younger 

in a particular year

The incidence of diabetes mellitus in the total GPRD population was stratified into 4 age 

bands (0 to 1, 2 to 5, 6 to 11, and 12 to 18 years). The expected number of incidence cases 

of diabetes mellitus, Ed, was then calculated using Equation 6.2 shown below:

Equation 6.2: Calculation of the expected number of Incidence cases of diabetes mellitus

E a = fx  D

Where Ed = Expected number of incident cases of diabetes mellitus in the population 

1̂  = Incident rate of diabetes mellitus seen in the total GPRD population;

And D = Total person-years at risk for an adverse event

The SIR with 95% confidence intervals was then calculated using the Equation 6.3 shown 

below:
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Equation 6.3: Calculation of standardised Incidence ratios (SIR) of diabetes mellitus

SIR = ^E,
Where Nc = Number of cases of diabetes mellitus identified in the cohort 

And Ed = Number of cases of diabetes mellitus that will be expected

6.3.3 Results

A total of 2,767 children (contributing 6,007 person-years) who received at least one 

prescription an antipsychotic were previously identified (Rani et al, 2008b). From this 

cohort, a total of 3 patients were identified having a clinical event or a therapy event 

related to diabetes mellitus. However, one patient was excluded because the subject had 

received a single use insulin syringe but did not have any further events related to 

diabetes mellitus or anti-diabetic therapy. Consequently, there were a total of 2 cases of 

diabetes mellitus in 5,934 person-years at risk for an adverse event. The incidence of 

diabetes mellitus adverse events was 0.34 cases per 1,000 person-years at risk (95% Cl: 

0.09 to 1.23 cases per 1,000 person-years at risk). The SIR for diabetes mellitus was 1.61 

(95% Cl: 0.20 to 5.81).

Following analysis on drug exposure and causality assessments, only one (Patient 1) of the 

2 patients was a current user at the time of the first event of diabetes mellitus i.e. exposed 

to antipsychotic therapy at the time of the event. For the causality assessment, it was
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concluded that there was a possible association between antipsychotic therapy and 

diabetes mellitus for this subject. However, there was no further information on drug 

withdrawal or re-challenge to the antipsychotic agent as the patient was continued on 

sulpiride treatment after the first occurrence of diabetes mellitus. For the remaining 

patient (Patient 2), it was unlikely that antipsychotic therapy was associated with the 

event of diabetes mellitus as there was a poor time relationship between drug exposure 

and the first event of diabetes mellitus. Results from the causality assessment are shown 

in Table 6.8.

The cohort contributed to 2,016 treatment-years. Therefore the incidence of diabetes 

mellitus adverse drug reactions (based on the one case) was 0.50 cases per 1,000 

treatment-years at risk (95% Cl: 0.09 to 2.80 cases per 1,000 treatment-years at risk).
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Table 6.8: Causality assessment on the 2 cases of diabetes mellitus

Patient Gender Age at 

event
Diabetes mellitus event Antipsychotic

agent
Causality assessment Outcome

Male 16

I I .

I I I .

Blood sugar 

method
Mixtard 30 Penfill 
lOOiu/ml (Human 

Insulin) 
Metformin

Sulpiride Subject developed diabetes 

mellitus while exposed to sulpiride 

therapy, indicating a reasonable 

time relationship between drug 

intake and the event.

Subject was continued on sulpiride 

while Mixta rd and metformin were 

continuously given as well. 
Therefore, information on drug 

withdrawal is lacking in this 

subject.

Antipsychotic drug 

possibly to be 

associated with 

diabetes mellitus in 

this case.

Female 18 i. Diabetes Mellitus Not exposed 

at the time of 
event

Subject was not exposed to 

antipsychotic therapy when the 

event of diabetes mellitus 

occurred (time from prescription 

to first diabetes event > 1500 

days), demonstrating a poor time 

relationship between drug intake 

and the event.

Subject was also taking Depo- 
provera.

Antipsychotic drug 

unlikely to be 

associated with 

diabetes mellitus in 

this case.
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A summary of the results is illustrated in Figure 6.2.

6.3.4 Discussion

Diabetes mellitus has been reported in adult and paediatric patients exposed to both 

typical and atypical antipsychotic therapy (Hagg et al, 1998; Wirshing et al, 1998; Koller & 

Malozowski, 2001; Mackin et al, 2005).

There are a number of possible mechanisms leading to hyperglycaemia and diabetic 

ketoacidosis that have been proposed. This includes primary damage to the pancreatic 

islet cells with or without a combination of dysregulation of the sympathetic nervous 

system. Secondary mechanisms of hyperglycaemia include the co-morbid effects related 

to weight gain leading to insulin resistance (Ragucci & Wells, 2001; Bloch et al, 2003). This 

phenomenon has been implied in a number of case reports and case series whereby a 

majority of antipsychotic-exposed subjects who developed diabetes mellitus-associated 

symptoms were also overweight or suffered from obesity (Domon & Webber, 2001; Selva 

& Scott, 2001; Saito & Kafantaris, 2002; Bloch et al, 2003; Courvoisie et al, 2004; Logue et 

al, 2007). Besides obesity, other proposed factors which may contribute to the 

development of diabetes mellitus in paediatric patients exposed to antipsychotic therapy 

include a positive family history of diabetes mellitus and ethnicity (Cohen & Huinink,

2007).
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Figure 6.2: Summary of the results on incidence of diabetes mellitus

2 cases of diabetes mellitus In 5,934 person-years at risk fit the 
Inclusion criteria for a case

Incidence of diabetes mellitus adverse events = 0.34 per 1,000 
person-years at risk (95% Cl: 0.09 to 1.23)

SIR for diabetes mellitus adverse events = 1.61 (95% Cl: 0.20 to 5.81)

1 case of diabetes mellitus possibly associated with antipsychotic 
treatment from 2,016 treatment-years at risk

Incidence of diabetes mellitus adverse drug reactions = 0.50 per 
1,000 treatment-years at risk (95% Cl: 0.09 to 2.80)

Adverse
event

Adverse
drug

reaction

Case confirmation

Treatment exposure analysis 
and causality assessments

Study cohort of N=2,767 
patients contributing 6,007 

person-years at risk

3 patients Identified having a cllnlcal/therapy event related to 
diabetes mellitus
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Unfortunately, as there is a recognised relationship between glucose intolerance and 

mental illness, it remains difficult to assess causality between antipsychotic treatment and 

the occurrence of this condition (Liebzeit et al, 2001; Dubois, 2005; Mackin et al, 2005). 

The results presented in this study demonstrated only one case whereby antipsychotic 

therapy was possibly associated with the event of diabetes mellitus (Patient 1). This 

subject did not have a record for obesity or for being overweight and a family history of 

diabetes mellitus was also absent from the electronic patient profile records. These 

elements however should not be overlooked as this information might have been omitted 

by the general practitioner. As for ethnicity, the GPRD does not divulge this data.

Although the association between diabetes mellitus and typical antipsychotic therapy has

not been thoroughly established, data on the link between hyperglycaemia and glucose

dysregulation and atypical antipsychotic agents have been increasing (Saito & Kafantaris,

2002). It has also been reported that as the use of atypical antipsychotic drugs have been

increasing, so has the number of reports on the incidence or worsening of diabetes

mellitus, as well as ketoacidosis associated with their use, in both the adult and paediatric

populations (Liebzeit et al, 2001; Cohen & Huinink, 2007). Although diabetes mellitus is a

serious condition associated with high morbidity and mortality, literature and published

studies investigating this condition in children and adolescents exposed to antipsychotic

therapy remains sparse (Cohen & Huinink, 2007). Results from the literature review earlier

in this section demonstrated that paediatric patients on antipsychotic therapy possibly
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have an increased risk of developing metabolic disorders including type II diabetes 

mellitus (Jerrell & McIntyre, 2008). However, the majority of published studies identified 

in the review were case reports and case series, therefore highlighting paucity in large- 

scale studies investigating antipsychotic-induced diabetes mellitus in the paediatric 

population.

As discussed following the literature review on diabetes mellitus and antipsychotic agents, 

it has been reported that hyperglycaemia and diabetes mellitus appears to be reversible 

upon cessation of the offending antipsychotic agent in some patients; and reappears 

when the drug is reintroduced (Rigalleau et al, 2000). Upon cessation of the offending 

drug, glucose homeostasis is probably achieved by a reduction of weight which leads to a 

decreased insulin resistance, sufficiently allowing for the patients' endogenous insulin 

production to maintain normal carbohydrate management (Courvoisie et al, 2004). This 

was not the case for Patient 1 whereby sulpiride therapy was ongoing, and was not 

discontinued after the subject developed type I diabetes mellitus; therefore restraining 

analysis on causality with regards to re-challenging.

It has also been demonstrated that even among patients' whose diabetes mellitus is

resolved upon cessation of the suspected antipsychotic agent, there are those who still

eventually develop the condition after the initial presentation (Saito & Kafantaris, 2002).

In these patients, it is argued that this recurrence of diabetes mellitus is a reflection of the
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underlying predisposition of the patient to the condition, which was unmasked with 

antipsychotic drug treatment (Courvoisie et al, 2004). Nevertheless, cessation of the 

suspected drug may not always result in a favourable outcome or resolved diabetes 

mellitus, highlighting the possibility that glucose dysregulation could potentially be an 

irreversible side effect of antipsychotic therapy (Bloch et al, 2003). Conversely, the 

development of diabetes mellitus could also just be a coincidental phenomenon which 

occurred during antipsychotic therapy.

An observational cohort study using paediatric populations from New Zealand presented

an incidence of 4 cases of new-onset diabetes mellitus or a worsening diabetes mellitus

per 1,000 person-years (95% Cl: 0.5 to 15 cases per 1,000 person-years) from 489 person-

years of atypical antipsychotic treatment (Harrison-Woolrych et al, 2007). The results

presented using the GPRD demonstrated an incidence of 0.50 cases of new-onset diabetes

mellitus adverse drug reactions per 1,000 treatment-years (95% Cl: 0.09 to 2.80 cases per

1,000 treatment-years). The overlapping confidence intervals of these values suggest that

there is no significant statistical difference of the reported incidence rates between the 2

studies. Nevertheless, there are a number of differences with regards to the methodology

used by Harrison-Woolrych et al (2007) and this study using the GPRD. Firstly, the GPRD

study cohort included all paediatric patients aged 18 years and younger who were

exposed to both typical and atypical antipsychotic drugs, while the study by Harrison-

Woolrych et al included children aged 15 years and below who were only exposed to
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atypical antipsychotic agents. Secondly, the data source used by Harrison-Woolrych and 

colleagues were obtained by questionnaires sent to each paediatric patients' psychiatrist 

or general practitioner where as the data source used in this study was relatively more 

indirect, being obtained solely from automated general practice-based database. 

Therefore, it could be more likely that clinicians from the New Zealand study were more 

vigilant in reporting adverse reactions, or better well-trained in recognising such events in 

patients exposed to atypical antipsychotic treatment compared to general practitioners 

who contribute to the GPRD. Thirdly, this study only included new-onset diabetes mellitus 

and cases of pre-existing diabetes mellitus were subsequently excluded from analysis. 

Consequently, this may underestimate the actual risk of antipsychotic agents' effect on 

glucose regulation in the GPRD study cohort. Finally, the size of the study cohorts from the 

2 studies was also very different, where the cohort of paediatric patients identified from 

the GPRD being much larger.

The calculated SIR when compared to the incidence of diabetes mellitus in the general

paediatric population from the GPRD was 1.61 (95% Cl: 0.20 to 5.81). This ratio however,

was not significant as the confidence interval includes 1. The calculated SIR also presented

with wide confidence intervals, therefore limiting more meaningful interpretations to be

made. Furthermore, diabetes mellitus was possibly associated with antipsychotic therapy

in only one subject (Patient 1). This subject was likely to have insulin-dependent diabetes

mellitus, which, although not unheard of (Goldstein et al, 1999), is less commonly
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reported than type II diabetes mellitus in patients exposed to antipsychotic treatment 

(Hagg et al, 1998; Kornegay et al, 2002).

It should also be reminded that a common adverse effect of antipsychotic medication is

weight gain (Casey et al, 2004; Dubois, 2005; Laita et al, 2007). Most cases which report

patients who develop diabetes mellitus while exposed to atypical antipsychotic agents

involve clozapine and olanzapine, which incidentally are also proposed to have the highest

rates of weight gain (Saito & Kafantaris, 2002). Results from the literature review in on

diabetes mellitus in this section also indicate that the atypical antipsychotics risperidone

(Koller et al, 2004), olanzapine and clozapine (Koller & Malozowski, 2001) having the

potential to further exacerbate or worsen pre-existing diabetes mellitus in exposed

children. A study by Meyer (2002) suggested that olanzapine is also associated with

greater increases in fasting glucose and lipid levels compared to risperidone; and these

changes may be independent of increases in weight (Meyer, 2002; Saito & Kafantaris,

2002). It should be noted that risperidone and olanzapine are the highest and second

highest prescribed atypical antipsychotic agents in respectively in the UK paediatric

population from the results presented in Chapter 4. Additionally, antipsychotic therapy

may also cause changes in serum lipid levels (Casey et al, 2004; Laita et al, 2007). When

these effects are combined with the potential for these drugs to cause hyperglycaemia

and diabetes mellitus, the increased risk for metabolic syndrome and mortality is elevated

(Casey et al, 2004). This further accentuates the need for more research to investigate
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treatment-emergent diabetes in children exposed to antipsychotic medication, as well as 

continuous monitoring of glucose tolerance throughout exposure to these agents.

6.4 Incidence of extrapyramidal symptoms

Unlike liver abnormalities and diabetes mellitus, extrapyramidal symptoms are a more 

frequent side effect associated with antipsychotic therapy. Although the newer atypical 

antipsychotic agents are considered to be safer, extrapyramidal symptoms have been 

reported in children taking both typical and atypical antipsychotic therapy (Armenteros & 

Davies, 2006; Correll, 2008).

Available published studies reporting the occurrence and rate of this adverse effect in 

adult and paediatric patients are primarily derived from clinical trials (Casey, 1999; Correll 

& Kane, 2007). Furthermore, the majority of these studies consist of relatively small 

sample sizes and short durations of study (Pool et al, 1976; Armenteros et al, 1997; 

Findling et al, 2003; King et al, 2003; Laita et al, 2007; Gencer et al, 2008; Findiing et al,

2008). Additionally, there is a wide range of variance among the reported rates from these 

published studies. For example. King et al (2003) reported 8% of study subjects (4/50 

children) developed extrapyramidal symptoms while treated with risperidone, while 

Findling et al (2008) reported up to 22% of study subjects (22/102 children) developed 

extrapyramidal side effects while on aripiprazole treatment. Even with haloperidol, a long-
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established typical antipsychotic agent, there is a wide variance in the published rates of 

extrapyramidal side effect in exposed children. Pool et al (1976) reported 76% of study 

subjects (18/25) experienced extrapyramidal symptoms while a study by Gencer et al 

(2008) reported only 20% of the study subjects (3/15 children) developed this adverse 

effect during the study period. Other published studies include case reports and case 

series reporting children or adolescents who experienced extrapyramidal symptoms while 

exposed to antipsychotic treatment (Ahmed et al, 1998; Sathpathy & Winsberg, 2003).

Consequently, this section investigates the incidence of extrapyramidal symptoms in the 

large cohort of children and adolescents exposed to antipsychotic drug therapy identified 

in Chapter 4.

6.4.1 Methodology 

Data source

The data for this study were obtained from the GPRD. The history of the GPRD and 

validation of its data is described in more detail in Chapter 3.

The study population and data extraction methods are described in detail in Chapter 3.

Patients who received at least one prescription for an antipsychotic during the defined

study period between 1 January 1993 and 31 December 2005 were included in the study.
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Patients with a history of extra pyramid a I symptoms prior to the first prescription of an 

antipsychotic were excluded from the study.

Cases of extrapyramidal symptoms

Cases were identified from the antipsychotic cohort described in Chapter 4, except the 

study duration was modified to 01 January 1993 until 31 December 2005 to match the 

comparator cohort used. The additional comparator cohort was identified from another 

study using the GPRD, which comprised of paediatric patients who received prescriptions 

for antiepileptic medications from 1993 to 2005 (Ackers et al, 2007). Incident patients in 

both the cohorts were followed from the date of the first prescription of an antipsychotic 

or an antiepileptic agent until the earliest occurrence of a clinical event related to 

extrapyramidal symptoms (Appendix N), age greater than 18 years, end of the exposure 

duration of the drug, or the end of the study period. Cases were defined as patients who 

experience clinical events consistent with extrapyramidal symptoms while being exposed 

to antipsychotic or antiepileptic therapy. Case confirmation was evaluated by Professor 

Ian Wong^°, a paediatric pharmacoepidemiologist and Dr Patrick Byrne^\ a consultant 

child and adolescent psychiatrist.

Professor Ian Chi Kei Wong, Director and Professor of Paediatric Medicines Research,
Centre for Paediatric Pharmacy Research, A collaboration between the School of Pharmacy, Institute of Child 
Health & Great Ormond Street Hospital for Children 
“  Dr Patrick Byrne MMedScI FRCPsych
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Data analysis

Incidence of extrapvramidal adverse events: exposed versus unexposed to antipsychotic 

therapy

Extrapyramidal symptoms are a common adverse effect associated with antipsychotic 

therapy (Electronic Medicines Compendium; Casey, 1999). To investigate the occurrence 

of this adverse event, the incidence of extrapyramidal symptoms in the cohort of patients 

exposed to antipsychotic treatment was compared to the incidence of extrapyramidal 

symptoms in the comparator cohort of patients not exposed to antipsychotic treatment.

An available cohort of patients from the GPRD who were identified for a different study 

investigating the pharmacoepidemiology of antiepileptic drugs was used as the 

comparator cohort (Ackers et al, 2007). The index dates for these 2 cohorts were the date 

of the first prescription for either an antipsychotic medication or an antiepileptic 

medication. Durations of drug exposure, whether to antipsychotic medication or 

antiepileptic medication, were calculated using Equation 6.4.

Consultant in Adolescent Psychiatry & Hon Research Associate loP 
South London & Maudsley NHS Trust
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Patients in the cohort were followed from the date of the first prescription until the 

earliest occurrence of a clinical event related to extrapyramidal symptoms (Appendix N), 

age greater than 18 years, end of the drug exposure duration, or end of the study period.

Equation 6.4: Calculation of duration of drug exposure

Duration of drug exposure = - S" + /.

Where End date of the treatment duration of the last antipsychotic or antiepileptic 

prescription

And = Start date; which is the first prescription for an antipsychotic or antiepileptic 

agent (First prescription date)

And L = Latency period of 30 days

Once cases of patients who experienced extrapyramidal symptoms were identified, a 

logistic regression was conducted to investigate odds ratios of experiencing an 

extrapyramidal symptom. The model was adjusted for gender, age at first prescription, 

and duration of drug exposure in treatment-years.

Causalitv assessments in antipsvchotic-exposed cohort

Following the analysis on logistic regression, a causality assessment was conducted to 

determine the likelihood of an association between the event of extrapyramidal 

symptoms and antipsychotic therapy in the cohort of subjects exposed to antipsychotic 

medications. The causality assessment was adapted from the WHO-UMC system for
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standardised causality assessment method (Uppsala Monitoring Centre). The criteria and 

categories used for the assessment are shown in Table 6.9. After conducting the analysis 

on the causality assessment, it was also assessed independently by Professor Ian Wong^^, 

a paediatric pharmacoepidemiologist. Cases where the antipsychotic agent was classified 

as possibly, probably, or certainly associated with extrapyramidal symptoms were 

considered as adverse drug reactions. The incidence of extrapyramidal adverse drug 

reactions in subjects exposed to antipsychotic therapy was then calculated per 1,000 

treatment-years at risk with 95% confidence intervals.

Table 6.9: Categories used for the causality assessment for cases of extrapyramidal 
events in the study cohort exposed to antipsychotic therapy

Causality term Assessment criteria

Certain •  Event of extrapyramidal symptom with a plausible time 

relationship to drug intake

•  Event cannot be explained by other disease or drugs

•  Event definitive pharmacologically or phenomenologically

•  Rechallenge satisfactory

Probably/

Likely
•  Event of extrapyramidal symptom with reasonable time 

relationship to drug intake

•  Event unlikely to be attributed to other disease or drugs

•  Response to withdrawal clinically reasonable

•  Rechallenge not required

Possible •  Event of extrapyramidal symptom with reasonable time 

relationship to drug intake

•  Event could be possibly explained by disease or other drugs

Professor Ian Chi Kei Wong, Director and Professor of Paediatric Medicines Research,
Centre for Paediatric Pharmacy Research, A collaboration between the School of Pharmacy, Institute of Child 
Health & Great Ormond Street Hospital for Children
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•  Information on drug withdrawal may be lacking or unclear

Unlikely •  Event of extra pyramidal symptom with a time to drug intake 

that makes a relationship improbable, but not impossible

•  Disease or other drugs provide plausible explanations

6.4.2 Results

A total of 11,357 incidence patients contributing 22,342 treatment-years were identified 

in this study. Out of the 11,357 patients, 2,131 subjects received antipsychotic medication 

contributing to 1,192 treatment-years; and 9,226 subjects were exposed to antiepileptic 

medication contributing to 21,150 treatment-years. There were 19 and 48 subjects who 

experienced an event related to extrapyramidal symptoms while being exposed to 

antipsychotic treatment and antiepileptic treatment respectively (Figure 6.3).

The incidence of extrapyramidal adverse events was 15.93 cases per 1,000 treatment- 

years at risk (95% Cl: 9.62 to 24.78 cases per 1,000 treatment-years at risk) in the cohort 

of patients exposed to antipsychotic medication; and 2.27 cases per 1,000 treatment- 

years at risk (95% Cl: 1.63 to 2.91 cases per 1,000 treatment-years) in the cohort of 

patients exposed to antiepileptic drugs.
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Figure 6.3: Study cohort investigating extrapyramidal symptoms

Experienced EPS

N =48

Did not experience EPS

N = 2,112

Experienced EPS

N = 19

Did not experience EPS

N = 9,178

Study cohort 
N = 11,357; 22,342 exposure person-years

Exposed to antiepileptic drugs

N = 9,226; 21,150 treatment-years

Exposed to antipsychotic drugs

N = 2,131; 1,192 treatment-years
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The odds ratios from the logistic regression analysis demonstrate that patients exposed to 

antipsychotic treatment have a higher likelihood of experiencing an extrapyramidal 

symptom compared to patients in the comparator cohort (OR: 1.88; 95% Cl: 1.03 to 3.45; 

p = 0.04) as shown in Table 6.10.

Table 6.10: Odds ratios from logistic regression analysis

Variable Odds ratio (95% Cl); p value

Exposure to antipsychotic 

Duration of exposure 

Gender (Male as reference) 

Age at first prescription

1.88 (1.01 to 3.45); p = 0.040 

1.00 (0.99 to 1.00); p = 0.936 

1.17 (0.72 to 1.92); p = 0.518 

0.98 (0.94 to 1.03); p = 0.415

Durations of exposure, whether to antipsychotic or antiepileptic therapy, patient gender 

and age at first prescription for an antipsychotic or antiepileptic medication was found to 

have no significant impact on the odds ratio of developing extrapyramidal symptoms.

From the 2,131 subjects contributing to 1,192 treatment-years on antipsychotic therapy, a 

causality assessment was conducted on the 19 subjects who experienced events related 

to extrapyramidal symptoms. Details of the 19 subjects and the results of the causality 

assessments are shown in Table 6.11.
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Table 6.11: Causality assessment on the 19 cases of extrapyramidal symptoms

Patient Gender Age at 
event

Extrapyramidal
symptom

Antipsychotic
agent

Causality assessment Outcome

Male 13 Dystonia Haloperidol Subject developed dystonia only after 

haloperidol was prescribed (only 1 

prescription for haloperidol was 

given), indicating a plausible time 

relationship between drug and the 

event.

Subject did not have any other drug or 
disease which could have caused 

dystonia.

Haloperidol was discontinued and no 

other extrapyramidal symptoms were 

seen, therefore demonstrating a 

reasonable response to haloperidol 

withdrawal.

Dystonia is a pharmacologically 

definitive side effect of haloperidol. 

However, there was no information on 

rechallenge.

Antipsychotic drug was 

probably associated 

with the event of 

extrapyramidal 
symptom in this case.

Male 18 Muscle rigidity Sulpiride Prior to starting sulpiride, subject was 

on pimozide monotherapy 11 months, 
and no event related to

Antipsychotic drug was 

probably associated 

with the event of
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extra pyramidal symptoms was seen 

during this period.

Subject developed muscle rigidity only 

after pimozide therapy was switched 

to sulpiride (only 1 prescription of 
sulpiride was given), indicating a 

plausible time relationship between 

drug intake and the event.

Subject did not have any other drug or 
disease which could have caused 

muscle rigidity.

Sulpiride was discontinued and the 

subject was switched to risperidone 

therapy in combination with pimozide 

and procyclidine. Following that, no 

other extra pyramid a I symptoms was 

seen, therefore demonstrating a 

reasonable response to sulpiride 

withdrawal.

Muscle rigidity is a pharmacologically 

definitive side effect of sulpiride. 

However, there was no information on 

rechallenge.

extrapyramidal 
symptom in this case.

Male 17 Dystonia Chlorpromazine Subject developed dystonia only after Antipsychotic drug was
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the first prescription of 
chlorpromazine was given, indicating a 

plausible time relationship between 

drug intake and the event.

The subject was also on fluoxetine and 

paroxetine prior to chlorpromazine 

therapy; transient abnormal 
movements are uncommon (but not 

impossible) with fluoxetine and 

paroxetine.

Additionally, chlorpromazine was not 
discontinued following the event of 

dystonia, and procyclidine was also 

prescribed in combination with 

chlorpromazine. Therefore, 
information on drug withdrawal is 

lacking in this subject.

possibly associated with 

the event of 
extrapyramidal 
symptom in this case.

Male 18 Cogwheel

rigidity

Chlorpromazine •  Subject developed cogwheel rigidity 

only after chlorpromazine was 

prescribed (only 1 prescription of 

chlorpromazine was given), indicating 

a plausible time relationship between 

drug intake and the event.

•  Subject did not have any other drug or 

disease which could have caused

Antipsychotic drug was 

probably associated 

with the event of 

extrapyramidal 
symptom in this case.
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muscle rigidity.

Chlorpromazine was discontinued and 

no other extrapyramidal symptoms 

were seen, therefore demonstrating a 

reasonable response to 

chlorpromazine withdrawal.

Rigidity is a pharmacologically 

definitive side effect of 

chlorpromazine.

However, there was no information on 

rechallenge.

Female 17 Tremor Chlorpromazine Subject developed tremor while on 

chlorpromazine therapy, indicating a 

plausible time relationship between 

drug intake and the event.

The subject was also on 

cabarmazepine prior to 

chlorpromazine therapy; Abnormal 
involuntary movements are 

uncommon (but not impossible) with 

cabarmazepine.

Additionally, chlorpromazine was not 
discontinued following the event of 
tremor, and procyclidine was also

Antipsychotic drug was 

possibly associated with 

the event of 
extrapyramidal 
symptom in this case.
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prescribed in combination with 

chlorpromazine. Therefore, 
information on drug withdrawal is 

lacking in this subject.

Male 14 Dystonia Trifluoperazine Subject developed dystonia only after 

trifluoperazine was prescribed (only 1 

prescription of trifluoperazine was 

given), indicating a plausible time 

relationship between drug intake and 

the event.

Subject did not have any other drug or 

disease which could have caused 

dystonia.

Trifluoperazine was discontinued and 

no other extrapyramidal symptoms 

were seen, therefore demonstrating a 

reasonable response to 

chlorpromazine withdrawal.

Dystonia is a pharmacologically 

definitive side effect of 

trifluoperazine.

However, there was no information on 

rechallenge.

Antipsychotic drug was 

probably associated 

with the event of 
extrapyramidal 
symptom in this case.

Female 17 Torticollis Pericyazine Subject developed torticollis (which is Antipsychotic drug was
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a symptom of dystonia) after the first 
prescription for pericyazine, indicating 

a plausible time relationship between 

drug intake and the event.

There were no other events specific to 

extrapyramidal effects following 

torticollis, suggesting that torticollis 

was possibly idiosyncratic and not 

drug related.

Additionally, pericyazine was not 
discontinued following the event of 
torticollis. Therefore, information on 

drug withdrawal is lacking in this 

subject.

possibly associated with 

the event of 
extrapyramidal 
symptom in this case.

Male 17 Cogwheel
rigidity

Zuclopenthixol Subject developed cogwheel rigidity 

after the first prescription for 

zuclopenthixol, indicating a plausible 

time relationship between drug intake 

and the event.

Zuclopenthixol was not discontinued 

following the event of tremor, and 

procyclidine was also prescribed in 

combination with zuclopenthixol. 
Therefore, information on drug 

withdrawal is lacking in this subject.

•  Antipsychotic drug was 

possibly associated with 

the event of 
extrapyramidal 
symptom in this case.
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Male 15 Tremor Chlorpromazine Subject developed cogwheel rigidity 

after the first prescription for 

chlorpromazine, indicating a plausible 

time relationship between drug intake 

and the event.

Chlorpromazine was not discontinued 

following the event of tremor. 
Therefore, information on drug 

withdrawal is lacking in this subject.

Antipsychotic drug was 

possibly associated with 

the event of 
extrapyramidal 

symptom in this case.

10 Male Tremor Haloperidol Subject developed tremor only after 

haloperidol was prescribed (only 1 

prescription of haloperidol was given), 

indicating a plausible time relationship 

between drug intake and the event. 

Subject had also been on salbutamol 

aerosol inhaler therapy since March 

1994; however tremor only occurred 

in July 1996 after being prescribed 

haloperidol. Therefore it is unlikely 

that tremor was attributed to 

salbutamol therapy.

Haloperidol was discontinued and no 

other extrapyramidal symptoms were 

seen, therefore demonstrating a 

reasonable response to haloperidol

Antipsychotic drug was 

probably associated 

with the event of 

extrapyramidal 
symptom in this case.
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withdrawal.

Tremor is a pharmacologically 

definitive side effect of haloperidol. 

However, there was no information on 

rechallenge.

11 Male 18 Tremor Sulpiride Subject developed tremor while on 

sulpiride therapy, indicating a 

plausible time relationship between 

drug intake and the event.

Subject did not have any other drug or 
disease which could have caused 

dystonia.

Sulpiride was discontinued and no 

other extrapyramidal symptoms were 

seen, therefore demonstrating a 

reasonable response to sulpiride 

withdrawal.

Tremor is a pharmacologically 

definitive side effect of sulpiride. 

However, there was no information on 

rechallenge.

•  Antipsychotic drug was 

probably associated 

with the event of 
extrapyramidal 
symptom in this case.

12 Male 10 Tardive

dyskinesia

Risperidone Subject developed tardive dyskinesia 

after approximately 7 months of 

risperidone therapy, indicating a

Antipsychotic drug was 

possibly associated with 

the event of
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plausible time relationship between 

drug intake and the event. 

Risperidone was not discontinued 

following the event of tardive 

dyskinesia. Therefore, information on 

drug withdrawal is lacking in this 

subject.

extrapyramidal 

symptom in this case.

13 Male 12 Tardive
dyskinesia

Haloperidol Subject developed tardive dyskinesia 

after approximately 8 months of 
haloperidol therapy, indicating a 

plausible time relationship between 

drug intake and the event.

Subject did not have any other drug or 

disease which could have caused 

tardive dyskinesia.

Haloperidol was discontinued and no 

other extrapyramidal symptoms were 

seen, therefore demonstrating a 

reasonable response to sulpiride 

withdrawal.

Tardive dyskinesia is a 

pharmacologically definitive side 

effect of haloperidol.

However, there was no information on

Antipsychotic drug was 

probably associated 

with the event of 
extrapyramidal 
symptom in this case.
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rechallenge.

14 Male 17 Tardive
dyskinesia

Risperidone Subject developed tardive dyskinesia 

after approximately 4 months of 

risperidone therapy, indicating a 

plausible time relationship between 

drug intake and the event.

Subject did not have any other drug or 

disease which could have caused 

tardive dyskinesia.

Risperidone was stopped and no other 
extrapyramidal symptoms were seen, 
therefore demonstrating a reasonable 

response to risperidone withdrawal. 

Risperidone was restarted 

approximately 2 months after the 

event of tardive dyskinesia in 

combination with procyclidine. 
However, the subject developed drug- 
induced parkinsonism symptoms 

approximately 3 months after 

restarting treatment therefore 

providing data on rechallenge.

Tardive dyskinesia and parkinsonism 

symptoms are pharmacologically 

definitive side effects of risperidone.

Antipsychotic drug was 

certainly associated 

with the event of 

extrapyramidal 
symptoms in this case.
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15 Female 12 Dystonia Haloperidol Subject developed dystonia only after 

haloperidol was first prescribed, 
indicating a plausible time relationship 

between drug intake and the event. 

Prior to haloperidol treatment, subject 
was on pimozide for approximately 44 

months without experiencing any 

events related to extrapyramidal 

symptoms.

Haloperidol was not discontinued 

following the event of dystonia. 
Therefore, information on drug 

withdrawal is lacking in this subject.

Antipsychotic drug was 

possibly associated with 

the event of 
extrapyramidal 

symptom in this case.

16 Male 17 Dystonia Haloperidol Subject developed dystonia only after 

haloperidol was prescribed (only 1 

prescription of haloperidol was given), 

indicating a plausible time relationship 

between drug intake and the event. 

Subject did not have any other drug or 
disease which could have caused 

dystonia.

Haloperidol was discontinued and no 

other extrapyramidal symptoms were 

seen, therefore demonstrating a

Antipsychotic drug was 

probably associated 

with the event of 
extrapyramidal 
symptom in this case.
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reasonable response to haloperidol 
withdrawal.

Dystonia is a pharmacologically 

definitive side effect of haloperidol. 

However, there was no information on 

rechallenge.

17 Male 15 Dystonia Risperidone Subject developed dystonia while 

exposed to risperidone therapy, 
indicating a plausible time relationship 

between drug intake and the event. 

Subject did not have any other drug or 

disease which could have caused 

dystonia.

Risperidone was discontinued and no 

other extra pyramid a I symptoms were 

seen, therefore demonstrating a 

reasonable response to risperidone 

withdrawal.

Dystonia is a pharmacologically 

definitive side effect of risperidone. 

However, there was no information on 

rechallenge.

Antipsychotic drug was 

probably associated 

with the event of 
extrapyramidal 
symptom in this case.

18 Male 17 Cogwheel
rigidity

Risperidone Subject developed dystonia only after 

the first prescription for risperidone

Antipsychotic drug was 

possibly associated with
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was given, indicating a plausible time 

relationship between drug intake and 

the event.

Prior to risperidone treatment, subject 

was on flupenthixol and thioridazine 

in combination with procyclidine for 

approximately 8 months without 
experiencing any events related to 

extrapyramidal symptoms.

Risperidone was not discontinued 

following the event of tremor, and 

procyclidine was also then prescribed 

in combination with risperidone. 

Therefore, information on drug 

withdrawal is lacking in this subject.

the event of 
extrapyramidal 
symptom in this case.

19 Female 17 Extra pyramidal 
movements

Risperidone Subject developed extrapyramidal 

movements while being exposed to 

risperidone, indicating a plausible time 

relationship between drug intake and 

the event.

Subject was also on citalopram 

therapy. Tremor is a frequent side 

effect related to citalopram. 

Risperidone was not discontinued 

following the event, and was

•  Antipsychotic drug was 

possibly associated with 

the event of 
extrapyramidal 

symptom in this case.
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continued in combination with 

citalopram. Therefore, information on 

drug withdrawal is lacking in this 

subject.
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Of the 19 cases identified, there was 1 case where the antipsychotic agent in question was 

certainly associated with antipsychotic therapy (Patient 14), 9 cases of extrapyramidal 

symptoms were deemed probably associated with antipsychotic therapy (Patients 1, 2, 4, 

6, 10, 11, 13, 16 and 17) and 9 cases of extrapyramidal symptoms were deemed possibly 

associated with antipsychotic therapy (Patients 3, 5, 7, 8, 9, 12, 15, 18 and 19). Therefore 

all 19 cases were considered adverse drug reactions. As a result, the incidence of 

extrapyramidal adverse reactions in the cohort of subjects exposed to antipsychotic 

treatment remained the same, which was 15.93 cases per 1,000 treatment-years at risk 

(95% Cl: 9.62 to 24.78 cases per 1,000 treatment-years at risk).

6.4.3 Discussion

The incidence of patients exposed to antipsychotic medication in the cohort who 

experienced extrapyramidal symptoms was 15.39 cases per 1,000 treatment-years (95% 

Cl: 8.52 to 22.25 cases per 1,000 treatment-years). This rate is relatively low compared to 

rates of extrapyramidal symptoms reported in published studies and clinical trials (Pool et 

al, 1976; King et al, 2003; Armenteros & Davies, 2006). Nonetheless, the sample size used 

for this study was much larger than the samples used in the published clinical trials. It is 

also possible that not all general practitioners who contributed data to the GPRD were 

vigilant or sufficiently trained in diagnosing and identifying all types of extrapyramidal
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symptoms such as tremor. Ultimately though, this should not affect the derived odds 

ratios as the comparator cohort was derived from the same population.

The results show that patients exposed to antipsychotic medication have a higher 

likelihood of experiencing an event related to extrapyramidal symptoms compared to 

patients exposed to antiepileptic drugs. It must be noted however that these results are 

confounded by the comparator cohort as a number of antiepileptic medication including 

carbamazepine and lamotrigine may, albeit rarely, also cause movement disorders or 

worsen parkinsonian symptoms (Electronic Medicines Compendium). Even so, this 

confounder would in fact underestimate the odds ratio of antipsychotic medication to 

cause extrapyramidal symptoms in the results.

A recent randomised trial investigating extrapyramidal side effects of antipsychotic 

therapy in adults revealed that risperidone had higher rates of concomitant 

antiparkinsonism therapy compared to subjects taking quetiapine and ziprasidone (an 

atypical antipsychotic agent marketed in the USA) (Miller et al, 2008). As risperidone was 

revealed to be the most commonly prescribed atypical antipsychotic agent in Chapter 4, 

this is a cause for concern. Furthermore, drug interactions with neurodevelopmental 

processes of children, combined with the relatively permeable blood-brain barrier in 

younger patients could potentially contribute to the higher risk of children to develop
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neurological adverse effects including extrapyramidal effects related to antipsychotic 

therapy (Woods et al, 2003).

Although relatively common, extrapyramidal side effects associated with antipsychotic 

drug therapy and its impact in young patients should not be disregarded. As mentioned in 

Chapter 1, extrapyramidal symptoms can manifest throughout the course of antipsychotic 

treatment, from the initial few weeks, or even much later (Gracious & Findling, 2001). 

There is also evidence to suggest that patients presenting with extrapyramidal symptoms 

during the initial stages of treatment are more likely to develop tardive dyskinesia (Jibson 

& Tandon, 1998). Additionally, extrapyramidal side effects are associated with cognitive 

dysfunction in patients suffering from psychotic disorders (Bilder, 1997); and the 

manifestation of these symptoms play an important role in patients' compliance and 

adherence to therapy, and may have a negative impact on their social functioning (Jibson 

& Tandon, 1998). Therefore, early management of extrapyramidal side effects, either by 

controlling the symptoms or modification of drug therapy may have a positive impact on 

patients or improve the overall clinical care and management.

The analysis on the causality assessment in the antipsychotic-treated cohort deemed that

all 19 subjects who experienced extrapyramidal adverse events to be either certainly,

probably or possibly associated with antipsychotic therapy. The process for determining

causality was facilitated as a number of extrapyramidal symptoms which occurred,
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including tardive dyskinesia and dystonia, are definitive of antipsychotic therapy. 

However, the strict criteria of rechallenging were implemented for a case to be considered 

as certain. Consequently, only one case of extrapyramidal symptoms was deemed 

certainly associated with antipsychotic therapy (Patient 14) where rechallenging was 

evident. This subject experienced tardive dyskinesia while exposed to risperidone. 

Following drug withdrawal, there were no further events related to extrapyramidal 

symptoms. Interestingly, the subject was restarted on risperidone in combination with 

procyclidine 2 months after the initial presentation of tardive dyskinesia. Following this, 

the subject developed drug-induced parkinsonism symptoms 3 months after restarting 

treatment, despite concomitant procyclidine therapy. Nonetheless, it should be noted 

that all data obtained for this study were from general practitioner records, and the actual 

filling or dispensing of prescribed medicines, as well as the patients' compliance could not 

be determined.

Further scrutiny on the 19 cases revealed that the majority of these subjects were given 

antipsychotic therapy for what were probably essentially non-psychotic indications 

including behaviour, autistic and affective disorders and Tourette's syndrome. As the 

majority of these psychiatric conditions are off-label indications of antipsychotic therapy, 

this further accentuates the lack of sufficient long-term investigations and research in the 

paediatric population.
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6.5 Overall discussion on the incidence of liver abnormalities, diabetes mellitus and 

extrapyramidal symptoms in the study cohort

The study investigating antipsychotic prescribing to children and adolescents in Chapter 4 

demonstrated an increase in prevalence of antipsychotic prescribing with a stable 

prescribing incidence during the study period of 1992 to 2005; suggesting that patients 

are on antipsychotic treatment for longer periods of time rather than more new patients 

starting antipsychotic treatment (Rani et al, 2008b). This would be a cause for concern as 

it has been shown that adverse effects including extrapyramidal symptoms, endocrine 

disorders, and diabetic side effects are more common in patients exposed to long-term 

treatment than patients with short-term exposure treatment (Kornegay et al, 2002; Laita 

et al, 2007).

Causality assessments

The causality assessments used in this chapter allowed for a systematic analysis to 

determine the likelihood of an association between antipsychotic drug intake and the 

events of interest. Important elements in the criterion for causality include whether or not 

the event of interest was pharmacologically or phenomenologically definitive of 

antipsychotic therapy, the presence or absence of a plausible response to drug 

withdrawal, and a rechallenge to the drug following cessation. The causality assessments 

demonstrated that antipsychotic therapy was unlikely to be associated with any of the
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indentified cases of liver abnormalities and was possibly associated with one of the 2 cases 

of diabetes mellitus. For this one case of diabetes mellitus, data on drug withdrawal and 

drug rechallenge was absent, thus limiting the measure of causality. On the other hand, all 

19 identified cases of extrapyramidal symptoms were at least possibly associated with 

antipsychotic therapy. There was also one case whereby the antipsychotic agent was 

rechallenged following cessation of therapy after the subject developed tardive 

dyskinesia. This subject subsequently developed extrapyramidal symptoms, resulting in 

the antipsychotic agent being certainly associated with the event.

Clinical implications

This study also raises the issue of availability and appropriateness of properly established 

antipsychotic therapy guidelines in the young population. As obesity is a known risk factor 

for developing insulin resistance and diabetes mellitus, as well as liver abnormalities 

including steatohepatitis, transient weight gain caused by antipsychotic therapy further 

accentuates the need for caution in children and adolescents exposed to these agents 

(Cohen & Huinink, 2007; Gonzalez-Heydrich et al, 2003). Furthermore, children on 

antipsychotic therapy often suffer from a wide range of psychiatric disorders, and are 

therefore more likely to be the subject of polypharmacy. Pharmacotherapy combinations 

itself may increase the risk of adverse effects in paediatric patients. For example, cases of 

acute pancreatitis, steatohepatitis, and elevations in hepatic enzymes have been reported
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in both children and adults exposed to a combination of semisodium valproate and 

olanzapine (Ragucci & Wells, 2001; Gonzalez-Heydrich et al, 2003). It is recommended for 

clinicians to monitor patients under their care for parameters including baseline weight 

measurements, liver function tests and glucose levels as well as periodic monitoring of 

these functions.

Limitations

For the incidence of diabetes mellitus, co-morbid conditions including obesity and 

ethnicity which may contribute to the incidence of the condition were not explored in the 

analysis as this data is not systematically recorded for patients in the database.

Secondly, paediatric patients who experience the serious adverse effects of interest that 

require specialist treatment or occur during hospitalisation would not appear directly in 

the GPRD. This includes serious adverse drug reactions as a result from paediatric patients 

receiving therapy solely from specialist child and adolescent mental health clinics or 

tertiary children's hospitals. Nevertheless, as patients ultimately return to primary care 

under their general practitioners, it is unlikely that the general practitioners do not 

document such important events into their records.
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As recommended for the detection of serious adverse events (Greenhill et al, 2003), a 

large paediatric cohort exposed to antipsychotic therapy contributing to approximately

6,000 person-years was used as the data source. Nevertheless, when investigating 

incidence rates of rare events, the results were still limited by the sample size. 

Consequently, the number of patients in the study cohort was still relatively low to be able 

to draw more meaningful conclusions from the results obtained. This is an acknowledged 

problem of investigative studies in the paediatric population where sample sizes often 

limit the interpretation of results (Greenhill et al, 2003). As the background rate of these 

investigated adverse events (especially liver abnormalities and diabetes mellitus) in the 

general paediatric population is rare, a very large sample size is required to detect a 

difference in the study cohort. Unlike clinical trials, sample size cannot be increased in 

pharmacoepidemiological studies using automated databases as the sample is limited by 

the size of the database. When comparing incidence rates between antipsychotic-exposed 

paediatric patients and controls, a study cohort of approximately 47,000 antipsychotic- 

exposed patients and controls would be required to detect a 2-fold increased odds ratio 

for liver abnormalities with 80% power (based on a hypothetical rate of 1 case per 1,000 

in the general population) (Appendix O); and for the incidence of diabetes mellitus, a 

study population of about 262,000 exposed subjects and controls is needed to detect a 2- 

fold increase in odds ratio with 80% power^^ (Appendix P).

Based on a 1 to 1 ratio of exposed to unexposed 
Based on a 1 to 1 ratio of exposed to unexposed
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Consequently, for a study to detect significant odds ratios of experiencing adverse events 

in antipsychotic-exposed patients compared to controls, larger sample sizes are required. 

For this purpose, it is suggested that large pharmacoepidemiological databases be 

combined to increase the overall size of study subjects. For example, a recent database, 

named The Health Improvement Network (THIN) database, which, like the GPRD contains 

patient information and clinical records of general practices in the UK (Lewis et al, 2007). 

Although there are some practices which are overlapped by the 2 databases, there are 

over 100 practices which are non-GPRD contributors in the THIN database (Lewis et al, 

2007). By combining these 2 databases, sample sizes of future studies involving paediatric 

subjects could potentially be increased.

Alternatively, a different pharmacoepidemiological approach can be taken whereby each

patient (or case) contributes two forms of denominator durations; a duration unexposed

person-years and treatment-years. The total incidence of adverse events of interest that

occur during non-exposed person-years can then be compared to the total incidence

which occurred during treatment-years. For example, in Figure 3.4 (Chapter 3, p 88), the

time in database not contributing to person-years at risk for an adverse event will be the

cumulative duration of unexposed person-years of the 5 patients, which in this case is

approximately 19 person-years. The incidence of adverse events of interest which occur

during this time-period can then be compared to the incidence of adverse events that
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occur during the duration of person-years of drug exposure (treatment-years). This is also 

known as a case-crossover design study (Hernandez-Diaz et al, 2003). As the identified 

cohort used in this study contributes to a total of approximately 4,000 person-years and 

2,041 treatment-years, this method should be considered for future investigations.

Additionally, in future studies, patients presenting with pre-existing medical conditions 

such as diabetes mellitus or liver abnormalities prior to receiving antipsychotic therapy 

could be identified and excluded before identification of the study cohort. In this study, 

the antipsychotic-exposed cohort was identified from the GPRD prior to case exclusion. 

Ultimately though, this did not affect the overall findings presented.

Although the results from this chapter revealed a low incidence rate of liver abnormalities

and diabetes mellitus in the study cohort, whereby there were no cases of liver adverse

drug reactions (incidence of 0 cases per 1,000 treatment-years at risk; 95% Cl: 0 to 1.82

cases per 1,000 treatment-years), and the SIR of diabetes mellitus demonstrated an SIR of

1.61 (95% Cl: 0.20 to 5.81) (which indicate that subjects who received antipsychotic

therapy are not at a higher risk for developing diabetes mellitus, as the SIR presents wide

confidence intervals and includes 1), the worst case scenario based on the incidences of

these rates could be projected. Based on the upper limits of the 95% confidence intervals,

the worst case scenario of liver adverse drug reactions in antipsychotic-exposed children is

1.82 cases per 1,000 treatment-years and the worst case scenario for children on
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antipsychotic therapy to develop diabetes mellitus compared to the general paediatric 

population is 5.81. Thus, these results should not be taken as definitive, but should be 

considered to reduce the uncertainty of the research question posed and contribute to 

the body of knowledge in this important area.

Nevertheless, although there have been many case reports and case series published 

reporting subjects who experience liver abnormalities and diabetes mellitus-associated 

symptoms associated with antipsychotic therapy, this study presents incidence rates 

and/or odds ratios of experiencing liver abnormalities, diabetes mellitus and 

extrapyramidal symptoms from what was the largest cohort of antipsychotic-exposed 

children from the general paediatric population in the UK.

6.6 Conclusions

Results of this study present the incidence rates of liver abnormalities, diabetes mellitus 

and extrapyramidal symptoms in a large cohort of antipsychotic-treated paediatric 

patients. The results demonstrate a relatively low incidence of these adverse reactions in 

the study cohort. Additional analysis on the SIR of developing diabetes mellitus compared 

to the general paediatric population revealed that children on antipsychotic drug 

treatment have no significant increase in risk for developing diabetes mellitus. Analysis on 

the odds ratio of developing extrapyramidal effects however indicate that paediatric
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patients exposed to antipsychotic therapy are at higher risk for developing these 

symptoms compared to children treated with antiepileptic agents.

Nevertheless, the results of the study is limited by the power and sample size of patients 

investigated. As the cohort of patients studied in this chapter is currently the largest 

paediatric cohort from the UK paediatric population, alternative methods for evaluating 

the safety of these psychotropic agents in children should be explored. It is recommended 

that other research methodologies should be considered to explore this important 

research area, including the investigation of the occurrence, pathology and impact of 

serious adverse events associated with antipsychotic therapy in children and adolescents 

and to ultimately improve the healthcare of paediatric patients.
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7 CHAPTER SEVEN: Paediatric Atypical antipsychotic Monitoring Safety study (PAMS)

7.1 Introduction

In previous chapters, the incidence of serious adverse drug reactions of mortality (Chapter 

5), diabetes mellitus, liver abnormalities, as well as extrapyramidal symptoms (Chapter 6), 

was investigated based on a study population derived from a primary care-based data 

source, the GPRD. The GPRD allowed for a high level of data quality from what was the 

largest paediatric cohort exposed to antipsychotic therapy from the UK population. 

Despite this, the investigations on rare, serious adverse effects of antipsychotic agents in 

the identified cohort were still limited by the sample size and power of the study 

population (Chapters 5 and 6).

Consequently, it was recommended that other research methodologies should be 

explored to evaluate the safety of antipsychotic medication in children and adolescents 

(Chapter 6). As previously stated in Chapter 1, the severity of adverse effects of 

antipsychotic therapy in adults emphasizes the importance of investigating the potential 

adverse effects of these drugs in the paediatric population (Laita et al, 2007). More 

importantly, it has been reported that adverse effects associated with moderate doses of 

antipsychotic therapy in children are more prevalent and severe compared to the effects 

reported in adult patients (Sikich et al, 2004). In general, it is unwise to extrapolate safety 

data from studies in adults to children as there are significant variations due to age and

263



Chapter SEVEN: Paediatric Atypical antipsychotic
Monitoring Safety study [PAMS)

development in both drug pharmacokinetics and pharmacodynamics, which may lead to 

increased bioavailability of antipsychotic drugs in younger patients, potentially resulting in 

increased therapeutic and adverse effects (Piscitelli et al, 1994; Vitiello et al, 2003; DuBois, 

2005). Furthermore, the long-term effects of early treatment with psychotropic drugs 

have also not been fully studied (Vitiello et al, 2003). Although cases of serious adverse 

drug reactions such as neuroleptic malignant syndrome (Hanft et al, 2004) and liver 

abnormalities (Kumra et al, 1997) have been reported, there have been few well designed 

clinical studies in children to systematically evaluate adverse drug reactions associated 

with atypical antipsychotic drug use in this target population. Furthermore, since their 

introduction, the use of these newer generation antipsychotic drugs, the atypical 

antipsychotic agents, have been rising and largely replacing the older typical antipsychotic 

drugs in children and adolescents (Chapter 4; Rani et al, 2008b; Martin & Leslie, 2003; 

Kalverdijk et al, 2008). Despite this, the availability of evidence for the safety and efficacy 

of these drugs in the paediatric population is limited, whereby the majority of available 

studies are the direct or indirect result of open-label trials, reviews, and case reports 

(Chapter 1; Malone et al, 1999; Bhana et al, 2001; Bryden et al, 2001; Laita et al, 2007).

In the past, the safety of medicines was mainly monitored by spontaneous reporting 

schemes, such as the Yellow Card reporting system run by the UK MHRA. However, under

reporting is a recognised problem with this method; particularly with off-label and 

unlicensed use of medicines in children (Royal College of Paediatrics and Child Health,
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2004). Due to the above reason, a Royal College of Paediatric and Child Health (RCPCH) 

report recommended the use of targeted pharmacovigilance to monitor drug safety in 

children (Royal College of Paediatrics and Child Health, 2004). Targeted pharmacovigilance 

is focused on monitoring the safety profiles of specific groups of drugs in relation to 

specific adverse drug reactions. This method has led to the development of evidence 

based guidelines to reduce drug toxicity with regards to particular groups of drugs (Royal 

College of Paediatrics and Child Health, 2004; Choonara, 2006). For that reason, targeted 

pharmacovigilance should be essential when investigating the safety of atypical 

antipsychotic treatment in paediatric patients.

Consequently, this chapter aims to conduct a pilot prospective targeted 

pharmacovigilance study in children and adolescents seen in secondary and tertiary care 

to monitor adverse drug reactions associated with atypical antipsychotic medications; as 

well as to explore the feasibility of conducting a targeted pharmacovigilance study on 

atypical antipsychotic therapy in children seen in secondary and tertiary care.

7.2 Methodology 

Setting

Secondary and tertiary paediatric/adolescent mental health inpatient and outpatient 

units.
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Participants

Collaborators identified from the UK Paediatric Psychopharmacology Groups (PPGs) in 

London and the West Midlands. The members of the PPGs include consultant 

paediatricians, consultant child and adolescent psychiatrists, and paediatric pharmacists.

Inclusion criteria

Clinical practitioners within the PPG who initiated new treatments of children and 

adolescents (defined as patients aged 18 years or younger) with atypical antipsychotic 

medication.

Exclusion criteria

Clinicians who do not prescribe atypical antipsychotics regularly (i.e. at least 1 prescription 

every 2 months).

Reporting criteria

The participants reported the number of patients on atypical antipsychotic treatment 

under their care. This included the baseline number of patients when the study began.
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and the number of patients starting and the number of patients stopping atypical 

antipsychotic treatment throughout the duration of the study.

Secondly, the participants reported all children and adolescents who fulfilled the above 

criteria who developed reportable adverse drug reactions. An adverse drug reaction was 

considered reportable if it fulfilled one of the following criteria:

•  Required termination of treatment of the atypical antipsychotic agent and/or a 

required treatment of the suspected adverse drug reaction.

•  Was an adverse drug reaction which was previously unknown, in the reporting 

clinician's opinion.

•  Was considered 'serious' as defined in the ICH Guideline for Clinical Safety Data 

Management (ICH Harmonised Tripartite Guideline, 1994) which any was untoward 

medical occurrence that at any dose:-

Results in death 

Is life-threatening

Requires inpatient hospitalisation or prolongation of existing hospitalisation 

Results in persistent or significant disability or incapacity 

Is a congenital anomaly or birth defect

Each ADR report contributed by a participating clinician may include more than 1 event. 

For example, a clinician may encounter a patient who experienced extrapyramidal

267



Chapter SEVEN: Paediatric Atypical antipsychotic
Monitoring Safety study (PAMS)

symptoms, as well as weight gain and thus enter this data into 1 report. Hence, each ADR 

report may include more than 1 ADR.

Participants were also asked to provide the following information when reporting an 

adverse drug reaction:

•  Patient demographic details -  Month and year of birth, gender.

•  Atypical antipsychotic details -  Name of atypical antipsychotic, dose, duration of 

treatment, indications.

•  Details of the reaction being reported -  Symptom, outcome, and actions required 

in the management of the adverse drug reaction.

•  Additional details -  Concurrent medication, additional information.

Confidence intervals for the rate of adverse drug reactions reported by type of drug were 

calculated using Stata SE 9.1 (Stata Corp, College Station, TX).

Data collection

Participants contributed data via a password protected online data collection form 

(Appendix Q). Data from one participant from a specialist tertiary hospital was collected 

by hand. All recorded data were then collated into a database. Data collection was 

conducted for one year, from September 2005 to September 2006. (Website address for 

online data collection form: https://www.hsytu.york.ac.uk/pams/login.aspx)
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Ethical approval was granted by a UK Multicentre Research Ethics Committee (Appendix 

R). Additionally, 14 Research and Development approvals to conduct the study were 

granted from 16 NHS trusts within London and the West Midlands. The time to obtain 

Research and Development approval took up to 8 months.

7.3 Results

A total of 35 clinicians consented to participate in the study. Data from 22 of the 

participating clinicians were excluded due to incomplete reporting. Data from the 

remaining 13 (37%) participating clinicians were eligible for the final analysis. The 13 

participants reported baseline and follow-up number of patients on atypical antipsychotic 

treatment, and at least one adverse drug reaction report during the duration of the study. 

Characteristics of the participants are shown in Table 7.1.

There were a total of 280 patients who received atypical antipsychotic treatment under 

the care of the 13 participating clinicians. From these 280 patients, there were 40 adverse 

drug reaction reports (0.14 reports per patient; 95% Cl: 0.10 to 0.19 reports per patient) 

from 37 patients. Of the 37 patients, 13 experienced more than 1 adverse drug reaction, 

bringing the total number of adverse reactions to 56 adverse drug reactions (0.20 adverse 

drug reactions per patient; 95% Cl: 0.15 - 0.25 adverse reactions per patient). The median
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age of patients who experienced adverse reactions was 15 years (inter quartile range 10 

to 17 years).

Table 7.1: Participant characteristics

All Participants Participants with 

eligible data

Clinician Type
Child /  Adolescent Psychiatrists or 

Neuropsychiatrists

27 9

Paediatricians 8 4

Total 35 13

Practice Type
Inpatient Units 3 1

Outpatient Units 30 11

Inpatient and Day Care Units 

Inpatient, Outpatient and Day Care

1 1

Units 1 0

Total 35 13

Although the highest number of reports was related to risperidone use, risperidone was 

also the most common type of atypical antipsychotic prescribed and in fact had the lowest 

rate of adverse drug reactions. Because of the relatively small sample size, the rates of 

adverse reactions by type of atypical antipsychotic agent demonstrate wide confidence 

intervals as shown in Table 7.2.
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Table 7.2: Number of Adverse Drug Reactions (ADRs) reported by category

C ategory N u m b e r o f ADRs

R isperidone A rip iprazole O lanzap ine C lozapine Q u e tia p in e A m isu lpride T ota l

C a t e g o r y  1 :  G e n e r a l  D i s o r d e r s

Flu-like sym ptom s 1 1

Encopresis 1 1

Raised c rea tin in e  kinase 1 1

Fever 1 1 2

N e u ro le p tic  m a lig nan t syndrom e 1 1

T o t a l 2 2 1 1 6

C a t e g o r y  2 :  E n d o c r i n e  a n d  M e t a b o l i c

D i s o r d e r s

Raised trig lycerides 1 1

F lyperp ro lac tinaem ia 3 1 3 7

W e ig h t gain 11 1 2 3 17

T o t a l 1 4 2 2 1 3 3 2 5

C a t e g o r y  3 :  P s y c h i a t r i c  D i s o r d e r s

B ehaviour d isorders 1 1 2

T o t a l 1 1 2

C a t e g o r y  4 :  N e r v o u s  S y s t e m  D i s o r d e r s

H eadaches 1 1

Sedation 1 1

E xtrapyram idal sym ptom s 2 4 2 1 9

T o t a l 2 5 3 1 11

C a t e g o r y  5 :  C a r d i a c ,  B l o o d  a n d  V a s c u l a r

D i s o r d e r s 2 1 3
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Tachycardia

H ypotension

N e u tro p ae n ia

T o t a l

2

1

1

1

2

4

1

1

3

2

8

C a t e g o r y  6 :  G a s t r o i n t e s t i n a l  D i s o r d e r s

A b do m in a l pains 1 1
Nausea 1 1
T o t a l 2 2

C a t e g o r y  7 :  R e n a l  a n d  U r i n a r y  D i s o r d e r s

Enuresis 1 1 2
T o t a l 1 1 2

T o t a l 2 3 11 7 6 5 4 5 6

N u m b e r  o f  p a t i e n t s  o n  t r e a t m e n t 1 5 6 5 6 3 8 8 1 6 7 2 8 1

R a t e  o f  A D R  ( 9 5 %  C o n f i d e n c e  I n t e r v a l ) 0 . 1 5  ( 0 . 0 9 - 0.20 ( 0 . 1 0 - 0 . 1 8  ( 0 . 0 8 - 0 . 7 5  ( 0 . 3 5 - 0 . 3 1  ( 0 . 1 1 - 0 . 5 7  ( 0 . 1 8 - 0.20
0 . 2 1 ) 0 . 3 2 ) 0 . 3 4 ) 0 . 9 7 ) 0 . 5 9 ) 0 . 9 0 ) ( 0 . 1 5 -

0 . 2 5 )
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The commonest atypical antipsychotic prescribed was risperidone (55.7% of patients), 

followed by aripiprazole (20.0%), olanzapine (11.1%), quetiapine (5.7%), clozapine 

(2.9%) and amisulpride (2.5%). The most reported adverse drug reactions according to 

type of antipsychotic drug correlated with the number of patients on treatment for 

risperidone, aripiprazole, olanzapine and amisulpride. The number and types of 

adverse reactions reported were grouped into 7 different categories (Table 7.2).

The durations of atypical antipsychotic drug exposure was recorded for 54 out of the 

56 adverse reactions reported. The median duration of exposure was 42 days (inter 

quartile range 23.25 to 90 days of drug exposure).

In terms of actions required for the management of adverse drug reactions, the most 

common action was drug withdrawal. The suspected atypical antipsychotic drug was 

withdrawn in 36 out of the 56 adverse reactions reported (64% of total adverse drug 

reactions reported). Dose reduction of the offending drug was done in 9 of the adverse 

reaction reports (16%) and no action was taken in 5 of the reports (9%). Other actions 

for the management of adverse drug reactions include additional treatment, dietary 

advice, and continuous monitoring of the adverse reaction.

7.4 Discussion

As there has been substantial public interest on drug safety in children; combined with 

the potential effects of psychotropic medications on physical and brain development,

273



Chapter SEVEN: Paediatric Atypical antipsychotic
Monitoring Safety study (PAMS)

it is important to identify and develop valid methods for detecting possible drug- 

induced adverse effects seen associated with drug exposure (Greenhill et al, 2003).

This is the first target pharmacovigilance study to monitor adverse drug reactions 

associated with atypical antipsychotic medication in children and adolescents in UK 

secondary and tertiary settings. The results of this pilot study raise many key 

methodological issues related to conducting such a study nationally (Rani et al, 2008a).

Methodology of PAMS

The data source used for this study was clinicians from various PPGs, mainly the 

London PPG and the West Midlands PPG. Each PPG consists of approximately 50 

members from secondary- and tertiary-care hospitals or clinics. PPG clinicians consist 

of mainly consultant child or adolescent psychiatrists and consultant community 

paediatricians. Regular meetings within the PPGs are held every 3 to 4 months where 

members discuss complicated cases of child psychiatric patients seen in practice, as 

well as updates on current research and safety issues seen in child psychiatry.

By using clinicians as the study data source, in depth data was obtained in relation to 

the adverse reactions reported. The reports provided useful qualitative data such as 

patient demographics, dose and duration of drug exposure, symptoms of the reported 

reactions, management and outcomes, and other important details such as concurrent 

medication. Furthermore, as the participating clinicians were volunteers, the study 

cost was minimised.
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Nevertheless, because the study was clinician-based, the majority of participants were 

subject to time constraints which limited the amount of data contributed, specifically 

data on the number of patients exposed to treatment. W ithout this, analysis on the 

rate of adverse reactions was limited due to an absence of accurate information on the 

real-life total clinical populations including the true frequency of prescriptions to 

provide a denominator.

Moreover, the level of data required for this study called for a high amount of 

commitment from the participating clinicians. As the participants were a volunteer 

force, there were no specific incentives for them to contribute to this study. This might 

have lead to skewed results whereby only the more committed participants were the 

source of data. Conceivably these clinicians may represent the most enthusiastic 

practitioners who were more likely to prescribe for novel indications or at British 

National Formulary limits rather than the 'average' clinician. The final analysis would 

then not portray the real life scenario of typical psychopharmacotherapy practitioners.

To extend the PAMS study nationally, certain methodological issues should be 

addressed. The participants for this pilot period were given initial training in the way of 

brief instruction during PPG meetings and electronically via e-mail. A comprehensive 

training programme for future participants by means of one-to-one training sessions 

may help improve the reporting rate of participating clinicians, specifically the 

reporting of number of patients on treatment. As well as training, clearer agreed
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definitions of what an adverse drug reaction is, the need to report and whether 

treatment was stopped as a result of the adverse reaction is needed. For example, 

serious weight gain can be defined as an increase in body weight by 20% from baseline 

body weight at the start of treatment. Only if a patient experiences this increase 

should it then be reported. These definitions can be agreed upon using a consensus 

panel consisting of paediatric psychopharmacologists.

With the appropriate funding, incentive payments can also be provided for 

participating clinicians who contribute data. An example would be the Child and 

Adolescent Psychiatry Trials Network (CAPTN) which currently has over 200 practicing 

child and adolescent psychiatrists in the USA and Canada (Child and Adolescent 

Psychiatry Trials Network). CAPTN sets up contracts for clinicians upon participation 

and provides incentives which include research costs at an hourly rate. This network 

provides the opportunity for members to interact and share knowledge, participate 

and contribute to various research projects, and ultimately improve the care of 

paediatric patients. Alternatively a wider reporting scheme such as that used by the 

British Paediatric Surveillance Unit (BPSU) which is funded by the Department of 

Health should also be considered. The BPSU enables paediatricians to participate in the 

surveillance and study of rare disorders affecting children. A constraint to this method 

is the lack of accurate baseline data. The PAMS study allowed for data on number of 

patients on treatment to be collected which can then be used to calculate a proxy of 

the incidence of adverse reactions from the proportion of adverse reactions to the 

number of new starters per month and involved both child psychiatrists as well as
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paediatricians as data sources. Consequently, data obtained from a future study design 

complementing the current BPSU surveillance project will be particularly valuable as a 

BPSU or psychiatry surveillance system of atypical antipsychotics in children is 

currently unavailable.

The majority of participating clinicians found it difficult to report the number of 

patients (including baseline and follow-up number of patients) on treatment, which in 

turn limited the analysis of rate of adverse reactions reported. This can be overcome in 

the future by limiting the study to new patients where participants only report the 

number of patients newly starting atypical antipsychotic treatment. Alternatively, with 

the appropriate funding, research assistants could be employed to collect this 

information from different practices. This would also reduce the possibility of duplicate 

reporting, especially in practices where potential patients might be seen by more than 

one participating clinician.

Additionally, the database resulting from the future study could also be accessed by 

participating clinicians. This would offer a detailed, organised method of storing 

relevant clinical information concerning patients under their care including therapy 

details, any adverse reactions experienced by these patients, as well as treatment 

outcomes. This then may help improve clinical practice for participating clinicians.

In summary, the availability of PPGs around the UK provides a potentially useful 

research network which is currently underused. Research networks consisting of
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practicing clinicians could potentially provide a wide range of benefits, from data for 

efficacy and safety research, as well as an available network for interaction and sharing 

of specialist knowledge. In addition, the involvement of experienced, prominent 

clinicians in the PPGs provides expert input into prospective future studies. A 

surveillance, or targeted pharmacovigilance system conducted in such a practice-based 

network would also allow for a large sample of study subjects and good representation 

of real-world clinical paediatric patients.

Adverse drug reactions reported

Despite the relatively small number of patients under the care of the participants, the 

study managed to capture uncommon and rare adverse reactions such as enuresis and 

neuroleptic malignant syndrome (NMS). NMS is considered a very rare (< 0.01% with 

olanzapine) and potentially fatal adverse effect associated with the use of neuroleptic 

medications (Electronic Medicines Compendium). The clinical symptoms of this 

condition include muscle rigidity, pyrexia, and increased creatine kinase levels (Burns, 

2001; Hanft, et al, 2004). Additionally, there was also one case of diabetes mellitus 

reported in a 12 year old child who developed diabetic ketoacidosis as a result of 

risperidone overdose. However this data was not included in the analysis as the 

reporting clinician did not report the number of patients on atypical antipsychotic 

treatment seen in her practice. Adverse reactions that were reported but not included 

in the final analysis are shown in Table 7.3 (all were associated with risperidone 

therapy).
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Table 7.3: Reported adverse drug reactions which not included in final analysis

Reported adverse drug reaction (N) Management of adverse reaction

Tardive dyskinesia (1) Additional treatment given

Behavioural problems: agitation (1) Medication withdrawn

Psychiatric problems: nightmares, 

insomnia, hallucinations (1)

Medication withdrawn

Weight gain (2) No action

Diabetes mellitus-associated symptoms: 

increased urinary frequency and thirst, 

ketoacidosis (1)

Dose of risperidone reduced and 

additional treatment and monitoring was 

given

The rate of adverse drug reactions reported was also extremely high with every one in 

5 patients experiencing a reaction. This again may be because the data were a result 

from more enthusiastic or committed participating clinicians who were vigilant in 

detecting and reporting these events. This could also be possibly due to the sample of 

patients themselves, whereby patients seen by the participating clinicians are more 

serious cases compared to those seen in general practice. Nevertheless, a study by 

Harrison-Woolrych et al (2007) presented a total of 257 adverse event reports from 

131 paediatric patients (31% of the identified study cohort aged 2 to 15 years) exposed 

to antipsychotic therapy. Weight gain was the most reported adverse event in the 

cohort (Harrison-Woolrych et al, 2007), which is in line with the results demonstrated 

from the PAMS study. The study also managed to capture 2 reports of diabetes
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mellitus (Harrison-Woolrych et al, 2007). Additionally, results from another large 

retrospective safety study investigating children exposed to antipsychotic therapy 

reported that a quarter of the study sample experienced between 1 to 3 co morbid 

metabolic and cardiovascular conditions including obesity, diabetes mellitus and 

hypertension by the end of the study duration (McIntyre & Jerrell, 2008). 

Consequently, the possibility of a high rate of adverse drug reactions, and the presence 

of rare or serious events in children who are treated with atypical antipsychotic drugs 

should not be ignored.

The majority of reported adverse drug reactions of weight gain in the PAMS study 

were managed by withdrawing the atypical antipsychotic agent. As a point of interest, 

in recent years, other possible management strategies for weight gain have been 

investigated such as pharmacological approaches with orlistat (Green et al, 2000), 

amantadine (Stigler et al, 2004) and metformin (Klein et al, 2006). Metformin has been 

studied for the management of weight gain as an adjunct to atypical antipsychotic 

therapy in a randomised controlled trial in children (Klein et al, 2006). The study 

reported that metformin was well tolerated and effective in reducing the effect of 

weight gain associated with atypical antipsychotic treatment, as well as producing a 

facilitating effect in reducing impaired glucose tolerance and decreased insulin 

sensitivity in the study subjects (Klein et al, 2006).

Although the atypical antipsychotic agents have slight differences in their respective 

pharmacology, the potential adverse effects of these medications are thought to be
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comparatively similar due to the similar pharmacological action (Burns, 2001). This 

presents a prescribing problem to practitioners treating patients with neuropsychiatrie 

conditions from the paediatric population as the choice of medications available for 

children and adolescents is relatively limited. As most of these drugs are used outside 

their licensed indications in patients less than 18 years of age, there is also a lack of 

dosing guidelines available for clinicians. Furthermore, although the PAMS study 

demonstrated good qualitative data, there was not enough power to compare the rate 

of reported adverse reactions by the different types of atypical antipsychotic agents 

due to the relatively small sample size of the study. As a result of this, wide confidence 

intervals for the rates of adverse reactions are demonstrated. Additionally, as the data 

collection period was conducted for only one year, adverse effects that may emerge 

slowly and subtly may have escaped detection (Greenhill et al, 2003). Nevertheless, as 

this project was a pilot study, these issues are expected.

7.5 Conclusions

This study demonstrated that a clinician-based targeted pharmacovigilance study on

atypical antipsychotic therapy in children provides useful qualitative data. For future

studies, it is recommended that a more improved research design is needed to ensure

rigorous and accurate data collection. Appropriate research funding and research

support is required to recruit and maintain pharmacovigilance in a wider sample of

clinical practices by providing for costs of management and high quality on-site data

collection. Furthermore, the study yielded a very high rate of adverse reactions,

including rare conditions. As utilisation studies including the pharmacoepidemiological
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Study in Chapter 5 have demonstrated a rising trend of atypical antipsychotic 

prescribing to the paediatric population, this indicates an urgent need for improved 

pharmacovigilance studies to evaluate the safety of these drugs in children.
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8 Chapter EIGHT: Overall conclusions

Antipsychotic treatment is an important component of pharmacological management 

in paediatric psychiatry practice for wide variety of severe mental and behavioural 

disorders. However, the majority of these agents are used in an off-label manner, or 

outside their product license. Furthermore, these agents are being increasingly used 

for off-label indications despite a lack in properly established safety guidelines and 

paucity in tolerability studies in the paediatric population. Little controlled evidence 

has been fully established with regards to the safety of antipsychotic therapy in 

children. Results from the pharmacoepidemiological analyses of antipsychotic 

prescribing also indicate the prescribing trend for these drugs seem to be continuously 

rising, with a prevalence which almost doubled from 1992 to 2005. The greatest 

increase was revealed to occur in children in the 7 to 12 year age band for what were 

probably non-licensed indications. The newer atypical antipsychotic agents were 

shown to be replacing the older typical antipsychotic drugs throughout the study 

duration.

There are a number of challenging issues in conducting safety studies in children and 

adolescents, including small samples of study subjects as well as a lack of a properly 

validated method of collecting side effect data (Greenhill et al, 2003). Using the GPRD, 

the largest antipsychotic-treated paediatric cohort in the UK was identified. From this 

cohort, it was demonstrated that the antipsychotic drugs do not cause frequent 

serious adverse drug reactions. While the mortality study indicated a high mortality 

rate in antipsychotic-treated children compared to the general population, it was
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revealed that antipsychotic therapy was not associated with the cause of death in the 

majority of the identified subjects. This however, highlighted a possibly inadequacy in 

the management of certain medical conditions including epilepsy, Creutzfeldt-Jakob 

disease and depression. Results from the safety studies indicated a low incidence and 

risk of liver abnormalities and diabetes mellitus in the study cohort. It was also 

demonstrated that there was no increase in risk for antipsychotic-exposed paediatric 

patients to develop diabetes mellitus compared to the general paediatric population.

However, these studies lacked the power to study rare events that occur at a rate less 

than 0.1%. Chapter 6 further discusses additional methods which could be adopted for 

future studies, including combining large databases and using a case-crossover design.

The PAMS study in Chapter 7 provided an alternative method for investigating the 

safety of antipsychotic agents in children. The results from Chapter 7 demonstrated 

that targeted pharmacovigilance is a valuable method for investigating antipsychotic 

drug safety, particularly for the increasingly used atypical antipsychotic agents. The 

study established that data obtained from secondary and tertiary care clinicians 

provided useful figures and demonstrated various adverse drug reactions associated 

with these drugs. Furthermore, the PAMS study demonstrated a very high rate of 

adverse reactions, and interestingly, a number of rare conditions were also reported. It 

is recommended that a nationwide targeted pharmacovigilance study on atypical 

antipsychotic therapy in children should be prioritised. It is also suggested that this 

method of investigation should be further explored to better understand and quantify
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adverse drug reactions associated with these agents in the paediatric population, and 

ultimately improve the quality of healthcare in children with psychiatric conditions.

Taken as a whole, it is hoped that the overall results and interpretations of the studies 

conducted contribute to the growing body of knowledge in this area, and ultimately 

help clinicians avoid potential harm and improve the overall care and management of 

paediatric patients exposed to antipsychotic therapy.
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Appendices

A p p e n d i x  A :  G P R D  P r o d u c t  c o d e s  o f  a n t i p s y c h o t i c  d r u g s

P l e a s e  r e f e r  t o  t h e  A p p e n d i x  d a t a  C D  f o r  t h e  f u l l  l i s t  o f  P r o d u c t  c o d e s  o f  a n t i p s y c h o t i c  d r u g s
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Appendix B: Screen shot of a GPRD query using Business Objects

Q  Query Panel -  Lond Sch of Pharm Level 4 Universe Universe

|< # |A r |E 3  T  I Scope of Analysis: None 3  # | z  |

Classes and Objects | Result Objects

B  i id  ̂ racticesl
® i d  Events 
B  ad Patients
ffl ad Medical/Product Dictionaries 
B  ad LSOP0007 User Sets

r  V

Practice Eld * |

GP Product Name (Therapy) | 

GPRD Product Code (Events) | 

Number of Packs (Therapy)

Event Text Did________|

Product Total Quantity (Therapy)

Patient Eld (Current) ‘ Associated Consultation EID

Age at Event | 0 Event Date ’

Dose (Therapy)

J 0 Pack Type/Size (Therapy)

0 Prescription Duration (Therapy) Therapy file data extraction i.e. all 
patients who received prescriptions 
for antipsychotic agents

Conditions

0 EventType Equal to'Therapy'1 ^

0 Age at Event Less than is j

'■(' Standard Patient Criteria 1

0 Event Deleted Flag Equal to'N'l

0 Patient Record Deleted Flag Equal to IV |

<> Event Year *  Between 1992 and 20051

0 GPRD Product Code (Events) In list '4074374,4074375,4074376,M00662001,M(3êS62002, M0C662O03,4072556,4072558,4072559,40725

d  J d

GPRD product codes for 
antipsychotic agents 
(Appendix A)

INDEXED OBJECT.This object represents the encrypted identifier given to a patient to make it unique In the GPRD system.

ûptions. Save and Close View. Cancel
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Appendix C: Screen shot of a GPRD query using BORIS

IJBORIS (Version 0.6.3) - ISOPÜ007

»  lo ok  H *

(• Use file T  Use set

|R ;\U S E R D O C S \FR \FR _20060309_Therapy_2ipped .txt 

Select fo lder fo r results (a  s u bfo ld er will be created in this fo lde r):

Se lect

|R .\userdocs\FR \

File Prefix (optional);

Therapy file i.e. all patients 
who receivecJ prescriptions 
for antipsychotic agents

Q  Additional Clinical Details

□ bmi
; 0  Clinical

0  EventEID 

0  PatientEID 

0  Event Date

□  Warehouse Load Date

□  Event Text UID

□  Consultation Type 

0  Associated Consultation EID 

0G PRD Medical Code

□  staff EID

□  Inpractice Flag

□  Private Flag

□  Clinical Episode

□  Priority Flag

□  Consultation

□  Historical Registration

□  immunisation

□  Patient
□  Practice

□  Referral 
riReneat

Extraction of additional 
clinical data for patients 
identified from the Therapy 
file

s ta r t

0 9 /0 3 /0 6  15 :1 1 :2 6  I Im porting patients into tem p o rary  tab le ,.. 7500

333



Appendices

A p p e n d i x  D :  E x a m p l e  o f  a n  e l e c t r o n i c  p a t i e n t  p r o f i l e

GPRD
E x c e lle n c e  in  P u b lic  H e a lth  R e s e a rc h

GPRD Patient Profile Report

Patieut No:J 1 1
ID :.l€1048S -::il4S |F .\.U ID :3 7 6 7 Vp to Standard datf: 01'07/199S [REG : 0 : 0 9 1W4 |Pfrm an»nt |

M a ir |YO B; 19S: M arit.Sfal:l'nkno«Ti |A g rin :0 0 7 : : î  |

Trnofi- out Date: T rtts fro n tR în : |

Event Type' ‘CL’ *  Clinical 'R f *  Re^er'a T»’ *  Test Im '* Immunisatior: T h '■ Tnerapy *Ro'« 
Repeat "  tf event type 1» ’’’est tne *Otner Evert Inform
If event type Is Referral (*Rfl the same column contains the 0 
Immun sat on ('lm ’)the column contams tmmun saton status.

p  . .  r  . Repeat "  If event type is '“ est {T s). th e ‘Other Evert Information” column contains'esuts and unis. 
r f l t l P l i r  L N P I l lS  If event type Is Referral (*Rfl the same column contains ihe organsatior type If event type is

Evert
Date

Event
T ip e *

Read Term / Product Name Dictionary
Codes

MedDRA PT
Immun/Mtion

(Compound!

Other Even! 
Information”

14'DÔ’M C L
Closed fractjre o ' the radia! shaft

S23210C Rad us hactu'e

U;11/S4 I m
\4easles'rubeMa vaccination

CO MR (No Data) Giver

26'11.'83 C L
BCG vaccination

ÔC3..11 Immunisation

1B/02.'97 I i n
First diphtheria vaccination

ee-41 oc DIPHTHERIA 
(No Data)

18.'02/87 I m
First pol o vacc nation

■5C81 OC POLIO (180 
Daia)

18/32/87 I m
First tetanus vacc nahon

CECI OC- TETANUS 
(No Data)

1î.’ iJê/88 C L
Nondependent alcohol aouse

E2E3.0C

25 34/03 C L
T®.ephone encounter

9N31 CO

27/34/33 C L
had a chat to patient

éCB. OC

Ce/35/03 C L
C/C - fee ing dep'essec

•s e i7 .li D *p ’eiSK>n

08/35/33 C L
C /0  - fee ing dep-esseo

1B17.11 Dep-ts iior. NEC

2605/00 C L
Patient reviewed

ÔA ..00

28/36/03 T Ü
SULPIRIDE taolets 2C0mg iSULPlRIDE)

•* If event type a  Test iT sJ  the ’ Other Event Information" column contains results and units If event type is Referral fR f)  the same column
contains the organ sat cn type If event type is Immunisation (*!m ) the column contains immunisation status
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Event
Date

Evtne
T>i>e* Read Term / ProCuPt Name

Dictionary
Codes MedDRA PT

Immun salion 
Type
(Compound!

O ther Event 
In fo rm a tion "

33,06.'33 C L
Patient 'eviewed

ÔA ..00

08.07,'00 C L
Patient reviewed

6A . 00

CS.'OTi'OO C L
~ransient insomnia

E27410C Insomn a

06/07,'00 C L
Transient insomnia

E27A10C Insomn a NEC

06.07.'30 T b
ZOLPIDEM tab els lOmg (ZOLPIDEM)

12.107/00 C L
Hallucinations

1B IE .00 Hallucination

12 '07'00 C L
Hallucinations

1E1E.00 H alljcm ation NOS

07/06/00 T b
SULPIRIDE taolets 2C0mg (SULPIRIDE)

07/06/00 T b
ZOLPIDEM oab ets lO m g (ZOLPIDEM)

2E.'06/00 C L
MED4 Doctors statement

6DF .00

25/06/03 C L
" re m o r symptom

1B22.11 T  rem o'

25,'06/00 C L
"re m o r symptom

1B22.11 Trem o ' NEC

25/06/00 T b
-R lH E X v p r iE M D v . HvOROCHLORIDE tablets :m g  
tBENZHEXCL)

CI.'OJi/OO R p
HI A

C 1,'Of/03 T b
OLANZAPINE o 'od spe 's io le  la b e l ICmg (>

Oi/OS/OO T b
Z C L ° ID E M ’-ab ets 10mg (ZOLPIDEM)

08.'30/03 C L
MED5 - doctor’s special stat

6D2..D0

DB.'0&/00 C L
■'oothache

J05y 11 "oothiaohe

08,'06/00 T b
AMOXICILLIN capsules 250mg (AMOXYCILLIN)

15/11/00 T b
O l a n z a p in e  omd spe-siole ta b e t ICmg 0

21/11/00 R p
N'A

21/11/03 T b
O lANZAPINE  o ’ od spe 's ib le  ta b e t ICmg ()

'■ If even: type e Tee; (TsT  the ’ Other Event Information’  column contains results and units If event type is Referral ( R f l the same co ‘umn
contains the organ sa ton  type. If event type is Immunisation ('In i’) the column conta ns immunisation status
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E ve rt
Date

E ve n t
T ip e '

Read Term f Proouci Name
Dictionary
Codes MeoDRA PT

Immun sation 
Type
(Compound)

Other Even; 
In fo rm a tion "

28.12,'03 T b
OLANZA.PIfsE o 'od  spersibie ta b e t iCm g 0

3D.'01t01 T b
OLANZAPINE c o d  spersiple tablet iCm g ((

26.'32,'31 C L
~e «phone e ro o jn te r

6N31.03

28.'32,'31 T b
OLANZAPINE O'od spemiple tablet ICmg ()

28.'03.'31 T b
OLANZAPINE c o d  spe 's ib le  tab et iCm g ()

26.'34.'31 T b
OLANZAPINE c o d  spe 's ib le  tablet iC m g 0

2E.'05,'01 R p
N/A

26.'0f«'ai T b
OLANZAPIfvE O'Od spe 's ib le  ta b e t iCm g ()

18,'Oe„'31 C L
Letter pom  spécial s t

S-N36 C3

18.'06.'31 T b
QUETIAPINE starter pack ()

2Ï.'06,'31 T b
QUETIAPINE tablets IfD m g  (QUETIAPINE)

OS.'OT.'OI C L
~e,ephon« e r counter

6N31CD

23.'0i,'01 C L
Paroxysmal s jp ra v e rtr io u la ' tachycardia

O57C.00
Supraventnou.a' 
tachycard a

16.11/31 C L
Schizophrénie disorders

E1C..00 Schizophrenia

ie .11 '31 C L
Schizophrenic disorders

E10..00 Schzophrenia NOS

23.'11/31 C L
O/E ■ blooc oresscre read ng

246..OC Biood pressure

23.11/31 C L 6A ..30

3D.'11/31 C L
Blooc iw'tndrawai

7L17 0C

C1.'12.'01 Ts
Basoph 1 count

42L..0C Basophil count 13 03

Cl. 12,'31 Ts
Eosinoph i count

42K..00 Eos nophil c o u rt 13 33

C1/12/31 Ts
hae 'na to o 'it - PCV

425..00 Haematocnt 0 .42%

CI/12,'31 Ts
Haemoglobin estim ât on

423..0C Haemoglobin 14 3 g. d_

•• If even; typ« .s Tes; (T s  ) th e 'O th e r E ve rt Infor-nation" c o ljm n  con ta irs  results and u rits  If event type is Referral ( 'R fi the sar-,e co um r
co n ta irs  the organ sa ton  :ype. If event type is Im m urisa tio r ('lm ’) th e  column conta ns immunisation status
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Event
Date

Event
T ip e ' Read Term / Proouct Name

Dictionary
Codes MedDRA PT

Immun sation 
Tyoe
(Compound)

Other Event 
In fo rm a tion "

C1,'12'31 Ts
Lymphocyte count

42M..0C Lymphocyte count 12.03

01/12/31 Ts
1/ean corousc. haennog oom/MCH)

428..DC Mean oei haemoglobin 33.2 pg

Cl,'12/31 Ts
V ean corousc. Ho cone iM CHC)

428..0C
Mean oel haemoglobin 
concentration

35 3 g/L

C1/12/31 Ts
Wean co rousc jia r vo ume (MCV)

42A..0Ü Mean oel volume 95 6 fL

C l'12/31 Ts
M onocyte count

42N C3 Monocyte count 10.76

C1/12/31 Ts
Neutrophil count

42J. 03 Neut'opni count 15 72

Cl,'12/31 Ts
Platelet count

42P..00 P.atelet count 334

Cl/12/31 Ts
Red blood cell iR BC ) count

426..DC Red otooc oe'l count 14 56

Cl/12/31 Ts
■'otal » h t#  cel count

42H 03 White blood cell count 18.9

Cl/12/01 Ts
~otal w h te  cel count

42H 00 White blood cell count 
NOS

1 8 8

C7/12/01 C L
Blooo witnorawai

7L17 0C

C 7/12/01 Ts
B a so p h 1 count

42L..0C Basophil count 13 02

C7/12/01 T s
Eosmoph 1 count

42K..0C' Eosinophil count 10 31

C7/12/01 T s
H aem atoc'lt - PCV

42Î..0C Haematocht 0 .4 6 %

C7/12/01 Ts
haem og oSn estim at on

4 23 .00 Haemoglob n 15 7 g /d _

C7/12/01 Ts
Lymphocyte count

42M OC Lymphocyte count 12 5

C7/12/01 Ts
Mean corousc. haem ogob in 'M C H )

428..DC Mean oel haemoglobin 33.1 pg

C7/12/01 Ts
Mean corousc. Ho co re  iM CHC)

428..OC
Mean oel haemoglobin 
concentration

34 5 g/'L

07/12/01 Ts
Mean co rousc jia r vo ume (MCV)

42 A..00 Mean cel volume 87 2 fL

07/12/01 T s
M onocyte count

42N 03 Monocyte count 13 58

07/12/01 Ts
Neutrophil c o u rt

42J .00 Neut'ophr count 12 54

07/12/01 Ts
Platelet count

42P..00 P.atelet count 291

"  If even: type is Test I'Ts') the 'O the^ Event Information" column contains results and units If event type is Referral fR f )  the same column
contains the organ sa ton  type. If event tyoe is Immunisation f'Im 'j the column conta ns immunisation status
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E ve rt
Oate

Event
Tape* Read Term / F rooucl Name

Dictionary
Codes MedDRA PT

Immun.sation 
Tyoe
(Compound)

Other Event 
In fo rm a tion "

C7/12.'D1 T$
Red blood cell (RBC) c o u rt

428..00 Red blood oe 1 count 15 21

C7;12(31 Ts
"o la l w h te  cell count

42H 03 'lA'nrte bleed cel; count 16 2

07/12/31 Ts
~otal w h te  cel count

42H 00
W hite blood cel count 
NOS

13.2

10.'12/01 C L
Had a chat to  patient

SOB. OC

10/12/31 Ts
B asoph1 count

42L..0C Basophil count 1002

10.'12/31 Ts
Eosmoph 1 count

42K..0C Eos nophil co u rt 13 31

10/12/01 Ts
H a e m a to c r -

425..00 Haematocnt 0 4 0 %

10/12/31 Ts
Haemog ooin estim aton

423..DC Haemoglob n 15 7 g .d _

13/12/01 Ts
Lymphocyte count

42M .0C Lymphocyte count 12 5

10/12/01 Ts
M ean corpusc. haemog'Obm(MCH)

428..00 Mean cel haemoglobin 33 1 pg

10/12/31 Ts
Mean corousc. HO cone IM CHC)

428..00
Mean oel haemoglobin 
concentration

34 5 g/L

10/12/01 Ts
Mean corpuscular volume IM CV)

42A..00 Mean oel volume 87.2 fL

10/12/01 Ts
Monocyte count

42N 03 Monocyte count 13 58

10/12/31 Ts
fteutrophil count

42J 00 Neutrophi' count 1264

10/12/31 Ts
Platelet count

42P..00 P ialelet count 281

10/12/31 Ts
Red blood cell IRBC) c o u rt

426..00 Red blood ce l count 1521

13'12/01 Ts
Total w h te  cel count

42H 03 W hite blood cet; count 18 2

10.'12.'D1 Ts
"o ta l w h te  cel count

42H 03
W hite blood cell count 
NOS

1 62

I2.'12/31 C L
Advice

67I..00

12/12/01 C L
Blooc witnorawai

7L17 00

18/12/01 C L
Blooo wilnorawai

7L170C

16/12/01 C L
O.'E - blooc c e s  su re read ng

248..00 Blood pressure

' If even; type -s Test iTTs'.i the ' Other E ve rt In form ation ' column contains re su Is  and u n is  If event type is Referral (’R f l  the sa rte  coainnn
conta ins the organ sa to n  type. If event tyoe is Immunisation ('Im') the column conta ns immunisation status
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E vert
Date

Event
T>-pe- Read Term / Procuol Name

Dictionary
Codes MedDRA PT

Immun sation 
Type
(Compound)

Other Event 
In fo rm a tion "

27/12,'31 C L
Biooc Mfitndrawai

7L17.0C

27/12,'31 C L
O.'E - Blood pressure

24S .12 Btood pressure

27,'12,'31 C L
O.'E - Blooc pressure read ng

246..0C B ood pressure

27/12/31 T s
Basoph 1 count

42L..0C Basophil count 1001

27/12/31 I s
Eosmoph 1 count

42K..OO Eos nophil co u rt 10 32

27/12,'31 I s
haem atocnt - PCV

42Î..0C haem atocnt 0.44 %

27'12/31 I s
haem og obm estimât on

423..OC haem oglob n 15 3 8'd_

27/12/31 I s
Lymphocyte count

42M. OC Lym phocyte count 11 87

27/12,'31 I s
Mean corpusc haem og‘cBin(MCH)

4 2 8 .OC Mean cel haemoglobin 28 7 p g

27/12,'31 I s
Mean corpusc HB cone iW CHC)

428..OC Mean cel haemoglotiin 
concentration

34 6 g/L

27/12,'31 I s
Mean corpuscJ ia rvo  ume IM CV)

42A..00 Mean cel volume 65 7 fL

27/12/31 I s
Monocyte count

42N 03 M onocyte count 10 32

27/12/31 I s
Neutrophil co u rt

42J 03 N eut'ophi count 12 58

27.,12/31 I s
Platelet count

42P .00 P latelet count 276

27/12/31 I s
Red blood cell (RBC) count

42E..0C Red Blood oe'l count 15 15

27,12/31 I s
Total wh te cel count

42H 03 W hite blood cell count 15 1

27/12/31 I s
■'"clal w h te  cel count

42H 03
W hite blood cell count 
NOS

15 1

02,'01/32 C L
Blood withdrawal

7L17 0C

09.'01/02 C L
Biood withdrawal

7L17.0C

16'01,'02 C L
Blood withdrawal

7L17 0C

23.‘01/32 C L
Blood withdrawal

7L1T0C

33.'01/32 C L
Blood withdrawal

7L17.0C

If even: type s Test I'TsT ttie  'O ttie r Eve'-t Informatiott" column contains results and units If event type is Referral f R f i  the same co.um r
con ta irs  the organ sa to n  type. If event type is Immunisation ('Im ') the column contaos immunisation status
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event
Date

Event
T>T>e* Read Term 1 P rccu d  Name

Dictionary
MecDRA PT

Immun sation 
Type
(Compound)

O ther Event 
In fo rm a tion "

06,'02 .'a2 C L
Bioot) withdrawal

7L17 00

13,O2.'02 C L
Biood withdrawal

7L17.0C

20,'02.'32 C L
Blooo withdrawal

7L17 00

27.'02'02 C L
Biooo withdrawal

7L17 00

C8.]3,'02 C L
Blooo withdrawal

7L17.0C

13.'03''02 C L
Blood withdrawal

7L 17.00

20.'03f02 C L
Blood withdrawal

7L17 00

27/03fQ2 C L
Blooo withdrawal

7L17 0C

03/04,'02 C L
Blood withdrawal

7L17 00

C3/04.'02 C L
O.'E - Blood pressure read ng

246 .00 Bicod pressure

10.04,'02 C L
Blood withdrawal

7L17 00

17.'04,'02 C L
Blooo withdrawal

7L17 00

24/04,'02 C L
Blood withdrawal

7L17.O0

C3/05,’02 C L
Blood withdrawal

7L17 OC

Ce.05,'02 C L
Blood withdrawal

7L17D 0

15/05,'02 C L
Blooo withdrawal

7L17 00

22,'05/02 C L
Blood withdrawal

7L17 0C

28.'05,'02 C L
Blood withdrawal

7L17 0C

05.08/02 C L
Blooo withdrawal

7L1T 00

12/06/02 C L
Blood withdrawal

7L17 0C

ie.O6,'02 C L
Blooo withdrawal

7L17 00

2e.'06.'02 C L
Blood withdrawal

7L 17.00

■■ If e « n ;  type *  Test (T s 'i the 'O the r Event In form ation ' column contains results anti units If event type is Referral CRf). the same cO‘um r
contains the organ sahon type. If event type is Immunisation ('Im ') the column conta ns im munisation status
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Event
Date

Event
T it >«* Read Term / P foducl Name

Dictionary
Codes MedDRA PT

Immunisation
Tyoe
(Compound)

Other Event 
In fo rm ation"

C3,O7.'02 C L
Blooc Wilnorawa!

7L17.0C

17,37,'02 C L
Biooa wrthdraieal

7L17 0C

21,37.02 C L
Biooc ei'lnciramia!

7L17.0C

14.'30,'02 C L
Biooc wimorawa!

7L17DC

2 8,38,'02 C L
Blood nvrtndrawai

7L17 0C

11.'36,'02 C L
Blooc withdrawal

7L17 DC

11/3W32 C L
O'C: a rash

1D14 M Rash

I t , 36,'02 C L
C/C: a rash

1D14 00 Rash rvOS

11.'36,02 T h
CANESTEN -HC cream I'Vk + i%  (C LO TRIM AZO -E)

11f06,'02 T b
CANESTEN -HC cream 1% *  1% 
(HYDROCORTISONE 1

18,36,02 C L
Drug addiction theraoy

ÔB23.0C

25f06,'02 C L
Blood withdrawal

7L17 DC

30,36.'02 C L
Blood withdrawal

7L17 0C

C8'10,'02 C L
Blood withdrawal

7L17DC

23/10,02 C L
'e e o h o n e  encounter

6N31 00

CO'11/02 C L
Blood withdrawal

7L 17.00

CO,12/02 C L
Blood withdrawal

7L17.0C

19,12/32 C L
Did not attenc - no 'eason

6N42 00

CZ'01/03 C L
Blood withdrawal

7L17 0C

C3.'02,03 C L
Blood withdrawal

7L17 0C

C3.'33.'03 C L
Blooc withdrawal

7L17.0C

26,33/03 C L
1‘eeohone encounter

6N31 00

"  If type s Tes! (Ts ). the 'C tlie r  Event Information" column contains results and units If event type is Refe 'ra l ( 'R r i the same oo um r
contains the organ sat on type. If event tyoe is Immunisation ('Im '; the column contains immunisation status
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Event
Cate

Etent
T>T>e' Read Term / Proouct Name

Dictionary MeoDRA PT
Immun sation 
Tyoe
(Compound)

Other Event 
Information “

27/03/03 C L
Biood witnarawal

7 L I7  0C

10.04/03 C L
Te eohone encounter

SN31 CO

:3 '0 4 /0 3 C L
Simple schizophrenia

EtCO.OO Schzopnrenia simple

23.04/03 C L
Te ephone encounter

{•N31 CO

C2.OS/03 C L
Biooc witndrawal

7 L I7  0C

13,'05/03 R p
WA

te.'05/03 T h
C H .O R PR O M AZIN E tab.ets 6Cmg 
(C H L0R P R 0M A 2IN E )

02,06/03 C L
Did not attenc - nc reason

CN42C0

02,06/03 C L
Te'ephone encounter

SN31 CO

03/06/03 C L
Blooo *itnd raw a l

7L17 0C

04/06/03 T h
C H 20RPR0M .A2INE lab els 6Cmg 
fCHLO RPRO M AZINE l

04/06/03 Ts
Basophil count

42L.0C Basophil count 1001

04,'06/03 Ts
E osnoph 1 count

4 2 k .,00 Eos nophil count 1031

04/06/03 Ts
haem atocnt - RGV

426.,0C haem atocnt 1.434

04/06/03 Ts
Haemog coin estim aton

4 2 3 .OC haem oglob n 15 4 g.'du

04,'06/03 Ts
Lymphocyte count

42M..OO Lymphocyte count 11 07

04/06/03 Ts
Mean corousc, haemog cbm/MGH)

428 ..OC Mean cel haemoglobin 30 2 pg

04/06/03 Ts
Mean corpuscular vo ume (MCV)

42A..00 Mean oel volume 85 1 (L

04/06/03 Ts
Monocyte count

42N CO Monocyte c o u rt 10 38

04,'06/03 Ts
Neutrophil count

422 00 Neutrophi count 13 56

04/06/03 Ts
Platelet count

42P..00 P ateiet count 246

04/06/03 Ts
Red blood cell (RBC) count

426,.OC Red blooc ce 1 count 15 1

If even: type s Test iT s 't  the ‘ Other Event Inform ation” column contains results and units. If event type is Referral (’RPi the same co 'um r
contains the organ sa ton  type. If event type is Immunisation I'lm  ) the column conta ns immunisation status
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Cate T>pe* Read T e r-i / Proouct Na^ne
Oicnonary
Codes MedDRA PT

Immun sabon 
Tyoe
(Compound)

<3ther Event 
In fo rm a tion "

W.'06.'Q3 Ts
'o ta l w it te cel oouT.

42H CO W hite blood cel count 19 1

0</D6.'03 I s
Total w h te  cel co u t:

42H CO
White blood cell count 
NOS 19.1

12/36.'03 C L
P atie rt 'eviewec

6A .,0 0

13.']«,'33 C L
Blooc withdrawal

7L17 0C

14/36/03 I s
Basoph'l count

42L..00 Basophil count 1001

14/36,'03 I s
Eosihoph 1 count

42K..0C, Eosinophil c o u rt 13 36

14,'36.'03 I s
Gantma - G.T. level

44G4.00 O am m a.g utamyltransfera 23 i j /L

14/06/03 I s
H aehiatos'i; - PCV

425..0C Haematocnt 1.446

14,f36.'03 I s
Paemoa>OBih estim aton

423..00 Haemoglob n 15 4 g 'd -

14/36/03 I s
Liver function test

44 D6 DO No Data 
Entered

14,'36/03 I s
Lymphocyte count

42M 00 Lymphocyte c o u rt 12 02

14/06/03 I s
Mean corousc. haemog oBm/MCHl

428..OC Mean cel haemoglobin 33 1 pg

14,'36/03 I s
Mean co rousc jia r vo ume (MCV)

42A..00 Mean cel volume 87 3 fL

14.,36/05 I s
Monocyte count

42N 00 Monocyte c o u rt 10 67

14/36/03 I s
Neutrophi; co u rt

42J 03 Neutrophi count 13 32

14/36/03 I s
Plasma total protein

44MA OC Protein 74 g/L

14,'36/03 I s
Plasma total protein

44MA OC Protein NCS 74 g.'L

14,'06/03 I s
Plasma total protein

44fdA OC Protein tota 74 g/L

14,'36/03 I s
Platelet count

42P..OO P.atelet count 246

14/36/03 I s
Random Blood sugar

44T1 03 Biood glucose 6 .3 mmol V

14.'36/03 I s
Red biood cell (RBC) c o u rt

426..00 Red blood oe 1 count 15 11

14/06/03 I s
Serum albumin

44 M4 DO Blood album in 49 g.'L

** If even* type s Test iT s ’ i the ’ Other Event Information" column con ta irs  results a rd  units If event type is Referral ("RPl the same column
contains the organ sat sn type. If event type is Immunisât o r  ('im ') the column conta ns immunisation status
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Event 
3  ate

Event
T>T>e'

Read Term / Proouci Name
Dictionary
Codes MedDRA PT

Immun sation 
Type
(Compouhd;

Other Event 
In fo rm a tion "

1<.'06.'03 Ts
Serum a kaline pnosphatase

44F DO B.OOC alkaline 
pnosphatase 183 iu . l

K.'oe;D3 Ts
Serum a kaline pnosphatase

44F CO 6  ood alkaline 
phosphatase NOS 183 iu.'L

14,' 36133 Ts
Serum creatinine

4403,00 B ood  creatinine 101 umot'L

14;06.'D3 Ts
Serum potassium

4414,0C B ood potass um 4 ,4 mmol. L

14/06.33 Ts
Serum sod urn

4415,0C B ood socium 136 mmol.'L

14,3633 Ts
~olal bilirubin

44E3,0C B ood bik'ub n 12 umot'L

14,36.33 Ts
Total w h te  cel count

42H DO W hite blood cell count 164

14..06.33 Ts
~otal wh te  cel count

42H..D0
W hite blood cell count 
NOS

1 64

1 7 3 6 3 3 Ts
I ’Sh - thyroid s tm  ho 'm one

442A0C
Biood thyroid stimu at ng 
hormone 1,12 mu/L

C7/07.33 C L
Blooo wrinorawai

7L17 00

1 1 3 7 3 3 C L
Patient reviewed

6A , 30

11/0733 T h
CHl ORPROMAZINE  tablets 5Cmg 
(CHLORPROMAZINE)

11/07/03 T h
ZOPICLCNE tablets 7 6mg iZOPICLOIVE)

IS,3 7 3 3 C L
Te ephone encounter

5N31.C0

15,37/03 T h
C H .O R P fiO M A ZIN S  tab els 5Cmg 
{CHLORPROM AZINEi

18,3733 C L
Admit psychiatric em e'gency

5H23D0

18,37/03 C L
Paranoic slates

212,00 Delusional d sorder 
paranoid type

18.3733 C L
Paranoic stales

E12„00
Delusional d sorder, 
persecutory type

21,3733 C L
Alcoholic psychoses

E01..0D Alcoholic psychosis

28 ,3733 C L
"e e p h o n e  encounter

9N31 DO

28.3733 T h
CHwORPROMAZINE tab ets 5Cmg 
(CHLORPROM AZINEi

28/07/03 T h
ZOPICLCNE tabe ts  7 f  mg (ZGPICLONE)

“  If  sven: type s Test f'Ts') the ' O ttier Event information" column contains results and units If event type is Referral ( 'R ri the same eoiumn
contains the organ sa to n  type. If event type is Immunisation (Tm ) the column conta ns im munisation status
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D a *
Eient
T>pe‘ Read T e r 'i / P icouc l N a n e

Dictioriary
Codes

MedDRA PT
Immun sation 
Tyoe
(Compound;

Other Ever.t 
In fo rm ation"

C5;3ô.'05 T h
CHLORPROMAZINE tab els 5Cmg 
(CHLORPROM AZINE i

CÎ.OS.'33 T h
2CPICLÛNE lab,els 7 îm g  (20 P IC L 0 N E )

13.'05.'03 C L
Blooc *d n c ra *a l

7L17.0C

I3.'0é/D3 C L
~e.epP.one e rb o jn te r

9N31 03

13/06.'33 T h
CHLORPROMAZINE tab ets 5Cmg 
(CHLORPROM AZINEi

13,'DÔ.'C3 T h
ZOPICLCNE la b e ls  7 f  mg (ZOPICLCNE)

2305,'03 C L
U n it for worK

13JJC3 Retiremem

08,,OS.'03 C L
Blooo wrtnarawal

7L17.0C

12/30/03 C L
Med'Cation review

5821400

12/09.03 R p
N'A

12/09/03 T h
A M IS U .P R O E  tablets lOùmg 0

12/09.03 T h
AM ISU-PRIO E tablets 230mg (AM ISULPRIDEi

12/09/03 T h
ZOPICLCNE la b e ls  7 8 mg (ZOPICLCNE)

28/39.03 T h
A V IS U l PRIDE  tablets lO 'jm g ()

2809 /03 T h
AM ISU l F R O E  tablets 230mg (AMISUl PRIDE)

07/10.03 C L
Blooo «itdorawai

7L17.0C

08/11.05 C L
Blooo withdrawal

7L17 0C

11/11.03 T h
AM ISU l PRIDE  tablets 100mg ()

11/11.03 T h
AM ISU l PRIDE  tablets 200mg (AMISULPRIDE)

11/11.03 T h
ZOPICLCNE lab els 7 f  mg (ZOPICLCNE)

02/12/03 C L
Blooo wrthorawal

7L17 00

09/12/03 T h
AM ISU l PRIDE  tablets lOOmg ()

** If even: type s Test I'Ts i the ’^Othe'- Event Information" column con ta irs  re s u lt  a rd  units If event type is Refe 'ra l ( 'R f l the same column
contains the organ sat on type. If event tyoe is Immunisation ('Im ) the column conta ns immunisation status
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Event
Date

E te n t
Read Term 1 P rcc iic t Name

Dictionary
Codes MedDRA PT

Immun sation 
Tyoe
(Compound)

O ther Event 
in fo rm a tion "

C3; 12/03 T h
AM ISU -FR ID E tablets 200mg (A M ISU L^R IC E i

Ce.'01.'04 T h
AMISULPRIDE tablets lOOmg ()

C6.'3f.'04 T h
AMISULPRIDE tablets OOOmg (AM lSU -PR ID E)

2201/04 C L
Blood witndrawal

7L17.0C

C 2  02/04 T h
AM ISUl PRIDE tablets lOOmg 0

C2/02'04 T h
AM ISUl PRIDE  tablets OOOmg (AMISUl PRIDE)

C3.'03/D4 T h
AM ISUl PRIDE tablets lOOmg ()

03/03/04 T h
AM ISUl PRIDE  tablets OOOmg (AMISUl PRIDE)

C5.'03/04 C L
Blooo witndrawal

7 L I7  0C

25.'03.'D4 C L
Blooo «vitnorawal

7L17 00

CS.'04/04 T h
AM ISU l PRIDE tablets lOOmg ()

C8.'04/D4 T h
AMISULPRIDE tablets OOOmg (AMISULPRIDE)

05,'05/04 C L
Blooo withdrawal

7L17 0C

05/05/04 T h
AMISULPRIDE tablets 100mg ()

05.05/04 T h
AM ISU l PRIDE  tab le ts OOOmg (A M iSUl PRIDE'i

03.06/04 C L
Blooo withdrawal

7L17 0C

03.06/04 C L
'e 'e p h o n e  *ncounter

ON 31 DO

16.06/04 T h
AMISULPRIDE tablets tOOmg ()

15.06/04 T h
AM ISU l PRIDE  tablets OOOmg (AMISULPRIDE)

30/06/04 C L
Blood witndrawal

7L17 0C

12,'07 .'04 T h
AM ISU l PRIDE  tablets lOOmg ()

1207.'04 T h
AM ISUl PRIDE tablets OOOmg (AMISUl PRIDE)

"  If even: type is Test iT s 'i.  the 'O the r Event Information'' column con ta irs  results a rd  units If event type is Referral ( 'R f l the same colum r
c o r.ta irs  the organ sat on type. If event tyoe is Immunisation ('Im 'i the column conta ns immunisation status
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E vert
Date

Event
T'T>«’

Read Term / Proouol Name
Dictionary
Codes M ecDRA PT

Immun sation 
Type
(Compound)

e th e r Event 
In fo rm ation"

CE/OEW T b
.«.MISU.PRIOE tab le ts 100mg ()

CE,06,'34 T b
A M IS U .P R O E  tablets OOOmg (A M IS U .P R O E )

C 1.'0M 4 C L
Biooo wrtnOrawai

7L1TQC

C1.'05,'34 R p
N'A

Cl.'09,-34 T b
AMISULPRIDE tablets lOOmg 0

C l.0'9'34 T b
A M IS U .P R O E  tablets OOOmg (A M !S U .= R O E )

Ct,'09,'04 T s
B asoph1 count

42L..0C Basophil count 13 02

C l.'09,'04 T s
Eosmoph 1 count

42K..OO Eosinophil count 10 56

Ct,'09f04 T s
Full blood count - FBC

424..00 Full blood c o u rt
Nc Data 

Entered

Cl,'09,'04 T s
Haematocnt

4265 00 Haematocnt 1.424

C t.'0'J,'04 T s
haem og'osin  estim aton

423..OC Haemoglobin 14 e g  dL

Cl,'09,'04 T s
Lymphocyte count

42M..00 Lymphocyte c o u rt 1 :4 2

Cl'09,'34 T s
Mean corousc. haemog oom(MCH)

4 2 8 .OC Mean cel haemoglobin 30 1 pg

C1.'09,'04 T s
Mean corpuscular VO ume (MCV)

42A..00 Mean cel volume 85 7 (L

C1.'0'i,'04 T s
Monocyte count

42N C3 M onocyte c o u rt 10 66

C1.'09.'04 T s
t^eutrophil co u rt

42J 00 N eut'ophi count 15 32

C1,'39,'34 T s
Platelet count

42P..00 P.atelet count 276

C1,'09,'34 T s
Red blood cell (RBC) count

426..CD Red blood ce 1 count 14 96

C1.'06,'34 T s
Total w h te  cel count

42H 03 W hite blood cell count 19 5

C1,'0'j,'04 T s
Total wh te cel count

42H C3
W hite blood cell count 
NOS

19 5

C3.'09,'04 C L
U n fl for work

13JJC3 R etirem ent

C3.'0'9,'04 C L SH3 .03

■' If even; type IS Test ('Ts 'i th e 'O th e r Event InforT ia tion ''co lum n contains results a rd  units If event type is Referral (’R r i the same co.um r
co n ta irs  the organ sa tc n  type. If event tyoe is Im m urisa tio r ('Im ') the column conta ns immunisation status
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Event
Oate

Event
T ip e ' Read Term / Proouct Name

Dictionary
Codes

MedDRA PT
Immun sation 
Type
(Compound,'

Other Event 
In fo rm ation"

10,roe,'04 C L
Cigarette smoker

137P.0C Smoker

10.'05,'04 C L
C O  - cough

171..11 Cough

io.roe;04 C L 248..OC B ood pressure

io.'oe.'04 C L
Patient 'eviewefl

6A ..00

lo . 'o e w C L
Smoking cessat on advice

SCAL DO

tO 'O e w T h
AMOXICILLIN capsu es 25Cmg (AMOXYCILLIN)

io.'oei04 T h
BRICANYL T ü RBOHALER  SOOmsg (TERB JTALItvE)

27/06,'04 C L
Blood witharaimal

7L1T0C

30.'0e,'04 T h
AM ISU-PRIDE tab le ts IDOmg ()

30,'06,'04 T h
AMISULPRIDE tab le ts OOOmg (AMISUl PRIDE)

08i10,'04 C L
A bno 'ina l weight loss - symptom

1825 11 W eight dec'easec

0B/10,'04 C L
0.r£ - weight

22A..00 Y,eight

08. TO'04 C L
Postural hypotension

387C.11 Orthostatic hypotens.on

C8.'10,'04 C L
Postural hypotension

387C.11 Postural hypotens on

28/10/04 T h
A M IS U .P R O E  tab le ts lOOmg ()

28.T0/04 T h
AMISULPRIDE tab le ts OOOmg (AMISUl PRIDE)

28.'10,'04 C L
Blood withdrawal

7L17ÛC

07/12/04 T h
AMISULPRIDE tab le ts lOOmg ()

07/12/04 T h
AM ISU l PRIDE tablets OOOmg (A M IS U .P R O E  i

08.,T2/04 C L
Blood witndrawal

7L17 0C

C8/12,'04 Ts
ALT./S3PT serum level

44G2.0C' Aianine am notrans'erase 22 lU'L

C8.T:,'04 Ts
L ive ' f jn c t io r  test

44DÔ CO
Nc Data 

Entered

■■ If even: type <s Test iT s '}  the 'O ther Event Information- column contains results a rt) units. If event type is Referral CRfl. the same co um r
contains the organ sa l on type. If event tyoe is Immunisation d m ')  the column conta ns immunisation status
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Date
E ve n t
T s p e '

Read Term / Procuct Name
Dicbonary
Codes MeoDRA PT

Immun sation 
Type
I'Compouhd)

Other Event 
In fo rm ation"

C8.'12W Ts
Renal funtstion tests

451..00 Renal function test
No Data 

Entered

C8.'12t04 Ts
Renal 'unction tests

451..00 Renal function tests NOS
No Data

C 8 '1 2 W Ts
Serum albumin

4^M 4 03 B'ood albumin 48 g/L

C 8'12/04 Ts
Serum a'kaline phosphatase

44F..C3 B ood alkaline 
phosphatase 124 iu/L

08.'12/04 Ts
Serum, a-kaline phosphatase

44F 03
B 'ood alkaline 
phosphatase NOS

124IU/L

08'12/04 Ts
Serum b'lirubm level

44E..00 Bipod b ik'ub n t2um ol.'L

08/12/04 Ts
Serum creatinine

4433 03 B ’ood creatinine 89 umol/L

08.'12/04 Ts
Serum gamma-g ulam yl transferase level

4406.00 24  IU/L

08'12/04 Ts
Serum potassium

4414.00 B ood  potassium 4.3 mmol/_

08'12/04 Ts
Serum sod um

4415.00 Biood sodium 138 mmol/L

C8'12/04 Ts
Serum total protein

44M3 00 P 'otein 74 g L

08/12/04 Ts
Serum total protein

44M3 03 P 'otein NOS 74 g/L

08.'12/04 Ts
Serum, total protein

44M3 CD P 'otein total 74 g/L

C8'12/04 Ts
Serum TS H level

442V.' 00 1.24 mu.'L

31/12/04 C L
Did not attend - no reason

6N42.03

04.'01/05 C L
Blood Withdrawal

7L17 00

C5,'01/05 T h
A V IS U .P R ID E  tablets lOOmg ()

05/01/05 T i l
AM ISU-PRIDE tablets 200m g (AM ISU^PRIOE)

07/01/05 C L
Blood withdrawal

7L17.00

07/01/05 C L
Patient reviewed

6A ..00

C7.'01/05 Ts
Basoph 1 count

42L..00 Basophil count 10 02

07/01/05 Ts
Eosinophil count

42K..00 Eosinophil count 13 32

"  even: type ,s Test f'Ts’). the ' Other Event Information" column oonta irs  results and umts II event type is Referral <’R f I the same co ium r
contains the organ sa lo n  type. If event type is Immunisation f lm  ith e  column conta ns immunisation status
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E v e rl
Date

Evfnt
T>T>6- Read Ter^i / Proouci Name

Dictionary
WedDRA PT

immun sation 
Tyoe
(Compound;

e th e r Event 
In fo rm ation"

CT/DI.’OS Ts
Fu'l blood count - FBC

424..0C Full blood c o u rt
No Data 

Entered

C7;OV05 Ts
Faem atos'h

425S0C haem atocnt t 456

C7.'3V05 Ts
haem og o b n  esdm at on

423..0C Haemoglob n tg t gtdL

C7,'31.'05 Ts
Lymphocyte count

42M..0C Lymphocyte c o u rt 12 M

C7/01/05 Ts
t.tean contuse, haemog o d n 'M C H )

428..0C Wean oel haemoglobin 30 3 pg

C7/01/05 Ts
Wean co rousc jia r vo ume (MCV)

42A..00 Wean oel volume 8 5 »  IL

C7O1.-05 Ts
Wonocyte count

42N DO Wonocyte count to 66

C7/D1,'05 Ts
Reutroohil count

42J 00 Neut-opni count 18 46

C7/01.’05 Ts
P.atete: count

42P. 00 Platelet count 307

C7/D1.'05 Ts
Red blood e*n (RBC) co u rt

426..0C Red blood oe 1 count t5  31

C7/01/35 Ts
■^ctil wh te te l' count

42H CO W nrte blood cel count 20 5

C7/01/05 Ts
~otal wh te c * i count

42H CD
W hite blood cel count 
NOS

20 5

25/01^35 C L 646..00

C3/D:«35 C L
Blood witnorawai

7L17 OC

CC.'DD.DS C L
Wed cation review

3B3140C

C 6'02/3 5 T h
AMISU'-PRIDE tab le ts lOOmg (|

CS,'02.35 T h
AWISUwPRIDE tab le ts 200mg (AW ISU-PRIDE)

C2/03.35 C L
Biooo withdrawal

7L17 0C

C403.35 T h
AMISULFRIDE tab le ts lOOmg ()

C4,03 /05 T h
A.MISU.PRIDE tab le ts 200mg (AWISUl-PRIDE)

C6.04.35 C L
Biooc witndrawal

7L17 0C

12.'04/05 T h
A M ISU LPR lD Etablets tOOnig 0

’ * If e / e i :  type >s Test iT s  ) the ’ Other Event Informabon" column oon ta irs  results and units If event type is Referral t^e same ooium r
contains the organ sa tcn  type. If event type is immunisation ( 'lm ')the  column conta ns immunisation status

350



Appendices

Date
Event
T>pe* Read Ter^i 1 P roouci N a '^e

Dictionary WedDRA PT
Immun sation 
Tyoe
(Compound)

Other Eirent 
In fo rm ation"

12/04.'05 T h
AV IS L 'l P R C E  tablets ODOma (AM ISUl P R O E )

13,05.'D5 C L
Bloofl w itld raw a l

7L17 00

13/05.'D5 T h
AM ISLLPRIDE tablets tOOmg 0

13.0505 T h
AM ISU uPR O E tablets 200m g (AWISUl PRIDE)

u.'oeos C L
Blooc wm orawa!

7L17.00

15 .W 0 5 T h
AVISU ^PR ID E tablets tOOmg ()

15.'D6.'05 T h
AM iSU -PR ID E tablets 200m g (AWISULPRIDE)

C8,'07.'05 C L
Blooc w ittoraw al

7L17 OC

15,07,'05 T h
A V IS U .P R ID E  tablets tOOmg |)

15.'37,'05 T h
AWISULPRIDE tablets 200mg (AMlSUuPRIDE)

Ct.'06,05 C L
Blooo «vitiarawal

7L17 OC

CB.'D6,'0f, T h
AWISULPRIDE tablets lOOmg ()

0B.'O6,'05 T h
AWISUl PRIDE  tablets 200mg (AWISULPRIDE)

C1.'OB,'05 R p
N''A

ClfOB.05 T h
AV IS U .P R ID E  tablets lOOmg ()

Cl.'•06,05 T h
AWISULPRIDE tablets 200m g (A V IS U .P R ID E )

C-8.'06,'05 C L
Blooo w ttiorawai

7L17 0C

13.'06,'05 C L 50X 8.00

28,'06,05 T h
AWISULPRIDE tablets lOOmg ()

28'06.'05 T h
AWISULPRIDE tablets 200mg (AWISULPRIDE)

30.'06/05 C L
Did no; attenc - r c  ’•eason

5N42 CO

08.'10/05 C L
Blooo «ritndrawal

7L17 OC

If even: type Test tT s  ) the 'O ther Event Information^ column contains results and units If event type is Refe-’ral fR f )  the same co ium r
contains the organ sat on type. If event tyoe is Immunisation ^'Im') the column conta ns immunisadon status
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Event
Oate

Event
Ttpe* Read Term 1 Procuct Name

Dictionary
Codes

WedDRA PT
Immun sation 
Tyoe
(Compound)

Other Event 
In fo rm ation"

31MO.'05 T h
A M IS U ^P R D E  tablets lOOmg ()

31/10.'D5 Th
A M iSUl P R C E  tablets 230mg (A M IS U .O R D E )

18.'11,'35 C L
Blooo vntndrawa!

7L17 0C

21/1V 35 C L
Blooo witndrawal

7L17.0C

C1.'12,'D5 T h
AM ISU -PR ID E tablets I30m g ()

C1,'i:,'35 T h
AM ISUuPRiDE tablets 230m@ (AWISULPRIDE)

15,12,'05 C L
Blooo witndrawal

7L17 OC

16.'12,'05 C L
Tinea 'versicolor

A B IC .12 Tinea versicolor

I6.'12,'05 C L
~inea versicolor

AB1C.12 Tinea verslcolour

16.'12/35 T h
NIZORAL cream 2% (K E T 0 C 0 N A 2 0 L E )

M ,'01/09 T h
AWISUuPRIDE tablets lOOmg ()

04/01/39 T h
AWISULPRIDE tablets 200mg (AMISUuPRIOEl

17/01/09 C L
Blooo witndrawal

7L17 00

ie.'02,'09 C L
Blooo witndrawal

7L17 OC

17/02/09 T h
AM ISU -PR ID E tablets lOOmg ()

17/02/39 T h
AWISUl PRIDE  tablets 230mg (AMISU'-PRIDE)

23.'03,'39 C L
Blooo witndrawal

7L17 00

27/03,'06 T h
AWISULPRIDE tablets lOOmg ()

27,03''09 T h
AM ISU -PR ID E tablets 23ümg (AM ISU -PR ID E)

23."34,'39 C L
Blood witndrawal

7 L I7  0G

23/34/39 T h
AWISULPRIDE tablets lOOmg ()

23/34/39 T h
AM ISU -PR ID E tablets 230mg (AW ISULPRIDE)

If even; type is Test (TsT  the ' Other Event Informabpn* column contains results a rd  u rits  II event type is Refei^ra! ('RFi the same column
contains the organ sa t on type. If event type is Immunisation I'lm  ) the column contains immunisahon status
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Event
Cafe

E te n t
T n p e '

Read Term 1 Proouct Name Dictionary
Codes MedDRA PT

Immun sation 
Tyoe
(Compound)

Other Event 
In fo rm ation"

"4.'D4.'0S C L
Notes summary on computer

6344 OC

Û3.'35.'39 C L
Blooo witndrawal

T u r o c

23.'05i'a8 C L
"e iephone encounter

9N31 CO

25.05.'33 T h
AMISL'wPRICE tablets lOOmg ()

2î.'05.'aa T h
AM ISU -PR ID E tablets 2 00mg (A M IS U -^R ID E )

20.'0ôi'09 C L
Blooo withdrawal

7L17 0C

20.09109 Ts
B asoph 1 count

42L ,0C Basophil count 10 02

20.'06.'09 Ts
Eosinoph 1 count

42K „00 Eos nophil c o u rt 1 0 6

20,"09,'09 T s
Full blood count - FBC

424..OC Full blood c o u rt
No Data 

Entered

2D.'06109 Ts
Haematoent

425B0C Haematoent 1.453

20.'36109 T s
Haemogiooin esdmat on

4 2 3 „0C Haemoglob-n 19 6 g 'd c

oo.'oeioa T s
Lymphocyte count

42M. OC Lymphocyte count 13 03

20.'06'09 T s
Mean corousc. haemog obin iM C H ;

4 20 ..OC Mean oel haemoglobin 30 4 pg

2D,'09.'09 T s
Mean corouscula'-volume (MCV)

42A..OO Mean oef volume 09 6 fL

20,'09109 T s
Monocyte count

42N CO Monocyte c o u rt 10 71

2D,'06109 T s
Neutrophil count

42J..D0 N eut'opni oount 19.21

20,'09l09 T s
Platelet count

42P..00 Platelet count 202

20,09109 T s
Red blood cell iR BC ) count

429„0C Red blood ce 1 count 15 23

20,'06109 T s
"o ta l wh te cel count

42H 00 W hite biood cel count 1 9 6

2D,'06109 T s
"o ta l w h te  cel: count

42H CO
W hite blood cel count 
NOS

196

22,'06109 C L
Cigarette smoker

137P.OC Smoker

22,'09109 C L
CIO - cough

I7 1 ,.1 f Cough

"  If tv e n : type is Test iT s 'i  the 'O ther Event Inform ation ' column contains results and units. If event type is Referral fR P i. the same co ium r
contains the organ sat on type. If event tyoe is Immunisation ('Im 'j the column conta ns immunisation status

353



Appendices

E vert 
3  ate

E ie n l
T ip e *

Read Te rr-..' P roouci Na-ne
Dictionary
Codes M eoDRA PT

Immun sabon 
Type
(Compound;

Other Event 
In fo rm ation"

22.'36.'DS C L
Smoking cessai on advice

SCAL CO

::,'06.'05 T b
AMOXICILLIN capsu.es 25Cmg (AMOXYCILLIN;

:4 'D 6.’DS T s
Lmne evam nadcr

49...30 Unne ana y sis
No Data 

Entered

2B.'DA,33 T b
A M ISU .PR ID E tablets 130ina 0

28'0e.'09 T b
A M lS L '-F R O E  tablets 2 30mg (AM ISU LPR C E)

1807 .'39 C L
Blooo witndrawal

7L170C

M,Oi.'D9 T b
AM IS U LP R C E  tablets lOOmg ()

MOÔ.09 T b
AM iSUl P R C E  tablets 230m g (AM ISUl P R D E )

1 8 0 6 0 9 C L
Did not attend - no reason

&N42 CO

25,3609 T b
AM i SUl P R C E  tablets lOOmg ()

25 .0609 T b
AM ISU l P R C E  tablets 230mg (AM ISU LPR C E)

12.0&09 C L
Blooo witndrawal

7L17 0C

11,'1009 R p
N'A

11,10/09 T h
A M IS U -P R C E  tablets 130mg ()

1 i n  0.09 T b
AM iSUl P R C E  tablets 230mg (A M IS U -P R C E )

13.'10.09 C L
Blooc witndrawal

7L17.0C

13,11/09 C L
Blood witndrawal

7L17 0C

13,11.09 T b
A M IS U -P R C E  tablets lOOmg (|

13,11.09 T b
A M IS U -P R C E  tablets 2D0mg (AM ISU LPR C E)

C5'12.09 C L
Did no; attend - no reason

&N42 03

08,12.09 C L
Did no; attenc - no reason

ÛN4203

11/12/09 C L
Blooc witndrawal

7L17 0C

If even: type s Test (T s ') the ''O ther Event Information" column contains results and units If event type is Referral CRfi- the same co>umn
contains the organ sat on type. If event tyoe is Immunisation ('Im ') the column conta ns immunisation status
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Event
Sale

E ve n t
T i-p e ' Read Term / Proouci Name

Dictionary
Codes MeoDRA PT

Immun sation 
Tyoe
iCom pound)

Other Event 
In fo rm ation"

13/12/05 T b
A M IS U -P R I3E  tablets lOOmg ()

13/12/03 T b
AM ISU _PR O E tablets 200mg (A M IS U _P R D E |

CE/01/OT C L
i_ette" sent ic  patient

8NC3.00

CS.'01/07 C L
Bloofl witndrawal

7L17 0C

10/01/07 C L
1/ental hea th aflm  n stration

SH.. OC

24.01/07 T b
A M IS U -P R C E  tablets tOOmg ()

24./01/07 T b
AM ISU -PR ID E tablets 200mg (AM ISU -PR ID E!

DB/D2/07 C L
Bloofl witndrawal

7L17 0C

12.'O2/07 C L
indirect encounter

ON 3 00

18.02/07 T b
AMISUUPRIOE tablets IDOmg ()

16.02/07 T b
AM ISU -PR ID E tablets OOOmg (AMISULPRIDE)

Cl ,03/07 C L
Bloofl withdrawal

7L17 0C

07,03/07 C L 6CM2 00

18.03/07 C L
Bloofl withdrawal

7L17 0C

16,03/07 C L
Had a chat to patient

cCB.OO

0304/07 T b
A M ISU LPR C E tablets lOOmg ()

0304/07 T b
AM ISU -PR ID E tablets 200mg (AMISUl PRIDE)

CEO4/0T C L
Bloofl witndrawal

7L17 0C

i:,'04 /07 C L
Indirect encounter

SN3 DO

2604 /07 C L
Blood withdrawal

7L170C

28.'O4/07 T b
AM ISU -PR ID E tablets lOOmg ()

26,04/07 T b
AM IS U -P R lD E  tablets 2 00mg (AM ISU -PR ID E)

If even: type is Test I'Ts 't ftie 'O ther Event Information" column contains results and units If event type is Referral ( 'R r i the same co um r
contains the organ sa tcn  type, if  event type is Immunisation I’ lm ) the column contains immunisation status
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E vert
Date

Event
TjT>e* Read TerTi / P roouci NaTie

Dictionary
Cedes M edDRA PT

Immun.sabon 
Tyoe
(CompouTdl

Other Event 
In fo rm a tion "

t0 .05 '07 Th
A M IS U -F R O E  tib te ts  lOOmg 0

10/05.'07 Th
A M ISU -PR ID E tablets OOOmg (AMISÜLPRIDE1

31/05/07 Th
AM ISU -PR ID E tablets lOOmg ()

31.05/07 Th
A M ISU -PR ID E tablets OOOmg (AM ISULPRIDEi

07/06/07 CL
Blood w indraw a '

7L17.0C

18/36/07 CL
“ eiapr.one » rcounter

»N31.C0

36,06/07 CL
Blood «ritnorawai

7L17 00

34/07/07 CL
Blood aritndrawai

7L17 00

01/08/07 CL
Encounter adm n strador

CN.. 11

08/08.'07 Th
AMISULPRIDE tablets 130mg ()

06.08/07 Th
AMISULPRIDE tablets OOOmg (AM ISUL»RIDEi

23.08/07 CL
Blooo witndrawa!

7L17 0C

01,01/00 CL
Hospda refe'enoe num ber

*R 8  00

'•  If even: type ;s Test (Ts*). the ’ Othe^ Event Information" column oontains results a rd  units If event type is Referral rR f) .  the same co ium r
contains the organ sat on type. If event tyoe is Immunisation ('Im ') the column conta ns immunisation status

356



Appendices

A p p e n d i x  E :  E t h i c s  a p p r o v a l s  f o r  t h e  p h a r m a c o e p i d e m i o l o g i c a l  s t u d y  o f  a n t i p s y c h o t i c  p r e s c r i b i n g  

u s i n g  t h e  G P R D  ( C h a p t e r  4 )

GPRDO

Excelence in Public Health Research

KKSTKKTKD-COMMIKCIAI.

Scionlific &  Ethical Advivory Gnmp

SI AC KVAIA A l iON OI I’kOTOCOI S 

ri KD-lVAC K TO APIM.R ANTS

COM IDKMIAI.

I'KOTOCOL NO: 775

IM« ITOCI >L Tn I IC: Children anti psychotic prescribing trend and utilisation research
(capture)

Al'riJCAM: Dr Ian Chi Kei Wong. The Centie for Paediatric Pliarniacy 
Research. University of London

APPkOM'l) APi'k<)\ 1 :DS( k.iix T TO kKMSIoN/ kUKUTKI)
□ MINOk AMKNDMKM kl.SUHMISSloN □

in suhnilssliin not rerpilredr FI kEQl'I.STKP □

t OMMKNTS
Protocol 775 is appioved but the investigators should note tite following 
comments by SEAG and amend the protocol appropriately. Re-submission is 
iH>t required.

The applicanis need to amend their formulae for I lie calculation of incidence 
and prevalence so that the denominator includes only children in tlie relevant 
age range, w ith the requisite minimum of 6 months data available.

Also they should be aw are that their estimate of incidence w ill be no more than 
approximate and may be majoiiy inaccurate They are planning to accept 
children w ith as little as 6 months data available. There w ill Iv children who 
have used atypical antipsychotics jxeviously but not during the time period 
covered by the study, who are then falsely defined as incident cases.

DATi:: 9 January 2006

r  \:n)70Kio\r.PRr)_pr:NM>it viiui\'.sHAr. Appi.'\ai.ii..t

P l e a s e  r e f e r  t o  t h e  A p p e n d i x  d a t a  C D  f o r  t h e  p r o t o c o l  f o r  t h i s  E t h i c s  a p p l i c a t i o n
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Safeguarding public health

IndefKivfem Scientific Ach'ison' Conunittee 
for MHRA daiatwe lesearch

\

I SAC lA' ALl'ATION OI PROTOCOLS I OR lU SLARCH IWOLVINC. GPRD
DATA

FKLD-BACK TO AIVUCANTS

C O N T ID L N T IA L i'-m a il

P R O T O C O L NO: 77 5A

P R O T O C O L T IT  LI: : Childicn anil ps>ehrtic ptescribing trend and ulili&atk'n research tcapture)

A P P L IC A N T : Dr Ian Chi Kei Wong, Th: Centre lur Pédiatrie Pharmac> Research, 
Université o f Dindon

A IT R O V L D  □ A P P R O M D  S l I I I IX T T O  M IN O R  
AM LN D M LN T  

’TtMiliiuivtUiD luil required)

RIATSION,'
R IN I EMISSION  

R L O IL S T L I)

RLJI.CTLD

□

□ □

CX)MMLNTS:
Pn.iUvol 775Ai> appa'^cd

Da TL: 30 March 2007

M edkanw and producta R»«uiatefy A(H>nc>Mà‘%u TiMvib t Wfw En# L»iK UiMür* 5V3 
Î  Cr?C- 70CC f  090 9303 rr#»r» y #  A

Please re fe r to  th e  A ppendix  d a ta  CD fo r th e  pro tocol fo r th is  Ethics app lication  a m e n d m e n t
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Appendix F: Ethics approval for the pharmacoepidemiological validation of antipsychotic 

prescribing using the IMS database (Chapter 4)

ims

10 Octobei- 2008 

Professor Ian Wong
Ce-’ tre for Paed^atiic Pnarmacy Research 
The School of PhaiTnacy, University of London,
First Floor , BMA Flouse,
Tavistock Square,
London,
WCIH 9JP

Dea Ian,

I am wilting to confirm that the Centre for Paediatric Pharmacy Research 
has submitted a protocol to the Independent Scientific and Ethics 
Committee established to review uses of the IMS Disease Analyzer 
database. The Comm ttee approved the use of the database for d ug 
utilisation studies in children as described in that protocol.

Your-s sincerely

‘"f-

P e te r  S te p h e n s
V P  P u b lic  H e a lth  A f fa irs  E u ro p e , M id d le  E a s t &  A fr ic a ,  
IM S  Co o rd in a to r  fo r  ISEA C
IMS H ealth*
7 Haievvood Avenue 
London, N W l 61B. UK
Tel: +44  207 393 5323 Mobile: +44 (0)7711 148653 
em ail: ps teohe rs l. uL.im shealth.com  
w u vi.ifr iS h e a lL h .c a m

IMS HEALTH 
7 H a ra v K l Avenue 
Loo3:n HKl (JE 
r n i c a l  Klnadoc

r-1 *44.:ono 73*3 53:0 
F aa  . 4 4 . : 0 ; iO  7 3 5 3  5 9 0 0

IKE A.C. ra g lB ts re a  L 
lo c : rp « ra t4 d  v l t t i  
1 i n  ta d  l l a b l l l t v  in  
Zug. S w ltis r la n d , 
c < ^ la to r s i  as a 
tra n rJ i in  England,
T .a t. No. EE 1509 
Swlan Addrasci 
t« T lc laC s 4 «3 30
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Appendix G: Ethics approval for the mortality study (Chapter 5)

S a f e g u a r d i n g  p u b l i c  h e a l t h

liKlependcnt Scientific Advisory Committee \  
for MHR A d.itnhase research

ISA( i:\ ALliATION OF l»ROT()<OLS FOR RI:SF:\Rl H INVOIA 1N(; ORRI) 
DATA 

FI:F1>-UAC K T< ) API'FIC ANTS

( ONFIDFMTAI. hy i'-niail

I‘R( )TOCOF NO: 07_021

l»R( )TO( OFTITFi:: Moilality study o f antipsychotics iti childien and adolescents

ARM l( ANT: Prof Ian Wong, Ptofessor of Paediatiic Medicines Research, Centie for 
Paediatric Pharmacy Research, The Schœl of Pharmacy, Instittite of Child 
Health, Great Ormond Street Hospital for Children

Al'RUOVKI) □ A I'RIH )\ 1:1 ) SI H.I l:( 1 TO M1 NOR 
AMFNDMFNT 

II esiihmissioii mil required I

RFMSIDN/
RKSUIMISSION

r i :q h :,s t i : i )

Ri;.ii:(Ti:i)

□

□ □

(OMMFNTS:
Tlie inclusion criteria are slightly amhiguous - will patients he included only for llie |X’iitxl 
in which they are tinder 18. or retained so long as tliey am under 18 at some point during tlie 
period studied?

It might he helpful to Itxik at GPRD recorded death rates among tlie wider [xipulation at this 
age. in order to get a sense of how iiKirtality rates at this age group in tlie GPRD compare 
with tlie ONS estimates. Tliis would require a larger cohort, hut might he feasible.

Tlie crude morlality ratio (C MR) and Standardised Mortality Ratio (SMR) are to Iv 
calculated, but tlx- estimates could Iv very variable as tlie nunilx r of deaths is. liopel ully. 
small.

DAT!’: 2.1 March 2007

Medicines and Healthcare products Regulatory Agency
Markol Towais 1 Nino Elms Lano London S W 8  5N Q  
T 0 ? 0  7084 7000 F 020 7084 2353 w w w m hra  gov.uk An executive agency of the Department of Health

Please refer to the Appendix data CD for the protocol for this Ethics application
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A p p e n d i x  H :  Q u e s t i o n n a i r e s  s e n t  t o  g e n e r a l  p r a c t i t i o n e r s  f o r  t h e  m o r t a l i t y  s t u d y  ( C h a p t e r  5 )

Dear GP,

At the Centre for Paediatric PhaiTnacy Research, Great Ormond Stieet Hospital, we are investigating 
tlie causes of death in children and adolescents who have been prescribed an antipsychotic drug for the 
treatment of psychiatric conditions. Previous studies have shown that both the older, typical 
antipsychotic agents and the newer atypical antipsychotics are used for many psychiatric disorders in 
this population. As you are aware, there are significant adverse effects and toxicities associated with 
tlie antipsychotic agents, including tlie newer atypical antipsychotics.

We want to ascertain the cause of death in patients who have died after being prescribed an 
antipsychotic drug, and to perform a causality assessment to determine the likelihood of the 
antipsychotic drug causing death. In addition to this, the standardised mortality ratios (SMRs) will be 
calculated and compared between the typical and the atypical antipsychotics.

We have identified a cohort of patients from tlie General Practice Research Database who have been 
prescribed at least one typical or atypical antipsychotic between 1992 and 2004. From this list of 
patients we have further identified patients who also had a clinical code of death in their records. Such 
a patient has been identified from your practice and we would be grateful i f  you would complete the 
attached questionnaire to aid us in tliis important research. It is important for you to confirm that the 
patient has died (for example, patients may have a death code which relates to a family member who 
has died). All data received will be treated with the utmost confidence and no individual cases will be 
reported.

As this is an epidemiological study, it is important that we receive the full information requested in 
order for us to obtain meaningful results. Your cooperation is very much appreciated.

Many thanks in advance

Professor Ian Wong BSc (Hons) Pharmacy, MSc, PhD, MRPharmS
DH National Public Health Career Scientist & Professor of Paediatric Medicines Research
Centre for Paediatric Pharmacy Research
A collaboration between tire School of Pharmacy, Institute of Child Health &  Great Ormond Street 
Hospital for Children

Dr Patrick Byrne MB.BS MMedSci FRCPsych
Hon. Research Associate and Consultant in Adolescent Psychiatry
Institute of Psychiatry
King’ s College
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Mortallh- associated with antipsychotic drug treatment questionnaire

Please tick the relevant box where appropriate

1. Is tlie patient deceased?
□  Yes □  No

If Yes, then please continue with the questionnaire. If No, then that is all the information that is required, thank you.

2. What was the date of death (dd/rain/y>7y)? ______/______/________

3. Where did the patient die?

I I Home n  Hospital [ ]  Other ; Please specify______________

4a. If a death certificate is available, what was the cause of death as recorded on the certificate

_

4b. If no death certificate is available, in your opinion what was the likely cause of dcatli?

5. Was a post-mortem performed?
r~l Yes □  No □  Unknown

If Yes, please indicate results_________________;___________

6. Were there any laboratoiy test abnormalities prior or at the time of death? 
I I Yes Q  No Q  Unknown

If Yes, please indicate when and state results of laboratoiy abnormalities

7. At tlie time of death, did the patient have any illnesses which may have contributed to deatli? 

□  Yes □  No

If Yes, please specify:____________________________________________________________

8. If suicide was the cause of death, did the patient show any predictors of suicide prior to death?
□  Yes O  No O  Not applicable
If Yes, please tick all that apply
I I previous suicide attempt Q  a referral to a psychiatrist in the two years prior to the event
r~l psychiatric diagnosis confirmed: please specify:__________________________________________

Please turn over
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9. If suicide was the cause of death, what method of suicide was used?
r~l Overdose of prescribed drug Q  Overdose o f non-prescribed drug

Please specify d ru g ;__________________________________________________________

r~l Violence []] Other ; Please state:

10. Did the patient have an active prescription for an antipsychotic at the time o f death? 
□  Yes □  No

If Yes, please specil}' which drug_________________________________________________

If Yes, please specify indication for the drug_

11. Wlien was the last prescription for tliis antipsychotic drug issued (dd/mm/yyyy)?.

12. What dose of the antipsychotic drug was the patient taking at the time of death? , 

Dose  Frequency (eg once daily)_______   _̂_________

12. What was the maximum dose of the antipsychotic drug the patient had ever been prescribed? 

Dose_____________________ Date (dd/mm/yy^y)_______ /  /

13. Was the patient taking otlier prescribed medications at the time of death?
□  Yes □  No
If Y'es, please give details on drug, dose and date of last prescription
Drug Dose Date of last prescription (dd/mm/yyyy)
     / /_______
  ■   /  / _____________

Please provide any other information you may feel is relevant

Many thanks for completing the questionnaire
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A p p e n d i x  I :  S a m p l e  s i z e  c a l c u l a t i o n  f o r  m o r t a l i t y  r a t e s

O f  » http:Mwww.openepl.com/SampleSize/SSCohort.htm = 3 ^  - p  •

Windows ÜV© □ Mai Photos Calendar MSN gÇ lllj ’  »V

#  OpenEpI ■ Sample Size for Cross-SecHonal, Cotwrt, an... [ |

[?1 Svil
^  ’ E) W * 3 )" Page -  ^  Tools -

Calculate

Clear

1 I Examples | | Help |

S a m p le  S iz e  f o r  C r o s f - S e c t i o n a l ,  C o h o r t  &  R a n d o m iz e d  C l in ic a l  T r ia l  
S t u d l e a ____

(1-alpha) usually 95% 

Usually 80%

tlpTes. use 1 0 

Between 0 0 and 99 9

Two-sided confidence level(%)

Power (1-beta or % chance of detecting )

Ratio of Unexposed to Exposed in sample 

Percent of Unexposed with Outcome £o48

Please fill in 1 of the following. The others will be calculated

Odds ratio

Percent of Exposed with Outcome 

Ristc'Prevalence Ratio 

Risk,Prevalence difference

Between 0 0 and 99.9

Between -99 99 and 99 99

Based on the mortality 
rates obtained from 
ONS data in the year 
1998

0  Internet \ lO O %
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OpcnEpi ' Sample St/e for Cross-Sectional, Cohort, and Clinical Trials - Windows Internet Explorer

\ t ^  http;i/www.op«repi,com^5arr()leSize/SSCohort.htm

" i t  V  ^ O p e n E p i • Sample Sizefor Cross-Sectional, Cohort, an... ^  *  Q  'BP * 2^  Tools -

Examples | |Enter

Sample Size for Cross-Secfional. Cohorf. &  Randomized Clinical 
Tria l Studies

Two-sided simificance les el(l-a^)ha): 
Power(l-beta, ®o chance cf detecting): 
Ratio of sample size, Unexposed Exposed: 
Percent of Unexposed witfa Outcome: 
Percent of Exposed witii Outcome:

95
80

1
0048
0.096

Odds Ratio.
Risk Prev alence Ratio.
Risk Prev alence difference: 005

Kelsey Fleiss Fleiss uith 
CC

Sample Size - Exposed 
Sample Size-Nonexposed

49099
49099

49098
49098

53186
53186

Total sample size: 98198 98196 1063-2

References
Kelsex et al.. Methods in Observ ational Epidemiologv 2nd Edition, Table 12-15 
Fleiss, Statistical Methods for Rates and Proportions, formulas ? 18 &3 19

CC = continuitv correction
Results are rounded up to the nearest integer
Print from the browser menu or select, copy, and paste to other programs 

Results from OpenEpi. \  ersion 2. open source calculator SSCohort

9  Internet t, 100% -

365



Appendices

A p pen d ix  J :  Ethics approval fo r th e  safe ty  s tudy (C hap ter 6)

S a f e g u a r d i n g  p u b l i c  h e a l t h

Independent Seienlific Advisory Coinniiitec 
tor MHRA d;it;ibase research

I S \ (  i : \  A h U A T I O N  ( H  I ' k O K K O L S  F O R  R F S F A K t  I I  I N V O F M N C ;  < ; i * R ! )

D A T A

l  i : i : i ) - U A (  K  i O  A I ' I M J t  A M S

(  O M I D F M T A I h \  c - in a i l

1 » R ( ) T ( ) (  ( H , N ( ) : 07 059

| » R (  ) T O l  ( ) |  T U F F : IncideiKV of liver damage and dialxMes w ith antipsychotic use in childien and 
adolescetits

A R R I  K  A M  : Piol Ian Wong, Piol'essor ol Paediatric Medicines Research. Centie lor 
Ptiediatric Pharmacy Research. The School of Pluu’macy, Institute of Child 
Health. (Iteal Ormotul Street Hospital for Children

.MM'ROVFI) □ APPROVFI) Si n i lX T  TO M INOR  
A M FN D M FN T  

(reMihmission mil ie(|iiiiedi

□

R FM SIO N/
R FSl'lîM ISS IO N

R F O I'I’S T II)

R F .IIX T F I)

□

t O M M FN TS :
Protocol 07_059 is not appioved and needs to be levised taking into account the 
following obsersations ftom I SAC Resiibmission is requited.

Reviewer I

1. The ntimlx'r of exposed patients is fairly small - 1 DO for atypical and 1871 for 
typical antipscholies. The incidence of diabetes is around 24 jier 100,000 |x*r year. 
Only small numbers of cases can be e.x|>ected. A sample size calculation should be 
done to evaluate whet Iter the study is feasible with this tuimlvr of exposed cases.

2. For the SIR, the age-s[x*cific incidence rates for diabetes by sex are required but 
it is not clear how these will be obtained.

.1. Known causes of acute liver damage such as vital liepalitis, EBV infection, etc. 
should be sought.

Reviewer 2

The applicants do not seem to have consideied the power of tlie study. Is the 
incidence of liver damage in tlie ixiptilalion of interest high enough to make tlie

Medicines and Healthcare products Regulatory Agency
Market Towers 1 Nino Elms lano London SW8 5NÛ 
T 070 7084 9000 F 090 7084 9353 www mhra,go».ul< An executive agency ol the Department of Health
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study vvwihw hile uiul ir liable ? Seine estimate ot the pew er weuki lie IxMpfuI

A great deal of weight w ill he given to the causality assessment of the expert panel. 
How w ill the patkM function? How w ill the investigators prevent the introduction of 
bias into the assessment ’ What criteria w ill he used to determine plausibility of 
relationship to drug? W ill the panel lie masked as to the identity of the 
antipsychotic?

There is no conttol group for this study, and the incidence of liver damage and 
dialietes in the cohort w ill he compared to tite incidence stratified hy age and gender 
in GPRD. Are tlx'ie no confoiitiders that should Ix* considered?

Reviewer}

The Lx cut re nee of (Ix- cases should lie made without trxi much error although the 
cases of dialxMes w ill lx? made w ith more error than tlx* cases of liver disease siixe 
tire te is unlikely to lie a consistent definition in tlx* cohort; it would he worth 
exploiing the inllueixe of the diagnostic criteiia since each case w ill lie viewed It 
would Iv sensible to assess the duration atid severity of each case (atid its 
lelationship to dnig withdrawal - which I think the applicants are assessing). In 
assessitig the statidatdised iticidence rates in tlx* col tort, the applicants will not Iv  
controllittg for attendance rates for other conditions - since a diagnosis w ill he more 
likely to Iv tnade in a higlvr attetuliiig population- and for other comorbidities; it 
would Iv  wotih tnodelling this ratlvr than assessing crude standardised incidence 
rates.

DATI:: 2.? July 2007

P l e a s e  r e f e r  t o  t h e  A p p e n d i x  d a t a  C D  f o r  t h e  p r o t o c o l  f o r  t h i s  E t h i c s  a p p l i c a t i o n
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A p p e n d i x  K :  G P R D  M e d i c a l  c o d e s  r e l a t e d  t o  l i v e r  a b n o r m a l i t i e s

P l e a s e  r e f e r  t o  t h e  A p p e n d i x  d a t a  C D  f o r  t h e  f u l l  l i s t  o f  M e d i c a l  c o d e s  r e l a t e d  t o  l i v e r

a b n o r m a l i t i e s

A p p e n d i x  L :  G P R D  M e d i c a l  c o d e s  r e l a t e d  t o  d i a b e t e s  m e l l i t u s

P l e a s e  r e f e r  t o  t h e  A p p e n d i x  d a t a  C D  f o r  t h e  f u l l  l i s t  o f  M e d i c a l  c o d e s  r e l a t e d  t o  d i a b e t e s  

m e l l i t u s

A p p e n d i x  M :  G P R D  P r o d u c t  c o d e s  o f  a n t i d i a b e t i c  d r u g s

P l e a s e  r e f e r  t o  t h e  A p p e n d i x  d a t a  C D  f o r  t h e  f u l l  l i s t  o f  P r o d u c t  c o d e s  o f  a n t i d i a b e t i c  d r u g s

A p p e n d i x  N :  G P R D  M e d i c a l  c o d e s  r e l a t e d  t o  e x t r a p y r a m i d a l  s y m p t o m s

P l e a s e  r e f e r  t o  t h e  A p p e n d i x  d a t a  C D  f o r  t h e  f u l l  l i s t  o f  M e d i c a l  c o d e s  r e l a t e d  t o  e x t r a p y r a m i d a l

s y m p t o m s
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A p p e n d i x  O :  S a m p l e  s i z e  c a l c u l a t i o n  f o r  i n c i d e n c e  o f  l i v e r  a b n o r m a l i t i e s

OpenEpi - Sample Size for Crow Sectional, Cohort, and Clinical Trials - Windows Internet Explorer

■» IC  http ;//WWW.openepi. com/SampleSizB/SSCohoft.htm J  A

S" Windows Live 15eai ch rL : eb MaH Photos Calendar MSN gÇ LJ

ik  ^  '0 OpenEpi - Sample Size for Cross-Sectional, Cohort, an,,,

Calcu la te

Clear

a
R  Sign in 

I *  '  Page -  ^  Tods ■>

Results n Examples U Help

(1-alpha) usually 95% 

Usually 80%

For equaLsartlBles, use 1 0 

Between 0.0 and 99.9

Between 0 0 and 99.9

Between -99.99 and 99 99

S a m p le  S iz e  f o r  C r o « * - S e c t i o n a l ,  C o h o r t ,  &  R a n d o m i z e d  C l in ic a l  T r ia l  

S t u d ie s

Two-sided confidence level(%)

Power (1-beta or % chance of detecting )

Ratio of Unexposed to Exposed in  sample 

Percent of Unexposed with Outcome ^

Please fill in 1 of the following The others will be calculated.

Odds ratio

Percent of Exposed with Outcome 

Risk/Prevalence Ratio 

Risk/Prevalence difference

0  Internet

Based on a hypothetical 
incidence rate of 1 case of 
liver abnormality per 1,000 
children

t ,  100% -
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fSOpenEpi - Sample Size for Cron-Sectional, Cohort, and Clinical Trials • Windows Inlernet Explorer

»■ I g , http^//vww.openepi.com/5ampte5izey55Cohort.httTi ■pl.
f ?  Windows Live Search rhe web 1 3  *1 Mail Photos Calendar MSN CU ■’  «V

A  4 ^  OpenEpi-Sample Size for Cross-Sectional, Cohort, an...

F t  Sign in

^  * E3 ISr ’ H i' Page -  Tools -

ExamplesEnter

Sample Size fo r Cross-Sectional. C ohort. «& Random ized C lin ical 
T ria l Studies

Two-sided significance le\ el(l-a%iha): 
Power(l -beta. ®o chance of detecting): 
Ratio of sample size, Unexposed Exposed 
Percent of Unexposed with Outcome: 
Percent of E.xposed with Outcome:
Odds Ratio:
RiskPrei alence Ratio 
Risk Prer alence difference:

95
80
1

0.1
0.2

0 1

K elsey Fleiss Fleiss uith  
CC

Sample Size - Exposed 
Sample Size-Nonexposed

23590
23590

23589
23589

25554
25554

Total sample size 4-180 4 :1 -8 51108

References
Kekev et a l , Methods in Observ ational Epidemiologr 2nd EÆtion, Table 12-15 
Fleiss. Statistical Methods for Rates and Proportions, formulas 3.18 & 3.19

CC = continuitv correction
Results are rounded t ç  to the nearest integer
Print from the browser menu or select copy, and paste to otiier programs.

0  Internet ‘»1100% •
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A p p e n d i x  P :  S a m p l e  s i z e  c a l c u l a t i o n  f o r  t h e  i n c i d e n c e  o f  d i a b e t e s  m e l l i t u s

iÇ  OpenEpi - Sample Size for Cross-Sectional, Cohort, and Clinical Trials - Windows Internet Explorer

I ^  I jS , http://www.openepi.com/SancileSge/55Cotx)rt.l

f *  Windows Live " -« -fh  rM: Mail Photos Calendar MSN

*  OpenEpi - Sample Size for Cross-Sectional, Cohort, an...

B  Sign in 

^  ’  S J  W  '  là *  Page -  ^  Tools -

Calculate

Clear

Done
0.156 seconds

Start Results Examples

S a m p le  S iz e  f o r  C r o s s - S e c t i o n a l ,  C o h o r t ,  &  R a n d o m i z e d  C l in ic a l  T r ia l  

S t u d ie s

Two-sided confidence level(%)

Power (1-beta or % chance of detecting ) 

Ratio of Unexposed to Exposed in sample 

Percent of Unexposed with Outcome

B5 (1 alpha) usually 95%

Usually 80%

For equaLsafflples, use 1.0 

0.018 Between 0 0 and 99.9

Please fill in 1 of the follo'wing. The others will be calculated

Odds ratio

Percent of Exposed with Outcome 

Risk/Prevalence Ratio 

Risk/Prevalence difference

Between 0 0 and 99 9

Between -99.99 and 99 99

#  Internet

Help

Based on the incidence of 
diabetes mellitus in the 
general paediatric 
population in the GPRD 
in the year 1998

\  100%  •
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OpenEpi - Sample Size for Crow Sectional, Cohort, and Clinical Trials - Windows internet Explorer

http^y/www.openepi.com/SarrpleSge/SSCohort.htm

TWify
p  *

f ?  Windows Live Mail Photos Calendar MSN 3 ?  □  •

♦ ?  ÜÔOpenEpi ■ Sample Size for Cross-Sectional, Cohort, an...

IZ j Sign in 

^  ’  0  «S  *  r j "  Page -  Took •

ExamplesEnter

Two-sided significance lei el(l-alpha): 95
Power(l-beta, ®o chance of detecting): 80
Ratio of sample size. Unexposed E.xposed 1
Percent of Unexposed with Outcome- 0.018
Percent of Exposed with Outcome: 0.036
Odds Ratio:
Risk Prevalence Ratio
Risk Prevalence difference: 0.02

Sample Size fo r Cross-Sectional, C ohort, «& Random ized Clin ical 
T ria l Studies

Sançile Size - Exposed 
Sample Size-Nonexposed

Kelsev

13085'
13085-

Fleiss
Fleiss with 

CC

130856 141-53
130856 141-53

Total sample size. 261-14 261-12 283506

' '  References
Kelsev et al., Mediods in Observational Epiderraologx- 2nd Ecfition, Table 12-15 
Fleiss, Statisbcal Mediods for Rates and Proportions, formulas 3.18 &3.19

CC = continuitv correction
Results are rounded iç) to die nearest integer
Print from the browser menu or select, copy, and paste to other programs

9  Internet t ; io o %
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A p p e n d i x  Q :  P A M S  o n l i n e  d a t a  c o l l e c t i o n  f o r m

■ ' I * ,  http; : //WWW .h;ytu. york. x . Wtfpanc/kgin « p x ''! A  "T |!p -

Ht ^  | j * L o g r  '  1 ^  ’  Q W  *  ̂Page » Tool; -

PAMS Login Screen

User ID : 

Password:

Each p a r t ic ip a t in g  c lin ic ia n  

w as g ive n  a u s e r-s p e c if ic  

ID and  p a ssw o rd

LOGIN

If  you encounter problems, please contact: pams@pharmacy.ac.uk

0  Internet
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G Main - Windows Inlernet Explorer

h ttp s r/ivw w .h îY tu .yofk.ac.ukJpamsyiogin.aspi

*  *! l»M̂ n
M l

PAMS Online Questionnaire

BEglllWBIil M l

Welcome Fa riz Ranll
Thanic you fo r your participation in the Paediatric A typical antipsychotic Monitoring Safety study (PAMS). The follow ing fo rm  is designed to obtain data regarding new 
patients that have started o r stopped an atypical antipsychotic and any reportable adverse drug reactions (APRsiexoeHenced by these patients.

Below are the details o f the atypical antipsychotic m edications and any ADRs that you have reported since the beginning of the study.

M EDICATIO N DETAILS:

Drug Name Date Reported No. o f Patients S tarted No. o f Patients Stopped 

Risperidone IO -Ian-07 1

In  addition to  the m edications listed, have you started o r stopped anym ore patients in the past m onth ’

Welcome screen shows all 
data previously entered 
by the participating 
clinician

I f  you have any queries while com pleting this survey, please contact: pam sgpharm acy.ac.uk

Begin the onTine qoestionnaireL..

trt r Close the questionnaire...

#  Internet t.7 0 %
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O Main - Windows Internet Explorer

0  https : //WWW .h»ytu .y w k  ac .ukVpams/Mam aspx

PAMS Online Questionnaire

3 ] ^  X p •

F c ' each o f the m edications be loA , please specify how m any patients you have started o r stopped in the past 
months.

Please en te r the num ber of ALL patients who have s ta te d  o r stopped medication regardless if stopping the 
m edication is due to ADlLs o r n o t

M edication

Risperidone

Olanzapine

Quetiapine

Aripjprazole

N u m b e ro f 
P atien ts  S tarted

□
□
□
□

E n ter d e ta ils  o f an y  o th e r m ed ica tio n s  below:

1   1 □

N u m b e ro f  
P atien ts  Stopped

□
□
□
□

Participating clinician 
enters the number of 
patients under his/her 
care who have started or 
stopped atypical 
antipsychotic therapy

Have you seen any i

CONTINUE

L' in the preceding month?

Continue to the next screen...

Return to  p iev ious  screen...

@  Internet
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^  Main -, Windows internet Explorer

^  https://www.hîytu.york.ac.uk/pams/Main.aspx

• E) 1» * ■ V Page "  0  Tools •

PAMS Online Questionnaire

Please g iv e  the  fo llo w in g  p a tie n t s p ec ific  details:

In itia is

Gender | V|

Month o f  b i r t h  |  ! d |

Y e a r  o f  b i r t h  I  I

■ Continue to tfie next screen...

For the reporting of 
adverse drug reactions, 
the clinician enters patient 
details

@  Internet "\70%
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Main -, Windows Internet Explorer

https://wvwi.hsYtu.york.ac.uK/pams/Main.aspx 

• k  g  Main

- J â J  * t  X

tSr -  /P a g e  -  I^ T o o k  »

Date patient seen OttoWf 2001

:3 u  :5 16 i8 l i

îc 2: : :  23 2i : î  26
:  26 26 30 3: •

N5: If crsc r »  of th« «x»ct Ü9tt, wt d»tt af iStK of tha month pat art a

Indication for the atypical antipsychotic medication ;

Psychosis / Schizophrenia □  

Bipolar /  Affective 

Tic

Anger 

Anxiety 

Autism

Anorexia Nervosa 

Other - Please specify 

Medication causing the suspected ADR:

Medication

If Other - Please Specify

Date the patient who 
experienced an adverse 
reaction was seen; as well 
as additional therapy 
details related to the 
atypical antipsychotic in 
question

0  Internet
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(Ç Main Windows Internet Explorer

B_ https://www.hsytu.yofk.ac.utVpams/Main.aspx

*  hjMain
X L ____________ 1 ^
^  ’  Q  W  '  j j "  Page -  ^  Tools •

Dose when ADR occured 

Frequency of drug dose when ADR occured 

> If Other - Please Specify 

Date treatment started

Approximate duration on current dose

Date ADR was first suspected:

29 30  1 2 3 < 5

9 7 8 5 10 XX 12

X3 X4 X5 X6 17 X8 X9 '

20  21 22 23  24  25  26  |

27 28  29  30  31 1 2  |

@  Internet *s90%
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Main • Windows Internet Explorer

■» |e _  https://wwv.h5ytu.yotk.ac.ijl</panis/M âin.a5px _______ ________

■yf   ̂ I
Sym ptom s of ADR;

Weight Gam □

H yperpro lactiraem ia  □

Sedation □

Tardive Dyskinesia D

Neuroleptic Malignant Syndrom e □

e th e r - Please Specify _______  _____________

Please give additional details o f the sym ptom s o f the suspected ADR (eg lab figu res)

p -
•  0  • »  '  Page •  Tools •

I jjUUUKBWlg
Outcomes o f the suspected ADR: I v

O ther concurrent m ed ice tlo rs  uhen the suspected ADR occurred:

Participating clinician enters additional 
details of the adverse reaction being 
reported as well as any concurrent 
medication the patient was taking 
when experiencing the adverse 
reaction

Have you seen any MORE reportab le  adverse 
drug reactions (ADRsI in the preceding month?

0  Internet \70%
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A p p e n d ix  R: Ethics ap p ro v a l fo r  th e  P A M S  s tu d y  (C h a p te r 7)

E H
Charing Cross Research Ethics Committee

Room 3E/U3A, Fiocr 
Channg Cross Hosp.ia 

Fullwn. PüUice Roeü 
lO' .̂dOn VV6 8RF

Telephone 020 ftW6 7283 
FacS'fnl‘6 020 664G 7260

Dr Ian CK Wong
Centre for Paediatric Pharmacy Research
The School of Pharmacy
29-39 Brunswick Square
London
W C1N 1AX

16 Novemoer 2005 

Dear Dr Wong

Full title of study: Paediatric Atypical antipsychotic Monitoring Safety
study (PAMS)

REG reference number; 05/Q0401/133

The Resea-'ch Ethics Committee reviewed the above application at the meeting held on 07 
Novemtxir 2005

Ethical opinion

1 1 he following points were confirmed at interview
a) The participants would comprise Paediatricians, not patients.
b) Doctors would keep a running tally of Ihe number of patients who were newly started on 

an atypical antipsychotic.
c) Doctors would be actively encouraged to follow the Yellow Card System

The members of the Committee present gave a favourable ethical opinion of the above 
research on the basis described m the application form, protocol and supporting 
documentation.

Ethical review of research sites

The Committee agreed that all sites in this study should be exempt from site-specific 
assessment (SSA) There is no need to complete Part C of the application form or to inform 
Local Research Ethics Committees (LRECs) about the research The favourable opinion for 
the study applies to all sites involved in the research.

Conditions of approval

The favourable opinion is given provided that you comply with the condititj 
attached document. You are advised to study the conditions carefully.

Approved docum ents ? ) NOV 2005

The documents reviewed and approved at the meeting were: ..................

Docum ent Version D ate
Application_________________________  12 October 2005

A r .■tdv.'.’iry ro 'rm il'C ’C to North West Lordoi' Sirdlefju, HeA th A u lhon ',
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05'00-10 i; i 33 Pau

Investigator CV 12 October 2005
Protocol 3.5 12 October 2005
Covering Lclter 12 October 2005
Sumrnary'.'Synopsis 2 0 12 October 2005
Letter from Sponsor 11 October 2005
Peer Review 21 April 2005
Questionnaire 3.5 12 October 2005
Letter of invitation to participant 3.5 12 October 2005
Participant Information Sheet 3.5 12 October 2005
Participant Consent Form 3.5 12 October 2005
Statement of Indemnity Arrangements 01 June 2005

Research governance approval

You should arrange for the R&D Department at all relevant NHS care organisations to be 
notified that the research will be taking place, and provide a copy of Ihe REC application, the 
protocol and this letter,

All researchers and research collaborators who will be participating in the research at a NHS 
site must obtain final research  governance approval before commencing any research 
procedures. Where a substantive contract is not held with the care organisation, it may be 
necessary for an honorary contract to be issued before approval for the research can be 
given

tVlembership of the Com m ittee

The members of the Etiiics Committee who v/ere present at the meeting are listed on the 
attached sheet

Statem ent of com pliance

The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees (July 2001) and complies fully with the Standard Operating 
Procedures for Research Ethics Committees m the UK

05/Q0401/133 Please quote this number on all correspondence

With the Committees best wishes for the success of this project 

Yours sincerely

Dr Michael Feher 
Chair

Email TSchiotz@hhnt.org

A n  . i d v i i o r y  r o m m m e e  t o  N o r t h  W « 1  L o n d o n  S t r n r p g ic  H e a l t h  A u t h o r i t y
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05'QG401/133 Page 3

Enclosures: ü s ( of nam es and professions o f m em bers who were present at tho
m eeting and  those who subm itted written com m ents

S tandard approval conditions

Copy to D r Julian Axe
The School o f Pharm acy. University o f London. 
Tho School o f Pharm acy, University o f London. 
29  Brunswick Square  
London W C 1N  1AX

An advisory tom rriinee lo  North \Vp^t London St.'atngir Health Authority
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Charing Cross Research Ethics Com m ittee

Attendance at Com m ittee meeting on 07 Novem ber 2005 

Com m ittee Members;

Also in attendance:

Name
M iss Anita Chakraborty

Name Profession Presenp Notes
Df Michael Feher Consultant Physioan Yes
Dr Anwar Alhaq Clin.cal Scientist No
Dr Mark Alkins Consultant Virologist No
Mrs Jane Bruton Nurse No
Mr John Cltfford L.T.vyer Yes
Mrs Claudia Coun Lay Member No
Mr lain Davidson Pharmacist Yes
Dr Andre w Dicker General Practitioner Yes
Dr Jerry'Mealy Consultant Radiologist No
M i s s  Katie Macdonald Lay Member Yes
Dr Graeme Moyle Associate Director of Yes

1 Dr Rosalind Mulholland
HIV Research
Psychiatrist No

Miss Anna Smajdor Lay Member Y e s
Mr Mike Stafford Consultant Yes

Gynaecologist
Mr Peter Ttioinos Lay Member No
Dr Sat).ta UUmya Paediatrician Yes
Dr Steve Yentis Consultant Anaesthetist No

Position (or reason for attenOing) 
Committee Co-crdmator

An .idviiory tcmn-iittee to North VVeit London Sfategic Hea th Authority

Please re fe r  to  th e  A p p e n d ix  d a ta  CD fo r th e  p ro to co l fo r  th is  a p p lic a tio n
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Eza
Riverside Research Ethics Com m ittee

Room 3E03A, 3'^ Floor 
Channg Cross Hospital 

Fulham Palace Road 
London W6 8RF

Tel: 020 8846 7282 
Fax: 020 8846 7280 

Email achakraborty@hhni org
Dr Ian Wong
Centre for Paediatric Pharmacy Research 
The School of Pharmacy 
29-39 Brunswick Square 
London W C1N 1AX

13 January 2006

Dear Dr Wong

F u l l  t i t l e  o f  s t u d y ;  P a e d i a t r i c  A t y p i c a l  a n t i p s y c h o t i c  M o n i t o r i n g  S a f e t y

s t u d y  ( P A M S )

R E C  r e f e r e n c e  n u m b e r :  0 5 / Q 0 4 0 1 / 1 3 3

A m e n d m e n t  d a t e ;  0 7 / 1 2 / 2 0 0 5

The above amendment was reviewed at the meeting of the Sub-Committee of the Research 
Ethics Committee held on 09/01/2006

E t h i c a l  o p i n i o n

The members of the Committee present gave a favourable ethical opinion of the amendment 
on the basis described in the notice of amendment form and supporting documentation

A p p r o v e d  d o c u m e n t s

The documents reviewed and approved at the meeting were

• Notice of Substantial Amendment, 09/12/2005
• Protocol version 3 5
• Protocol version 4 1
•  Amendment Sheet, version 1,07/12/2005

M e m b e r s h i p  o f  t h e  C o m m i t t e e

The members of the Ethics Committee who were present at the meeting are listed at the end 
of the letter

R e s e a r c h  g o v e r n a n c e  a p p r o v a l

All investigators and research collaborators in the NHS should notify the R&D Department for 
the relevant NHS care organisation of this amendment and check whether it affects research 
governance approval of the research

S t a t e m e n t  o f  c o m p l i a n c e

The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees (July 2001) and complies fully with the Standard Operating 
Procedures for Research Ethics Committees in the UK

An advisory committee to  North West London Strategic Health Authority
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0 4 / Q 0 4 0 1 / 6 4

Yours sincerely

P l e a s e  q u o t e  t h i s  n u m b e r  o n  a l l  c o r r e s p o n d e n c e

M i s s  A n i t a  C h a k r a b o r t y  

Committee Co-ordinator

L i s t  o f  n a m e s  a n d  p r o f e s s i o n s  o f  m e m b e r s  w h o  w e r e  p r e s e n t  a t  t h e  m e e t i n g  a n d  t h o s e  

w h o  s u b m i t t e d  w r i t t e n  c o m m e n t s

• Steve Yentis (Chairman)
• Mr J Clifford (Lay Member)

^  g P '5 M-, IP im

1 8 JAN ?006

An advisory commtttpe to  North W pst London Strategic Health A uthority

Please re fe r  to  th e  A p p e n d ix  d a ta  CD fo r  th e  p ro to co l fo r  th is  e th ics a p p lic a tio n  a m e n d m e n t
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R i v e r s i d e  R e s e a r c h  E t h i c s  C o m m i t t e e

Channg Cross Hospital 
Fulham Palace Road 

London W6 8RF

Tel 020 8846 7282 
Fax 020 8846 7280

Dr Ian CK Wong
Director of the Centre for Paediatnc Pharmacy Research
The School of Pharmacy
29-39 Brunswick Square
London
WC1N 1AX

16 August 2006

Dear Dr Wong 

Study title;

REC reference:

Paediatric Atypical antipsychotic Monitoring Safety 
study (PAMS)
05/Q0401/133

Amendment number; 5.0 
Amendment date: 07 July 2006

The above amendment was reviewed at the meeting of the Sub-Committee of the REC held 
on 26 July 2006

Ethical opinion

The members of the Committee present gave a favourable ethical opinion of the amendment 
on the basis described in the notice of amendment form and supporting documentation

Approved documents

The documents reviewed and approved at the meeting were

Document Version Date
Protocol 50 07 July 2006
Amendment sheet 1 0 07 July 2006
Notice of Substantial Amendment (non-CTIMPs) 5,0 07 July 2006

Membership of the Committee

The members of the Ethics Committee who were present at the meeting are listed at the foot 
of the next page

An advisory committee to London Strategic Health Authority
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Research governance approval

All investigators and research collaborators in the NHS should notify the R&D Department for 
the relevant NHS care organisation of this amendment and check whether it affects research 
governance approval of the research.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for 
Research Ettiics Committees (July 2001) and complies fully with the Standard Operating 
Procedures for Research Ethics Committees in the UK.

05 /Q 0401/133: P lease q u o te  th is  n um ber on all co rresp on den ce  2 ]

Yours sincerely

Tanja Schiotz 
Committee Co-ordinator

E-mail: t.schiotz@hhnt,nhs.uk

Copy to: Clinical Trials Unit, MHRA

Dr Julian Axe

Riverside Research Ethics Committee 

Attendance at Sub-Committee of the REC meeting on 26 July 2006 

Committee Members:

Name Profession Present'^
Dr Steven Yentis Consultant Anaesthetist Yes

Dr Mark Atkins Consultant Virologist Yes

Also in attendance:

Miss Katie Slater___________________________ Committee Administrator__________________

Please re fe r  to  th e  A p p e n d ix  d a ta  CD fo r  th e  p ro to c o l fo r  th is  e th ics  a p p lic a tio n  a m e n d m e n t
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