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1. ABSTRACT 

Clozapine is the treatment of choice for treatment-resistant schizophrenia (TRS). Its use 

is, however, often associated with variable clinical outcomes. It acts as an antagonist of 

dopamine receptors, with a high affinity for dopamine receptor 4 (DRD4). 

Polymorphisms in the DRD4 gene have been suggested to contribute to variable drug 

responses seen. The aim of this study was to determine whether a 120 base-pair 

duplication polymorphism in the DRD4 gene affects response to clozapine. Patients 

diagnosed to have TRS, on stable doses of clozapine were the subjects of the study. 

Genomic DNA was isolated from peripheral venous blood from the patients, and 

genotyped for the polymorphism. Serum clozapine levels were also measured. 

Participants’ socio-demographic and clinical profiles were recorded. Standard assessment 

schedules were used to assess premorbid adjustments, response to traumatic events, 

cognitive status and disability.  Clozapine response was defined a priori; allelic and 

genotypic frequencies were determined and correlated with the clinical responses. No 

genotypic association was found between the polymorphism and serum clozapine levels 

or response to treatment with clozapine in patients with TRS. However, among the 

adverse effects, hyper-salivation is significantly associated with the polymorphism of 

interest (p=0.0009). Presence of the 120-bp duplication in DRD4 appears to confer risk 

for sialorrhea in response to clozapine therapy. These results suggest that routine 

screening for DRD4 120-bp repeat polymorphism before clozapine therapy may not be 
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useful as a predictor for clinical response to clozapine. It may, however, help to identify 

those at high risk for clozapine-induced hyper-salivation. 

KEY WORDS:  

Schizophrenia; clozapine; sialorrhea: adverse effects; DRD4; dopamine D4 receptor; 

polymorphism; pharmacogenetics; drug resistance; brief psychiatric rating scale; 

antipsychotic agents; tandem repeat sequences; genetic association studies;  
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2. REVIEW OF LITERATURE 

Schizophrenia 

INTRODUCTION 

Schizophrenia is a chronic debilitating neuro-psychiatric disease characterized by 

abnormalities in cognition, affect and behavior. Lifetime prevalence of the disease is 1% 

(van Os and Kapur, 2009). Both males and females are equally affected. Females tend to 

present with symptoms later than males, with onset occurring in their late 20s or early 30s 

(Schultz et al., 2007). The disease is characterized by positive, negative and cognitive 

symptoms. Positive symptoms include delusions, hallucinations involving auditory, 

visual, olfactory, tactile and gustatory components, and disorganized speech and behavior 

(Tamminga and Holcomb, 2005). These positive symptoms are typically regarded as 

symptoms of psychosis. Negative symptoms include deficits of emotional responses, 

poverty of speech, blunted affect and emotion, lack of motivation and suicidal tendencies 

(Tamminga and Holcomb, 2005). Cognitive symptoms include disturbances in normal 

cognitive functions such as memory, attention, intelligence, executive function and motor 

skills (O’Carroll, 2000). 
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ETIOLOGY 

The etiology of schizophrenia comprises genetic and environmental components. 

Though the genetic component play a major role, environmental factors also contribute 

to the risks by interacting with the genetic factors (Riley and Kendler, 2006). Multiple 

lines of evidence exist that demonstrate the key role of the genetic component in 

schizophrenia. Family and twin adoption studies have consistently showed that the risk of 

schizophrenia among the relatives of patients correlate with the degree of shared genes 

(Lewis and Lieberman, 2000). Risks ranged from ~2% in third degree relatives to ~17% in 

first-degree relatives. Among twins, the risk is estimated to be ~17% in dizygotic twins 

and ~50% in monozygotic twins (Lewis and Lieberman, 2000).  

GENETICS OF SCHIZOPHRENIA 

Genetic susceptibility for schizophrenia has been studied by three main approaches: 

linkages studies, genetic association studies and detection of chromosomal abnormalities 

(Owen et al., 2004). Linkage studies were done on family-based populations that included 

families containing two or more diseased individuals. The objective of linkage studies was 

to identify chromosomal regions that were co-transmitted in families, along with the 

disease-causing genes. Since it is possible to scan the whole genome with few hundred 

markers, such an approach has potential to map disease-causing genes precisely, even 

without prior knowledge of them (Owen et al., 2000). Nevertheless, successful mapping 

requires that the effect size of the disease-causing genes be very high, as in the case of 
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simple genetic disorders. Complex genetic diseases like schizophrenia, that have small to 

medium effect sizes, require large numbers of families to locate susceptibility genes with 

high statistical power; this is a major limitation for linkage studies (Owen et al., 2000). 

This has led to the increased frequency of genetic association studies that managed to deal 

with small effect sizes with acceptable statistical power (Owen et al., 2004). The genetic 

association studies hypothesizes that the disease-causing alleles occur more frequently in 

cases than in controls. Though such an approach appears promising, genetic association 

studies have their own limitations. While linkage studies required a few hundred evenly 

spaced genetic markers to scan the whole genome, genetic association studies required at 

least few million markers to scan the whole genome (Gabriel et al., 2002). Hence a prior 

selection of a specific set of candidate genes was done. Selection was done based on the 

assumption that the genes were either functional i.e., they encoded for protein(s) 

implicated in etiology of the disease, or positional i.e., they lay in the chromosomal region 

that proved to be a susceptibility locus, or both (Owen et al., 2004). The third approach to 

identify disease-causing genes is to locate chromosomal aberrations in diseased 

individuals. In doing so, chromosomal regions that carry genes that confer susceptibility 

can be identified. Aberrations include deletion, duplication and translocation (Owen et 

al., 2004). Such aberrations can contribute to pathogenesis by either disrupting a disease-

related functional gene, forming a new functional gene or by fusing two unrelated genes.  
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Linkage studies: 

Findings of genome-wide association studies have reported that multiple chromosomal 

regions are associated with schizophrenia. However, very few of these findings have been 

replicated. The loci identified so far by linkage studies were on chromosomes 2, 4, 5, 6, 7, 

8, 9, 10, 13, 15, 18, 22, and X (Wong and Van Tol, 2003). A few postulated loci for which 

multiple lines of evidences exist are listed in Table 1.1. 

Of these loci, the importance of 6p24-22, 1q21-22, 13q32-34, 8p21-22 and 6q21-25 are 

well supported by several studies (Blackwood et al., 2001; Blouin et al., 1998, 1998; 

Brzustowicz et al., 2000; Cao et al., 1997; Martinez et al., 1999; Straub et al., 1995).  

Association studies of candidate genes: 

Dysbindin (DTNB1) 

The gene for dysbindin (DTNB1) is one that is most associated with schizophrenia, 

although the mechanism of association is unknown (Straub et al., 2002).  It is located in 

the locus 6p24-21. Single nucleotide polymorphisms (SNPs) located in and around the 

DTNB1 gene were analyzed for association with schizophrenia in an Irish population; it 

was found that most of the polymorphisms that were significantly associated with the 

disease were in the central 140 Kb region of the gene, highlighting the significant role of 

the dysbindin gene in schizophrenia. However, it is unclear whether this gene is itself 
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aberrant in schizophrenia or whether it is a marker of other aberrant genes in the vicinity 

(Straub et al., 2002).  

Table 2.1 Chromosomal loci of significance in schizophrenia. 

Chromosomal loci References 

6p24-22 Moises et al., 1995; Straub et al., 1995; Wildenauer et al., 1996  

1q21-22 
Bassett et al., 2002; Brzustowicz et al., 2000; Holliday et al., 2009; Hwu et 

al., 2003 

13q32-34 Blouin et al., 1998; Brzustowicz et al., 1999; Levinson et al., 2000, p. 13 

8p21-22 
Blouin et al., 1998, 1998; Fallin et al., 2011; Tabarés-Seisdedos and 

Rubenstein, 2009 

6q21-25 Cao et al., 1997; Levinson et al., 2000; Martinez et al., 1999 

22q11-12 
Gill et al., 1996; Liu, 2004; Mowry et al., 2004, p. 22; Takahashi et al., 

2003a, 2003b 

5q21-33 
Gurling et al., 2001; Hovatta et al., 1998; Kendler et al., 2000; Levinson et 

al., 2000; Paunio et al., 2001 

10p15-p11 
Faraone et al., 1999; Kendler et al., 2000; Schwab et al., 2000, 1998; Straub 

et al., 1998 

1q42 Bassett et al., 2002; Blackwood et al., 2001, p. 1; Hwu et al., 2003 

 

Neuregulin (NRG1) 

The gene for neuregulin (Nrg1) is located in the locus 8p22-21. Two haplotypes in the 

gene, spanning a region of 1 Mb, were found to be associated with schizophrenia in an 

Icelandic schizophrenia cohort. The findings were supported by reports from studies in 
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Scottish and Irish populations (Riley and Kendler, 2006). Neuregulin1 is a member of the 

epidermal growth factor (EGF) family of proteins. These proteins are known to play roles 

in the development of the central nervous system, particularly in the formation of  

Table 2.2. Candidate genes of significance in schizophrenia. 

Gene Locus Gene product References 

DTNB1 6p22 Dysbindin  Straub et al., 2002 

NRG1 8p12-21 Neuregulin  
Alaerts et al., 2009; 

Stefansson et al., 2002 

COMT 22q11 
Catechol-O-methyl 

transferase  
Williams et al., 2007 

PRODH 22q11 Proline dehydrogenase  Chakravarti, 2002 

PPP3CC 8p21 
Protein phosphatase 3 

catalytic subunit 
Berry et al., 2003 

DISC1 1q42 
Disrupted in 

schizophrenia 1 
Brandon et al., 2009 

G72 13q32-34 
D-amino acid oxidase 

activator 
Chumakov et al., 2002 

RGS4 1q21-22 
Regulator of G-protein 

signaling-4 
Lipska et al., 2006 

GRM3 7q21-22 
Metabotropic glutamate 

receptor-3 
Riley and Kendler, 2006 

CHRNA7 15q13-14 
α7 nicotinic receptor 

gene 
Owen et al., 2004 

AKT1 14q22-32 
Serine threonine protein 

kinase 
Berry et al., 2003 
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synapses and in expression and activation of neurotransmitter receptors (Stefansson et 

al., 2002).  

Catechol-O-methyl transferase (COMT) 

The gene for COMT is located at the locus 22q11. It is a functional candidate gene and is 

involved in methylation of catecholamines such as dopamine. A polymorphism 

characterized by the substitution of methionine for valine at codon 158 in the gene is well 

known for its functional effect on the COMT enzyme (Williams et al., 2007). The Val 

variant exhibits higher enzyme activity and thermo-stability. Several studies have 

reported associations between the Val158Met polymorphism and schizophrenia. Most 

showed a negative association. In addition, meta-analyses reports were inconclusive 

(Williams et al., 2007).  

Proline dehydrogenase (PRODH2)  

The gene for PRODH2 is located at locus 22q11. Deletion of the 22q11 region causes a 

congenital anomaly called velo-cardio-facial syndrome (VCFS) and is associated with 

schizophrenia (Harrison and Weinberger, 2005). The PRODH2 gene is known to possess 

certain missense SNPs at a higher frequency among those with childhood schizophrenia. 

The gene was identified to have a duplicated pseudogene about 1.5 Mb downstream. The 

pseudogene contained missense SNPs similar to PRODH2 and was found to be associated 

with schizophrenia. Prodh2 gene knockout mice were found to have abnormal levels of 
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gamma amino butyric acid (GABA) and glutamate neurotransmitters in certain regions 

of brain and schizophrenia-like phenotype (Harrison and Weinberger, 2005).  

Disrupted in schizophrenia (DISC1)  

DISC1 is one of two genes identified at locus q42 in a linkage study involving a large 

Scottish family (Owen et al., 2004). The other gene, Disc2, is non-coding and shown to 

transcribe RNA that has a regulatory role. Numerous studies have explored the functional 

characteristics of DISC1 since its identification (Brandon et al., 2009, p. 1; Ekelund et al., 

2004, 2001; Hennah et al., 2003; Hodgkinson et al., 2004). It is found to be involved in 

several processes, such as neuronal development, differentiation and migration, cAMP 

signaling, cytoskeletal modulation and other signaling pathways (Brandon et al., 2009, p. 

1, 2004; Camargo et al., 2007; Drerup et al., 2009; Duan et al., 2007). Studies that explored 

association of DISC1 with schizophrenia produced inconsistent results (Brandon et al., 

2009; Ekelund et al., 2004, 2001; Hennah et al., 2003; Hodgkinson et al., 2004). Hence, the 

role of DISC1 in schizophrenia is not clear.  

PATHOPHYSIOLOGY OF SCHIZOPHRENIA 

Studies on the phenotype of schizophrenia have demonstrated that the symptoms 

experienced by patients are clustered into three distinct domains: positive symptoms, 

negative symptoms and cognitive symptoms (Liddle, 1987). These clusters of symptoms 

vary in their occurrence among patients. While some have predominantly positive 

symptoms, negative or cognitive symptoms may predominate in others. Whether these 
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clusters represent manifestations of distinct pathophysiology is uncertain (Tamminga and 

Holcomb, 2005). The course of illness in schizophrenia is life-long. The onset is insidious 

during the late teen or early adult years, with further course of disease being episodic, 

characterized by intervals of partial recovery from illness (Tamminga and Holcomb, 

2005). Occasionally, a rapid onset and periods of remarkable recovery have also been 

seen. Overall, the course of illness remains unpredictable, reflecting the fact that 

pathophysiology and etiology are poorly understood.  

Psychological assessment of brain activity in schizophrenia have proven informative, 

while the study of anatomical and biochemical differences between brains of those with 

schizophrenia and normal subjects have not (Tamminga and Holcomb, 2005). Several 

psychological and physiological parameters provided distinguishing features between the 

groups. Schizophrenic patients generally perform poorly in all neuropsychological tests. 

This may be attributed to poor motivation and distraction, commonly seen in such 

patients (Chapman and Chapman, 1973). In addition, subjects tend have cognitive 

deficits involving attention, working memory and verbal, visual and social learning 

(Gruzelier et al., 1988). These further explain the poor psychological performance. 

Though neuropsychological characteristics of patients with schizophrenia are abnormal 

in general, none of them served to localize the disease pathophysiology. Schizophrenic 

patients tend to have a global cortical dysfunction (Tamminga and Holcomb, 2005). It is 

shown that first-degree relatives of such patients show similar abnormalities in 

neuropsychological characteristics, even though they do not develop psychotic 
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symptoms. Magnetic resonance imaging studies have demonstrated an overall decrease in 

brain size with predominant cortical wasting and a relative ventricular enlargement in 

patients with schizophrenia. Positron emission tomography (PET) studies have 

demonstrated a reduced regional cerebral blood flow (rCBF) in schizophrenics, 

particularly in regions of the frontal cortex (Gur and Pearlson, 1993). Nevertheless, these 

findings may be a consequence of long-term anti-psychotic treatment rather than an 

effect of the disease (Tamminga and Holcomb, 2005). Post-mortem brain studies have 

shown abnormalities in terms of cell size and numbers, neuronal organizations, gross 

structure and neurochemistry profiles (Colter et al., 1987; Gao et al., 2000; Jeste and Lohr, 

1989). However, consistent specific pathologic lesions, as seen in cases of Parkinson’s and 

Alzheimer’s disease, was not demonstrated so far (Tamminga and Holcomb, 2005).  

The role of neurotransmitters and their receptors in the pathophysiology of 

schizophrenia was recognized when dopamine antagonists proved effective in treating 

psychotic symptoms of the disease (Kane and Correll, 2010). High levels of D2 receptors 

in specific regions of brain such as the putamen and caudate nucleus were demonstrated 

in earlier studies using ligand bindings techniques (Tamminga and Holcomb, 2005). 

However, later studies failed to replicate these findings (Farde et al., 1990; Martinot et al., 

1991, 1990). Hietala et al suggested suggests that the finding of increased levels of D2 

receptors might be confined to specific sub-groups of schizophrenics, such as those with a 

long-term illness (Hietala et al., 1994). In addition, the effect of antipsychotic treatment 

has been a confounder in all such studies. The significance of increased levels of D2 
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receptors in the brains of schizophrenics remains poorly understood (Tamminga and 

Holcomb, 2005).  

The role of the serotonin neurotransmitter system in schizophrenia was considered when 

serotoninergic drugs such as LSD showed psychotomimetic actions in humans 

(Freedman, 1975). However, studies failed to demonstrate abnormalities in the serotonin 

system per se, both in terms of receptors as well as metabolites (Tamminga and Holcomb, 

2005). Later evidence has shown that the serotonin system possibly relates to 

schizophrenia through their modulatory actions on the dopamine system (Marcus et al., 

2000). Evidence also exists to support the role of the glutamatergic system in 

schizophrenia. Spinal fluid from schizophrenic subjects showed reduced levels of 

glutamate (Kim et al., 1980). In addition, anti-glutamatergic drugs, such as phencyclidine, 

induced schizophrenia-like symptoms (Domino and Luby, 2012). However, the roles of 

the glutamate and serotonin systems in schizophrenia are still poorly understood.  

 

 

!
!  
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Treatment of schizophrenia 

The era of pharmacological treatment for schizophrenia began more than half a century 

ago when chlorpromazine was first recognized to be effective in treating psychosis 

(Brunton et al., 2005). Thereafter a multitude of pharmacological agents evolved for the 

treatment of this condition. However, none proved curative of schizophrenia. All drugs 

so far for schizophrenia have been effective only in ameliorating the symptoms of the 

disease. This is mainly because the pathophysiology of schizophrenia is still unclear. 

Pharmacological treatment of schizophrenia consists mainly of two broad classes of 

drugs: first-generation anti-psychotics (FGA) and second-generation anti-psychotics 

(SGA). 

FIRST-GENERATION ANTI-PSYCHOTICS 

First-generation anti-psychotics include drugs such as chlorpromazine, haloperidol, 

fluphenazine, flupentixol and clopentixol (Miyamoto et al., 2005). Chlorpromazine was 

the first of these. These drugs treat the positive symptoms of schizophrenia, with little or 

no effect on negative and cognitive symptoms (Miyamoto et al., 2005). They cause certain 

serious adverse-effects such as tardive dyskinesia, hyper-prolactinemia and extra-

pyramidal symptoms (EPS). Extra-pyramidal symptoms include akinesia, akathisia, acute 

dyskinesias and dystonic reactions, parkinsonism and neuroleptic malignant syndrome 

(Miyamoto et al., 2012, 2005). These adverse effects result in poor compliance and 

consequently higher incidence of relapses. It was subsequently discovered that the anti-
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psychotic efficacy of the first-generation anti-psychotics, as well their adverse-effects, 

were due to their antagonistic action against dopamine receptor type 2 (D2). D2 

antagonism is thus considered a typical characteristic of first-generation anti-psychotics. 

These drugs are also called ‘typical anti-psychotics’ or ‘classical anti-psychotics’, with 

many studies providing evidence of their D2 antagonism (Ananth et al., 2001, 2001; 

Miyamoto et al., 2012, 2005). FGAs such as haloperidol bound to D2 with great affinity 

and dissociated slowly in in-vitro drug binding experiments (Kapur and Seeman, 2000). 

The therapeutic doses of these FGAs were correlated with their binding affinities for D2 

receptors. The phenomenon was demonstrated in in-vivo experiments, employing 

positron emission tomography (PET) and single photon emission computed tomography 

(SPECT), where the dopamine receptor occupancy was shown to correlate well with the 

anti-psychotic response and incidence of adverse effects (Miyamoto et al., 2012; 

Remington and Kapur, 1999). These studies showed that 60-70% of D2 occupancy was 

associated with superior anti-psychotic effects and D2 occupancy greater than 80% was 

associated with higher incidence of extra-pyramidal symptoms. Thus, a therapeutic 

window of range 65-80% was suggested for optimal anti-psychotic dosing with minimal 

EPS (Kapur et al., 2000; Nyberg and Farde, 2000; Remington and Kapur, 1999). However, 

the reliability of this therapeutic window-based drug dosing is questionable, since 

patients receiving the same antipsychotic dose showed different degrees of occupancy of 

D2 receptors in brain imaging studies (Kapur et al., 2000). 
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SECOND-GENERATION ANTIPSYCHOTICS 

Second generation antipsychotics include clozapine, olanzapine, risperidone, quetiapine, 

ziprasidone, sertindole and zotepine (Ananth et al., 2001). Introduction of clozapine was 

a major milestone in the history of pharmacotherapy of schizophrenia (Miyamoto et al., 

2012). SGAs lacked the typical properties of FGAs and so were described as atypical 

antipsychotics. The advantages of SGAs over FGAs include greater efficacy in treating 

negative and cognitive symptoms, lower incidence of extra-pyramidal symptoms and 

tardive dyskinesia resulting in a better quality of life, and better drug compliance with 

fewer incidences of relapses (Miyamoto et al., 2005). However, these drugs have 

limitations as well. Although they cause less EPS, they produce adverse effects such as 

weight gain, hyperglycemia and dyslipidemia (Kang and Simpson, 2010; Miller, 2000; 

Safferman et al., 1991). The ‘higher affinity of SGAs for 5-HT2A receptors relative to D2 

receptors has been postulated to explain their superior efficacy and lower propensity to 

cause EPS (Lieberman et al., 1998). However, monotherapy with 5HT2A selective 

antagonists did not produce anti-psychotic effects (Lieberman et al., 1998). Therefore, the 

D2 receptor antagonism is believed to be essential for an antipsychotic effect, although 

the concept is still controversial (Lieberman et al., 1998). N-methyl D-aspartate (NMDA) 

receptors have also been thought to be involved in the pathophysiology of schizophrenia 

(Coyle, 1996; Coyle et al., 2012; Deutsch et al., 1989; Olney and Farber, 1995) Selective 

NMDA antagonists produced schizophrenia-like symptoms in humans and experimental 

animal models (Coyle, 1996; Krystal et al., 1994; Olney and Farber, 1995). Hence hypo 
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functioning of NMDA receptors was thought to be involved in pathophysiology of 

schizophrenia. Treatment with SGAs attenuated the effects of NMDA antagonists. Hence, 

correction of hypofunction of NMDA receptors is postulated to be one of the 

mechanisms by which SGAs exert their anti-psychotic action (Duncan et al., 1999). 

However, SGAs don’t have any direct affinity for any of the glutamate receptors including 

NMDA receptors (Miyamoto et al., 2005). Thus exact role of glutamate system in 

schizophrenia is unclear. SGAs and FGAs interact with other neurotransmitter systems as 

well; these include muscarinic, histaminergic and adrenergic neurotransmitter systems 

(Raedler et al., 2007; Selvam et al., 2013; Smythies, 2002; Svensson, 2003). These 

interactions mainly result in adverse effects. However, recent studies claim that these 

interactions also contribute to the therapeutic efficacy of these drugs, although no clear 

evidence exists for this (Raedler et al., 2007; Smythies, 2002; Svensson, 2003). 

!  
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Clozapine  

Clozapine is a prototype atypical antipsychotic. It is a heterocyclic compound with the 

molecular formula C18H19N4Cl and a molecular weight of 326.8 (Fakra and Azorin, 2012). 

It was synthesized in 1958 by a Swiss pharmaceutical company and recognized as a 

potential drug to treat psychosis (Crilly, 2007). Clozapine was commercially marketed 

and used in clinical trials during the early 1970s. Later the drug was banned in 1975 when 

increasing deaths were reported due to agranulocytosis leading to infections among 

patients on clozapine medications (Crilly, 2007). Later, it was recognized that 

agranulocytosis is one of the adverse effects of clozapine. Clozapine has been found to be 

the most effective anti-psychotic drug of its class;  its superior antipsychotic potential far 

exceeds disadvantage of its adverse effects. Clozapine was approved by the food and drug 

administration (FDA) in 1990, but it was restricted for use in treatment-resistant 

schizophrenia. Additionally, the FDA made it mandatory for patients who take clozapine 

to have regular blood cells count (Crilly, 2007; Fakra and Azorin, 2012).  

MECHANISM OF ACTION 

Clozapine acts on a wide range of receptors; these include those for dopamine (D1, D2, 

D3 and D4), serotonin (5HT1A, 5HT1D, 5HT2A, 5HT2C, 5HT6 and 5HT7), catecholamine 

(adrenergic [α1 and α2] and muscarinic [M1]) and histamine (H1). It also possibly has 

effects on transporters of dopamine, serotonin and nor-adrenaline (Miyamoto et al., 

2012, 2005). It has a much higher affinity (several-fold) for D4 and 5HT2A receptors than 
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the D2 receptor. The lack of high affinity for D2 receptor in contrast to other typical 

antipsychotics is thought to explain the atypical profile of clozapine (Deutch, 1995; 

Seeman, 2004). The unique feature of clozapine that makes it stand out from the rest of 

the anti-psychotics is its ability to induce high Fos expression in the pre-frontal cortex 

selectively. Fos proteins are produced in neuronal cells as a result of induction of c-Fos 

gene. This is thought to modulate neurotransmitters in response to administration of 

anti-psychotic drugs (Ananth et al., 2001; Deutch, 1995). This unique property of 

clozapine is believed to make it highly efficacious in treating psychotic symptoms, 

particularly the negative and cognitive symptoms. In addition, its inability to induce Fos 

expression in other areas of brain, particularly in the striatum, explains the drug’s lower 

propensity to cause extra-pyramidal symptoms (Deutch, 1995). The exact 

pathophysiology of this property of clozapine is unclear. None of the mechanisms 

underlying the action of other anti-psychotics that are common with those of clozapine is 

found to produce this effect. It is shown through PET imaging studies that for a 

antipsychotic effect to be observed at least 60% of D2 receptor occupancy is necessary. At 

therapeutic doses of clozapine, less than 60% of D2 receptors were blocked (Farde et al., 

1992) Hence D2 receptor antagonism is minimally possible to explain clozapine’s anti-

psychotic actions. Clozapine has an antagonistic action against the 5HT2A receptor. At 

therapeutic doses more than 80% of 5HT2A receptors were occupied by clozapine. Still is 

unclear whether 5HT2A antagonism can explain clozapine anti-psychotic efficacy. This is 

because of the observation that 5HT2A receptor specific antagonist failed to produce 

anti-psychotic effects (Lieberman et al., 1998). The effect of clozapine on adrenergic, 
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muscarinic and cholinergic receptors does not appear to be responsible for Fos induction 

in the prefrontal cortex (Deutch, 1995). Its higher affinity for D4 receptors, and 

consequently its higher D4:D2 affinity ratio, is postulated to explain drug’s higher 

efficacy. However, selective D4 antagonists, namely L-745870, proved ineffective in 

producing anti-psychotic effects (Cao and Rodgers, 1997; Patel et al., 1997). Hence, the 

exact mechanism of clozapine’s unique and potent antipsychotic effects is still unclear. It 

appears to be complex, with involvement of multiple neurotransmitter systems such as 

dopamine, serotonin, glutamate, muscarinic and cholinergic systems.  

PHARMACOKINETICS 

Clozapine is administered orally and is completely absorbed (Jann et al., 1993). The drug 

undergoes a variable first pass metabolism in the liver and hence oral bioavailability of the 

drug varies from 20% to 90%, with an average in the range of 50% to 60% (Jann et al., 

1993). The drug is metabolized by the hepatic microsomal enzyme system involving the 

cytochrome P450 group of enzymes. The metabolites formed include N-

desmethylclozapine and clozapine N-oxide. Peak levels are attained in 2 hours post drug 

intake. Steady state levels are attained after a week (Greenwood-Smith et al., 2003). 

Clozapine and its metabolites exist as both free and protein-bound forms in the 

circulation. The half-life of the drug varies between 3 and 33 hours, with an average 

around 12 hours (Greenwood-Smith et al., 2003). Of the total levels, the protein-bound 

fractions of clozapine, N-desmethyl clozapine and clozapine N-oxide were 95%, 90% and 
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75% respectively. The protein unbound free fractions undergo glomerular filtration as 

well as tubular secretion and get excreted in urine. (Jann et al., 1993). 

DOSAGE 

Clozapine therapy is initiated with small doses (12.5 – 25mg/day) given twice or thrice 

daily (Fakra and Azorin, 2012; Nielsen et al., 2011). The dosage is titrated gradually with 

stepwise increments each day, in order to avoid worrisome effects (orthostatic 

hypotension, sedation and sinus tachycardia) that might lead to early discontinuation 

(Falzer and Garman, 2012). Clozapine is licensed for a maximum dosage of 900mg/day, 

although most psychiatrists do not prefer to dose beyond 600mg/day due to high 

incidence of adverse effects (Falzer and Garman, 2012). Average doses for optimal effects 

are 400mg/day for men and 300mg/day for women. Tolerability and rate of 

discontinuation vary with the ages of the patients. It has been shown that the rate of 

discontinuation increases by 33% for every 10 years increase in a patient’s age at the start 

of the treatment (Falzer and Garman, 2012). Hence, the elderly tend to have higher 

discontinuation rates and younger patients tolerate the drug better. Discontinuation of 

the drug happens commonly (40%) in the first year of the treatment (Nielsen et al., 2011). 

THERAPEUTIC DRUG MONITORING  

Therapeutic drug monitoring in clozapine therapy is not well established and is 

controversial (Greenwood-Smith et al., 2003). Although literature supports the use of 

serum clozapine levels in guiding dosage and evaluating response, drug doses are most 
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often adjusted on the basis of clinical improvement in psychotic symptoms rather than 

serum clozapine levels (Falzer and Garman, 2012; Nielsen et al., 2011). Clozapine levels 

can be measured either in plasma or serum, although serum levels are more frequently 

measured. Serum levels of clozapine tend to be higher than plasma levels by 

approximately 10% (Greenwood-Smith et al., 2003). Specific standard methods are 

employed for each and the reference values differ among laboratories (Greenwood-Smith 

et al., 2003; Raaska and Neuvonen, 1998). Levels are usually expressed as nanograms per 

milliliter (ng/ml) (Nielsen et al., 2011). Levels are characterized by extensive inter-

individual variations. No clear thresholds have been established for characterizing 

patients’ clinical response to clozapine therapy. However, most studies suggest an average 

threshold range of 350–420 ng/ml for a positive clinical response to clozapine. The lower 

threshold suggested for a clinical response was 250 ng/ml. However, a higher threshold 

limit has not been suggested so far (Nielsen et al., 2011). The relationship between the 

administered dose and the attained serum clozapine levels is not well characterized and 

tends to be complex due to extensive inter individual variation (Greenwood-Smith et al., 

2003).  

ADVERSE EFFECTS 

Although clozapine causes less extra-pyramidal symptoms and minimal changes on 

serum prolactin levels, it is characterized by its own list of adverse effects that restricts its 

wide usage (Iqbal et al., 2003). Life-threatening adverse effects of clozapine include 

agranulocytosis, seizures, myocarditis, diabetic ketoacidosis and 
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cardiovascular/respiratory arrest (Safferman et al., 1991). Other common side effects are 

sedation, hyper-salivation, tachycardia, dizziness, constipation, nausea, hypotension, dry 

mouth, sweating, urinary problems, tremors, visual disturbances, fever, hypertension and 

weight gain (Safferman et al., 1991). The incidences of various adverse effects of clozapine 

are given in Table 1.3 

Agranulocytosis 

Agranulocytosis is the most serious life-threatening adverse effect induced by clozapine 

administration. This is defined as a granulocyte count of less than 500 cells/mm3.  Its 

incidence is shown to be 0.8% in the first year of treatment and 0.91% at 11/2 years (Alvir 

et al., 1993). Most patients who develop neutropenia do so in the first three months of 

treatment. The incidence tends to increase with age (Alvir et al., 1993). Female subjects 

showed a higher risk than males, with female to male incidence ratio of 1: 0.56 (Alvir et 

al., 1993). The risk of agranulocytosis has made leukocyte monitoring mandatory for 

patients on clozapine therapy.  The mechanism underlying development of 

agranulocytosis is poorly understood. One postulated mechanism is that clozapine 

undergoes bio-activation in neutrophils to become a toxic intermediate that causes 

neutrophil cell death (Pereira and Dean, 2006). In 1990, Lieberman et al reported higher 

frequency of HLAB38 among Jewish patients with clozapine-induced agranulocytosis 

(Lieberman et al., 1990). Since then, multiple reports have emerged on associations 

between clozapine-induced agranulocytosis and genetic polymorphisms and haplotypes 

such as those in genes coding for human leukocyte antigen (HLA), cytochrome P450 2D6 
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(CYP2D6), myeloperoxidase (MPO), NADPH oxidase genes, dihydronicotinamide and 

riboside quinone oxidoreductase 2 gene (NQO2); however the findings have not been 

consistent (Amar et al., 1998; Claas et al., 1992; Dettling et al., 2000; Mosyagin et al., 2004; 

Valevski et al., 1998; Yunis et al., 1995).  

Sedation 

Sedation is the most common adverse effect of clozapine therapy, with an incidence of 

39% (Safferman et al., 1991). It occurs early during treatment and patients frequently 

develop tolerance over period of time. The sedation is caused by the anti-histaminic and 

anti-adrenergic properties clozapine (Safferman et al., 1991). Administration of 

methylphenidate has proved to be helpful in ameliorating clozapine-induced sedation 

(Miller, 1996). However, patients tend to develop tolerance with methylphenidate. In 

addition, worsening of movement disorders have been reported in patients treated with 

methylphenidate for clozapine-induced sedation (Miller, 1996).  

Hyper-salivation 

Hyper-salivation or sialorrhea is the second most common adverse effect of clozapine 

therapy, with an incidence of 31% (Safferman et al., 1991). Hyper-salivation affects 

patients’ quality of life (Davydov and Botts, 2000). Patient with sialorrhea experience 

sensations of choking at night and incidents of aspiration pneumonia as a consequence of 

aspiration of salivary secretions have been reported (Abdelmawla and Ahmed, 2009). 

Therefore, untreated sialorrhea may be life threatening. The pathophysiology of clozapine 
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Table 2.3 Incidence of adverse effects of clozapine therapy (Safferman et al., 1991) 

Adverse effect Incidence 
 

Adverse effect Incidence 

Sedation 39% 
 

Weight gain  4% 

Salivation 31% 
 

Seizures 3% 

Tachycardia 25% 
 

Akathisia 3% 

Dizziness 19% 
 

Rigidity 3% 

Constipation 14% 
 

Agranulocytosis 1% 

Nausea/vomiting 11% 
  

 

Hypotension 9% 
  

 

Sweating 6% 
  

 

Dry mouth 6% 
  

 

Urinary problems 6% 
  

 

Tremor 6% 
  

 

Visual disturbance 5% 
  

 

Fever 5% 
  

 

Hypertension  4% 
  

 

 

!  
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induced sialorrhea is poorly understood. Several mechanisms have been postulated. 

Clozapine, with anti-cholinergic properties, lead one to expect dryness of the mouth 

rather than hyper-salivation (Davydov and Botts, 2000). Indeed, dryness of the mouth 

occurs among patients on clozapine therapy, but the incidence is small (6%) in 

comparison to that of sialorrhea (31%) (Safferman et al., 1991). Later it was reported that 

clozapine has strong agonistic activity on M4 muscarinic receptor that might account for 

hyper salivation (Zorn et al., 1994). However, contribution of M4 receptors towards 

clozapine induced salivary secretion is not clear. It has been postulated that the anti-

adrenergic action of clozapine against alpha-2 receptors in salivary glands may be one of 

the mechanisms of sialorrhea (Davydov and Botts, 2000). In support of this, clonidine, 

which is a selective alpha-2 agonist proved effective in treating clozapine-induced 

sialorrhea (Grabowski, 1992). However, alpha-2 selective antagonists, such as minaserin, 

failed to produce sialorrhea (Corrigan et al., 1995).  Hence, it is unclear whether the 

beneficial effects of clonidine over sialorrhea are mediated through alpha-2 receptors. In 

1996, Ben-Aryeh et al reported that the rate of salivary secretion per se was not affected in 

patients with clozapine-induced sialorrhea (Ben-Aryeh et al., 1996). Later it was 

postulated that sialorrhea is a consequence of defect in the swallowing reflex in patients 

on clozapine (Davydov and Botts, 2000). In support of this, reports of esophageal hypo-

motility among patients with sialorrhea, as evidenced by barium swallow studies, have 

emerged (Boyce and Bakheet, 2005; Maddalena et al., 2004; McCarthy and Terkelsen, 

1994; Pearlman, 1994).  To summarize, the exact mechanism behind clozapine-induced 
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sialorrhea is poorly understood. Possible explanations include antagonism against alpha-

2 receptors, agonism of M4 receptors and dysfunctional swallowing reflex.  

Seizures and other central nervous system (CNS) effects 

Clozapine produces dose-related changes in the electro-encephalogram of patients 

(Koukkou et al., 1979; Schmauss et al., 1989; Small et al., 1987). Approximately 1-2% of 

those who take 300mg of clozapine per day develop seizures (Safferman et al., 1991). The 

incidence increases with dose: 3-4% for 300-600 mg/day, 5% for 600-900 mg/day 

(Safferman et al., 1991). Patients with a history of a seizure disorder are at very high risk 

of developing this adverse effect; extra caution needs to be taken in these cases (Haller 

and Binder, 1990; Juul Povlsen et al., 1985). Other adverse effects in the CNS that have 

been observed include dizziness, confusion and syncope. The dizziness and syncope are 

the consequences of orthostatic hypotension caused by the drug (Safferman et al., 1991). 

In general, patients tend to develop tolerance in due course (Safferman et al., 1991). 

Sometimes patients develop states of confusion and delirium (Grohmann et al., 1989). 

This is believed to be due to central anti-cholinergic effects of the drug (Safferman et al., 

1991).  

!  
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Dopamine receptor D4  

STRUCTURE 

The dopamine receptor D4 (DRD4) is a subtype of dopamine receptor and grouped 

under D2-like receptors. It was identified in 1991 (Van Tol et al., 1991). It is coded by the 

gene DRD4 that is located on chromosome 11 at locus 11p15.5 ( Oak et al., 2000). The 

DRD4 gene is 3.399 kilo-base pairs in length and consists of four exons. The genomic 

organization of the DRD4 gene is highly conserved in humans and mice. The D4 receptor 

protein contains 467 amino acids and has a structure similar to any other G-protein 

coupled receptor (Oak et al., 2000). The structure consists of seven transmembrane 

domains that are hydrophobic in nature, an extracellular amino terminus and an 

intracellular carboxyl terminus (Kobilka, 2007). The receptor has structural homology in 

the trans- membrane domains with other G-protein coupled receptors, which is 

considered as the molecular signature of G-protein coupled receptors. The highest 

homology is found with D2 subtype and alpha-2 adrenoceptor family (Oak et al., 2000). 

The diversity occurs mainly in the extra- and intracellular terminals of the receptor, with 

the greatest diversity seen in the amino terminus. The conformational organization of the 

membrane-spanning regions of D4 receptors is highly similar to that of the membrane 

spanning alpha helices of G-protein coupled receptor rhodopsin (Baldwin et al., 1997). 

The receptor has consensus amino acid sequences in the extracellular amino acid tail that 

are potential sites for post-translation modifications such as N-linked glycosylation and 
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phosphorylation (Van Tol et al., 1991). The receptor has intracellular sequences that are 

involved in G-protein activation. The sequence Asp-Arg-Phe present in the second intra 

cellular loop is the key determinant in receptor activation (Oak et al., 2000).  

EXPRESSION PROFILE 

Tissue distribution of D4 receptors in the brain and other regions of the body were 

explored using multiple approaches such as northern blotting and RT-PCR that measure 

the mRNA transcripts, immuno-histochemistry and western blot that measure protein 

levels, and also using various ligand binding techniques (Oak et al., 2000). However, each 

of the above-mentioned approaches had both merits as well as demerits. For example, 

ligand-binding techniques were done using subtraction approaches with multiple ligands 

of varied affinities (Oak et al., 2000). This is due to lack of specific ligands for D4 

receptors, as they are structural homologues of other D2-like receptors (D2 and D4). 

Consequently, studies produced conflicting results that were poorly replicated. Recently, 

transgenic animal models that express green fluorescent protein (GFP) under 

transcriptional control of the DRD4 gene were generated to study the expression of DRD4 

(Noaín et al., 2006). However, the information available regarding the expression profile 

from the above-mentioned approaches was mainly from the animal models that cannot 

be extrapolated to humans. Data in humans were limited to studies done on post-mortem 

brain tissue (Helmeste et al., 1996; Mulcrone and Kerwin, 1996; Roberts et al., 1996; 

Seeman et al., 1995). The available information about DRD4 expression in various tissues 

is briefly summarized below. 
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The most important site in the brain that is concerned with the action of anti-psychotics 

is the striatum, where the dopamine receptors subtype-2 (D2) are highly expressed 

(Seeman, 2004). Earlier studies that used subtraction ligand binding and RT-PCR 

approaches claimed presence of D4 receptors in the striatum, but at lower levels than D2 

receptors (Oak et al., 2000; Van Tol et al., 1991). However, recent transgenic animal 

models showed absence of DRD4-expressing neurons in the striatum (Noaín et al., 2006). 

This supports the finding that DRD4 antagonists, such as olanzapine and clozapine that 

has minimal D2 occupancy at therapeutic concentrations, are devoid of extra-pyramidal 

side effects, one of the debilitating consequences of D2 receptors blockade in the striatum 

(Seeman, 2004). Highest expression of DRD4 is seen in the retina and pineal gland 

(Jackson et al., 2011; Kim et al., 2010; Matsumoto et al., 1995). They are also highly 

expressed in the prefrontal cortex and thought to be involved in complex cognitive 

behaviors (Noain et al., 2006). Defects in dopamine transmission in the prefrontal cortex 

cause cognitive behavioral disorders, such as attention deficit hyperactivity disorder 

(ADHD) (Depue et al., 2010; Lempp et al., 2013; Vasic et al., 2012). Certain DRD4 genetic 

variations are implicated in such complex behavioral disorders. In addition, modulation 

of D4 receptors in the prefrontal cortex is considered to explain clozapine’s superior 

efficacy over first generation anti-psychotics in treating cognitive symptoms of 

schizophrenia (Youngren et al., 1999). Apart from the brain region, D4 receptors are also 

detected in peripheral sites such as lymphocytes, cardiac atrium, cortical and medullary 

collecting ducts of kidneys (Oak et al., 2000). 
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GENETIC POLYMORPHISMS IN DRD4 

One of the well-known facts about D4 receptors is that the DRD4 gene that codes for the 

receptor is highly polymorphic (Oak et al., 2000). It is the most variable gene ever known 

in the human genome (Hattori et al., 2009). Numerous polymorphisms exist in the 

coding and upstream region of DRD4 gene (Table 1.4). 

The 48 base pairs tandem repeat 

Of the polymorphisms reported in DRD4, the 48 base pairs variable number tandem 

repeats (VNTR), located in the third exon that codes for the third cytoplasmic loop of the 

receptor protein, have been extensively studied in the field of psychiatric genetics (Hattori 

et al., 2009). These base pairs code for 16 amino acids; the length of the cytoplasmic loop 

varies according to the number of repeats. The number of repeats observed in humans so 

far ranges from two to eleven; this varies the length of the cytoplasmic loop from 32 to 

176 amino acids respectively (Naka et al., 2011). The most commonly observed variants 

are the 4R and 7R alleles, the global mean frequencies of which are 64.3% and 20.6% 

respectively (Chang et al., 1996). The next commonly observed variant is the 2R allele, the 

global mean frequency of which is 8.7%, though the frequency is considerably higher 

(18.1%) among South and East Asians (Chang et al., 1996). This polymorphism has been 

studied for genetic association with attention deficit hyper-activity disorder (ADHD) 

(Bellgrove et al., 2005, p. 48; Eisenberg et al., 2000; Kirley et al., 2004, p. 4; Li et al., 2013). 

!  
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Table 2.4 Polymorphisms in the DRD4 gene 

Polymorphism Location 
Major 

allele 

Minor 

allele 
References 

-1106T>C Promoter T C Nakajima et al., 2007 

-906T>C Promoter T C 

Nakajima et al., 2007; Oades et al., 2008; Pal 

et al., 2009; Zhang et al., 2012; Zheng et al., 

2012 

-809G>A Promoter G A Nakajima et al., 2007 

-616G>C Promoter G C 
Nakajima et al., 2007; Nemoda et al., 2010; 

Simpson et al., 2010 

-521T/C Promoter T  C  

Bhowmik et al., 2011; Das et al., 2011; Li et 

al., 2013; Nakajima et al., 2007; Nemoda et 

al., 2010; Okuyama et al., 1999a; Tsutsumi et 

al., 2009 

-376C>T Promoter C T Li et al., 2013; Nakajima et al., 2007 

-291C>T Promoter C T Nakajima et al., 2007 

-768G>A Promoter G A Mitsuyasu et al., 2001, 1999 

48-bp VNTR Exon-III 4R, 7R others 
Bhaduri et al., 2007; Eisenberg et al., 2000; 

Hattori et al., 2009 

120-bp VNTR Promoter 240-bp 120-bp 
Kereszturi et al., 2007, p. 5; Paredes et al., 

2013; Seaman et al., 1999 

 

The most accepted and replicated finding is the high prevalence of 7R allele among 

ADHD probands, although conflicting studies do exist (Bellgrove et al., 2005; Eisenberg 

et al., 2000, 2000). Recently studies have explored single nucleotide polymorphisms (SNP) 
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within the tandem repeat regions and have demonstrated a higher frequency of variations 

within the 7R alleles of ADHD probands (Tovo-Rodrigues et al., 2012). Among the 

variations observed within the 7R alleles, synonymous substitutions tended to be higher 

than non-synonymous substitutions among the ADHD probands (Tovo-Rodrigues et al., 

2012). Ding et al reported that the 7R variant of this VNTR polymorphism arose as a 

mutational event of recent origin that was positively selected to occur in high frequencies 

among all populations of the world (Ding et al., 2002). However, the postulated positive 

selection hypothesis by Ding et al was challenged by a recent report where the authors 

have compared the heterozygosity of single nucleotide polymorphisms located within 25-

kilo base pairs on either side of the DRD4 gene on chromosome 11 (Naka et al., 2011). 

The results showed that the heterozygosity of this VNTR polymorphism is not 

significantly different from that of other SNPs around 25 kbp distance suggesting the 

possibility for recent positive selection to be very minimal (Naka et al., 2011).  

Studies have also explored possible associations between the DRD4 48-bp VNTR and 

schizophrenia, although the results were inconclusive (Barr et al., 1993; Macciardi et al., 

1994; Serretti et al., 1999; Shaikh et al., 1995, p. 4). The fact that DRD4 receptors have a 

high affinity for clozapine has prompted researchers to explore the association between 

the 48-bp VNTR and clinical response to clozapine. Initial reports published in the early 

1990s claimed that there was no significant association between the 48-bp VNTR variants 

and response to clozapine in patients with schizophrenia and schizoaffective disorders 

(Cohen et al., 1999; Hwu et al., 1998; Rao et al., 1994; Serretti et al., 1999; Shaikh et al., 
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1995, 1993). However, it is to be noted that the sample sizes were inadequate. Later Kaiser 

et al, in 2000, replicated the findings of previous reports that the VNTR polymorphism is 

not associated with clozapine response with an adequate sample size (Kaiser et al., 2000). 

Zhao at al (2005) showed that 5R variants were significantly less frequent among 

responders, raising the possibility of an association of 5R variants with a poor response to 

clozapine. In fact, these findings were supported by the reports of Hwang et al (2012) in 

African-American and Caucasian populations, where they have shown that 4R variants 

are associated with a better response to clozapine. Considering all the studies together, it 

seems that though reports supporting a negative association predominate, the possibility 

of an association of the 48-bp VNTR with clozapine response cannot be ignored since all 

the reports were inadequately powered. This warrants further replicative studies with 

larger sample sizes. 

-521C/T polymorphism 

Another variant that has been studied is one that is located 521 base pairs upstream of the 

initiation codon (Okuyama et al., 2000). This polymorphism is characterized by 

replacement of single nucleotide thymine by cytosine (C/T) and is shown to affect the 

promoter activity. In vitro transfection experiments have demonstrated that T and C 

alleles are associated with low and high transcriptional activities respectively (Okuyama et 

al., 2000). The polymorphism is highly studied in relation to a personality trait called 

‘novelty seeking’ in humans (Jönsson et al., 1997; Lusher et al., 2001; Mitsuyasu et al., 

2001, p. 4; Okuyama et al., 2000; Ronai et al., 2001; Schinka et al., 2002). Meta-analysis 
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reports showed that the SNP is associated with increased novelty-seeking behavior in 

humans (Schinka et al., 2002). Being a functional polymorphism, it has been studied for 

association with schizophrenia (Lai et al., 2010; Nakajima et al., 2007; Okuyama et al., 

1999b). Meta- analysis showed a positive association between the polymorphism and 

schizophrenia (Jönsson et al., 2003).  

120 base pair duplication 

This polymorphism is located 1.24 kilo base pairs upstream (5’) of the initiation codon of 

the DRD4 gene and is characterized by a tandem repeat of 120 base pairs (Paredes et al., 

2013). One copy (120 bp) and two copy alleles (240 bp), also described as short and long 

alleles, are the ones that occur most commonly in humans. The polymorphism is thus 

usually described as ‘tandem duplication’. The term ‘tandem repeat’ was very rarely used 

to describe this polymorphism (Paredes et al., 2013). Since the polymorphism was located 

in the promoter region of the gene, the duplication was expected to influence the 

promoter activity of the gene. In 2004, D’souza et al showed that in K-N-MC, SH-SY5Y, 

HEK293 and Hela cell lines, the long allele exhibited a lower transcriptional activity than 

the short allele, when transiently expressed using a luciferase reporter gene construct. 

However, later in 2013, the same authors have reported that the effect was not replicated 

in primary neuronal cell cultures from neonatal rats (Paredes et al., 2013). In addition, it 

was demonstrated that the two alleles might differ in their affinities towards 

transcriptional factors that bind to this region and that the variants might have a cell-

specific or developmental stage-specific effect on the transcription of the DRD4 gene 
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(Paredes et al., 2013). Despite the lack of solid evidence for a functional consequence of 

this polymorphism, various studies have been done to look for associations with multiple 

human behavioral and neurological disorders. Among those attention deficit 

hyperactivity disorder (ADHD) and schizophrenia have been more frequently studied. 

The studies in ADHD were mostly family based studies, where the transmission 

disequilibrium test (TDT) was employed to look for any preferences that might exist in 

the transmission of the DRD4 alleles (long and short) from parent to the offspring. Most 

demonstrated a preferential transmission of the long allele of the DRD4 120-bp 

polymorphism from parent to offspring, either alone or as a haplotype with a 4R variant 

of the 48-bp VNTR polymorphism (Kereszturi et al., 2007; Kirley et al., 2004; 

Kustanovich et al., 2004, 2004; Sánchez-Mora et al., 2011).  

Association studies have reported a higher frequency of the long allele (240-bp) among 

schizophrenics than the general population (Lai et al., 2010; Xing et al., 2003). In 

addition, a homozygous genotype for the short allele (120-bp/120-bp) has been shown to 

increase the risk for tardive dyskinesia (an adverse effect induced by anti-psychotics in 

north Indian subjects (Srivastava et al., 2006). With regard to anti-psychotic drug 

responses, very few reports have been published on the DRD4 120-bp duplication 

polymorphism. A study from north India reported that the long allele (240-bp) is 

associated with a better response to olanzapine, an atypical antipsychotic used in the 

treatment of TRS (Thomas et al., 2008). Another study that was done in two different 

populations (Caucasians and African-Americans) showed mixed results of association 
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with clozapine response (Hwang et al., 2012). Supporting the findings of Thomas et al. 

(2008) on olanzapine response, the authors demonstrated a similar trend in African-

Americans; the homozygous genotype for the short allele (120/120) was found to be 

associated with a poor response to clozapine, which was defined based on the 

improvement in the brief psychiatric rating scale (BPRS) scores, over 6 months of 

treatment. However, the same study did not find any significant association between the 

120-bp duplication and clozapine responses in a Caucasian population (Hwang et al., 

2012). These mixed results raised questions about the role of ethnicity in modulating 

interactions of genetic factors with phenotypes such as clozapine response.  

!  
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3. AIMS AND OBJECTIVES 

Hypothesis 

The hypothesis of this study was that a 120-bp duplication variant in the dopamine 

receptor-4 (DRD4) gene might influence clinical response to and adverse effects of 

clozapine therapy in patients with treatment-resistant schizophrenia. 

 

Objectives and aim of the study 

PRIMARY OBJECTIVES 

To investigate the association between a 120 base pair duplication polymorphism of the 

DRD4 gene and clinical response to clozapine in patients with treatment- resistant 

schizophrenia 

To investigate the association between the 120 base pair duplication polymorphism of the 

DRD4 gene and clozapine-induced adverse effects in patients with treatment- resistant 

schizophrenia 
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SECONDARY OBJECTIVES 

1. To investigate association of the 120 base pair duplication polymorphism of the 

DRD4 gene and serum level of clozapine in patients with treatment- resistant 

schizophrenia 

2. To investigate association of the 120 base pair duplication polymorphism of the 

DRD4 gene and oral dose of clozapine in patients with treatment- resistant 

schizophrenia 

3. To investigate the association of 120 base pair duplication polymorphism of the 

DRD4 gene and cognitive function, disability and psychopathology of patients 

with treatment-resistant schizophrenia. 

4. To investigate the association between clozapine-induced adverse effects and 

serum levels of clozapine in patients with treatment-resistant schizophrenia 

5. To investigate the association between clozapine-induced adverse effects and oral 

doses of clozapine in patients with treatment-resistant schizophrenia 

!
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4. METHODOLOGY 

RECRUITMENT OF PATIENTS 

The subjects of this study were part of a previous larger pharmacogenetic study done in 

the Department of Psychiatry, Christian Medical College, Vellore. DNA from blood 

samples from this study that had been stored were used for this study.  Information on 

their recruitment and clinical assessment is given below. 

Patients were recruited from among the outpatients of the Department of Psychiatry, 

Unit 1, at Christian Medical College, Vellore. Inclusion and exclusion criteria used were 

as follows. 

Inclusion criteria 

1. Patients with a diagnosis of schizophrenia as per the Diagnostic and Statistical 

Manual of Mental Disorders IV (DSM-IV TR) (Quinn, 1999) 

2. Patients with a diagnosis of resistance to treatment of schizophrenia, which was 

defined as failure to respond to at least two adequate anti-psychotic trials. An 

anti-psychotic trial was defined as treatment with 600mg of chlorpromazine or its 

equivalents for 6 weeks, with good drug compliance. 

3. Patients of South Indian ethnicity 
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Exclusion criteria 

1. Patients with severe neurological deficits 

2. Patients with intellectual disability and sensory impairment 

3. Patients who did not give informed consent 

All subjects were recruited after getting informed consent from them in the presence of at 

least one of their relatives and a social worker.  

CLINICAL ASSESSMENT 

All recruited subjects were assessed for the following clinical variables, using standard 

instruments, as detailed below. 

1. Brief Psychiatric Rating Scale (BPRS) for assessment of pyschopathology (Overall 

and Gorham, 1962) 

2. Abnormal Involuntary Movements Scale (AIMS) for assessment of drug-induced 

dyskinesia (GUY and EDCEU, 1976) 

3. Addenbrooke’s Cognitive Examination Scale (ACE-R) for assessment of cognitive 

status (Mioshi et al., 2006) 

4. World Health Organization Disability Assessment Scale-II (WHODAS-II) for 

assessment of disability (WHO, n.d.)  

5. Childhood Traumatic Events Scale for assessment of traumatic experiences prior 

to the age of seventeen (CTES) (Goldberg et al., 1999) 
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6. Recent Traumatic Events Scale (RTES) for assessment of recent traumatic 

experiences in the past 3 years (Pennebaker and Susman, 1988) 

7. Premorbid Assessment Scale (PAS) for assessment of premorbid functioning 

(Rabinowitz et al., 2007) 

Therapeutic response to clozapine was determined using BPRS (Overall and Gorham, 

1962). Those with a score equal to or less than 35 on this scale were considered 

responders. Those with scores above 35 were considered non-responders.  

COLLECTION OF SOCIO-DEMOGRAPHIC DATA 

Information on various socio-demographic and clinical variables was obtained by taking 

detailed histories from patients and their relatives. The proforma used for this is included 

in the Appendix. 

MEASUREMENT OF SERUM CLOZAPINE LEVELS 

Blood samples were collected from the patients 12 hours after their last clozapine dose. 

Serum was separated immediately. The clozapine dosages received by the study 

participants was recorded. The serum samples were stored at -20°C. Estimation of 

clozapine levels was done together in a single batch in order to avoid inter-assay 

variability. They were measured using high pressure liquid chromatography (HPLC), 

with ultra-violet detection (Chung et al., 1993). Clozapine levels were expressed as ng/ml. 

The ratio of serum clozapine levels to the dose of clozapine was also calculated. 
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GENOTYPING 

The following steps were involved in genotyping. 

1. Isolation of DNA from blood samples 

2. Amplification of DNA sequence of interest by polymerase chain reaction (PCR) 

3. Separation of PCR products by agarose gel electrophoresis 

Isolation of DNA 

Peripheral venous blood samples were used as the source of DNA, which was isolated 

using a commercially available kit (Qiagen DNA Mini Kit, Qiagen GmBH, Hilden, 

Germany). The steps carried out as per the manufacturer’s protocol were as follows. 

1. Three ml of blood sample and 9 ml of RBC lysis solution were added to a 15 ml 

tube.  

2. The contents were incubated at -20°C for 10 minutes. This causes the RBCs to lyse 

and releases haemoglobin.  

3. After incubation, the tubes were centrifuged at 4000 rpm at 4°C for 10 minutes; 

the supernatant obtained was discarded.  

4. The residual pellet obtained at the end of the above step often still contained 

residual haemoglobin. RBC lysis solution was added as described above and the 
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step repeated twice more. At the end of these steps, the pellet that remained was 

that of WBC.   

5. One ml of cell lysis solution was then added to each tube; the contents were mixed 

to disrupt WBC pellet at the bottom of the tubes.  

6. After the pellet was completely re-suspended, each tube was incubated at 37°C 

overnight. This step resulted in lysis of the WBC.  

7. The contents were gently mixed and 1 ml of protein precipitating solution was 

added and mixed again. 

8. The tubes were centrifuged at 4000 rpm for 5 minutes. 

9. The supernatant obtained in each tube was transferred to a 15 ml tube. Four 

millilitres of 99% isopropranolol was added to this; the contents were mixed 

gently by inverting the tube. DNA was seen to precipitate during this step.  

10. The DNA threads obtained were transferred to a 2 ml microtube using a 

micropipette tip. Absolute alcohol (750 µl) and water (250 µl) were added to this. 

11. After washing the DNA by gentle repeated inversions, the DNA thread was 

transferred to a dry 2 ml micro tube, using a micropipette tip.  It left to dry at 

room temperature for 15 minutes. 

12. DNA hydration solution (50-200 µl) was added to the DNA pellet (depending on 

its size).  The contents of the tube were mixed by tapping; it was kept in a 55°C 

water bath for 1 hour.  

13. The tubes containing the DNA samples were removed from the bath and were 

stored at 4°C till further use.  
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The purity of the DNA isolated was assessed. For this, the optical density (OD) of the 

DNA solution was measured spectrophotometrically at 260nm and 280nm. The ratio of 

the OD at these 2 wavelengths was calculated. A value between 1.8 and 2 obtained from 

the ratio of the OD at 260 nm to the OD at 280 nm was considered to be an indication of 

purity. The concentration of DNA in each sample was estimated. For this, the OD of each 

sample was measured at 260 nm. The concentration of DNA was calculated using the 

following formula.  

DNA concentration (µg/ml) = OD at 260 nm x dilution factor x 50 

(an OD of 1 at 260nm indicates a concentration of 50 µg/ml) 

Amplification of DNA sequence of interest by polymerase chain reaction (PCR) 

The forward and reverse primer sequences used for the amplification of the region 

spanning the DRD4 120-bp duplication polymorphism were taken from published 

literature (McCracken et al., 2000a) and were as follows. 

• Forward primer: 5’-GTT GTC TGT CTT TTC TCA TTG TTT CCA TTG -3’ 

• Reverse primer: 5’-GAA GGA GCA GGC ACC GTG AGC -3’ 

 

The conditions used for the PCR assays were as follows (McCracken et al., 2000). 

A 20 µl reaction, containing 10 µl of master mix, 1 µl of forward and reverse primers, 1 µl 

of DNA and 8 µl of deionized water, was used for the PCR.  
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Steps: 

1. Initial denaturation at 95°C for 15 minutes 

2. Denaturation at 95°C for 10 seconds 

3. Annealing at 66°C for 30 seconds 

4. Extension at 72°C for 90 seconds 

5. Steps 2 to 4 were repeated for 10 cycles 

6. Denaturation at 95°C for 10 seconds 

7. Annealing at 55°C for 30 seconds 

8. Extension at 72°C for 90 seconds  

9. Steps 6 to 8 were repeated for 25 cycles 

10. Final extension at 72°C for 10 minutes 

Agarose gel electrophoresis 

The amplified products obtained at the end of the PCR were subjected to agarose gel 

electrophoresis, using 1.5% agarose gels containing ethidium bromide. Each PCR product 

(10 µl) was loaded in to the wells in the gel. The samples were electrophoresed at 100 volts 

for 60 minutes. After the electrophoresis, the DNA bands were visualized under ultra-

violet light, using a gel documentation system (Alpha Innotech, Fluor Chem SP). The 

genotype of each sample was deduced from the pattern of bands observed.  
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STATISTICAL ANALYSIS 

Types of variables 

The genotypes studied (namely wild type – 120/120, heterozygous – 120/240 and 

homozygous – 240/240), socio-demographic variables and clozapine side effects were 

coded as categorical variables. Serum clozapine levels and all the clinical variables that 

were assessed and scored, using scales, were coded as continuous variables.  

Statistical tests 

Data on continuous variables were checked for normality of distribution by Kolmogorov-

Smirnov test. All these data were found to have a skewed distribution. Hence, these data 

were analyzed by Kruskal Wallis test or Wilcoxon-Mann-Whitney test. Categorical 

variables were analyzed by chi square test. Spearman’s correlation coefficients were used 

to determine correlations among the variables studied. A p value < 0.05 was considered to 

indicate statistical significance in all cases.  

Allele frequencies in the patients were checked to determine if they were in keeping with 

Hardy Weinberg equilibrium (HWE). Pearson’s Chi-squared Test was used to compare 

allele frequencies that were observed and those that were expected. The allele frequencies 

were considered to follow Hardy Weinberg equilibrium when a p value of more than 0.05 

was obtained.  
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Allele frequencies and clozapine responses were analyzed using Pearson’s Chi-Squared 

test. They were also studied under five genetic models of inheritance: co-dominant, 

dominant, recessive, over-dominant and log-additive. The three genotypes (120/120, 

120/240, 240/240) were given a specific score under each model. A Chi-squared trend test 

with genotype scores was done under each model to compute the significance. A p value 

< 0.05 was considered to be statistically significant.  Logistic regression analysis was also 

done under each model. Odds ratios and 95% confidence intervals were calculated.  

Associations between clozapine side effects and genotypes were analyzed using Pearson’s 

Chi-squared test. A p value < 0.05 was considered statistically significant. The side effects 

that proved significant were again analyzed using Chi-squared trend test and logistic 

regression analysis with appropriate genotype scores under aforementioned genetic 

models of inheritance. All statistical analyses were performed using R statistical software 

(R Development Core Team, 2013). 

 

  

!
!  
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5. RESULTS 

CLINICAL AND SOCIO-DEMOGRAPHIC PROFILE OF THE PATIENTS 

The socio-demographic and clinical profiles of the participants in the study were as 

follows. 

Socio-demographic profile 

Ninety-five patients were recruited for the study.  Of these, 69 were males and 26 were 

females (Table 5.1). The subjects’ ages were in the range of 20 – 60 years, with a mean age 

of 35.2 years (±9.4) (Table 5.1). A majority of the subjects (66.31%) were single or 

separated from the spouse and were unemployed (57.9%). The study participants 

comprised of people from both urban (60%) and rural (40%) areas. Twenty one percent 

of subjects were found to drink at least 3 cups of coffee or tea per day and 16.8% were 

active smokers.  

Table 5.1. Socio-demographic profile of study participants.  

Variables Mean (SD) Median Range 

Age (years) 35.2 (9.4) 34 20 – 60 

No. of years of 

education 
12 (3.8) 12 0 – 19 

Monthly family income 

(Rs.) 
4916 (6206) 3000 300-50000 
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Table 5.2 Socio-demographic profile of study participants (cont’d) 

Characteristic Categories Number of patients (%) 

Sex 
Male 69 (72.63%) 

Female 26 (27.36%) 

Marital status 
Single/separated 63 (66.31%) 

Married 32 (33.68%) 

Current employment status 
Employed 40 (42.1%) 

Unemployed 55 (57.9%) 

Residence 
Urban  57 (60%) 

Rural 38 (40%) 

Caffeine intake 
≥ 3 cups/day 20 (21.1%) 

< 3 cups/day 75 (78.9) 

Current smokers 
Smokers 16 (16.8%) 

Non-smokers 79 (83.2%) 

Clinical profile 

The majority of the subjects (83.2%) had non-paranoid type of schizophrenia (Table 5.3).  

Among them, 17.9% had a positive family history of schizophrenia and 5.3% had a past 

history of catatonia (Table 5.3).  
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Table 5.3 Clinical profile of the study subjects 

Characteristic Categories Number of patients (%) 

Family history of schizophrenia 
Present 17 (17.9%) 

Absent 78 (82.1%) 

Type of schizophrenia 
Paranoid subtype 79 (83.2%) 

Non-paranoid subtype 16 (16.8%) 

Past history of catatonia 
Present 5 (5.3%)  

Absent 90 (94.7%) 

The mean age of onset of disease was 22.94 (± 9) years, with 17 (17.9 %) of the subjects 

having had their first psychotic episode before 18 years of age (early onset schizophrenia) 

(Table 5.4). The duration of illness among the subjects varied widely from a minimum of 

1 year to a maximum of 33 years (Table 5.4). The average duration of illness was 12.31 (± 

6.8) years. The average duration of treatment with clozapine among the subjects was 41.1 

(± 38.7) months, with a range of 4 months to 174 months (Table 5.4). The majority of 

them (87.4%) had had more than 36 weeks of clozapine treatment. The maximum dose of 

clozapine received by the study participants ranged from 100 mg/day to 650 mg/day, with 

an average of 346.1 (± 117.9) mg/day. The serum clozapine levels of the study participants 

ranged widely (from 104 ng/ml to 2547 ng/ml), with an average of 562.6 ng/ml (± 

385.75). The mean body mass index of the study participants was 34.48 (±11) that ranged 

from 24 to 69.  
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Table 5.4 Clinical profile of subjects (cont’d) 

Variables Mean (SD) Median Range 

Age of onset of disease (years) 22.94 (6.98) 21 10 - 46 

Duration of illness (years) 12.31 (6.8) 11 1 – 33 

Duration of treatment (months) 111.2 (78.4) 96 4 – 360 

Duration of clozapine treatment 

(months) 
41.1 (38.7) 28 4 – 174 

Maximum oral dose of clozapine 

(mg/day) 
346.1 (117.9) 350 100 – 650 

Serum clozapine level (ng/ml) 562.6 (385.75) 385.8 104 – 2547 

Serum clozapine level/dose ratio 1.7 (1.2) 1.5 0.3 – 8.3 

Body mass index (BMI) (Kg/m2) 24.4 (4.6) 23.9 16.7 – 38 

BPRS total score 34.48 (11) 31 24 – 69 

ACE-R total score 63.56 (20.1) 68 7 – 96 

WHODAS-II total score 17.43 (12.9) 15 0 – 46 

CTES total score 8.15 (10.1) 4 0 – 42 

RTES total score 6.08 (8.9) 2 0 – 44 

PAS total score 55 (21.8) 54 8 – 116 

BPRS - Brief Psychiatry Rating Scale; ACE-R - Addenbrooke’s Cognitive Examination Scale; WHODAS-II - 

World Health Organization – Disability Assessment Schedule-II; CTES- Childhood Traumatic Events 

Scale; RTES-Recent Traumatic Events Scale; PAS-Premorbid adjustment Scale. 
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CORRELATIONS AMONG CLINICAL SCORES OF PATIENTS 

The correlations between the various clinical scores (BPRS, ACE-R, RTES, CTES, 

WHODAS, PAS) of the subjects were found to be as follows 

Correlation of BPRS with other scales used 

Brief Psychiatric Rating Scale (BPRS) scores of the subjects were checked for correlation 

with other clinical scales in the subjects (Figures 5.1). The BPRS scores, which is a 

measure of pyschopathology in the subjects, showed a significant negative correlation 

with scores obtained from Addenbrooke’s Cognitive Examination – Revised (ACE-R) (r 

= -0.37, p = 0.0003) (Figure 5.1C). This shows that with increase in psychopathology 

(indicated by increases in BPRS scores), cognitive functions decline (indicated by 

decreases in ACE-R scores). BPRS scores did not correlate with the other scales (RTES, 

CTES, WHODAS and PAS) used. 

Correlation of ACE-R with other scales used 

ACE-R scores (a measure of the cognitive function) of the patients were significantly 

correlated with WHODAS, PAS, CTES and BPRS scores (Figures 5.1) ACE-R scores 

correlated negatively (r = -0.46; p < 0.0001) with the WHODAS scores, suggesting that as 

cognitive function decreased (as indicated by low ACE-R scores), the level of disability in 

the subjects worsened (as indicated by high WHODAS scores) (Figure 5.1F). ACE-R and 

CTES scores showed positive correlations with one another (r = 0.27; p = 0.007) (Figure 
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5.1M). This shows that people who experienced more childhood trauma (as indicated by 

high CTES scores) had better cognition (as indicated by high ACE-R scores). However it 

is unclear if this is just an incidental finding or a real correlation.  ACE-R and PAS scores 

were negatively correlated (r = -0.31; p = 0.002), suggesting that people with poor 

premorbid adjustment (as indicated by high PAS scores) had poor cognition (as indicated 

by low ACE-R scores) (Figure 5.1L). ACE-R scores were not significantly correlated with 

RTES scores (Figure 5.1K).  

Correlation of WHODAS with other scales used 

WHODAS scores were significantly negatively correlated with ACE-R (r = -0.46; p < 

0.0001) and RTES scores (r = -0.22; p = 0.03). WHODAS scores were not significantly 

correlated with other clinical scores obtained (Figure 5.1F&G) 

 

!  
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Figure 5.1 Correlations among clinical scores of the patients 
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CLOZAPINE-INDUCED ADVERSE EFFECTS AMONG THE STUDY PARTICIPANTS 

Adverse effects observed in the subjects 

All the study subjects were evaluated for the presence of adverse effects of clozapine. 

These included sedation, salivation, seizures, sexual dysfunction (erectile dysfunction), 

gastro-intestinal dysfunction (nausea, vomiting and abdominal pain), constipation, 

enuresis, metabolic side effects (dyslipidemia) and agranulocytosis (Table 5.5). Sedation 

was the most commonly reported adverse effect among the subjects (77%). The second 

most commonly reported adverse effect was salivation, which was present in 47% of 

subjects. Seizures, sexual dysfunction, gastro-intestinal dysfunction, constipation, 

enuresis and metabolic adverse effects were reported in 9.5%, 13.7%, 21%, 20%, 5.2% and 

10.5% of patients, respectively. Agranulocytosis was not found in any of the study 

participants.   

Age and sex distribution of subjects with and without adverse effects 

Age and sex distribution of the study participants were analyzed to look for statistical 

differences between subjects with and without adverse effects (Table-5.5). The results 

showed that enuresis and seizures occurred more frequently in older subjects. Subjects 

with seizures and enuresis were found to be significantly older than those without these 

adverse effects. Sexual dysfunction was found to occur only in male subjects.  
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Table 5.5 Age and sex distribution of study subjects with respect to adverse effects 

Adverse effects 

 Age (years) Sex 

 

Number 

of 

subjects 

Mean (SD) P value Male Female P value 

Hyper-salivation 
Present 45 34.73 (9.32) 

0.59 
34 11 

0.71 
Absent 50 35.62 (9.57) 35 15 

Sedation 
Present 73 34.8 (9.41) 

0.44 
51 22 

0.4 
Absent 22 36.4 (9.54) 18 4 

Seizures 
Present 9 41.55 (7.94) 

0.02* 
6 3 

0.9 
Absent 86 34.53 (9.35) 63  23 

Sexual 

dysfunction 

Present 13 36.61 (5.53) 
0.26 

13 0 
0.01* 

Absent 82 34.98 (9.9) 56 26 

Gastro-intestinal 
effects 

Present 20 36.65 (9.75) 
0.43 

15 5 

1 

Absent 75 34.81 (9.35) 54 21 

Constipation 

Present 19 34.31 (8.90) 
0.8 

16 3 

0.32 

Absent 76 35.42 (9.58) 53 23 

 
!  
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Table 5.5 (cont’d) 

Adverse effects 

 Age (years) Sex 

 

Number 

of 

subjects 

Mean (SD) P value Male Female P value 

Enuresis 

Present 5 44.8 (7.63) 

0.02* 

3 2 

0.89 
Absent 90 34.67 (9.2) 66 24 

Dyslipidemia 

Present 10 34.1 (9.3) 

0.69 

6 4 

0.56 
Absent 85 35.33 (9.5) 63 22 

* indicates a p value < 0.05; Age distribution between groups was analyzed by Wilcoxon-Mann-Whitney 

test; Sex distribution between groups was analyzed by Chi-squared test or Fisher’s exact test.  

Association of adverse effects with dose and serum levels of clozapine.  

The maximum doses of clozapine used per day and the serum levels of the drug were 

analyzed to determine associations of these with the occurrence of adverse effects. It was 

found that the adverse effects observed were not dependent on dose or on the serum 

levels attained  (Table 5.6).  

!  



 

 62 

Table 5.6. Comparisons of serum clozapine levels and oral dose of clozapine between 
subjects with and without adverse effects 

Adverse effects 

Mean Serum 

clozapine 

levels in 

mg/day (SD) 

P value 

Mean Oral 

dose of 

clozapine in 

ng/ml (SD) 

P value 

Hyper-

salivation 

Present 605.23  (437.4) 

0.41 

358.9 (110.3) 

0.25 
Absent 524.2  (332.4) 

334.5 

(124.3) 

Sedation 
Present 

535.33  

(311.43) 
0.72 

339.4 (120.2) 
0.28 

Absent 653.1  (567.8) 368.2 (109.7) 

Seizures 
Present 846.6 (686.1) 

0.07 

361.1 

(106.1) 
0.73 

Absent 532.9  (332.9) 344.5 (119.5) 

Sexual 

dysfunction 

Present 568.0  (375.1) 

0.96 

382.7 (141.9) 

0.27 
Absent 561.7  (389.7)  

340.2 

(113.6) 

Gastro-

intestinal effects 

Present 698.3  (593.4) 
0.49 

368.8 (115.8) 
0.24 

Absent 526.4  (303.8) 340.0 (118.5) 

Constipation 

Present 568.1  (395.6) 

0.67 

332.9 (93.6) 

0.69 
Absent 540.6 (352.8) 

349.4 

(123.6) 

!
! !
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Table 5.6 Cont’d 

Adverse effects 

Mean Serum 

clozapine 

levels (SD) 

P value 

Mean Oral 

dose of 

clozapine 

(SD) 

P value 

Enuresis 

Present 597.1 (235.9) 

0.42 

450.0 (117.3) 

0.05 
Absent 560.7  (393.2) 

340.28 

(115.9) 

Dyslipidemia 

Present 518.4 (157.8) 

0.54 

375.0  (150.0) 

0.69 
Absent 567.8 (404.5) 

342.7 

(114.2) 

Data were analyzed using Wilcoxon-Mann-Whitney test. 

GENOTYPES AND HARDY-WEINBERG EQUILIBRIUM 

Interpretation of genotypes 

The PCR reaction yielded an amplicon of size 429 base pairs in case of a wild type allele 

and 549 base pairs in case of a duplicated allele. Accordingly, in agarose gel 

electrophoresis a wild type sample yielded a single band of size 429 base pairs, a 

heterozygous sample yielded two bands, one of 429 base pairs and the other of 549 base 

pairs and a homozygous sample yielded single band of 549 base pairs (Figure 5.2). The 

genotype status of the subjects was determined based on this.  

!  
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Figure 5.2 Agarose gel electrophoresis.   

 
Lane 1 shows the wild type sample with a single band of 429 bp, lane 2 shows a heterozygous sample with 

one  band of 429 bp and another of 549 bp, and lane 3 shows a homozygous sample with a single band of 

size 549 bp.  Lane with the label “DNA LADDER” shows a DNA ladder for purposes of comparison. 

Hardy-Weinberg equilibrium 

The genotype and allele frequencies seen are shown in Table 5.7. The allele frequencies 

were found to lie within Hardy Weinberg equilibrium. The Hardy Weinberg equilibrium 

was also determined by using a ternary plot (Figure 5.3), which is also called the de-finneti 

diagram. 

!  
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Figure 5.3 Ternary plot (de finetti diagram). 

 
The green dot indicates the DRD4 120-bp duplication polymorphism. When the dot falls below the red line 

of the parabola, the gene is said to lie within Hardy Weinberg equilibrium.  AA – wild type (120/120); AB – 

heterozygous (120/240); BB – homozygous (240/240) 

Table 5.7 Genotypes, allelic frequencies and value of Hardy Weinberg equilibrium 

Genotypes Alleles Hardy Weinberg equilibrium 

120/120 120/240 240/240 120-bp 240-bp X2 df p value 

13 40 42 66 124 0.48 1 0.51 

The p and X2 values were computed by Chi-squared test between observed and expected genotype 

frequencies.  

CLINICAL CHARACTERISTICS IN THE DIFFERENT GENOTYPES 

Table 5.8 shows the clinical variables across the three genotypes. There was a significant 

difference among the maximum doses received by subjects in the three different 
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genotypes  (p-0.004).  In case of serum clozapine level-dose ratio, the values tended to be 

different among the three genotypes, with a p value of 0.06, which is close to statistical 

significance 

Table 5.8 Clinical characteristics of patients with the various genotypes 

Clinical Variables 
Genotypes Kruskal Wallis test 

120/120 120/240 240/240 X2 df p 

Age at onset (years) 

Mean 

(SD) 
22.4 (12) 

23  

(9.2) 

23  

(8.6) 
0.5 2 0.8 

Median 19 21.5 21.5 

Duration of illness 

(years) 

Mean 

(SD) 
14 (10.2) 10.6 (6.2) 13.3 (5.9) 

 

5.3 

 

2 

 

0.07 
Median 10 9 12 

Duration of 

clozapine (months) 

Mean 

(SD) 
46.3 (43) 

32.5 

(30.5) 
48 (43.3) 

1.89 2 0.25 

Median 30 22.5 35 

Body mass index 

(kg/m2) 

Mean 

(SD) 
25.1 (3.9) 

24.12 

(5.6) 
24.3 (3.7) 

1.89 2 0.25 

Median 24.8 22.5 24.2 

 

!  
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Table 5.8 (cont’d) 

Clinical Variables 
Genotypes Kruskal Wallis test 

120/120 120/240 240/240 X2 df p 

Maximum dose of 

clozapine used per 

day (mg/day) 

Mean 

(SD) 

253.85 

(144.2) 

378.75 

(112.6) 

343.45 

(99.85) 
10.9 2 0.004* 

Median 250 375 350 

Serum clozapine 

levels (ng/ml) 

Mean 

(SD) 

565.3 

(481.1) 

531.8 

(297.1) 

591.1 

(433.2) 
0.44 2 0.801 

Median 413 438 444 

Serum clozapine 

level/dose ratio 

Mean 

(SD) 

2.3  

(1.25) 

1.45 

(0.71) 

1.8  

(1.38)  

5.6 

 

2 

 

0.06 
Median 1.5 1.45 2.3 

BPRS total score 

Mean 

(SD) 

32.08 

(7.93) 

35.73 

(12.62) 

34.05 

(10.27) 
0.21 2 0.9 

Median 31 31.5 31 

WHODAS-II total 

score 

Mean 

(SD) 
15.4 (10) 

18.2 

(12.6) 
7.2 (13.9) 

 

0.45 

 

2 

 

0.79 
Median 17 16 13 

ACE-R total score 

Mean 
(SD) 

65.2 
(20.7) 

62  
(20.4) 

64.6 
(19.9) 

0.98 2 0.611 

Median 72 66.5 69 

* Indicates a p value < 0.05; the distributions of the clinical variables among the three genotypes were 

analyzed using Kruskal-Wallis test.  
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ASSOCIATION BETWEEN THE VARIOUS GENOTYPES (DRD4 120-BP REPEAT) AND CLOZAPINE 

RESPONSE 

Genotypic association 

Table 5.9 Associations of DRD4 120-bp repeat with clozapine response 

Model Genotype 
Genotype 

score 

Responders 
Non-

responders 

Chi-squared test with trend 

scores 

N N X2 df p value 

Co -

dominant 

120/120 0 10 3 

1.26 2 0.59 120/240 0 24 16 

240/240 0 26 16 

Dominant 

120/120 0 10 3 

0.64 1 0.36 120/240 1 24 16 

240/240 1 26 16 

Recessive 

120/120 0 10 3 

<0.01 1 0.9 120/240 0 24 16 

240/240 1 26 16 

! !



 

 69 

Table 5.9 (cont’d) 

Model Genotype 
Genotype 

score 

Responders 
Non-

responders 

Chi-squared test with trend 

scores 

N N X2 df p value 

Over-

dominant 

120/120 0 10 3 

0.1 1 0.74 120/240 1 24 16 

240/240 0 26 16 

Log-

additive 

120/120 0 10 3 

0.5 1 0.48 120/240 1 24 16 

240/240 2 26 16 

The p values were computed using Chi-squared test, with a specific score for each group as mentioned in 

the table.  

Genotypic association of DRD4 120-bp repeat polymorphism with clozapine response 

was studied under 5 genetic models of inheritance: co-dominant, dominant, recessive, 

over-dominant and log-additive (Tables 5.9 and 5.10). Analysis showed that there was no 

significant association between the genotypes and response to clozapine under any of the 

genetic models of inheritance.  Logistic regression analysis was also done under each 

model to compute the odds ratio and 95% confidence interval (Table 5.10). The odds 

ratios obtained were not statistically significant. 
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Table 5.10 Associations of DRD4 120-bp repeat with clozapine response    

Model of 

inheritance 

Genotype 

score 

Logistic regression analysis 

Odds ratio 95% CI p value AIC 

Co-dominant - 
1.019ƒ 

0.860† 

0.82-1.25 

0.63-1.16 

0.86 

0.33 
137.82 

Dominant 0,1,1 1.17 0.88 – 1.55 0.273 135.85 

Recessive 0,0,1 1.022 0.83-1.24 0.824 137.03 

Over-

dominant 
0,1,0 1.056 0.86-1.28 0.591 136.79 

Log-additive 0,1,2 1.051 0.91 - 1.21 0.485 136.58 

AIC – Akaike Information Criterion (AIC value gives the measurement of information loss from a 

statistical model. The one with less AIC score tends to have less information loss); CI – confidence interval; 
ƒodds ratio of heterozygous (120/240) genotype in comparison with wild type (120/120); †odds ratio of 

homozygous genotype (240/240) in comparison with wild type (120/120) 

!  
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ASSOCIATIONS OF THE VARIOUS GENOTYPES (DRD4 120-BP REPEAT) AND ALLELES WITH 

CLOZAPINE-INDUCED ADVERSE EFFECTS  

Crude analysis 

All the recorded adverse effects were analyzed to see if any of them was significantly 

associated with the DRD4 120-bp repeat polymorphism (Tables 5.11 and 5.12). Results 

showed that clozapine-induced hyper-salivation was significantly associated with the 

DRD4 120-bp repeat (p =0.004). None of the other adverse effects were significantly 

associated with the polymorphism. Allelic association analysis showed that the long allele 

(240-bp) is significantly associated with increased risk of hyper-salivation (Table 5.12). 

The 240-bp allele was found to increase the risk of hyper-salivation by 3.6 times, in 

comparison with the 120-bp allele (odds ratio of 3.6 as seen in Table 5.12). 

Association of clozapine-induced hyper-salivation with DRD4 120-bp repeat 

In order to further explore the association between hyper-salivation and DRD4 120-bp 

repeat, the genotypic association between the 2 was studied under five genetic models of 

inheritance - co-dominant, dominant, recessive, over-dominant and log-additive models. 

Significant associations were found between the 2 under all the models except the over-

dominant one (Table-5.13). Logistic regression analysis, using generalized linear model 

under each mode of inheritance with appropriate genotype scores, also showed 

significant odds ratios for all the models except the over-dominant one. The results, thus, 

show that possessing a single copy of 240-bp allele (heterozygotes) increased the risk for 



 

 72 

hyper-salivation by 1.279 times; this risk doubled to 2.56 when both the alleles were 240-

bp (240/240). The log-additive model had the lowest AIC (135.06) and was the most 

informative (relative likelihood of other models in comparison to log-additive was less 

than 0.5) of all the models in explaining the association of clozapine-induced sialorrhea 

with DRD4 120-bp duplication polymorphism. Thus, the DRD4 120-bp duplication 

polymorphism appears to follow an additive mode of inheritance for the phenotype of 

clozapine-induced hyper-salivation, with the homozygotes at double the risk of 

heterozygotes for developing clozapine-induced sialorrhea.  

Table 5.11 Genotypic association between clozapine-induced adverse effects and the 
DRD4 120-bp repeat  

Adverse effects of clozapine 
Genotype Chi-squared test 

120/120 120/240 240/240 X2 df p  

Hyper-

salivation 

Present 2 16 27 
11.02 2 0.004* 

Absent 11 24 15 

Sedation 
Present 9 31 33 

0.503 2 0.77 
Absent 4 9 9 

 

!  
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Table 5.11 (cont’d) 

Adverse effects of clozapine 
Genotype Chi-squared test 

120/120 120/240 240/240 X2 df p  

Seizures 
Present 2 3 4 

0.71 2 0.71 
Absent 11 37 38 

Sexual 

dysfunction 

Present 1 6 6 
0.89 2 0.63 

Absent 12 34 36 

Gastro-

intestinal 

effects 

Present 3 10 7 
0.89 2 0.69 

Absent 10 30 35 

Constipation 
Present 2 7 10 

0.71 2 0.77 
Absent 11 33 32 

Enuresis 
Present 0 2 3 

1.02 2 1 
Absent 13 38 39 

Dyslipidemia 
Present 0 5 5 

1.7 2 0.47 
Absent 13 35 37 

*Indicates a p value < 0.05 

!  
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Table 5.12 Allelic associations between clozapine-induced adverse effects and DRD4 
120-bp repeat  

Adverse effects of 

clozapine 
Alleles Chi-squared test Logistic regression 

  120-bp 240-bp X2 p value OR 95% CI 

Salivation 
Present 120 70 

30.11 <0.0004* 3.6 2.3 – 5.7 
Absent 46 97 

Sedation 
Present 49 97 

0.192 0.6 0.80 0.4 – 1.63 
Absent 17 27 

Seizures 
Present 7 11 

0.016 0.9 1.22 0.43 – 3.32 
Absent 59 113 

Sexual 

dysfunction 

Present 8 18 
0.05 0.813 0.82 0.32 – 1.96 

Absent 58 106 

Gastro-

intestinal 

effects 

Present 16 24 
0.35 0.55 1.33 0.64 - 2.73 

Absent 50 100 

 

!  
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Table 5.12 (cont’d) 

Adverse effects of 

clozapine 
Alleles Chi-squared test Logistic regression 

  120-bp 240-bp X2 p value OR 95% CI 

Constipation 
Present 11 27 

0.42 0.52 0.72 0.32 – 1.55 
Absent 55 97 

Enuresis 
Present 2 8 

0.44 0.51 0.48 0.06 – 2.03 
Absent 64 116 

Dyslipidemia 
Present 5 15 

0.52 0.47 0.60 0.19 – 1.67 
Absent 61 109 

*Indicates a p value < 0.05 

! !
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Table 5.13 Association analysis of clozapine induced hyper-salivation and DRD4 120-
bp repeat 

Models of 

inheritance 

Chi-squared test with trends Logistic regression analysis 

Genotype 

Scores 

(AA, AB, BB) 

df p value 
Odds 

ratio 

95% 

Confidence 

intervals 

p value AIC 

Co-dominant - 2 0.004*∆ 

1.627 1.21 - 2.19 0.002* 
137.05 

1.261 0.93 - 1.71 0.14 

Dominant 0, 1, 1 1 0.028* 1.441 1.08 - 1.92 0.01* 140.84 

Recessive 0, 0, 1 1 0.006* 1.368 1.12 - 1.66 0.002* 137.41 

Over-dominant 0, 1, 0 1 0.308 0.869 0.71 - 1.06 0.18 145.25 

Log-additive 0, 1, 2 1 0.0009*ƒ 1.279 1.11 - 1.47 0.0007* 135.06 

df – degrees of freedom; AIC – Akaike Information Criterion; ƒCochran Armitage Trend Test (CATT); 

Genotypes: AA – 120/120; AB – 120/240; BB – 240/240; * p = < 0.05; ∆Chi-squared test with no trend scores 

!  
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6. DISCUSSION 

The hypothesis of the present study was that the 120-bp repeat polymorphism, located 

upstream of the DRD4 gene, might influence clinical response to clozapine therapy in 

patients with refractory schizophrenia. The basis of this hypothesis was as follows. 

Clozapine has a very high affinity for the D4 receptor, with a dissociation constant (Ki) 

that is 15.3 times less than that for the D2 receptor (D2 receptor is the common target of 

most antipsychotics) (Van Tol et al., 1991). The DRD4 gene codes for the D4 receptor; 

numerous polymorphisms have been reported in this gene, with the variations reported 

to account for certain phenotypic variations observed in human populations, such as 

novelty-seeking traits, drug addiction and alcohol dependence (McCracken et al., 2000b; 

Oak et al., 2000c; van den Wildenberg et al., 2007). Hence, it was hypothesized that 

variations in DRD4 may account for variable clinical responses to clozapine. The 120-bp 

repeat variant has been less studied than the others, with regard to response to clozapine.  

In-vitro and post-mortem human brain studies have shown that duplication of the 120 

base pairs resulted in decreases in mRNA levels for DRD4 receptors, reflecting a decrease 

in the promoter activity of the gene (D’Souza et al., 2004; Simpson et al., 2010). This 

would be expected to result in decreased levels of the protein, D4 receptor, in the brain; 

however, such a decrease has not been documented. It was, nevertheless, postulated that 

presence of the 120-bp repeat might be associated with fewer D4 receptors. For a given 

dose of clozapine, this would be expected to produce a greater extent of receptor 

blockade, in comparison with those in whom there were no repeats. It would, thus, be 
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expected that the presence of the 120-bp duplication would produce a better response to 

clozapine. On the other hand, Hwang et al (2012) have shown that in a Caucasian 

population, the 120-bp short allele is associated with a better clozapine response (Hwang 

et al., 2012); however, such an association was not seen in an African-American 

population (Hwang et al., 2012). Thomas et al (2008) have shown, in a North-Indian 

population, that the long allele was associated with a non-response to olanzapine. These 

contradictory observations show that there is no clear consensus on this question. There 

is also no data of this nature in a South Indian population.  This was a starting point for 

the present study. In this study, it has been found that there is no significant association 

between DRD4 120-bp duplication and response to clozapine. Neither the genotypes nor 

the alleles were significantly associated   with clinical response to clozapine.  

Maximum doses of clozapine received by the patients differed significantly among the 

genotypes (p=0.004). Those with heterozygous (120/240) and homozygous (240/240) 

genotypes had received significantly higher doses of clozapine than those with the wild 

genotype. However, the doses of the drug used were similar in both the responders and 

non-responders. Association analyses were carried out between genotypes and response 

to clozapine, adjusting for the confounding effects of clozapine doses. No association was 

found between these 2 variables.  
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The results of the present study differ from those reported earlier. The differences in the 

definition of clozapine response used might partially account for the observed differences 

in results of these studies. In the present study, clozapine response was defined by a BPRS 

score less than or equal to 35 at the time point when the patient was recruited. Hwang et 

al (2012) measured the percentage of reduction in the BPRS scale; they defined a good 

response as a reduction in BPRS score of more than 20 percent over baseline.  

Heterogeneity in clinical definitions used are likely to be a major contributory factor that 

may account for variable findings in pharmacogenetic studies done to assess response to 

clozapine. In addition, schizophrenia is a multifactorial disease, with both environmental 

and genetic etiological components. The effect of a single gene would be difficult to 

elucidate, due to multiple genetic and environmental factors involved in pathogenesis of 

the disease (van Os and Kapur, 2009). This fact, along with sample size constraints, may 

account for the conflicting reports seen in pharmacogenetic studies of single genes with 

regard to clinical response to clozapine. Ethnicity also contributes to the phenotypic 

variations in schizophrenia (Opolka et al., 2003). Hence, pharmacogenetic findings in one 

population may not be same for another population. 

In the second part of the study, the associations of clozapine-induced adverse effects with 

DRD4 120-bp repeat polymorphism was analyzed. It was seen that there was a significant 

association between clozapine-induced sialorrhea and the long allele (240-bp) of the 

DRD4 gene. Participants with the long allele developed sialorrhea 2.95 times more 

frequently than those with the short allele (OR=2.95; CI=1.58-5.67; p=0.001). Genotypic 
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associations were found to be statistically significant and found to fit a log-additive mode 

of inheritance. Clozapine- induced sialorrhea has been shown to be a consequence of 

dysfunction of deglutition, rather than dysfunction of salivary glands, where   it has been 

demonstrated that patients with or without sialorrhea did not differ in their salivary flow 

rates (Ben-Aryeh et al., 1996)..  The possible link between DRD4 and sialorrhea may be in 

the regions of brain that control pharyngeal and esophageal phases of swallowing. They 

include the human motor cortex, pre-frontal cortex and nuclei of the brain stem, namely 

solitarius and ambiguus. Strong evidence exists for the role of these regions in the 

regulation of deglutition (Bieger and Neuhuber, 2006; Hamdy, 2006; Hamdy et al., 1999; 

Kern et al., 2001). D4 receptors are highly expressed in the above-mentioned regions of 

the brain and have been thought to be likely to contribute to regulation of deglutition, 

though no experimental evidences exist so far to support this postulate (Hyde et al., 1996; 

Noaín et al., 2006). Blockade of D4 receptors, by clozapine, in these regulatory regions 

might contribute to the dysfunction in deglutition. This is a possible explanation behind 

the association between the 120-bp duplication (that reduces levels of D4 receptor) and 

the occurrence of sialorrhea in patients on clozapine.  

!  
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7. CONCLUSION 

The present study looked for an association between a 120-bp repeat in the DRD4 gene 

and response to and adverse effects of clozapine in a group of treatment-resistant 

schizophrenia in a South Indian population. No significant association was found 

between DRD4 120-bp repeat and clinical response to clozapine. Patients with the 120-bp 

repeat had significantly higher incidence of sialorrhea in response to clozapine therapy. 

These results suggest that routine screening for DRD4 120-bp repeat polymorphism 

before clozapine therapy may not be useful as a predictor for clinical response to 

clozapine. It may, however, help to identify those at high risk for clozapine-induced 

hyper-salivation.  

!  
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INFORMED CONSENT DOCUMENT  

Title of study:  

Pharmachogenetics of Clozapine Drug Response in Treatment Resistant 

Schizophrenia. 

Institution: 

Christian Medical College & Hospital, Vellore (CMCH)                  

Nature and purpose of the study: 

You are invited to take part in a new research. Genetic variations in human beings may 

determine their response and adverse effects to certain drugs. This study aims to 

investigate the association between genetic polymorphisms and response to clozapine. 

Explanation of procedure to be followed: 

Doctors and two research fellows from the department of psychiatry will conduct this 

study. You will undergo assessment of your psychiatric symptoms, abnormal 

movements, cognition, childhood experiences, previous functioning and current 

disability status. You will also be asked provide 10ml blood sample for assessing 

genetic polymorphisms. Approximately 100 participants will be recruited in this study 

Expected duration of involvement: 

The assessment will be done in one session of 2 hours duration, at baseline,6 months 

to 12 months.  

Possible benefits of the study: 

You will not be charged for this assessment. The information we obtain will help us to 

assess your psychological problems and genetic polymorphisms. Others may also 

benefit from the overall conclusions at the end of the study. The investigators are 

unable to foresee any risks involved in this study. 

Confidentiality 

The records and all details obtained in this study will remain strictly confidential at all 

times, but will need to be available to the investigators conducting the study.  Your 

identity will not otherwise be revealed.  Your personal data will be collected and 

processed only for the research purposes in connection with the study.  You will not be 

referred to by name or identified in any report or publication. 



Right to withdraw from the study 

You are free to leave the study at any time.  Your decision for not participating in this 

study will not cause any loss of benefits or affect your future medical or psychiatric care. 

For further queries, you may contact, 

 

Dr. K.S.Jacob 

Dr. Anju kuruvilla 

Dr. Rajesh 

Dr. Thangadurai 

Department of psychiatry, 

Christian Medical College, Vellore- 632002. 

Phone: 0416 228 4516 

Email: psych1@cmcvellore.ac.in 

 

I/We have read/____________________had read out to us, the above information 

before signing this consent form. 

Signature (or Thumb impression) of the participant /Legally Acceptable  

 

Signature of the Participant: _________________________Date: _____/_____/______ 

Name of the participants: _______________________ 

 

Signature of the Investigator: ________________________Date: _____/_____/______ 

Investigator’s Name: _________________________ 

 

Signature of the Witness: _________________________Date: _____/_____/_______ 

Name of the Witness: _____________________________ 



10.3. Structured questionnaire for clinical assessment: 

I. Socio Demographic Data: 

�� 3DUWLFLSDQW�1DPH����

�� 3DUWLFLSDQW�,'��

�� ,QWHUYLHZ�'DWH��

�� )DWKHU��+XVEDQG¶V�QDPH��

�� *HQGHU��0DOH���)HPDOH�

�� $JH��LQ�\HDUV���

�� 0DULWDO�VWDWXV��6LQJOH��0DUULHG��:LGRZHG��6HSDUDWHG�

�� 5HVLGHQFH��5XUDO��8UEDQ�

�� $FFRPPRGDWLRQ��2ZQ�5HQWHG� �

��� (GXFDWLRQ��1R�IRUPDO�HGXFDWLRQ��3ULPDU\�0LGGOH�6HFRQGDU\��+LJKHU�VHFRQGDU\��

�������������������*UDGXDWH��3URIHVVLRQDO�

��� (GXFDWLRQ��1XPEHU�RI�\HDUV���

��� 2FFXSDWLRQ��8QHPSOR\HG��/DERXUHU��6NLOOHG��3URIHVVLRQDO�2WKHUV�

��� 7RWDO�IDPLO\�LQFRPH�SHU�PRQWK��,Q�,15���

��� 7RWDO�QXPEHU�RI�IDPLO\�PHPEHUV��

��� $YHUDJH�QXPEHU�RI�FXSV�RI�FRIIHH��GD\��

��� $YHUDJH�QXPEHU�RI�FXSV�RI�WHD��GD\��

��� $YHUDJH�QXPEHU�RI�FXSV�RI�JUDSH�MXLFH��GD\��

��� +LVWRU\�RI�PLJUDWLRQ��<HV��1R�� � ,I�\HV��SURYLGH�GHWDLOV��



��� 3DVW�KLVWRU\�RI�REVWHWULF�FRPSOLFDWLRQV��<HV��1R�

��� +LVWRU\�RI�GHYHORSPHQWDO�GHOD\�GXULQJ�FKLOGKRRG��<HV��1R�

 

II. Clinical profile: 

��� +RVSLWDO�QXPEHU��

��� ,&'����GLDJQRVWLF�FRGHV��

��� )DPLO\�KLVWRU\��� 'HPHQWLD��SV\FKRVLV��PRRG���VHL]XUH��QLO���

��������������������������������������������2WKHU�QHXURSV\FKLDWU\�PRUELGLW\��VSHFLI\�BBBBBBBBBB��

��� 6XLFLGDO�ULVN��3UHVHQW��$EVHQW�

��� 3DVW�KLVWRU\�RI�FDWDWRQLF�V\PSWRPV��3UHVHQW��$EVHQW�

��� 'XUDWLRQ�RI�FXUUHQW�HSLVRGH��

��� 'XUDWLRQ�RI�LOOQHVV��

��� $JH�DW�RQVHW�RI�LOOQHVV��

��� 'XUDWLRQ�RI�XQWUHDWHG�SV\FKRVLV��

��� &RXUVH�RI�,OOQHVV��&RQWLQXRXV��(SLVRGLF�

��� ,I�HSLVRGLF��QXPEHU�RI�SDVW�HSLVRGHV��

��� $[LV�,�&R�PRUELGLW\��3UHVHQW��$EVHQW��,I�SUHVHQW��VSHFLI\�BBBBBBBBBBBBB�

��� $[LV�,,�GLDJQRVLV��3UHVHQW��$EVHQW��,I�SUHVHQW��VSHFLI\�BBBBBBBBBBBBB�

��� $[LV�,,,�GLDJQRVLV��3UHVHQW��$EVHQW��,I�SUHVHQW��VSHFLI\�BBBBBBBBBBBBB�

��� +HLJKW��

��� :HLJKW��



��� 6PRNLQJ�VWDWXV��>&XUUHQW�VPRNHU��3DVW�VPRNHU��1RQ�VPRNHU@�

,I�\HV��SDFN�\HDUV��

III. Treatment profile:  

DRUG DURATION DOSE ADVERSE 

EVENTS 

7\SLFDO�$QWLSV\FKRWLFV�

�6SHFLI\�BBBBBBBBBBB�

� � �

$W\SLFDO�$QWLSV\FKRWLFV�

�6SHFLI\�BBBBBBBBBBB�

� � �

'HSRW�$QWLSV\FKRWLFV��

�6SHFLI\�BBBBBBBBBBB�

� � �

&OR]DSLQH� � � �

/LWKLXP��UHFHQW�OHYHO�� � � �

$QWL�FRQYXOVDQWV��OHYHO��

�6SHFLI\�BBBBBBBBBBB�

� � �

$QWLGHSUHVVDQWV�

�6SHFLI\�BBBBBBBBBBB�

� � �

$QWLFKROLQHUJLFV�

�6SHFLI\�BBBBBBBBBBB�

� � �

%HQ]RGLD]HSLQHV�

�6SHFLI\�BBBBBBBBBBB�

� � �

2WKHUV��

�6SHFLI\�BBBBBBBBBBB�

� � �

�

��� 7RWDO�GXUDWLRQ�RI�GUXJ�WUHDWPHQW��
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��� 3V\FKRWKHUDS\��3UHVHQW��$EVHQW��,I�SUHVHQW��GXUDWLRQBBBBB�

��� 2FFXSDWLRQDO�WKHUDS\��3UHVHQW��$EVHQW��,I�SUHVHQW��5HJXODU��,UUHJXODU�

��� (OHFWUR�&RQYXOVLYH�7KHUDS\��<HV��1R�

��� ,I�\HV��+RZ�PDQ\�(&7��

��� 2UDO�FRQWUDFHSWLYH�SLOOV��<HV��1R�

��� 1XPEHU�RI�DGHTXDWH�WULDOV�RI�DQWLSV\FKRWLFV�LQ�WKH�SDVW���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



BRIEF PSYCHIATRIC RATING SCALE (BPRS) 
 

 

Scoring Procedure 
Please enter the score for the term which best describes the patient's condition 0 = not assessed, 1 = 
not present, 2 = very mild, 3 = mild, 4 = moderate, 5 = moderately severe, 6 = severe, 7 = 
extremely severe 

 
 
 

1. SOMATIC CONCERN 
  

 
Degree of concern over present bodily health. Rate the degree to 
which physical health is perceived as a problem by the patient, 
whether complaints have a realistic basis or not. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

2. ANXETY 
  

 
Worry, fear, or over-concern for present or future. Rate solely on 
the basis ot verbal report of patient's own subjective experiences. 
Do not infer anxiety from physical signs or from neurotic defense 
mechanisms. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

3. EMOTIONAL WITHDRAWAL 
  

 
Deficiency in relating to the interviewer and to the Interviewer 
situation. Rate only the degree to which the patient gives the 
impression of tailing to be in emotional contact with other people 
in the interview situation. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

4. CONCEPTUAL DISORGANIZATION 
  

 
Degree to which the thought processes are confused, 
disconnected, or disorganized. Rate on the basis of integration of 
the verbal products of the patient; do not rate on the basis of 
patient's subjective impression of his own level of functioning 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 



BRIEF PSYCHIATRIC RATING SCALE (BPRS) 
 
 
 

5. GUILT FEELINGS 
  

 
Over-concern or remorse for past behavior. Rate on the basis of 
the patient's subjective experiences of guilt as evidenced by 
verbal report with appropriate affect; do not inter guilt feelings 
from depression, anxiety or neurotic defenses. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

6. TENSION 
  

 
Physical and motor manifestations of tension "nervousness', and 
heightened activation level. Tension should be rated solely on the 
basis of physical signs and motor behavior and not on the basis of 
subjective experiences of tension reported by the patient. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

7. MANNERISMS AND POSTURING 
  

 
Unusual and unnatural motor behavior, the type of motor 
behavior which causes certain mental patients to stand out in a 
crowd of normal people. Rate only abnormality of movements; do 
not rate simple heightened motor activity here. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

8. GRANDIOSITY 
  

 
Exaggerated self-opinion, conviction of unusual ability or powers. 
Rate only on the basis of patient’s statements about himself or 
self-in-relation-to-others, not on the basis of his demeanor in the 
interview situation. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 
 
 
 
 



BRIEF PSYCHIATRIC RATING SCALE (BPRS) 
 
 

9. DEPRESSIVE MOOD 
  

 
Despondency in mood. sadness. Rate only degree of 
despondency; do not rate on the basis 0 inferences concerning 
depression based upon general retardation and somatic 
complaints. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

10. HOSTILITY 
  

 
Animosity, contempt, belligerence, disdain for other people 
outside the interview situation. Pate solely on the basis of the 
verbal report of feelings and actions of the patient toward others; 
do not infer hostility from neurotic defenses, anxiety, nor somatic 
complaints. (Rate attitude toward interviewer under 
uncooporativeness").� 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

11. SUSPICIOUSNESS 
  

 
Belief (delusional or otherwise) that others have now, w have had 
in the past, malicious or discriminatory intent toward the patient. 
On the basis of verbal report, rate only those suspicions which are 
currently held whether they concern past or present  
circumstanes. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

12. HALLUCINATORY BEHAVIOR 
  

 
Perceptions without normal external stimulus correspondence. 
Rate only those experiences which are reported to have occurred 
within the last week and which are described as distinctly different 
from the thought and imagery processes of normal people. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 
 
 
 
 
 
 



BRIEF PSYCHIATRIC RATING SCALE (BPRS) 
 
 

13. MOTOR RETARDATION 
  

 
Reduction in energy level evidenced in slowed movements. Rate 
on the basis of observed behavior of the patient only; do not rate 
on the basis of patient's subjective impression of own energy 
level. 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

14. UNCOOPERATIVENESS 
  

 
Evidence d resistance, unfriendliness, resentment and lack of 
readiness to cooperate with the interviewer. Rate only on the 
basis of the patients attitude and responses to the interviewer and 
the interview situation; do not rate on basis of reported 
resentment or uncooperativeness outside the interview situation. 
 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

15. UNUSUAL THOUGHT CONTENT 
  

 
Unusual, odd, strange or bizarre thought content. Rate here the 
degree of unusualness, not the degree of disorganizations of 
thought processes. 
 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

16. BLUNTED AFFECT 
  

 
Reduced emotional tone, apparent lack of normal feeling or 
involvement  
 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 
 
 
 
 
 



BRIEF PSYCHIATRIC RATING SCALE (BPRS) 
 
 

17. EXCITEMENT 
  

 
Heightened emotional tone, agitation. increased reactivity. 
 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 
 

18. DISORIENTATION 
  

 
Contusion or lack of proper association for person, place or time. 
 
 

 
0 
1 
2 
3 
4 
5 
6 
7 

 
 

 



Abnormal Involuntary Movement Scale (AIMS) 
 

Examination Procedure 
Either before or after completing the examination procedure, observe the patient unobtrusively at rest 
(e.g., in the waiting room).  
The chair to be used in this examination should be a hard, firm one without arms.  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 

11. 

12. 

Ask the patient whether there is anything in his or her mouth (such as gum or candy) and, 
if so, to remove it.  
Ask about the *current* condition of the patient's teeth. Ask if he or she wears dentures. 
Ask whether teeth or dentures bother the patient *now*.  
Ask whether the patient notices any movements in his or her mouth, face, hands, or feet. 
If yes, ask the patient to describe them and to indicate to what extent they *currently* 
bother the patient or interfere with activities.  
Have the patient sit in chair with hands on knees, legs slightly apart, and feet flat on floor. 
(Look at the entire body for movements while the patient is in this position.)  
Ask the patient to sit with hands hanging unsupported -- if male, between his legs, if 
female and wearing a dress, hanging over her knees. (Observe hands and other body 
areas).  
Ask the patient to open his or her mouth. (Observe the tongue at rest within the mouth.) 
Do this twice.  
Ask the patient to protrude his or her tongue. (Observe abnormalities of tongue 
movement.) Do this twice.  
Ask the patient to tap his or her thumb with each finger as rapidly as possible for 10 to 15 
seconds, first with right hand, then with left hand. (Observe facial and leg movements.)  
Flex and extend the patient's left and right arms, one at a time.  
Ask the patient to stand up. (Observe the patient in profile. Observe all body areas again, 
hips included.)  
Ask the patient to extend both arms out in front, palms down. (Observe trunk, legs, and 
mouth.)  
Have the patient walk a few paces, turn, and walk back to the chair. (Observe hands and 
gait.) Do this twice.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abnormal Involuntary Movement Scale (AIMS) 
 
Patient Information 
  

Day Mth. Year Hour Min Patient      Date 
      

Time 
    

    

Personal notes 

 
 
 

 

Scoring Procedure 
Complete the examination procedure before making ratings.  
For the movement ratings (the first three categories below), rate the highest severity observed.  
0 = none, 1 = minimal (may be extreme normal), 2 = mild, 3 = moderate,  4 = severe.  
According to the original AIMS instructions, one point is subtracted if movements are seen only on 
activation, but not all investigators follow that convention.  
 
 

Facial and Oral Movements 
  

 
1. Muscles of facial expression, 
 
e.g., movements of forehead, eyebrows, periorbital area, cheeks. 
Include frowning, blinking, grimacing of upper face. 
 

 
0 
1 
2 
3 
4 

 
 

 
2. Lips and perioral area, 
 
e.g., puckering, pouting, smacking. 
 

 
0 
1 
2 
3 
4 

 
 

 
3. Jaw, 
 
e.g., biting, clenching, chewing, mouth opening, lateral 
movement. 
 

 
0 
1 
2 
3 
4 

 
 

 
4. Tongue. 
 
Rate only increase in movement both in and out of mouth, not 
inability to sustain movement. 
 

 
0 
1 
2 
3 
4 

 
 

 
 
 
 
 
 
 
 
 



Abnormal Involuntary Movement Scale (AIMS) 
 
 

Extremity Movements 
  

 
5. Upper (arms, wrists, hands, fingers). 
 
Include movements that are choreic (rapid, objectively 
purposeless, irregular, spontaneous) or athetoid (slow, irregular, 
complex, serpentine). Do not include tremor (repetitive, regular, 
rhythmic movements). 
 

 
0 
1 
2 
3 
4 

 
 
 

 

 
6. Lower (legs, knees, ankles, toes), 

 

e.g., lateral knee movement, foot tapping, heel dropping, foot 
squirming, inversion and eversion of foot. 
 

 
0 
1 
2 
3 
4 

 

 

 
 

Trunk Movements 
 

  

 
7. Neck, shoulders, hips, 

 

e.g., rocking, twisting, squirming, pelvic gyrations. Include 
diaphragmatic movements. 
 

 
0 
1 
2 
3 
4 

 
 

 
 

Global Judgements 
  

 
8. Severity of abnormal movements. 
 
Based on the highest single score on the above items. 
 

 
0 
1 
2 
3 
4 

 
 

 
9. Incapacitation due to abnormal movements. 
 
 
 

 
none, normal 
minimal 
mild 
moderate 
severe 

 
 

 
10. Patient's awareness of abnormal movements. 
 
 
 

 
no awareness 
aware, no distress 
aware, mild distress 
aware, moderate distress 
aware, severe distress 

 
 

 



Abnormal Involuntary Movement Scale (AIMS) 
 
 
 

Dental status 
  

 
11. Current problems with teeth and/or dentures. 
 

 
no 
yes 
 
 
 

  

 
12. Does patient usually wear dentures? 
 

 
no 
yes 
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SECTION 1.  Face Sheet

ITEMS F1- F6 ARE TO BE COMPLETED BY INTERVIEWERS PRIOR TO
STARTING EACH INTERVIEW

F1 RESPONDENT I.D . #

CENTRE #  - SUBJECT #

F2 INTERVIEWER I.D. #

CENTRE # - INTERVIEWER #

F3 ASSESSMENT TIME POINT (1, 2, ETC.)

F4 INTERVIEW DATE ___ ___/___ ___/___ ___
             month       day        year

F5 LIVING SITUATION AT TIME OF
INTERVIEW (CIRCLE ONLY ONE) Independent in Community      1

Assisted Living                         2

Hospitalized                              3

F6 SAMPLE (CIRCLE ONLY ONE)
General population 1

Drug related problems 2

Alcohol related problems 3

Mental health problems 4

Physical problems 5

Other (specify) 6

__________________________



SECTION 4. CORE QUESTIONS

H1 How do you rate your overall
health in the past 30 days?

Read choices to respondent.

Very good Good Moderate Bad Very Bad

SHOW FLASHCARD #2 to participant

In the last 30 days how much difficulty did you have in:

None Mild Moderate Severe
Extreme
/Cannot

Do

S1 Standing for long periods such as
30 minutes? 1 2 3 4 5

S2 Taking care of your household
responsibilities? 1 2 3 4 5

S3 Learning a new task, for example,
learning how to get to a new
place? 1 2 3 4 5

S4 How much of a problem did you
have joining in community
activities (for example, festivities,
religious or other activities) in the
same way as anyone else can?

1 2 3 4 5

S5 How much have you been
emotionally affected by your
health problems? 1 2 3 4 5

Continue to next page…



In the last 30 days how much difficulty did you have in:

None Mild Moderate Severe
Extreme
/Cannot

Do

S6 Concentrating on doing something
for ten minutes? 1 2 3 4 5

S7 Walking a long distance such as a
kilometre [or equivalent]? 1 2 3 4 5

S8 Washing your whole body? 1 2 3 4 5

S9 Getting dressed? 1 2 3 4 5

S10 Dealing with people you do not
know? 1 2 3 4 5

S11 Maintaining a friendship? 1 2 3 4 5

S12 Your day to day work? 1 2 3 4 5

None Mild Moderate Severe
Extreme
/Cannot
Do

H2 Overall, how much did these difficulties
interfere with your life?
Read choices to respondent. 1 2 3 4 5

H3 Overall, in the past 30 days, how many
days were these difficulties present?

RECORD NUMBER OF DAYS

___/___

H4 In the past 30 days, for how many days
were you totally unable to carry out your
usual activities or work because of any
health condition?

RECORD NUMBER OF DAYS
__/__

H5 In the past 30 days, not counting the days
that you were totally unable, for how many
days did you cut back or reduce your usual
activities or work because of any health
condition?

RECORD NUMBER OF DAYS
__/__

This concludes our interview, thank you for participating.



10.4.4. Addenbrooke’s Cognitive Examination – ACE-R: 
 
 

Orientation: 

x Ask what is thH� :�'D\��'DWH��0RQWK��<HDU��6HDVRQ�� � (Score 0-5)��

x Ask which is the� ��%XLOGLQJ��)ORRU��7RZQ��VWDWH��FRXQWU\�� � (Score 0-5)� 

 

Registration:  

Tell:�³,�DP�JRLQJ�WR�JLYH�WKUHH�ZRUGV�DQG�,¶G�OLNH�\RX�WR�UHSHDW�PH��/HPRQ��.H\��DQG�%DOO´��

$IWHU�VXEMHFW�UHSHDWV��VD\�³7U\�WR�UHPHPEHU�WKHP�EHFDXVH�,�DP�JRLQJ�WR�DVN�\RX�ODWHU´��6FRUH�

RQO\�WKH�ILUVW�WULDO��UHSHDW�WKUHH�WLPHV�LI�QHFHVVDU\��

5HJLVWHU�QXPEHU�RI�WULDOVBBBBB    (Score 0-3) 

 
Attention and concentration:  
 
Ask the subject: ³&RXOG� \RX� WDNH� VHYHQ� DZD\� IURP� ���"�$IWHU� WKH� VXEMHFW� UHVSRQGV�� DVN�

KLP�KHU�WR�WDNH�DZD\�DQRWKHU�VHYHQ�WR�D�WRWDO�RI�ILYH�VXEWUDFWLRQV��,I�VXEMHFW�PDNHV�D�PLVWDNH�

FDUU\�RQ�DQG�FKHFN�WKH�VXEVHTXHQW�DQVZHU��L�H�������������������DQG����VFRUH����

6WRS�DIWHU�ILYH�VXEWUDFWLRQV���������������������«««««�� � �Score 0-5) 

 

Ask:� µFRXOG� \RX� SOHDVH� VSHOO� WKH� ZRUG� WORLD� IRU� PH"� 7KHQ� DVN� KLP�KHU� WR� VSHOO� LQ�

EDFNZDUGV««�� � � � � (Score 0-5) 

Memory – Recall: 

Ask:�µ:KLFK�WKUHH�ZRUGV�GLG�,�DVN�\RX�WR�UHSHDW�DQG�UHPHPEHU"´�

BBBBBBBBBBBBBBB��BBBBBBBBBBBBBBBBB�BBBBBBBBBBBBBBBBBBBBB� (Score 0-3) 

�
Memory – Anterograde memory: 

 



Tell:�,�DP�JRLQJ�WR�JLYH�\RX�D�QDPH�DQG�DQ�DGGUHVV�DQG�,¶G�OLNH�\RX�WR�UHSHDW�DIWHU�PH���

�

:H¶OO�EH�GRLQJ� WKDW� WKUHH� WLPHV�� VR�\RX�KDYH�D� FKDQFH� WR� OHDUQ� LW�� ,¶OO�EH�DVNLQJ� \RX� ODWHU¶�����������������������������������������������������������������������

6FRUH�RQO\�WKH�WKLUG�WULDO      (Score 0-7)  

 �
Memory – Retrograde Memory: 
�

x 1DPH�RI�WKH�FXUUHQW�FKLHI�PLQLVWHU�RI�7DPLO�1DGX««««««««««««««�

x 1DPH�RI�WKH�ZRPDQ�ZKR�ZDV�WKH�SULPH�0LQLVWHU�RI�,QGLD««««««««��

x 1DPH�RI�WKH�,QGLDQ�3ULPH�PLQLVWHU�DVVDVVLQDWHG�LQ�����«««««�

x 1DPH�RI�WKH�FXUUHQW�,QGLDQ�3ULPH�0LQLVWHU«««««««««���������

�
Verbal Fluency – Letter ‘P’ and animals 

Letters: 

Say:�,�DP�JRLQJ�WR�JLYH�\RX�DQ�DOSKDEHW�DQG�,¶G�OLNH�\RX�WR�JHQHUDWH�DV�PDQ\�ZRUGV�\RX�FDQ�

EHJLQQLQJ�ZLWK�WKDW� OHWWHU��EXW�QRW�QDPHV�RI�SHRSOH�RU�SODFHV��$UH�\RX�UHDG\"�<RX¶YH�JRW�D�

PLQXWH�DQG�WKH�OHWWHU�LV�S¶� � � � � (Score 0-7) 

Animals 

Say:�&DQ�\RX�QDPH�DV�PDQ\�DQLPDOV�DV�SRVVLEOH��EHJLQQLQJ�ZLWK�DQ\�OHWWHU"�� (Score 0-7) 

!�� ��������� ��������� ��������� �������� ������� ������� ������ � 

 
 
 

� �VW�7ULDO� ������������������������QG�7ULDO� ��������������������������UG�7ULDO�

6HOYDNXPDU�� � � �

����1HKUX�VWUHHW�� � � �

*DQGKL�1DJDU�� � � �

9HOORUH�� � � �



Language - Comprehension: 

x Show written command � � � (Score 0-1) 

Close Your Eyes 

x Three stage command� � � � (Score 0-3) 

7DNH�D�SDSHU�LQ�\RXU�KDQG���)ROG�WKH�SDSHU���SXW�WKH�SDSHU�RQ�WKH�WDEOH��

x Writing 

$VN� WKH� VXEMHFW� WR�PDNH�XS�D� VHQWHQFH�DQG�ZULWH� LW� LQ� WKH� VSDFH�EHORZ�� VFRUH��� LI� VHQWHQFH�

FRQWDLQV�D�VXEMHFW�DQG�D�YHUE�� � � � (Score 0-1) 

 
Language – Repetition: 

x $VN� WKH� VXEMHFW� WR� UHSHDW� µKLSSRSRWDPXV¶�� µHFFHQWULFLW\¶�� µXQLQWHOOLJLEOH¶�� DQG�

µVWDWLVWLFLDQ¶��6FRUH����LI�DOO�FRUUHFW����LI���FRUUHFW����LI���RU�OHVV�

x $VN�WKH�VXEMHFW�WR�UHSHDW��µDERYH�EH\RQG�DQG�EHORZ¶� � (Score 0-1) 

x $VN�WKH�VXEMHFW�WR�UHSHDW��µ1R�LIV��DQGV�RU�EXWV¶   (Score0-1) 

�
Language – Naming: 
�

 

 



�
 
Language: comprehension:�

Using the pictures above, ask the subjects to:   (Score 0-4) 

3RLQW�WR�WKH�RQH�ZKLFK�LV�DVVRFLDWHG�ZLWK�WKH�PRQDUFK\� � BBBBBBBBB�

3RLQW�WR�WKH�RQH�ZKLFK�LV�D�URGHQW� � � � BBBBBBBBB�

3RLQW�WR�WKH�RQH�ZKLFK�LV�IRXQG�LQ�WKH�GHVHUW� � � BBBBBBBBB�

3RLQW�WR�WKH�RQH�ZKLFK�LV�DVVRFLDWHG�ZLWK�ZDUULRUV� � � BBBBBBBBB�

Language: reading: 

Ask WKH�VXEMHFW�WR�UHDG�WKH�IROORZLQJ�ZRUGV��>VFRUH���RQO\�LI�DOO�FRUUHFW@  (Score 0-1) 

SEW PINT SOOT DOUGH HEIGHT 

 
Visuo-spatial Abilities: 

x Overlapping pentagons: DVN�WKH�VXEMHFW�WR�FRS\�WKLV�GLDJUDP (Score 0-1) 

�



x Wire cube: DVN�WKH�VXEMHFW�WR�FRS\�WKLV�GUDZLQJ  

      (Score 0-2) 

 
�

x Clock: $VN�WKH�VXEMHFW�WR�GUDZ�D�FORFN�IDFH�ZLWK�QXPEHUV�DQG�WKH�KDQGV�DW�WHQ�SDVW�

ILYH���)RU�VFRULQJ��FLUFOH ����QXPEHUV� ����KDQGV� ���LI�DOO�FRUUHFW� (Score 0-5) 

Perceptual abilities: 

x $VN�WKH�VXEMHFW�WR�FRXQW�WKH�GRWV�ZLWKRXW�SRLQWLQJ�WKHP�� � (Score 0-4)�

x $VN�WKH�VXEMHFW�WR�LGHQWLW\�WKH�OHWWHUV� � � (Score 0-4)�

�

Recall: 

Ask ³1RZ�WHOO�PH�ZKDW�\RX�UHPHPEHU�RI�WKDW�QDPH�DQG�DGGUHVV�ZH�ZHUH�UHSHDWLQJ�DW�WKH�

EHJLQQLQJ´       (Score 0-7) 

�
�
�
�
�
�
�
Recognition: 

7KLV� WHVW� VKRXOG� EH� GRQH� LI� VXEMHFW� IDLOHG� WR� UHFDOO� RQH� RU� PRUH� LWHPV�� ,I� DOO� LWHPV� ZHUH�

UHFDOOHG��VNLS�WKH�WHVW�DQG�VFRUH����,I�RQO\�SDUW�LV�UHFDOOHG�VWDUW�E\�WLFNLQJ�LWHPV�UHFDOOHG�LQ�WKH�

VKDGRZHG�FROXPQ�RQ�WKH�ULJKW�KDQG�VLGH��7KHQ�WHVW�QRW�UHFDOOHG�LWHPV�E\�WHOOLQJ´�RN��,¶OO�JLYH�

\RX�VRPH�KLQWV��ZDV�WKH�QDPH�;��<�RU�="´�DQG�VR�RQ��(DFK�UHFRJQL]HG�LWHP�VFRUHV�RQH�SRLQW��

ZKLFK�LV�DGGHG�WR�WKH�SRLQW�JDLQHG�E\�UHFDOOLQJ��

�

6HOYDNXPDU�� �

����1HKUX�VWUHHW�� �

*DQGKL�1DJDU�� �

9HOORUH�� �



1DOODNXPDU� � 6HOYDNXPDU� � 6HOYDNULVKQDQ� � 5HFDOOHG� �

��� � ��� � ��� � � �

1HKUX�5RDG�� � 3DWHO�VWUHHW� � 1HKUX�VWUHHW� � � �

&KURPSHW� � *DQGKL�QDJDU� � 6DLGDSHW� � � �

9HOORUH� � 1HOORUH� � 1DJSXU� � � �

�
�
�
�

General Scores   

MMSE  /30 

ACE-R /100 

Sub scores  

Attention and Orientation /18 

Memory /26 

Fluency /14 

Language /26 

Visuo-spatial /16 
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