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ABSTRACT  

Objective: To compare the risks of developing type II diabetes after initiation of 

different antipsychotic drugs.

Methods: Adult welfare recipients in Quebec who filled a prescription for an 

antipsychotic(s) drug between 1993 and 2004 were included in this study. Exposure was 

measured across 6 antipsychotic drug groups: clozapine, olanzapine, quetiapine, 

risperidone, low-potency typical drugs and other typical drugs. Cox proportional hazard 

models were used to estimate the risk of diabetes after exposure, adjusting for age at 

study entry, sex, obesity before drug initiation, schizophrenia and entry year. 

Results: Risk of diabetes associated with one more standard monthly dose was 

significantly higher for: clozapine (RR 1.14 (95% C.I.: 1.04, 1.24)); olanzapine (1.09 

(1.04, 1.14)) and low potency typicals (1.08 (1.03, 1.13)).

Conclusions: Consistent with many prior studies, clozapine, olanzapine and low 

potency typical drugs pose a higher risk for diabetes than other antipsychotic drugs. This 

risk also increases with dosage.   
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RÉSUMÉ 

Objectif:  Comparer les risques de developper le diabète de type 2 après 

l'initiation de différents antipsychotiques. 

Méthodes: L'étude inclut les adultes bénéficiares de l'aide sociale au Québec qui 

ont obtenu une ordonnance pour un antipsychotique entre 1993 et 2004.  L'exposition a 

été mesurée dans 6 groupes d'antipsychotiques: la clozapine, l'olanzapine, la quétiapine, 

la rispéridone, des médicaments typiques à faible teneur et d'autres médicaments 

typiques. Des modèles "Cox proportional hazard" ont été employés pour estimer le risque 

de diabète contrôlant pour l'âge lors de l’entrée à l'étude, le sexe, l'obésité avant 

l'initiation des médicaments, la schizophrénie et l'année de l'accès. 

Résultats: Le risque de diabète associé à un mois supplémentaire à dose standard 

était plus elévé pour les médicaments suivants: clozapine (RR 1.14 (95% C.I.: 1.04, 

1.24)); olanzapine (1.09 (1.04, 1.14)) et les antipsychotiques typiques à faible teneur 

(1.08 (1.03, 1.13)).

Conclusions: En accord avec plusieurs études antérieures la clozapine, 

l'olanzapine et les antipsychotiques à faible teneur présentent un risque pour le diabète 

plus élevé que les autres antipsychotiques. Le risque augmente aussi avec la dose. 
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Chapter 1 Introduction   

The development of diabetes has been reported after initiation of antipsychotic 

medications, particularly some of the atypical antipsychotic drugs. However, estimates of 

the risk associated with different antipsychotic drugs have been discrepant. The purpose 

of this study is to compare the risks of developing type II diabetes after initiation of 

different antipsychotics.

This section first discusses antipsychotic drugs: their history, indications (with an 

emphasis on schizophrenia), mode of action, effectiveness and side effects. Next, 

diabetes is discussed: basic physiology, criteria, risks, and potential mechanisms of 

antipsychotic induced diabetes. This section concludes with a review of the existing 

literature on antipsychotic use and diabetes; particularly large scale database studies that 

have examined specific antipsychotic drugs and the differential risks that they pose for 

diabetes.

1.1 Overview of Antipsychotic Drugs 

1.1.1 History 

The first antipsychotic drug, chlorpromazine, was derived from a drug that was used as 

an anesthetic for surgery. During the early 1950’s, a French surgeon discovered that the 

anesthetic drug he used on his patients had an effect on patients’ central nervous system. 

The drug was sent for pharmacologic testing and a minor change was made, after which 

the drug was introduced as an antipsychotic under the name of chlorpromazine. 

Psychiatrists, notably Delay and Deniker, found that chlorpromazine reduced positive 

schizophrenia symptoms such as; delusions, hallucinations and disorganized thought and 

behavior [1]. In Canada, Heinz Lehman, along with psychiatrists around the world, 

conducted clinical trials of chlorpromazine which provided evidence that chlorpromazine 

had a therapeutic effect on psychoses. In 1954, chlorpromazine was approved in the US 

for treatment of psychiatric disorders [2]. Chlorpromazine revolutionized care for the 
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mentally ill, allowing patients to be discharged from psychiatric facilities once their 

psychotic behaviors were under control. Chlorpromazine also provided an alternative 

treatment to invasive procedures such as electroconvulsive shock therapy (ECT) and 

insulin shock therapy. The benefits of chlorpromazine stimulated the search for other 

chlorpromazine derivatives. Many other antipsychotic drugs have been introduced since 

then: from first generation drugs that work similarly to chlorpromazine to newer ones that 

have different mechanisms of action.   

1.1.2 Indications

Antipsychotic drugs are typically used to treat psychoses. However, they can also be 

prescribed to relieve specific symptoms (see Table 1.1). Antipsychotic drugs are most 

often prescribed to reduce multiple symptoms that occur in the presence of a psychotic 

disorder.

Table 1.1 Target symptoms that may respond to antipsychotic drugs1

Aggressive-
Hyperactive

type symptoms 

Positive
Symptoms 

Negative
Symptoms 

Other Symptoms 

Agitation* Hallucinations* Insomnia* Confusion
Irritability* Delusions* Negativism* Defective Judgment 

Hyperactivity* Thought 
disorganization

Indifference to 
environment 

Delirium 

Hostility* Suspiciousness  Anxiety Disorientation
Combativeness* Paranoid

ideation
Apathy (emotional 

flattening)
Catatonic motor 

behavior
Aggressiveness Unusual thought 

content
Poor appetite Difficulty in relating 

Assaultiveness Feelings of 
unreality 

Poor concentration Motor retardation 

Resistiveness Lack of insight Slowed speech Mannerisms or facial 
grimaces 

Excitement Bizarre
thinking/speech

Social withdrawal Somatic concern 

Grandiosity Flight of ideas Deterioration of 
social habits

Inappropriateness 

Elation Irrelevancy 
* Symptoms most likely to improve from antipsychotic drugs 

1 Taken from: Mason G: Clinical handbook of antipsychotic drug therapy. New York, Brunner/Mazel 
Publishers, 1980 
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1.1.2.1 Schizophrenia

Schizophrenia is the most common disorder for which treatment with antipsychotic 

medications is indicated.   

1.1.2.1.1 Definition

Schizophrenia is a disabling mental disorder that often leads to a loss of functioning 

across several domains. Symptoms of schizophrenia are divided into 2 categories: 

positive and negative symptoms. Positive symptoms include: delusions, hallucinations, 

disorganized speech and disorganized behavior. Negative symptoms include: flattened 

affect, poverty of speech (alogia), difficulty beginning and completing tasks (avolition) 

and an inability to take pleasure in things (anhedonia). A diagnosis of schizophrenia 

requires that these symptoms cause social or occupational dysfunction for at least six 

months [3].  Two other psychotic disorders are closely related to schizophrenia: 

schizophreniform disorder and schizoaffective disorder. Both require fewer symptoms 

than those necessary for a diagnosis of schizophrenia, indicating a possible continuum of 

schizophrenia. The majority of first episode psychoses occur in individuals between the 

ages 15-30 and may occur earlier in individuals who have immediate relatives with the 

illness. The onset tends to be earlier in males with an average age of onset in males of 18 

years and in females of 25 years [4].  

The incidence of schizophrenia has been estimated at 0.20 per 1000 per year [3, 5, 6].  

Prevalence estimates of schizophrenia are much higher and can be measured either at a 

point in time (point prevalence) or across a lifetime (lifetime prevalence).  Prevalence 

estimates can vary depending on the underlying age structure of a population (since 

typical schizophrenia onset is late teens or after, the prevalence of schizophrenia may be 

lower in populations that have a greater proportion of children and teenagers). Lifetime 

prevalence estimates of schizophrenia typically vary between 0.5% -1.0 % worldwide [7]. 
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1.1.2.1.2 Risks and Critical Periods

The most well known risk factor for schizophrenia is a family history of schizophrenia. 

Meta analyses of familial studies estimating the risk of schizophrenia in first-degree 

relatives compared to age and gender matched controls have yielded an Odds Ratio (OR) 

of  9.77 [6]. A  meta-analysis of twin studies found a high heritability of schizophrenia2

estimated at 81% and a much smaller albeit statistically significant environmental effect 

(shared environmental influences) estimated at 11% [8]. Late life risk factors for 

schizophrenia include social stress and substance abuse. Social adversity can induce 

problems with the dopamine system, relevant to the pathology of schizophrenia. An 

animal study induced social stress by housing a bully mouse with a less dominant mouse, 

after which, the less dominant mouse showed changes in brain structure and dopamine 

functioning relevant to the pathophysiology of schizophrenia  [9]. Also, studies have 

found that past and current cannabis use is more common in persons with schizophrenia. 

Cannabis use has been found to precipitate a psychotic episode that may lead to 

schizophrenia [10].

Abnormal brain development at different stages in life has been implicated in the 

development, onset and course of schizophrenia. The early developmental model points 

to factors during the second half of gestation that may lead to a lesion which can interfere 

with later brain functioning. Prenatal exposure to maternal infection and inflammation 

(which may occur more in urban areas), maternal malnutrition and maternal stress can all 

lead to brain abnormalities in the developing fetus that may be related to the development 

of schizophrenia [11-13]. The late developmental model posits that normal changes that 

occur in the adolescent brain in areas such as: delta sleep, membrane synthesis, gray 

matter volume and prefrontal metabolism are exaggerated in patients with schizophrenia 

as compared to healthy controls. The post-illness progression model seeks to account for 

deterioration in patients with schizophrenia; adverse structural changes in the brain may 

increase after first episode psychoses by way of neurochemical sensitization which can 

occur after persistent exposure to neurochemical stressors [6, 14].  

2 A measure of genetic variance that explains how much the characteristics of the offspring are dependent 
on the parent 
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1.1.2.1.3 Progression 

Although schizophrenia is not typically diagnosed in childhood, evidence has shown that 

some children who later develop schizophrenia differ in terms of cognitive and behavior 

measures compared to children who do not develop schizophrenia. A1946 British cohort 

study found that persons who developed schizophrenia, compared to healthy age matched 

controls: learned to walk at later ages, had more speech problems, had lower education 

scores between ages 8-16, and had greater solitary play preferences between 4-6 years 

[15]. Furthermore, adolescent males aged 16-17, who were later hospitalized for 

schizophrenia had significantly lower social functioning, organizational and intellectual 

abilities compared to age matched males who were not later  hospitalized for 

schizophrenia [16]. However, not all patients who develop schizophrenia display early 

signs; these patients may have a better prognosis.

Early symptoms that may indicate the onset of schizophrenia, known as prodromal 

symptoms, can occur anywhere from weeks to years before the first episode of psychosis. 

Prodromal symptoms include: suspicious thoughts, ideas of reference (intrusive thoughts 

that are known not to be real), auditory hallucinations, increased distractibility and 

attention problems [3].  Progression of symptoms causes severe impairment of social and 

occupational functioning. Negative symptoms may cause the most impairment and are 

also the most resistant to treatment [7]. Patients may be divided into categories with 

many falling into the category of cyclic episodes and recoveries, other patients showing a 

stable, chronic course with poor prognosis and still others showing a steady course of 

illness with consistent good outcome [17].   

 Patients with schizophrenia have mortality rates that are two to three times higher than 

the general population, which may be a result of increased suicide rates and common co-

morbidities which may result  from the interaction between poor diet, medications, low 

rates of physical activity and substance abuse [18].
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1.1.2.2 Other Indications

Although schizophrenia is the most common psychiatric disorder for which antipsychotic 

medications are prescribed, antipsychotic medications can be used to treat a variety of 

psychotic disorders (as part of a treatment regimen or as stand alone treatment). Table 1.2 

outlines various psychotic disorders from the Diagnostic and Statistical Manual of Mental 

Disorders IV (DSM-IV) that may be treated with antipsychotic medications.  

1.1.2.2.1 Children

Antipsychotic drugs can also be prescribed to children for some of the above conditions 

such as schizophrenia (early onset) and mood disorder with psychotic features. However, 

antipsychotics may also be prescribed as part of a treatment regimen for disorders that 

occur in youth such as autism and developmental disorders (defined by impairments in 

social interaction and communication as well as stereotyped behavior) (DSM-IV). 

Additionally, antipsychotic medications may be prescribed for Tourette’s disorder (motor 

or verbal tics), disruptive behavior disorders in youth and anorexia nervosa (refusal to 

maintain a healthy body weight).  

1.1.2.2.2 Elderly 

Antipsychotic medications are often prescribed to elderly persons in nursing homes or in 

the hospital [19, 20]. Antipsychotic medications are most frequently prescribed to elderly 

persons for disorders such as chronic schizophrenia, paranoid disorder and degenerative 

dementia. However medications may also be prescribed off label, particularly in the 

elderly to help control non-psychotic behavioral and psychological symptoms associated 

with dementia, depression and bipolar disorder [21].  

1.2 Typical Antipsychotic Drugs 

There are a number of different typical antipsychotic drugs (also known as first 

generation drugs) that are chemically related. These drugs are classed together because of 

the similar therapeutic effects that they have on positive symptoms as well the 

mechanism by which they work.  
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Table 1.2 Psychotic disorders that can be treated with antipsychotic drugs3

Disorder Symptoms Duration Types

Schizophreniform 
Disorder

Delusions, hallucinations, disorganized 
speech/behavior, negative symptoms 

1-6
months 

Rapid onset, 
confusion at height 

of psychotic 
episode

Brief Psychotic 
Disorder

Delusions, hallucinations, disorganized 
speech or behavior not consistent with 

cultural norms 

1 day or 
less than a 

month 

With marked 
stressors, without 
marked stressors, 
postpartum onset 

Delusional
Disorder

Non-bizarre delusions 
(plausible but incorrect belief) 

At least 1 
month 

Erotomanic, 
grandiose, jealous, 

persecutory, 
somatic, mixed, 

unspecified
Shared Single 

Psychotic 
Disorder

Delusion developing in context of close 
relationship with another person(s) who 

has an already established delusion; 
delusion is similar to the other person’s 

- -

Psychotic 
Condition Due to

a General 
Medical

Condition

Prominent hallucinations or delusions; 
with evidence from history or physical 

findings that they are the direct 
physiological consequence of a medical 

condition

- With delusions, 
with hallucinations

Substance-
Induced

Psychotic 
Disorder

Prominent hallucinations or delusions 
without insight in context of substance 

intoxication or withdrawal, or with 
evidence that medication use is 

etiologically related to the disturbance 

- Onset during 
intoxication, Onset 
during withdrawal 

Mood Disorder 
with Psychotic 

Features

Presence of either delusions or 
hallucinations in context of major 

depressive episode or manic episode 

- Mood congruent, 
Mood incongruent 

Delirium Disturbance of consciousness with 
attentional impairments, change in 

cognition or development of perceptual 
disturbance such as hallucinations, with 
evidence that it is a direct physiological 

consequence of a general medical 
condition

Short
period of 
time and 
fluctuates
during the 
course of 

a day 
Dementia Development of multiple cognitive 

deficits; presentation depends on type of 
dementia 

Sudden
onset or 
chronic

Delusions can be 
prominent 

hallucinations

3 Taken from:  Leonard BE: Atypical antipsychotics- from bench to bedside. New York, Marcel Dekker 
Inc., 2004 
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1.2.1 Mode of Action

Typical antipsychotic drugs inhibit dopamine function in the brain.  Specifically, these 

drugs block post-synaptic dopamine receptors in the brain, in areas such as the frontal 

cortical region and limbic region. Figure 1.1 illustrates antipsychotic binding to dopamine 

receptors. An excess of dopamine is associated with positive schizophrenia symptoms 

such as hallucinations and paranoia [22].  Typical antipsychotics also block histamine H1

receptors, adrenergic alpha1 receptors and muscarinic cholinergic receptors. Blockage of 

the latter receptors can be associated  with antipsychotic side effects [6].  Blockage of 

dopamine receptors is related to both therapeutic and negative side effects. Specifically, 

blockage of D2 receptors in the basal ganglia is related to negative side effects, while 

blockage of D2 receptors in areas such as the cerebral cortex may be related to 

therapeutic effects [23].   

1.2.2 Effectiveness

Typical antipsychotic medications have been found to: lessen the intensity of positive 

symptoms such as hallucinations, delusions and disorganized behaviors; shorten 

psychotic episodes and weaken the risk of relapse. Elkes and Elkes used a case cross-over 

design in which patients with chronic schizophrenia served as their own control to 

illustrate the effectiveness of chlorpromazine compared to no medication [24]. The U.S. 

National Institute of Mental Health published a study in 1964 showing that 60% of 

psychotic patients who used antipsychotic medication had complete remission of positive 

symptoms in a 6-week period as compared to  20% of psychotic patients in the placebo 

group [25]. A 1968 study found antipsychotic medication alone superior to: 

psychoanalysis alone, psychoanalysis and medication, ECT or combination therapies (not 

including antipsychotics) in patients with schizophrenia [6]. Hogarty and Goldberg found 

that in patients discharged from the  hospital and randomized to take either 

chlorpromazine or placebo, the placebo group was more likely to have a relapse after 12 

months of follow-up [26]. While typical antipsychotic drugs reduce positive symptoms, 

there has been no such evidence that these drugs reduce negative symptoms, and it is 

even possible that typical antipsychotic drugs may exacerbate some negative symptoms 

such as blunted affect and emotional withdrawal at high doses (7).
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Figure 1.1 Antipsychotic binding to dopamine receptors4

1.2.3 Side Effects 

The most common side effects of typical antipsychotic drugs are extrapyramidal side 

effects (EPS). EPS include: a distressing feeling of restlessness and resulting movements 

referred to as akathisia; symptom clusters such as tremor, muscle rigidity, cognitive 

slowing and apathy referred to as drug-induced parkinsonism; muscular spasms, 

abnormal neck positioning and  problematic swallowing referred to as dystonia;

neuroleptic malignant syndrome defined by symptoms such as  rigidity and hyperthermia; 

and tardive dyskinesia defined by involuntary, repetitive movements of the face and 

extremities[7]. EPS can occur after acute or chronic long term use of antipsychotic 

drugs[27]. EPS is observed more in patients who use high potency typical drugs such as 

haloperidol at high doses. A 1960 study found the prevalence of EPS in patients using 

antipsychotic medication to be 40%, indicating a large burden on patients [1]. EPS may 

be reduced by lowering antipsychotic dose, or by administering drugs such as beta-

blockers, anticholinergic agents or benzodiazepines.  

Another possible side effect of typical antipsychotic drugs is weight gain.  Studies have 

found thioridazine, chlorpromazine, haloperidol, fluphenazine and molindone to be 

associated with significant weight gain [28]. Cases of diabetes have also been reported 

with the use of typical drugs (although the occurrence of diabetes has most often been 

studied in conjunction with atypical antipsychotics). Other side effects that may occur 

4 Taken from: Cardwell M, Flanagan, C.: Psychology A2: the complete companion, Nelson 
ThornesThomas?  Indicate city too. , 2003, page 220
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after use of typical antipsychotic drugs include: elevated levels of cholesterol and 

increased prolactin which can result in sexual problems such as decreased libido and 

anorgasmia. Additionally, neuroleptic dysphoria may occur, an unpleasant subjective 

change in arousal, mood, thinking and motivation which occurs in response to 

antipsychotic medication [7]. Side effects may eventually lead to non-compliance with 

medication, especially when severe side-effects such as drug-induced parkinsonism are 

present. Compliance with medication regimens has been shown to result in reduced 

hospitalizations and rates of death due to suicide [29].

1.3 Atypical Antipsychotic Drugs 

Lack of efficacy on negative symptoms and severe side effects from typical antipsychotic 

drugs motivated the search for new antipsychotic drugs that could target these problems. 

During the late 1950’s, German psychiatrists formulated clozapine, the prototype for the 

‘atypical antipsychotic drugs’ [1]. The label of ‘atypical antipsychotic’ came from these 

drugs’ ability to block neurotransmitter receptors other than dopamine, which allows the 

reduction of negative symptoms and EPS. 

Clozapine was officially released in Europe during the 1970s. However, reports of 

agranulocytosis, a rare but severe condition, resulted in the withdrawal of the drug from 

the market in 1975 [2]. A key study in 1988 demonstrated clozapine’s superiority to 

chlorpromazine in treatment resistant patients [30]; clozapine was eventually marketed in 

Canada in 1991 with strict guidelines to monitor patient white blood cell counts. During 

the 1990s several other atypical drugs were introduced in Canada: risperidone was 

marketed in 1993,  olanzapine in 1996 and quetiapine in 1998 [31].

1.3.1 Mode of Action 

The atypical antipsychotic drugs work as mixed receptor antagonists5. In addition to 

blocking dopamine receptors (D2) as do the typical drugs, the atypical drugs can also 

block serotonin 2A (5-HT2A) receptors. Atypical drugs block can bind more loosely to D2

5 An antagonist blocks an action   
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receptors than the typical antipsychotic drugs, which may help reduce EPS and negative 

symptoms [23].   

1.3.2 Effectiveness 

1.3.2.1 Between Class Comparison 

Atypical antipsychotic drugs have generally been found to be at least as effective as, or 

more effective than typical drugs in terms of reducing both positive and negative 

symptoms [7]. Recent evidence from the Clinical Antipsychotic Trials of Intervention 

Effectiveness (CATIE) did not find atypical drugs quetiapine or risperidone superior to 

the typical antipsychotic drug perphenazine, in terms of  time to discontinuation6 [32]. 

Furthermore, the British Cost Utility of the Latest Antipsychotic Drugs in Schizophrenia 

Study (CUTLASS) found that patients randomly switched to an atypical drug other than 

clozapine compared to patients randomly switched to a typical drug did not experience 

any benefits in terms of quality of life, positive and negative symptoms or associated 

costs following 1 year of treatment [33].   

Risperidone has been shown to be at least as effective as typical antipsychotic drugs in 

reducing schizophrenia symptoms and superior to some specific typical agents such as 

haloperidol. Risperidone has a longer time to all cause discontinuation and lower 

rehospitalization rates compared to haloperidol [34]. Olanzapine has been shown to be at 

least as effective as first generation antipsychotics in symptom reduction and some 

controlled trials have also found olanzapine to be superior to haloperidol in decreasing 

total psychopathology and negative symptoms [35]. Meta analyses have found quetiapine 

to be of similar efficacy to haloperidol [36]. A double blind study by Kane and colleagues 

found that in treatment resistant patents (defined by failing to respond to 3 previous 

treatments, low functioning and lack of response to haloperidol), 30% of patients 

receiving clozapine responded to treatment, showing a reduction in symptomology,  as 

compared with 4% of the chlorpromazine group in a 6 week study [30]. Another study 

found that in a sample of 51 treatment resistant patients, 60% had a reduction in their 

6 Time to discontinuation is a clinically meaning outcome measure that measures the amount of time before 
a patient discontinues medication.  
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Brief Psychotic Rating Scale after initiation of clozapine treatment [37]. Although 

atypical agents are generally superior to haloperidol in terms of symptom reduction, 

haloperidol works more quickly to control positive symptoms.  

1.3.2.2 Within Class Comparison  

The relative effectiveness amongst the atypical antipsychotic drugs has been examined, 

particularly in the CATIE trial [38]. Phase II of the CATIE trial found time to treatment 

discontinuation as follows: risperidone (median: 7 months), olanzapine (6.3 months), 

quetiapine (4.0 months) and ziprasidone (2.8 months). A greater time to treatment 

discontinuation is desirable; if a patient discontinues drug treatment this can indicate the 

drug does not provide adequate symptom relief or the drug may cause undesirable side 

effects. Phase I of the CATIE trial found olanzapine superior to both quetiapine and 

risperidone in terms of time to discontinuation. Reasons for discontinuation differed 

between the drugs with olanzapine mostly discontinued due to adverse events such as 

weight gain and metabolic effects while quetiapine and risperidone were often 

discontinued due to lack of efficacy [32]. In patients with schizophrenia, clozapine has 

been found to be superior to other atypical drugs in terms of: symptom reduction, time to 

discontinuation, reduction of suicide attempts, and costs of rehospitalizations [37-40] 

1.3.3 Side Effects 

All atypical drugs have been found to increase the risk of weight gain (to varying 

degrees), with clozapine and olanzapine associated with the greatest amount of weight 

gain [41]. Other general side effects that may occur with use of atypical drugs include: 

glucose and lipid abnormalities, EPS, hypotension and tachycardia (increased heart rate) 

(32).  In terms of side effects specific to atypical drugs: risperidone (at high doses) 

increases the risk of EPS and serum prolactin elevation, olanzapine can induce excessive 

sedation, and quetiapine can cause sedation and hypotension. In rare cases clozapine can 

cause agranulocytosis, seizures, and myocarditis (inflammation of the heart) [7]. 

Although decreasing medication dosage can help lessen the risk of severe side effects, 

due to the number and severity of potential side effects from clozapine use, clozapine has 
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been relegated to third line treatment and is only recommended for use in patients who 

have failed to respond to another antipsychotic drug [42].

There is growing concern about the risks of weight gain, metabolic problems and diabetes 

induced by atypical antipsychotic agents. A number of case reports, chart studies and 

large scale studies have provided evidence of antipsychotic induced diabetes. All drugs 

do not appear equal in terms of their risks of diabetes, however. [43-47]. 

1.4 Type II Diabetes 

1.4.1 Physiology 

In a healthy individual, glucose is absorbed from sweet, starchy foods after the foods 

have been digested. The glucose is then utilized by cells to produce energy or convert 

excess glucose into fat for storage.  The absorption of glucose into cells is controlled by 

the hormone insulin, which is produced in the pancreas by beta cells of the islets of 

Langerhans. A rise in blood glucose will stimulate insulin secretion and when the blood 

glucose is low enough, insulin secretion is inhibited by negative feedback [48]. This 

cycle is illustrated in Figure 1.2.

Diabetes occurs when the body cannot properly utilize glucose as a result of insulin 

resistance7 or when there an insufficient amount of insulin. Insulin resistance or 

insufficient insulin results in the inability of glucose to move into the cells which leads to 

glucose accumulation in the blood, eventually causing hyperglycemia (elevated blood 

glucose). Acute hyperglycemia can lead to life threatening complications such as 

ketoacidosis.

1.4.2 Criteria 

One of the defining features of diabetes is chronic hyperglycemia. The WHO criteria for 

diabetes requires a fasting blood glucose level above 126 mg/dL, or a 2 hour post load 

glucose above 200 mg/dL. Common symptoms of diabetes include increased thirst, 

weight loss, fatigue, blurred vision and slow bruise healing. Type II diabetes has an 

7 Insulin resistance occurs when adequate amounts of insulin are present but glucose is not taken up by 
cells.
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estimated prevalence of 4.5 % in the general population and 16%- 25% in patients with 

schizophrenia [49, 50].

Figure 1.2 Negative feedback of insulin control8

1.4.3 Risks 

Metabolic syndrome represents a group of risk factors for type II diabetes. Metabolic 

syndrome is diagnosed when 3 or more of the following are present: increased weight 

around the waist, high levels of triglycerides, low levels of high-density lipoproteins 

cholesterol, high blood pressure, and high fasting blood glucose levels [51]. Another well 

known risk factor for diabetes is obesity. Mokdad found that severely overweight men 

had an OR of 7.4 for diabetes compared to age-matched men with a healthy weight [52]. 

Age is another major risk factor for diabetes; rates of diabetes are much higher in older 

populations [53].  Family history of diabetes and ethnicity are also risk factors for the 

development of type II diabetes [7]. Additionally, a diagnosis of schizophrenia may 

increase the risk for diabetes.  Untreated patients with schizophrenia have been shown to 

8 Taken from: Nair M: Diabetes mellitus, part 1: physiology and complications. British Journal of Nursing 
16: 2007, page 184 



23

have more glucose abnormalities including insulin resistance compared to healthy 

controls [54].

1.4.4 Mechanisms of Antipsychotic- Induced Diabetes

One mechanism of antipsychotic-induced diabetes is through direct effects of 

antipsychotic drugs on insulin resistance. Antipsychotic drugs may have a direct effect on 

insulin-sensitive target tissues [55]. It is possible that antipsychotic drugs can directly 

impair the glucose transporter function in the absence of weight gain.

Another plausible mechanism of antipsychotic-induced diabetes is via weight gain, which 

can lead to insulin resistance and hyperglycemia. Several antipsychotic drugs have been 

linked to weight gain; atypical antipsychotic drugs such as olanzapine and clozapine are 

associated with the greatest amount of weight gain with patients gaining as much as 10% 

of their original weight within a year of treatment initiation compared to patients who 

receive no medication [41].  Significant weight gain is also observed with typical 

antipsychotic drugs, especially low-potency drugs such as chlorpromazine and 

thioridazine [41]. 

Weight gain is dependent on both energy intake and energy expenditure. A positive net 

energy leads to weight gain. This can occur through increased food intake, decreased 

exercise or a combination of both factors. The primary effect of antipsychotic medication 

on weight gain is through appetite stimulation and increased food intake (in the absence 

of compensatory increase in energy expenditure) [7]. The hypothalamus is the site in the 

brain responsible for weight regulation. Dopamine and serotonin are involved in 

messaging satiety to the hypothalamus. Antagonism of serotonin may  increase appetite 

and lead to weight gain [56]. The specific receptor 5-HT2c is a possible candidate for 

weight gain in atypical antipsychotic drugs (56). Atypical antipsychotic drugs can act as 

agonists9 for this receptor which may lead to weight gain [28]. Histamine can also signal 

an anti-obesity message to the hypothalamus. Antipsychotic affinity for histamine 

receptors may interfere with signaling to hypothalamus and may be related to weight gain 

9 A drug that binds to a receptor of a cell and triggers a response by the cell. An agonist often mimics the 
action of a naturally occurring substance (from www.medterms.com) 
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[57]. An increase in prolactin levels, caused mainly by typical antipsychotic drugs may 

also lead to weight gain (56). Atypical antipsychotic drugs may possibly enhance a brain 

chemical function (gamma aminobutyric acid) which may cause weight gain (56). Levels 

of the hormone leptin are increased in patients treated with atypical antipsychotic drugs 

who have gained weight and have been found to decrease after medication cessation (29). 

Additionally, sedative effects of antipsychotic drugs can lead to physical inactivity, 

thereby contributing to weight gain (7).

1.5 Antipsychotic Drugs and Diabetes

Several studies have examined the risk of antipsychotic drugs on the development of 

diabetes. This section provides a brief overview of these studies. 

A Medline search was conducted using the following search terms: antipsychotic 

(clozapine, risperidone, olanzapine, quetiapine, first generation, typical, second 

generation, atypical) and diabetes. Studies had to meet the following criteria to be 

included:

1) Studies had to analytic in nature, which included many cohort, case-control, and 

nested-case control studies (we did not find any relevant randomized trials); descriptive 

studies such as case reports and small chart studies were not included in the following 

review but are discussed later.

2) Differential risks of antipsychotic exposure and diabetes had to be assessed; of interest 

is the risk an antipsychotic drug poses relative to the risk of another antipsychotic drug 

within a particular study; it may be difficult to compare risks of drugs between different 

studies since each study generally has its own unique methodology that can directly 

affect the risk estimate. 

3) Studies had to assess the effect of antipsychotic exposure on the outcome of diabetes.  

Eleven studies met these criteria and are summarized below. 
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1) Leslie & Rosenheck (2004) [58]

Patient Source: VA database, patients with schizophrenia, n=56,649; Study Design: 

Retrospective Cohort Design; Exposure: measured as any consistent 3 month 

antipsychotic  regime; Outcome: Diabetes measured by outpatient claims for diabetes; 

Funding: VA, NIMH, Bristol-Meyers Squibb.10

Main Findings: Clozapine and olanzapine both posed a significantly increased risk of 

diabetes compared to use of a typical agent; clozapine (HR=1.57 (95 % CI=1.31, 1.89)), 

olanzapine (HR= 1.15 (CI=1.07, 1.24)). Neither quetiapine nor risperidone posed a 

significant risk for diabetes compared to a typical agent.  

Strengths: (1) Large sample size (allowing sufficient power to detect differences in risks 

amongst the antipsychotic drugs); (2) A homogenous patient population from VA with a 

diagnosis of schizophrenia; (3) Inclusion of several relevant factors: race, income, co-

morbid mental health diagnoses, levels of service use, degree of VA service-connected 

disability.

Limitations: (1) a short follow-up that may not have detected cases of diabetes that took 

longer than a year to develop; (2) failure to control for antipsychotic switching and 

polytherapy outside of the 3 month interval; (3) assuming equal risk for all typical 

antipsychotic drugs.

2) Lambert et al. (2005) [59]  

Patient Source: California Medicaid claims, n=18,186; Study Design: Matched case-

control study; Exposure: antipsychotic medication measured 12 weeks prior to diabetes; 

Outcome: Diabetes measured by ICD-9 codes or prescription of an antidiabetic agent; 

Funding: Bristol-Myers Squibb. 

Main Findings: Clozapine and olanzapine both pose a significantly increased risk of 

diabetes compared to use of typical antipsychotic drugs: clozapine (OR=1.36 (CI=1.16, 

1.55)), olanzapine (OR=1.34 (CI=1.20, 1.53)). Risks for olanazpine increased with 

dosage. Risperidone and quetiapine did not pose significant risks of diabetes. 

10 Manufactures antipsychotic aripiprazole  
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Strengths: (1) Large sample size; (2) measurement of a dose response relationship (dose 

was measured in quartiles), which may be more relevant to development of diabetes; (3) 

inclusion of covariates race and use drugs that have been found to increase the risk of 

diabetes.

Limitations: (1) Inclusion of prevalent antipsychotic users, who may have used multiple 

drugs and or switched drugs during study period; (2) A short window of antipsychotic 

exposure (12 weeks prior to diabetes). 

3) Sernyak et al. (2002) [60] 

Patient Source: VA database, patients with schizophrenia, n=38,632; Study Design: 

Retrospective Cohort; Exposure: antipsychotic medication measured in a 4 month period; 

Outcome: Diabetes measured by ICD-9 codes in database; Funding: VA Mental Illness 

Research.

Main Findings: Clozapine, olanzapine and quetiapine pose significant risks for diabetes 

compared to typical antipsychotic drugs: clozapine (OR=1.25 (CI=1.07, 1.46)), 

olanzapine (OR=1.11 (CI=1.04, 1.18)), quetiapine (OR=1.31 (CI=1.11, 1.55)). 

Risperidone did not pose a significant risk of diabetes. 

Strengths: (1) Large sample size, particularly in the clozapine group (n= 1,207); (2) 

Stratification   by age helping to equalize patients in terms of baseline risk factors for 

diabetes; (3) Including covariates: race, income, distance to nearest hospital and days 

hospitalized in a psychiatric facility. 

Limitations:  (1) Short follow-up time; (2) Inclusion of patients who may have switched 

antipsychotic drugs or used more than one antipsychotic drug; (3) Lack of data on 

weight; (4) Grouping of all typical drugs together.

4) Kornegay et al. (2002)  [61] 

Patient Source: United Kingdom General Practice Research Database, patients with 

schizophrenia, n=3,147; Study Design: Nested Case Control; Exposure: Antipsychotic 

medication measured in a 3 month period prior to diabetes; Outcome: Diabetes measured 

by ICD-9 codes in database; Funding: Bristol-Meyers Squibb.
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Main Findings: Use of olanzapine posed a significant risk for diabetes compared to use of 

typical antipsychotic drugs (OR=5.8 (CI=1.5, 10.9)). Risperidone did not pose a 

significant risk of diabetes. Clozapine and quetiapine were not included due to small 

sample size.  

Strengths: (1) Stratification by age; (2) Several factors were controlled for: index year, 

duration of follow-up and use of medications known to increase the risk of diabetes

Limitations: (1) Short follow-up to detect diabetes; (2) Inclusion of patients who may 

have switched antipsychotic drugs or used more than one antipsychotic drug; (3) Lack of 

data on weight; (4) Grouping of all typical drugs together.

5) Barner et al. (2004) [62]

Patient Source: Veterans Healthcare Texas, n=6,735; Study Design: Retrospective 

Cohort; Exposure: index antipsychotic used, 1 year of follow-up; Outcome: Diabetes 

measured by ICD-9 codes in database or prescription of an antidiabetic agent; Funding: 

Eli Lilly.11

Main Findings: Use of olanzapine, risperidone or quetiapine did not significantly increase 

the risk of diabetes compared to use of a typical antipsychotic. Clozapine was not 

included in the study.

Strengths:  (1) Inclusion of several factors including: body mass index, hyperlipidemia, 

hypertension, race and mental health comorbidity.   

Limitations:  (1) Small sample size (especially for individual atypical drugs); (2) 

Antipsychotic exposure measured by index drug; (3) Failure to account for antipsychotic 

switching or polytherapy; (4) Typical antipsychotic drugs were grouped together.   

6) Citrome et al. (2004) [63] 

Patient Source: New York mental health database, n=1,629; Study Design: Case-control 

study; Exposure: Antipsychotic used up to 6 months before diabetes; Outcome: Diabetes 

11 Manufactures olanzapine 



28

measured by prescription of an antidiabetic agent; Funding: Eli Lilly, Janssen12 Research 

and Pfizer Inc.

Main Findings: Use of clozapine and quetiapine significantly increased the risk of 

diabetes compared to use of a typical antipsychotic; clozapine (OR=2.06 (CI=1.07, 

3.99)), quetiapine (OR=3.09 (CI=1.59, 6.03)). Use of olanzapine or risperidone did not 

significantly increase the risk of diabetes compared to use of a typical antipsychotic.  

Strengths: (1) Assessing whether certain antipsychotic drug users were monitored more 

for diabetes. 

Limitations:  (1) Small sample size; (2) failure to account for antipsychotic switching or 

polytherapy; (3) Diabetes measured by prescription for antidiabetic drug alone (which 

can be prescribed prophylactically, in the absence of diabetes); (4) Typical antipsychotic 

drugs were grouped together.

7) Buse et al. (2003) [64]  

Patient Source: Advance PCS, n=58,751; Study Design: Retrospective Cohort; Exposure: 

Antipsychotic drugs used during a 1 year period; Outcome: Diabetes measured by 

prescription of an antidiabetic agent; Funding: Eli Lilly.

Main Findings: Use of any antipsychotic drug significantly increased the risk of diabetes 

compared to a general patient population: low potency typical (HR=4.2 (CI=3.2, 5.5)), 

risperidone (HR=3.4 (CI=3.1, 3.8)), clozapine (HR=3.3 (CI=1.4, 8.0)), other typical 

(HR=3.1 (CI=2.6, 3.7), olanzapine (HR=3.0 (CI=2.6, 3.5)), quetiapine (HR=1.7 (CI=1.2, 

2.4)). Use of risperidone and not any other atypical antipsychotic increased the risk of 

diabetes compared to haloperidol users. A positive-dose response relationship was 

observed with low-potency drugs alone. 

Strengths: (1) Very large sample size; (2) Measurement of exposure to specific typical 

antipsychotic drugs; (3) Measuring antipsychotic dose (quartiles of dose). 

12 Manufactures risperidone 
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Limitations: (1) Failure to account for antipsychotic switching or polytherapy; (2) 

Diabetes measured by prescription for antidiabetic drug alone; (3) Failure to measure any 

psychiatric diagnoses; (4) Short follow-up time period.  

8) Carlson et al. (2005) [65]  

Patient Source: United Kingdom General Practice Research Database, n=68,142; Study 

Design: Retrospective Cohort; Exposure: Number of days on drug from index date to 

study end, between 1994-2001; Outcome: Diabetes measured by patient records or 

prescription of an antidiabetic agent; Funding: Eli Lilly.

Main Findings: Use of risperidone, olanzapine or thiordazine, a low-potency typical 

significantly increased the risk of diabetes compared to no use of an antipsychotic drug; 

risperidone (HR=2.5 (CI=1.4-4.5)), olanzapine (HR=3.9 (CI=1.9-8.1)), thiordazine 

(HR=1.7 (CI=1.1-2.5)). Clozapine and quetiapine were not included in the study.

Strengths: (1) Long follow-up period; (2) Included individual typical antipsychotic drugs; 

(3) Controlled for obesity and use of drugs associated with diabetes; (4) Considered 

cumulative antipsychotic exposure.    

Limitations: (1) Sample size was small for atypical drugs; (2) Reference population 

(persons in the UK database not using antipsychotic medications) were significantly older 

than antipsychotic users; (3) Psychiatric diagnoses were not controlled for in this study.

9)    Gianfrancesco et al. (2002) [66]  

Patient Source: Managed care health plan from the US, n=7,933; Study Design: 

Retrospective Cohort; Exposure: Treatment episodes of antipsychotic drugs between 

1996-1997; Outcome: Diabetes measured by patient records or prescription of an 

antidiabetic agent; Funding: Janssen. 

Main Findings: Use of clozapine, olanzapine, high potency typicals and low potency 

typicals significantly increased the risk of diabetes compared to no use of an 

antipsychotic: clozapine (OR=7.4 (CI=0.6, 34.8)), olanzapine (OR=3.1 (1.6, 5.9)), high 

potency typicals (OR=2.1 (1.1, 4.1)), low potency typicals (OR=3.5 (CI=1.5, 7.8)). Use 
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of risperidone did not increase the risk of diabetes compared to the general population. 

Quetiapine was not available at the time of this study.  

Strengths: (1) Individual typical drugs assessed; (2) Measurement of antipsychotic 

treatment duration and dosage (in risperidone equivalent units); (3) Control for several 

factors including use of drugs associated with diabetes, type of health care coverage, 

psychiatric diagnoses.

Limitations: (1) Failure to measure weight or BMI, known risk factors for diabetes; (2) 

failure to account for antipsychotic switching and polytherapy.

10)  Guo et al. (2006) [67]  

Patient Source: Managed care health plan from the US, patients with Bipolar Disorder, 

n=6,178; Study Design: Case-control study; Exposure: 3 month exposure period before 

diabetes; Outcome: Diabetes measured by patient records or prescription of an 

antidiabetic agent; Funding: Bristol-Meyers Squibb. 

Main Findings: Use of clozapine, olanzapine, risperidone or quetiapine significantly 

increased the risk of diabetes compared to use of typical antipsychotics: clozapine 

(HR=7.0 (CI=1.7, 28.9)), olanzapine (HR=3.2 (2.7, 3.8)), risperidone (HR=3.4 (2.8, 4.2)), 

quetiapine (HR=1.8 (1.4, 2.4)). 

Strengths: (1) Controlled for several factors including use of drugs associated with 

diabetes, type of health care coverage, psychiatric diagnoses.

Limitations:  (1) Small sample size; (2) Failure to account for antipsychotic switching or 

polytherapy; (3) Short window of antipsychotic exposure.

11) Ostbye et al. (2005) [68]  

Patient Source: Advance PCS in the US, n=14,872; Study Design: Retrospective Cohort 

design; Exposure: Antipsychotic exposure measured during an 18 month period; 

Outcome: Diabetes measured by prescription of an antidiabetic agent; Funding: Eli Lilly. 

Main Findings: Use of clozapine, olanzapine, risperidone or quetiapine did not 

significantly increase the risk of diabetes compared to use of typical antipsychotic drugs.
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Strengths: (1) Assessment of individual typical drugs; (2) Inclusion of chronic disease 

score, which is associated with diabetes.

Limitations:  (1) Failure to measure weight or BMI; (2) Failure to account for 

antipsychotic switching or polytherapy; (3) Small sample size for individual atypical 

drugs.

Overall, clozapine and olanzapine appear to increase the risk of diabetes compared to use 

of typical antipsychotic drugs and no use of an antipsychotic drug. Furthermore, the few 

studies that have estimated the risk of diabetes in specific typical antipsychotic drugs 

have found low-potency typical drugs to pose an increased risk of diabetes compared to 

no use of an antipsychotic. The risks for risperidone, quetiapine and typical drugs (other 

than low-potency drugs) appear discrepant in terms of risks relative to other antipsychotic 

drugs.

Limitations common to the majority of studies include: short follow up time (usually less 

than a year) which may not allow adequate time to detect diagnoses of diabetes, a short 

window of antipsychotic exposure that cannot account for antipsychotic switching or 

polytherapy, and a small sample size of users of particular atypical antipsychotics.

 1.6 Study Objectives

Similar to the above-mentioned studies, this study seeks to assess the differential risks 

that antipsychotic drugs pose for diabetes. However, this study seeks to improve upon 

some of the fore-mentioned limitations of previous studies. Specifically, this study: 1) 

spans many years (1993-2004), allowing a long follow-up period to detect cases of 

diabetes; 2) measures antipsychotic exposure across entire time in study; 3) Includes a 

sensitivity analysis that restricts analysis to single drug users; 4) includes incident drug 

users; and 5) has a relatively large sample of atypical drug users. 

This study seeks to add evidence of a causal relationship between antipsychotic exposure 

and diabetes by assessing a dose-response relationship between antipsychotic drugs and 

diabetes. Demonstrating a dose-response relationship between two variables can help 
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establish causation according to the Austin Bradford Hill criteria (69). To our knowledge, 

this is the first study that uses a standardized dose that accumulates across time. The few 

studies that have examined a dose-response relationship have used antipsychotic quartiles 

that are driven by specific data; an increase in a specific drug from quartile 1 to quartile 2 

may not be equivalent to an increase from quartile 3 to quartile 4 of that same drug. An 

increase in quartile may not correspond to a clinically meaningful increase of an 

antipsychotic drug dose.
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Chapter 2 Methods 

2.1 Study Design

The present study relied on data from a larger study, as yet unpublished, that examined 

antipsychotic prescribing practices amongst general practitioners and psychiatrists and 

evaluated the impact of cost sharing and its removal on antipsychotic use. The present 

study is a longitudinal observational study in which individuals are followed throughout 

time. This study employed a retrospective cohort design.

2.2 Data Sources 

The data was provided by the Regie de l’assurance maladie du Quebec (RAMQ) and by 

the Ministry of Health and Social Services (MSSS) with approval from the Commission 

d’Accès à l’Information and the Douglas Hospital Research Ethics Board. Data on 

persons who filled at least one prescription for an antipsychotic drug between January 

1993 and December 2004 while on welfare in Quebec were extracted from RAMQ and 

Med-Echo databases13. Data provided by the RAMQ include: Pharmaceutical Data 

(including all prescriptions filled between 1993-2004, Drug Identification Number (DIN), 

dose, duration, date prescription filled, patient identifier, prescribing physician identifier, 

etc); Physician Services Data (including data on type of medical service, diagnosis, date 

of service, patient identifier, physician identifier, etc). RAMQ also provided demographic 

patient information including sex and age, as well as insurance status which can change 

over time. Dates of death were also provided.  The MSSS provided Med-Echo data on 

hospitalizations that occurred between 1993 and 2004 including; primary and secondary 

diagnoses, admission and discharge dates, patient identifier, hospital identifier, physician 

identifier etc. The patient identifier contained in all datasets allowed the linking of a 

given patients’ prescription, medical and hospital records in order to identify all 

prescriptions filled and diagnoses during 1993-2004. Data on hospitalizations and 

physician services contain no interruptions as long as an individual remains in the 

province of Quebec. Data on physician services may omit some services not provided on 

13 As this study relied on previous data from the above mentioned study, only persons on welfare were 
included. The criterion of welfare use captured a large group of antipsychotic users of varying ages, 
including elderly persons. 
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a fee-for-service basis. Prescription records may be interrupted if, for example, a patient 

is hospitalized, or is no longer covered by welfare.

2.3 Sample Selection 

The initial cohort consisted of 108,349 patients who filled at least one prescription for an 

antipsychotic drug between January 1993 and December 2004 with welfare coverage in 

Quebec. The final main study group consisted of 34,899 patients.  

A small number of individuals were excluded from the study with missing information or 

implausible data for one or more prescriptions. Since the number of individuals with 

implausible data was small (and their removal would not significantly affect the sample 

size), this study did not attempt to keep these persons in the study by making imputations 

for their missing values. A small percentage of individuals were less than 18 years of age 

at index antipsychotic date and were excluded from the main study group in order to help 

equalize the population in terms of risk for diabetes and indication for antipsychotic. A 

large number of individuals were excluded from the study due to incomplete information 

on prescription drug coverage during the study period. If a patient was not on welfare for 

1 month or more, then their exposure status could not be ascertained that month (and 

possibly additional months) which could bias their overall exposure status downwards. 

Also, if a patient was hospitalized for 7 consecutive days or more, their exposure status 

could not be ascertained during this period which could bias exposure specifically in the 

cumulative dose model. In addition, in order to include only incident antipsychotic users, 

six months of welfare coverage was required prior to first antipsychotic prescription (in 

order to be sure that initial antipsychotic was the first prescribed antipsychotic). Finally 

4,288 individuals were excluded from the study due to a medical diagnosis of diabetes 

prior to initial antipsychotic prescription.  This study was concerned with incident 

diabetes that developed at some point after initial antipsychotic exposure and not 

prevalent cases of diabetes.  After all exclusions 34,899 individuals formed the main 

study group. Another 14,373 individuals, who used more than one antipsychotic drug, 

were excluded from the study to form what will be called the single user group 
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(n=20,526). Figure 2.1 summarizes the exclusions made to the initial cohort to form the 

study groups.

Figure 2.1 Exclusion of patients in formation of main study group and single user 
group          

n=107,980 

n=107,389 

n=44,160 

n=39,872 

n=63,992 

n=102,789 

n=34,899 
MAIN STUDY 
GROUP

n=108,349 

369 patients with missing plan information or birth date excluded 

591 patients with implausible data* excluded  

4600 patients with entry age less than 18 years excluded 

38, 797 patients excluded with a 1 month or greater gap in drug 
coverage between initial antipsychotic prescription and study end/ 
death** or more than 7 consecutive days of hospitalizations 

19,832 patients excluded with index date between Jan 1, 1993-June 
30, 1993 

4288 patients excluded with diabetes before index antipsychotic date 

4973 patients excluded with less than 6 months of drug coverage 
immediately prior to index antipsychotic date 

n=20,526 
SINGLE USER 
GROUP

14,373 patients excluded who used more than one antipsychotic drug  

* Implausible data, such as such as a prescription duration equal to 0 days or greater than 270 days or a 
prescription that appears to be filled outside of the drug plan coverage dates as indicated by RAMQ data.  
**Individuals who died before the study end date but who had complete drug coverage from index 
antipsychotic date till date of death were included in the study.
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2.4 Outcome Measures

The outcome in this study is type II diabetes. A patient was identified as having diabetes 

if their medical or hospital records contained an International Classification of Diseases, 

Ninth Revision (ICD-9) code of 250.X0 or 250.X2. If a patient had multiple diagnoses of 

diabetes, the first date at which a diagnosis was observed served as the index date of 

diabetes.  A small number of individuals (less than 1%) received a prescription for an 

antidiabetic drug (RAMQ code 68:20 Hormone and Synthetic Substitutes) in the absence 

of a medical diagnosis of diabetes. Patients who filled a prescription for an antidiabetic 

drug without a medical diagnosis of diabetes were not considered to have diabetes since 

anti-diabetic medications can sometimes be used as a prophylactic (82). 

2.5 Antipsychotic Exposure 

Antipsychotic exposure was assessed, first, by identifying all prescriptions with a RAMQ 

class code of 28:16:08 (Central Nervous Systems Agents: Psychotropic: Antipsychotic 

Agents). Each prescription contained a unique DIN that could be looked up in the RAMQ 

list of medications to find the correct drug name and active quantity in mg (for drugs in 

pill form) or in mg/mL (for drugs in non-pill form). Table 2.2 contains a list of all the 

antipsychotic medications used in this particular cohort, listed by year introduced (if after 

1993, the beginning of our observation period) and by typical/atypical categorization.

2.5.1 Antipsychotic Classification

The first level of antipsychotic classification used in this study was by typical or atypical 

class. Several studies of this kind have looked at atypical antipsychotic drugs individually 

while grouping the typical antipsychotic drugs together. However, this study did not 

assume a homogenous risk amongst all typical drugs and further classified typical drugs 

by their potency14 in light of evidence that low-potency antipsychotic drugs cause more 

weight gain than other typical drugs. This classification is warranted considering the 

weight gain pathway to diabetes described in the previous chapter. The low potency 

14 The benchmark low-potency antipsychotic is chlorpromazine. Antipsychotics with a potency equivalent 
to or less than chlorpromazine are categorized as low-potency. Low-potency antipsychotics require high 
doses to effectively block dopamine, relative to other antipsychotics such as haloperidol, a classic high 
potency antipsychotic (Leucht, 2003). 
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drugs used in this study were: chloropromazine, mesoridazine and thioridazine (7). All 

other typical antipsychotic drugs in the study were classified as “Other Typical Drugs”, 

each having a potency higher than chlorpromazine.  

Table 2.1 Antipsychotic drugs included in this study                

Antipsychotic agent 

Typical     Atypical  

Chlorpromazine                              Clozapine (1991) 
Perphenazine            Risperidone (1993)   
Fluphenazine                                   Olanzapine (1996)
Haloperidol                                      Quetiapine (1998) 
Loxapine
Flupenthixol
Fluspirilene       
Mesoridazine  
Pimozide  
Pipotiazine
Prochlorperazine
Pericyazine
Thioproperazine
Thioridazine
Thiothixene  
Trifluoperazine
Zuclopenthixol

2.5.2 Division of Time

This study considered antipsychotic exposure as a time-varying covariate. Antipsychotic 

exposure was evaluated at each month, according to study time (and not calendar time). 

The date the index antipsychotic prescription was filled was considered day 1 for that 

patient and the first month was considered as the first 30.5 days after the index 

prescription was filled. Each prescription was assigned a specific month by using the date 

the prescription was filled as a proxy for the date the medication was taken. A month was 

assigned for each drug by taking the difference between the date the prescription was 
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filled and the index date and divided by 30.5. Months took on integer values between 1 

and 138.

This method of approximation may allow for a small amount of error: if the duration of a 

prescription extended beyond the end of the 30.5 day interval, the total dose contained in 

that prescription was attributed to that 30.5 day period which could result in an unusually 

high dosage for that month. Such an error would, however, be cancelled out by a 

corresponding underestimate the following month.  (This simplification should have little 

effect on the results as about 97% of prescriptions were for 30 days or less and only 

0.10% of prescriptions were for more than 90 days.)  

The index prescription for each patient was defined as their first prescription of drug class 

28:16:08. Prescriptions for a given patient with the same DIN were summed across each 

30.5 day interval based on the date the prescription was filled. For example, if a patient 

filled two prescriptions for the same drug within the same 30.5 day interval, these drug 

doses would be combined to form a monthly dose for each unique antipsychotic drug.  

2.5.3 Antipsychotic Dosage 

Each prescription contained a DIN that corresponded to an active quantity field in mg for 

drugs prescribed in pill form or in mg/mL for drugs prescribed in long acting injectable 

form (known as depot). About 98% of prescriptions for antipsychotic drugs were in oral 

pill form and the remaining 2 % of prescriptions were prescribed as depot. A raw dosage 

score was formed by multiplying the physical quantity of a drug by the active drug 

quantity.  For example: DIN= 17698 corresponds to the typical drug haloperidol with an 

active quantity of 5mg per pill.  The most common physical quantity of a drug is 30 pills 

(for one month). In this case, a raw dosage score would be formed by multiplying 

5mg*30 pills= 150mg. A DIN= 2130300 corresponds to the typical drug haloperidol 

depot form with an active quantity of 100 mg/mL. A common physical quantity of 2mL 

(for one month) would give a raw dosage of  2mL*100mg/mL= 200mg. Dosages for 

drugs prescribed in depot form tended to be higher than dosages for pills. 
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2.5.4 On/Off model 

In the on/off model, the raw dosage was converted into a binary measure, with 1 

indicating a non-zero dosage for a specific drug during a particular month, and 0 

indicating a 0 dosage. This measure was calculated separately for clozapine, olanzapine, 

risperidone, quetiapine, low-potency typical drugs and other typical drugs. The model 

captures the risk associated with current use of an antipsychotic drug at the time of 

diabetes detection. This model does not allow the risk associated with certain drugs to 

accumulate across time, but rather considers the risk associated with a drug at an instant 

in time.

2.5.5 Cumulative Dose Model 

The cumulative dose model takes both antipsychotic treatment duration and antipsychotic 

dosage into account. This is likely the more biologically plausible model, allowing for the 

diabetic effect of antipsychotic medications to increase with both length and average 

dosage of antipsychotic treatment [66]. Exposure is time varying, as with the on/off 

model. WHO standard dosages for each individual drug were used to generate a ratio of 

study dosage to WHO standard dosage15. In order to compute this ratio, a standard table 

with WHO recommended daily doses for each antipsychotic drug was used. The WHO 

daily doses were then converted into a monthly dose, as this study considered 

antipsychotic dose at the month level. Each dosage calculated from the study was then 

divided by the WHO standard dose to generate a ratio that would equal 1 if a patient took 

the WHO recommended dose for a specific antipsychotic drug and less than 1 if a patient 

used less than the recommended dose by WHO and greater than 1 if a patient used a 

dosage above that recommended by the WHO. Dosage ratios took on values between 0 

and10. For example, a 30 day prescription of haloperidol in pill form could have a raw 

dosage of 150mg (as outlined above); the standard WHO dose of haloperidol is 8mg/day 

or 240 mg/month in pill form. In this example, the standardized dose would be 0.625 

(150/240).  The dosage was then accumulated over time, either remaining constant for a 

15 Taken from WHO Collaborating Centre for Drug Statistics Methodology ( http://www.whocc.no/atcddd/) 
Anatomical Therapeutic Chemical (ATC)/ Defined Daily Dose (DDD) classification  
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month with no exposure to a drug or increasing with each month of a non-zero dosage. It 

should be noted that in contrast to the on/off model, this measure is not affected by the 

timing of exposure. For example, if Patient 1 uses clozapine in year one and then changes 

to olanzapine in year two and Patient 2 uses olanzapine in year one and then changes to 

clozapine in year two, the drug exposures for these patients would be considered the 

same.  

2.6 Other Covariates 

Known risk factors for the outcome (diabetes) that could have been associated with 

exposure (antipsychotic medication) were identified and controlled for in this study.

The following covariates were controlled for as possible confounders: 

Schizophrenia has been found to be associated with an increased risk of diabetes 

independent of antipsychotic exposure. Studies of first-episode untreated patients have 

found these patients to have abnormally high glucose levels [7]. 

Schizophrenia was identified in this study through medical and hospital records with an 

ICD-9 code of 295.xx. A patient who began antipsychotic treatment and was later 

diagnosed with schizophrenia was considered to have schizophrenia for their entire 

period of observation in the study, as it was assumed that the doctor who first prescribed 

an antipsychotic simply did not record the diagnosis on the claim form. Unlike 

antidiabetics, antipsychotics are not normally administered prophylactically due to their 

serious side-effects. A diagnosis of schizophrenia was treated as a constant covariate in 

this study and coded as a binary variable.

Obesity is a well established risk factor for diabetes and we attempted to control for it this 

study. Obesity was detected through hospital and medical records with an ICD-9 code of 

278.0X. Obesity was coded as a binary variable, set equal to 1 if a patient had a diagnosis 

of obesity before their index antipsychotic date. A diagnosis of obesity after antipsychotic 

exposure could have resulted from weight gain after antipsychotic initiation and may 

have been along the causal pathway of antipsychotic induced diabetes.
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Increasing age is associated with an increased risk of type II diabetes. The prevalence of 

diabetes has been found to be up to 3 times as high in persons over 65 compared to adults 

between 34-64 (Stats Canada). Month and year of birth was provided in the pharmacy 

records for each patient (date was estimated as the 15th of each month) and entry age was 

calculated by subtracting a patient’s date of birth from the date that their index 

antipsychotic prescription was filled and then dividing the difference by 365.25. Age at 

study entry was expressed as a continuous variable. The relationship between entry age 

and diabetes is not linear (see Appendix), therefore entry age was modelled as a quadratic 

term in the main analyses.   

Males have been found to have increased risks of type II diabetes (Public Health Agency 

of Canada). This finding could be explained if, for example, males in a population are 

older, more obese, or of ethnic descent, all known risk factors for diabetes. Male sex has 

not generally been cited as a risk factor for diabetes. However, this study still controlled 

for sex.

Year of entry in the study may to be associated with diabetes, with a greater year of entry 

associated with an increased risk of diabetes. The rates of diabetes have increased with 

time; the prevalence of diabetes has increased by 24% between 2000 and 2004 in Canada 

after adjusting for differences in age distribution (Public Health Agency of Canada). This 

study considered year of entry in the study as a fixed value for a given individual, which 

could take on integer values ranging from 1993 to 2004.  Year of entry was considered as 

a linear term in the analyses. Evidence of a linear relationship between year of entry and 

diabetes is documented in the Appendix.  

2.7 Statistical Analysis 

Descriptive statistics were computed to assess differences between the initial population, 

the main study group and the single user group. Additional descriptive statistics also 

showed differences across various antipsychotic groups in their baseline risk factors for 

diabetes as well as the raw risk of diabetes across different drug groups.
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Cox proportional-hazards regression was used to estimate the risk of antipsychotic use on 

the development of diabetes while controlling for potential confounding variables. The 

stcox command was used in Stata v 9.0. This particular method of survival analysis 

was chosen in order to take into account: the cohort design of this study, censored data 

(right hand censoring due to death or study end), and time-varying exposure measures 

[69]. Both time-varying and static covariates were included in the analysis. Antipsychotic 

exposure was measured both as a binary variable as in the on/off model and as a 

continuous variable as in the cumulative exposure; in both cases, 6 separate variables 

were constructed for 4 atypical antipsychotics and the two groups of typical 

antipsychotics: clozapine, olanzapine, risperidone, quetiapine, low-potency typical, other 

typical drugs. In this analysis, the referent group for any given drug was considered as the 

heterogeneous group not on Drug X. In the On/Off model this could result in the referent 

group containing patients with past but not current use of Drug X. In the Cumulative 

Dose Model, the referent group not on Drug X at time t had exposure to another drug in 

the study, but not to Drug X – at least, had not taken drug X between January 1993 and 

time t.   

 The following model was used: 

     ln[h(t)/h0(t)] = 1x1 + 2x2 + ….  kxk

The x values represent the covariates,  values are model parameters, h(t) represents the 

hazard at a point in time t, and h0(t) represents the hazard at baseline (the hazard for an 

individual when all the covariates are set equal to 0). The interpretation of the hazard 

ratios for covariates (and antipsychotic exposure) depends on whether the variable is 

continuous or binary.

The Cox proportional-hazards regression assumes that if use of a specific drug increases 

the risk of diabetes by a factor of X at month 1, use of the same drug at any month during 

the study would also increase the risk of diabetes by a factor of X. This proportional 

hazards assumption was tested using the linktest command in Stata.
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Chapter 3 Results

This chapter includes: descriptive statistics, main analyses and sensitivity analyses. 

Descriptive statistics begin by comparing three populations: the initial cohort provided by 

RAMQ, the subset of the initial cohort that forms the main study group and a subset of 

the main study group who use only one antipsychotic drug (single user group). These 

three groups are compared in terms of values of the covariates and the outcome of 

diabetes. Descriptive statistics are then given for the main study group alone focusing on 

antipsychotic exposure (types of drugs used, number of drugs used, frequency of drug 

use). Covariates, study end points and the outcome are then compared across the different 

antipsychotic exposure groups. Next, the main analyses, Cox proportional hazard models, 

are presented: an on/off model and a cumulative dose model. Finally sensitivity analyses 

are carried out to assess the robustness of the findings to key assumptions.     

3.1 Descriptive Statistics

Statistics describing the outcome and covariates are first presented separately for the 

main study group and the single user group.  Descriptive statistics are then presented in 

the main study group and broken down by exposure group (antipsychotic drug group). 

3.1.1 Covariates across Study Groups 

In order to address potential confounding, it is necessary to measure variables that are 

associated with both exposure to antipsychotic drugs, and with the outcome, diabetes.

Several variables were identified as potential confounders that are associated with 

diabetes onset and that vary by exposure group: schizophrenia, sex, obesity (prior to first 

antipsychotic use), entry age, and year of entry into study. Table 3.1 shows how these 

variables differ between the initial cohort, the main study group and a subset of the main 

study group, single antipsychotic users.

3.1.1.1 Main Study Group versus Initial Cohort

In general, the main study group should be representative of the initial population. A 

comparison of relevant covariates can indicate whether the proportions are similar 



44

between main study groups and the initial cohort. In this study, the main study group 

differed from the initial cohort after application of exclusion criteria to the initial cohort.

Table 3.1 Covariates in initial cohort, main study group and single user group 

Initial
Cohort * 
(n=108,349)

Main study 
group**

(n=34,899)

Single user group*** 
(n=20,526)

Schizophrenia
(%)

38.0 27.0 13.1 

Male (%) 51.0 45.0 43.0 
Obese (%) 3.6 4.2 4.7
Entry Age
Mean(SD)

40.2(13.6) 42.9(12.5) 45.1(12.4)

Index Year 
Mean (SD) 

1998 (3.9) 1999 (3.4) 1999 (3.5) 

* Initial cohort as provided by RAMQ 
** Main study group is a subset of the initial cohort who met the eligibility requirements for the study (see 
previous chapter).  
***Subset of main study group who have used only one antipsychotic drug 

Fewer than half of the initial cohort of antipsychotic users have a diagnosis of 

schizophrenia. An even smaller proportion of the main study group have a diagnosis of 

schizophrenia. Table 3.2 shows disorders identified from patient hospital and medical 

records for which treatment with antipsychotic medication may have been recommended. 

Schizophrenia is one of the main indications for antipsychotic drugs; given the low rates 

of schizophrenia in this study, it is possible that schizophrenia was underestimated in this 

study.

The exclusion of patients who filled an antipsychotic prescription between January and 

June of 1993 resulted in the loss of many persons with schizophrenia. Prevalent 

antipsychotic users (who were already using an antipsychotic drug when the study began) 

are likely to be long term antipsychotic users; long term antipsychotic users are more 

likely to have schizophrenia. Also, many persons who were excluded from the main 

study group as a result of discontinuous drug coverage in the six months prior to their 

index date had a diagnosis of schizophrenia. Persons with schizophrenia have high rates 
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of homelessness [70] and may therefore not have continuous welfare coverage. These 

exclusions in the main study group help account for the smaller percentage of individuals 

with schizophrenia in the main study group.  

Table 3.2 Possible indications for antipsychotic based on hospital and medical 
claims

Initial
Cohort

Main study 
group

Single
antipsychotic users 

Schizophrenic
Disorders*

38.0 27.0 13.1

Other** 41.9 38.3 33.7 
Undetermined  20.1 34.7 53.2 

*    Schizophrenia, Schizophreniform Disorder, Latent Schizophrenia, Residual Type, Schizoaffective 
Disorder, Other Specified types of Schizophrenia, Unspecified Schizophrenia   
**  Acute Psychoses, Bipolar Disorders, Delirium, Dementia, Delusional Disorder, 
 Tourette Syndrome, Obsessive Compulsive Disorder, Panic Disorder  

The proportion of males is approximately half in the initial cohort and less than half in 

the main study group. The smaller percentage of males in the main study group is the 

result of losing a disproportionate number of males with study exclusion criteria of 

discontinuous welfare coverage or fewer than 6 months of drug coverage prior to index 

antipsychotic date. Data from the Government of Canada indicate that there is a higher 

proportion of homeless men than women [71]. Men may therefore be more likely to have 

discontinuous welfare coverage when they are living on the street.

Although the overall percentage of obesity detected in this study was low, as obesity was 

only detected through ICD-9 codes, the percentage of obesity is greater in the main study 

group than in the initial cohort. This is at least partially the result of the exclusion of 

persons less than 18 in the main study group, as these persons had disproportionately 

lower rates of obesity. Also the exclusion of prevalent antipsychotic users with an index 

antipsychotic date between January and June 1993 resulted in the loss of persons with 

very low apparent rates of obesity. It is possible that prevalent antipsychotic users had 

diagnoses of obesity prior to 1993 that were not captured in this study. 
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The average entry age is higher in the main study group. Approximately 3% of the initial 

cohort were less than 18 years old, whereas the main study group is comprised of persons 

18 years or older, which can explain the higher average entry age in the main study 

group.

The index year, the year during which a patient filled their first antipsychotic prescription 

between 1993 and 2004, is higher in the main study group compared to the initial cohort. 

The exclusion of patients who entered the study during the first 6 months of 1993 helps to 

explain the increase in average index year in the main study group.  

3.1.1.2 Single Antipsychotic Users versus Main Study Group

The single user group differs from the main study group on most covariates as shown in 

Table 4.1. The only exclusion criteria applied to the single antipsychotic user group is 

that they use only one antipsychotic drug. The group of single antipsychotic users appear 

to differ systematically from the main study group. The higher average entry age, higher 

proportion obese and much smaller proportion with schizophrenia indicate that this group 

is older, and are more likely to be prescribed antipsychotic medications for conditions 

other than schizophrenia, such as dementia or delirium. Studies have found that patients 

over 50 years are most likely to be prescribed antipsychotic medications off-label as a 

tranquilizer or anxiolytic [21, 42].

3.1.2 Diabetes across Study Groups 

A greater proportion of individuals have a diagnosis of diabetes in the initial cohort than 

in the main study group and single user group. This is largely the result of excluding 

persons who have a diagnosis of diabetes prior to their index antipsychotic date in the 

main study group and single user group. Table 3.3 shows the percentage of diabetes in 

the initial cohort, main study group and single user group as well as the proportion of 

persons who have a medical diagnosis of diabetes and a prescription for an antidiabetic 

medication. 
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Table 3.3 Diabetes in initial cohort, main study group and single user group*

Initial
Cohort

(n=108,349)

Main study 
group

(n=34,899)

Single
User Group 
(n=20,526)

%
Diagnosis Alone 6.2 4.3 3.8
    Diagnosis &

Antidiabetic 
9.4 5.0 5.5

Total Number 15.6 9.3 9.3

* Diabetes after filling a prescription for an antipsychotic drug(s)

More than half of the patients identified with diabetes are also identified as having filled 

a prescription for an antidiabetic agent. However, a significant portion of patients with 

diabetes do not fill a prescription for an antidiabetic medication during the study period. 

Patients who use antidiabetic medications may be unable to control their diabetes through 

diet and exercise alone which could indicate a more severe form of diabetes.  

3.1.3 Covariates by Diabetes Status 

Patients who developed diabetes differed on all covariate measures. Table 3.4 illustrates 

how covariates for persons with diabetes differ from covariates for persons without 

diabetes.

3.1.4 Antipsychotic Exposure in Main Study Group

3.1.4.1 Types of Drugs 

As shown in Table 3.5, of the 34,899 persons in the main study group, comparable 

numbers use exclusively typical antipsychotic drugs and exclusively atypical drugs, while 

a smaller portion use both classes of drugs.
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Table 3.4 Covariates in patients with and without diabetes in the main study group 
and single user group

Main study group
(n=34,899)

Single User Group 
(n=20,526)

Diabetes
(n=3,240)

No Diabetes 
(n=31,659)

Diabetes
(n=1,910)

No Diabetes 
(n=18,616)

Schizophrenia
%

32.0 26.0 18.0 12.6 

Male
%

39.0 45.2 37.0 43.9 

Obese
%

7.6 3.9 8.2 4.4

Entry Age 
mean(SD) 

45.7 (11.4) 42.6 (12.6) 48.1 (11.2) 44.8 (12.5) 

Index Year 
mean(SD) 

1997 (2.9) 1999 (3.5) 1997 (3.1) 1999 (3.5) 

Table 3.5 Frequency of antipsychotic drug class

Antipsychotic
Drug Class          Number who Used

Typical                 13, 483* 

Atypical                12, 491*

Mixed                    8,925**
                              34,899 
*Patients who used only one or multiple drugs of this class only  
** Patients who have used at least one typical drug and one atypical drug 

Olanzapine is the most used atypical antipsychotic in our data set, while clozapine is the 

least used. As explained in the section on methods, the typical drugs were classified into 

two groups, low-potency typicals and other typicals. The other typical group has the most 

users, which reflects the large number of drugs that were grouped together in the other 

typical group compared to the small number of antipsychotic drugs grouped into the low-

potency typical group. Figure 3.1 shows the number of persons who use each drug group 

in the main study group.  
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Figure 3.1 Frequency of drug use in the main study group * 
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*It is possible for a person to belong to more than one drug  
group- therefore the sum of persons using each drug exceeds  
the number in the main study group  

Within the other typical group, the most commonly used drugs are haloperidol (n=7,054) 

and prochlorperazine (6,535)16. The most commonly used low-potency typical drug is 

chlorpromazine (n=2,894).   

3.1.4.2 Numbers of Drugs 

Over half of the persons in the study population use only one drug during the study 

period (59%). Of those who use more than one antipsychotic drug, clozapine users fill 

more prescriptions for other antipsychotic drugs (median=3 drugs) compared to all the 

other individual drugs group users (median= 1 other antipsychotic drug). Patients who 

use multiple drugs may use 2 or more drugs simultaneously (polytherapy) and/or are 

switched from one drug to another. When a patient is switched from one antipsychotic 

medication to another, treatment with the old antipsychotic may overlap with new 

16 Very few persons who took this drug had a diagnosis of schizophrenia. A main indication for this drug is 
to treat nausea, especially in patients receiving chemotherapy.  We included it in the study because it is also 
used as an antipsychotic. 
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treatment for a short period in order to help reduce withdrawal symptoms [72]. A patient 

may be prescribed a combination of antipsychotic drugs, especially if that patient does 

not respond to treatment with a single antipsychotic drug [73]. Our analysis does not 

distinguish between switching and polytherapy.

3.1.4.3 Proportion of Time on an Antipsychotic Drug 

It is possible for a patient to contribute person-time to the study on a zero dose at some 

point after their index month (which by design had to have a non-zero dose). This could 

occur if a patient was continuously covered by welfare, was not hospitalized for more 

than seven days17 and still did not fill a prescription for an antipsychotic drug within a 

given month (30.5 day interval). 

Approximately one fifth of the cohort contribute most of their time in the study on a 0 

dose of antipsychotic drug. Approximately one fifth of the cohort spend all of their time 

in the study on a non-zero dose. Figure 3.2 shows the distribution of time on an 

antipsychotic drug in the main study group. Table 3.6 shows the proportion of study time 

on an antipsychotic drug and the total number of months of follow-up.  

17 If a patient was hospitalized for more than 7 days they were excluded from the study as we would be 
unable to see prescriptions given in the hospital which could result in underestimating antipsychotic 
exposure.  
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Figure 3.2 Proportion of study time on an antipsychotic drug in main study group 

Table 3.6 Proportion of study time on antipsychotic and total months of follow-up 

Proportion of 
Study Time on 

Drug

Total Follow-Up 
(in months)  

(50th percentile) 

25th percentile-
75th percentile

0 73 41-107
0.1 38 16-80
0.2 39 14-82
0.3 28 8-71
0.4 49 18-91
0.5 36 6-84
0.6 52 20-96
0.7 52 16-99
0.8 52 17-95
0.9 60 27-97
1.0 32 4-79
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3.1.4.4 Covariates by Drug Group

The covariates included in this study varied by exposure group. Table 3.7 shows the 

distribution of covariates, by exposure category in the main study group. 

3.1.4.5 Study End Points by Drug Group 

Patients can contribute between 1 and 138 study months. Table 3.8 shows the average 

number of months each group of drug users contribute to the study.   

Table 3.7 Distribution of covariates by drug group in the main study group

Clozapine
Users

(n=701)

Olanzapine
Users

(n=11,827) 

Quetiapine
Users

(n=7,558)

Risperidone
Users

(n=10,794) 

Users of 
low-

potency 
typicals

(n=4,446)

Users of 
other

Typicals
(n=18,497) 

Schizo-
phrenia (%) 

94.6 43.2 31.6 43.0 31.8 33.0

Male (%) 62.3 47.3 40.2 45.6 53.8 44.9
Obese (%) 2.6 3.6 5.4 4.3 3.0 3.5
Index Year 
Mean (SD) 

1998.8 
(2.4)

1998.9 
(3.3)

2000.0  
(3.4)

1998.8 
(3.2)

1995.8  
(2.3)

1997.0  
(3.1)

Entry Age 
Mean (SD) 

33.9
(10.5)

40.0
(12.09)

39.2
(11.8)

40.1
(12.6)

40.0
(11.7)

43.6
(12.5)

Table 3.8 Total months in study, by drug group in main study group 

Drug Group Total Follow-up 
(in months) 

(50th percentile) 

25th percentile- 
75th percentile 

Clozapine 96 71-113
Olanzapine 61 30-94
Quetiapine 43 19-84
Risperidone 62 34-96

Low potency typicals 97 61-120
Other typicals 75 25-110

Clozapine users and low-potency typical users have the longest average follow-up.

Patients in this study are censored either by death or by study end (December 31st 2004). 
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The remaining patients exit the study upon a diagnosis of diabetes. Table 3.9 shows the 

study exit reason broken down by drug group. 

Table 3.9 Study exit reason, by drug group in main study group 

Cloza-
pine

n=701

Olanza-
pine

n=11,827

Quetia-
pine

n=7,558

Risperi-
done

n=10,794

Low potency 
typicals
n=4,446

Other
Typicals
n=18,497 

Exit Reason                                             % 
Death 2.1 5.1 2.7 5.2 15.5 24.3

Study End 87.6 87.2 92.0 87.2 71.3 64.4
Outcome 10.3 7.7 5.3 7.6 13.2 11.3

A relatively large proportion of persons who use the typical antipsychotic drugs (both the 

low-potency and other typical antipsychotic drugs) leave the study as result of death. This 

finding is likely the result of the typical drug users having a higher average entry age 

compared to other drug users.  

3.1.4.6 Diabetes by Drug Group 

The percentage of persons who develop diabetes varies by drug group. Additionally, the 

time to diabetes varies by drug group. Table 3.10 shows the fraction of persons who 

develop diabetes over the number of persons still present in the study, for the first four 

years in study, broken down by drug group.

Clozapine users and typical drug users are the most likely to develop diabetes. This 

finding could be the result of these particular drug users having the longest amount of 

follow-up time. Within each drug group, the fraction of persons with diabetes over the 

number of persons in the study increases with each successive year for almost all drugs. 

The longer a person is followed, the more likely diabetes is to be detected. 

There is a sharp increase in the fraction of clozapine users who develop diabetes across 

time. This finding could indicate that clozapine users are the most consistent users, as 

their risk continues to rise sharply across time; users of other drugs may only 

intermittently use a drug and their risk of diabetes may not rise as much across time. 
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Clozapine users usually have a diagnosis of schizophrenia, and follow a stable regimen of 

medication, much more so than with other antipsychotic drugs. However, the small 

sample size of clozapine users precludes any conclusions.  

Table 3.10 Occurrence of diabetes according to number of years from first use of an 
antipsychotic, by drug group in the main study group*  

Clozapine
Users

(n=701)

Olanzapine
Users

(n=11,827) 

Quetiapine
Users

(n=7,558)

Risperidone
Users

(n=10,794) 

Users of 
Low-Potency

Typical
Drugs

(n=4,446)

Users of 
Other

Typical
Drugs

(n=18,497) 
Percent
Who
Develop
Diabetes

10.3 7.7 5.3 7.6 13.2 11.3

           Number of  persons with diabetes / Number of persons still in study at year X (proportion) 

1 year 1/695 
(0.14)

97/10755 
(0.90)

58/6350 
(0.91)

75/9921 
(0.76)

35/4172 
(0.84)

265/15454 
(1.71)

2 year 4/679
(0.59)

118/9470 
(1.24)

52/5199 
(1.00)

87/8932 
(0.97)

63/3980 
(1.58)

225/14011 
(1.61)

3 year 6/660
(0.91)

111/8270 
(1.34)

44/4264 
(1.03)

102/7907 
(1.29)

58/3793 
(1.53)

219/12902 
(1.70)

4 year 12/616 
(1.94)

103/7130 
(1.44)

37/3520 
(1.13)

107/6757 
(1.58)

65/3597 
(1.81)

257/11793 
(2.18)

* Patients could be counted in more than one column  

3.2 Cox Proportional Hazard Models  

We model the risk of diabetes as dependent on two types of factors: antipsychotic 

exposure and a set of potential confounders that are related to antipsychotic exposure and 

diabetes. Antipsychotic exposure is measured across 6 drug groups: clozapine, 

olanzapine, risperidone, quetiapine, low potency typical drugs and other typical drugs. 

Antipsychotic exposure is measured each month, where a month is measured by each 

30.5 day interval a patient contributes to the study from their index date. Two models are 

estimated: antipsychotic exposure is represented either as a time-varying on/off measure 

or as a cumulative exposure measure. In both cases, potential confounding variables are 

measured as static - fixed measurements that remain constant throughout the study.  Five 
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covariates are included in the models: schizophrenia, male, obese, entry age, and index 

year.

3.2.1 On/Off Model

For each of the 6 drug variables in the study, a value of 1 or 0 is assigned; with a 1 

indicating that a patient is exposed to a non-zero dose of a particular drug in a given 

month or a 0 indicating that a patient is not exposed to that drug during the month. Table 

3.11 shows the exposure hazard ratios for incident diabetes in patients using different 

antipsychotics in the On/Off model.  

All static covariates are significant in the on/off model. The covariates: schizophrenia, 

male and obese are all binary variables, and thus their respective HRs have a similar 

interpretation: the risk as a result of having condition X compared to not having condition 

X, where the values of all other covariates in the model are the same. In this model the 

HRs are greater than 1 for obese and schizophrenia indicating that these are both risk 

factors for diabetes. The hazard ratio for obese is the largest. Male sex is protective, as 

the hazard ratio is less than 1.   

Entry age and year of entry being continuous variables, their hazard ratios can be 

interpreted as follows: for each one year increase, the hazard increases/decreases by a 

factor of X. For example, each one year increase in entry year decreases the hazard ratio 

by a factor of 0.847.

In this model, antipsychotic exposure is binary and the hazard ratios can be interpreted as 

the risk for diabetes in a group of individuals currently using drug X compared to a group 

of individuals who are not taking drug X, where the values of all other covariates in the 

model are the same. Filling a prescription for clozapine, olanzapine, risperidone or a low-

potency typical drug during a month is associated with a significantly increased risk of 

being diagnosed with diabetes that month compared to not being clozapine, olanzapine, 

risperidone or a low-potency typical (respectively) with all over covariates in the model 

equal . The risk is largest for clozapine and smallest for other typical drugs (note the CIs 
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do not overlap for clozapine and other typical drugs indicating that the difference 

between these drugs is statistically significant).

Table 3.11 Hazard ratios in the on/off model for the main study group 

On/Off  Model 
(N=34899)

Static HR     ( 95% CI)
Obese before 2.165 (1.894, 2.469)*

Entry Age 1.047 (1.023,1.065)* 
Entry Age2 0.999 (0.999, 0.999)* 

Schizophrenia 1.260 (1.157, 1.372) *
Male 0.801 (0.736, 0.855) *

Year of Entry 0.845 (0.833, 0.860)  * 
Time Varying 

Clozapine 2.071 (1.389, 3.092) *
Olanzapine 1.550 (1.284, 1.895) *
Quetiapine 1.130 (0.893, 1.500)
Risperidone 1.321 (1.083, 1.611) *

Low potency typicals 1.227 (1.020, 1.476) *
Other typicals 1.091 (0.902, 1.318)

Log Likelihood -31,189.27
AIC 62,402.54

*  < 0.05 (two-sided)

3.2.2 Cumulative Dose Model

For each of the 6 drug variables in the cumulative dose model, a continuous value is 

assigned that represents a standardized dose value (outlined in the Methods section). 

Standardized dose values for each drug are then cumulated across each month in study. 

Table 3.12 shows the exposure hazard ratios for incident diabetes using the cumulative 

dose model in the main study group.  

All static covariates are significant in the cumulative dose model and are similar to those 

in the on/off model.   
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Table 3.12 Hazard ratios in the cumulative dose model in the main study group

Cumulative Dose
Model

(N=34,899)
Static HR (95% CI)
Obese before 2.143 (1.870, 2.446)*

Entry Age 1.051 (1.045, 1.061)*   
Entry Age2 0.998 (0.998, 0.999)* 

Schizophenia 1.238 (1.139, 1.350)*
Male 0.792 (0.737, 0.850)*

Year of Entry 0.842 (0.832, 0.853)*
Time
Varying

Clozapine 1.134 (1.038, 1.239)*
Olanzapine 1.091 (1.041, 1.143)*
Quetiapine 1.013 (0.814, 1.263)
Risperidone 1.057 (0.990,1.132)
Low potency 

typicals
1.077 (1.026, 1.127)*

Other typicals 1.019 (1.007, 1.030)*
Log
Likelihood

-33,187.43                    

AIC 66,398.86

*  < 0.05 (two-sided)

In this model, antipsychotic exposure is continuous and the HRs can be interpreted as the 

risk of diabetes for being on one additional month of a standard dose of drug X, 

controlling for cumulative doses of the other drugs (where the values of all other 

covariates in the model are the same ). Clozapine, olanzapine, low-potency typicals and 

other typical drugs all pose a significant increased risk for diabetes. The risk is largest for 

clozapine and smallest for other typical drugs (the CIs do not overlap for these drugs 

indicating that the difference between these two drugs is significant).

It is possible to rank competing models using the Akaike Information Criterion (AIC), 

where a model with a lower AIC better fits the data [74]. The AIC is slightly lower in the 

cumulative dose model compared to the on/off model indicating that the cumulative dose 

model may be the better model.  
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3.3 Sensitivity Analyses

A sensitivity analysis can strengthen the conclusions of an analysis. In this study, 

sensitivity analyses are performed in order to confirm results in a smaller sample of 

patients who: 1) had varying amounts of follow-up time, and 2) used only one 

antipsychotic drug.

3.3.1 Altered follow-up time 

In order to maximize sample size and achieve statistically significant results, this study 

only required one month of follow-up. Given case reports of clozapine induced diabetes 

in an extremely short period of time this criterion was thought to allow the maximum 

number of patients and cases of diabetes to appear in the data [55, 75]. However, 

descriptive results indicate that persons with a longer follow-up period are more likely to 

be diagnosed with diabetes. Year of entry was measured as a covariate in order to help 

control for the bias arising from persons with a longer follow-up period being more likely 

to be detected with diabetes. Requiring persons to have a certain amount of follow-up 

time can also help reduce the potential biases of including persons with very short follow-

up time who are unlikely to be detected with diabetes. Table 3.13 shows the analyses 

performed using the cumulative dose model with varying amounts of follow-up time.  

The hazard ratios for the static covariates did not show any clear trend with the possible 

exception of obesity (before index date). Obesity appears to show a slight decreasing 

trend which could be explained if requiring greater follow-up time excludes persons who 

enter the study at later times, since persons who enter the study later have more pre-

screening time (as we have all data on all diagnoses and prescriptions since 1993) and 

therefore more time to detect diagnoses of obesity prior to index antipsychotic 

prescription. Also, all confidence intervals increase with increasing follow-up time 

requirements indicating that the estimates are less precise in the smaller samples. 

The hazard ratios for the time varying exposure variables show a clear trend: hazard 

ratios decrease with increasing follow-up time requirements (and smaller sample sizes). 

This finding could be the result of losing a number of persons with the outcome, which 
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could attenuate the hazard ratio. As with the static covariates, confidence intervals 

increase with increasing follow-up time requirements (and consequent declining sample 

size).

Table 3.13 Cumulative dose model with various follow-up times 

At least one 
month 
(n=34,899) 

At least 6 
months 
(n=31,482) 

At least 12 
months 
(n=28,581) 

At least 18 
months 
(n=26,326) 

At least 24 
months 
(n=24,318) 

Static HR (95% CI) 
Obese 2.144*

(1.870, 2.445) 
2.193* 
(1.893, 
2.538) 

2.178* 
(1.858, 2.547) 

1.998* 
(1.675, 2.378) 

1.985* 
(1.646, 2.388) 

Entry age 1.018* 
(1.015, 1.021) 

1.019* 
(1.014, 
1.020) 

1.018* 
(1.013, 1.020) 

1.017* 
(1.012, 1.020) 

1.018* 
(1.014, 1.021) 

Schizophrenia 1.243* 
(1.143, 1.353) 

1.236* 
(1.134, 
1.348) 

1.253* 
(1.148, 1.371) 

1.268* 
(1.158, 1.389) 

1.299* 
(1.184, 1.427) 

Male 0.790* 
(0.735, 0.849) 

0.788* 
(0.730, 
0.849) 

0.797* 
(0.737, 0.863) 

0.780* 
(0.718, 0.849) 

0.782* 
(0.717, 0.855) 

Time
Varying

HR (95% CI) 

Clozapine 1.136* 
(1.041, 1.240) 

1.129* 
(1.038, 
1.241) 

1.126* 
(1.035, 1.244) 

1.123* 
(1.033, 1.248) 

1.121* 
(1.031, 1.250) 

Olanzapine 1.091*
(1.042, 1.142) 

1.086* 
(1.040, 
1.142) 

1.083* 
(1.038, 1.142) 

1.080* 
(1.037, 1.143) 

1.079* 
(1.034, 1.141) 

Risperidone 1.058 
(0.990, 1.131) 

1.054 
(0.985, 
1.129) 

1.052 
(0.983, 1.132) 

1.051 
(0.980, 1.134) 

1.050 
(0.979, 1.135) 

Quetiapine 1.015 
(0.817, 1.261) 

1.012 
(0.815, 
1.261) 

1.008 
(0.814, 1.263) 

1.007 
(0.812, 1.262) 

1.003 
(0.811, 1.264) 

Low Potency 
Typicals

1.076* 
(1.027, 1.128) 

1.070* 
(1.022, 
1.125) 

1.069* 
(1.020, 1.126) 

1.067* 
(1.019, 1.127) 

1.066* 
(1.017, 1.128) 

Other
Typicals

1.019* 
(1.008, 1.030) 

1.017* 
(1.007, 
1.030) 

1.014* 
(1.006, 1.029) 

1.013* 
(1.005, 1.029) 

1.011* 
(1.004, 1.030) 

*  < 0.05 (two-sided)
Note : This analysis is primarily intended to examine the relationship between the time-varying 
covariates and the length of follow-up time, the exclusion of the quadratic age term does not 
affect this analysis  



60

3.3.2 Single User group 

Restricting the sample to single drug users can help alleviate the problem of assigning 

one specific drug as the main causal agent of an outcome. The main analyses in this study 

allowed multiple antipsychotic users into the study in order to maximize the sample size. 

A further analysis with single antipsychotic users was carried out and the results are 

shown in Table 3.14 (using the cumulative dose model).   

The static covariates show similar trends: obesity, entry age and schizophrenia also pose 

an increased risk for diabetes, while male sex and year of entry show protective effects. 

All static covariates are still significant. 

Table 3.14 Cumulative dose model in single user group 

Cumulative Dose Model
     (N=20,526)

Static HR     ( 95% CI)
Obese before 2.098 (1.778, 2.476)*

Entry Age 1.020 (1.016, 1.024)*
Schizophrenia 1.341 (1.183, 1.520) *

Male 0.767 (0.698, 0.843) *
Year of Entry 0.838 (0.823, 0.854)  *
Time Varying 

Clozapine 1.340 (0.959,1.873) 
Olanzapine 1.326 (1.137, 1.546) *
Quetiapine 1.113 (0.901, 1.375)
Risperidone 1.213 (1.035, 1.420) *

Low potency typicals 1.125 (1.002, 1.264) *
Other typicals 0.975 (0.897,1.059)

Log Likelihood -18,498.417

AIC 37,018.83

*  < 0.05 (two-sided)
Note : This analysis is primarily intended to examine time varying covariates in single 
antipsychotic users, the exclusion of the quadratic age term does not affect this analysis  

The time varying exposure variables differ in the single user group and the main study 

group. Only olanzapine, risperidone and low-potency typicals pose significant risks for 
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diabetes. Clozapine has a high hazard ratio but is not significant, this is likely the result of 

only a very small number of clozapine users being included in the single user drug group 

(since this study primarily captured first time antipsychotic users and clozapine is 

generally not prescribed as a first time antipsychotic drug and the number of clozapine is 

expected to be very low). Risperidone poses a significant risk for diabetes in the 

cumulative model in the single user group but not in the main study group.   
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Chapter 4 Discussion 

4.1 Main Findings

This retrospective cohort study examined the risk of taking antipsychotic medications on 

the development of type II diabetes, controlling for age, sex, schizophrenia, year of entry 

into the study and obesity prior to study entry. The analysis was based on a unique 

population of all adult Quebec welfare recipients with continuous coverage who took 

antipsychotic medications between 1993 and 2004. The reference group was the 

heterogeneous group of adult antipsychotic users who had previously/ or were currently 

using another antipsychotic agent. Two methods were used to measure exposure: a binary 

measure of exposure to each antipsychotic drug group for each month in study and a 

cumulative dose measure that accumulated each month for each antipsychotic drug 

group.

To our knowledge, this is the first study of this type to compare results from two different 

models of antipsychotic exposure on the risk of diabetes while using a reference group of 

heterogeneous antipsychotic users. This study found that current use of, in addition to 

cumulative exposure to clozapine, olanzapine or low potency typical drugs significantly 

increased the risk of diabetes. The risks associated with clozapine were higher than the 

risks for other typical drugs (the confidence intervals for these two drug groups did not 

overlap). Current but not cumulative exposure to risperidone was associated with an 

increased risk of diabetes. Cumulative past exposure to, but not current exposure to, other 

typical drugs was also associated with an increased risk of diabetes. Differences in risks 

between clozapine, olanzapine, and low-potency typical drugs were not statistically 

significant.

A diagnosis of obesity prior to antipsychotic initiation posed a greater risk for diabetes 

than a diagnosis of schizophrenia (the CIs did not overlap, indicating a significant 

difference). Entry age also posed a significant risk for diabetes. In this study, both male 

gender and later year of entry to the study appeared to be protective against diabetes.
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4.2 Static Covariates Across Different Drug Groups  

The percentage of persons with schizophrenia is much higher in the clozapine group than 

in the other drug groups. This finding is consistent with treatment guidelines that 

recommend that clozapine be used only on treatment-resistant patients with 

schizophrenia, which is not the case for the other antipsychotic drugs.

The proportion of males is close to half in most drug groups except for clozapine and 

quetiapine. The proportion of males is higher in the clozapine group. It is possible that 

factors such as a milder course of schizophrenia in women, a higher incidence of side 

effects from clozapine in women compared to men, combined with a greater level of 

distress from clozapine induced weight gain in women [32] may result in clozapine being 

more often prescribed to males. A study by Mhaolain et al. also found a higher proportion 

of males who use clozapine [40]. In contrast, we find that quetiapine users tend to be 

women. A research group from Brown University  in the US found that quetiapine was 

frequently prescribed for depression [76]. If this is the case in the province of Québec as 

well, this could explain the higher use in women, as depression affects more women than 

men [77].   

The proportion of persons with a diagnosis of obesity (prior to antipsychotic exposure) 

varied slightly by drug group. Persons who use clozapine and low-potency typical drugs 

appear to have lower rates of obesity prior to drug consumption. This finding could be 

explained if a physician knows that clozapine and low-potency typical drugs pose a 

relatively greater risk of weight gain compared to other antipsychotic drugs, which in turn 

leads them to prescribe another antipsychotic drug with less risk of weight gain.

The average index year is lower for users of typical drugs and higher for those of atypical 

drugs. This finding reflects the later introduction of the atypical drugs into the market. 

Quetiapine users have the highest average entry year, which can be explained by the 

relatively late introduction of this drug. 
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Average entry age is comparable across drug groups, with the exception of clozapine. 

Clozapine users enter the study at a much lower age than other drug users. This finding 

could be the result of almost all clozapine users having a diagnosis of schizophrenia, 

where schizophrenia has a much earlier onset than the other disorders that antipsychotics 

may be prescribed for such as delirium and dementia. In this study, patients with 

increased age are less likely to have a diagnosis of schizophrenia (OR=0.96 (CI=0.96, 

0.97)).

Patients with a diagnosis of schizophrenia tend to have higher values for the proportion of 

study time on a drug (OR=5.7 (CI=5.3, 6.1)) meaning that these patients are more 

frequent antipsychotic users. This indicates that infrequent antipsychotic users (who 

spend less of their study time on an antipsychotic drug) are likely to be using 

antipsychotic drugs for off-label conditions.

4.3 Static Covariates and Occurrence of Diabetes  

The prevalence of schizophrenia is higher among people who developed diabetes during 

the study period in both the main study group and single user group. In this study, only 

cases of diabetes that occurred after first antipsychotic use were considered. It may be 

that persons with schizophrenia have greater exposure to antipsychotic medications 

which increases their risk of diabetes. It is also possible that something about the disease 

process of schizophrenia poses an increased risk for diabetes, even in the absence of 

antipsychotic medication [54].  

The prevalence of obesity is higher among people who have developed diabetes during 

the study period in both the main study group and the single antipsychotic user subset. 

Recall that only diagnoses of obesity that preceded the diagnosis of diabetes were 

included. Obesity and higher BMI are commonly listed as risk factors for diabetes [52].

Persons who developed diabetes have a higher average entry age in both the main study 

group and in the single antipsychotic user group. Increased age is a risk factor for 

diabetes (though the risk may level off for very advanced ages) [78].
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Patients who developed diabetes entered the study earlier than those who did not in both 

the main study group and single user group. This finding could reflect the fact that those 

with a smaller index year have a greater amount of follow-up time and are therefore more 

likely to be detected with diabetes (given a certain lag between symptoms and diagnosis).  

A greater proportion of persons who developed diabetes are female in both the main 

study group and the single antipsychotic user subset. Female sex is not a known risk 

factor for diabetes, however, in this study univariate logistic regression revealed that 

females are more likely to be obese (OR=3.1 (CI=3.02, 3.14)) and older (OR= 1.02 

(CI=1.020, 1.022); obesity and age are both known risk factors for diabetes. 

4.4 Main Findings Compared to Previous Studies

4.4.1 Clozapine 

This study found that current use of as well as past cumulative exposure to clozapine 

increased the risk for diabetes. In the on/off model, the increased risk of diabetes in 

clozapine users is specifically with reference to patients who were not currently using 

clozapine that month: patients may have used clozapine at a previous time but were not 

currently using that drug, or patients may have been currently using another antipsychotic 

drug, or had used another antipsychotic drug in the past. In the cumulative dose model, 

the increased risk of diabetes in clozapine users is with reference to patients who had 

accumulated exposure to antipsychotic drug(s) other than clozapine.  

Buse et al. [64] and Gianfrancesco et al.[66] both found that patients who used clozapine 

had an increased risk of diabetes relative to both: a general patient population, and a 

population with psychoses not using antipsychotic medications. Both studies examined 

dose-response relationships and neither found a significant dose effect for clozapine. 

Although both studies found clozapine to increase the risk of diabetes, neither reported 

clozapine as posing the highest risk for diabetes relative to other antipsychotic drugs.
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Several other studies have compared the risk of diabetes in clozapine users compared to 

users of typical antipsychotic medications. Guo et al.[67] found clozapine to pose a 

significantly higher risk for diabetes compared to all atypical antipsychotic drugs in a 

population of patients with Bipolar Disorder. Similarly, Leslie & Rosenheck [58] found 

clozapine to pose a significantly higher risk for diabetes than other atypical drugs in 

patients with schizophrenia. Citrome et al.[63], Lambert et al.[59], and Serynak et al. [60] 

also found clozapine to pose a significant risk for diabetes compared to use of a typical 

drug, however, none of these studies found clozapine to pose the highest risk amongst the 

atypical antipsychotic drugs. 

Ostbye et al. [68] found that patients using clozapine did not have an increased risk of 

diabetes compared to patients using typical antipsychotic drugs, however this study only 

controlled for age and sex. No adjustments were made for obesity, diagnosis of 

psychoses/ schizophrenia or length of follow-up. Failure to control for these variables 

could have interfered with the detection of a significant association for diabetes.  

Overall, our study adds to the other studies that have found clozapine to increase the risk 

of diabetes compared to both patients who are not using an antipsychotic medication and 

patients who are using a typical antipsychotic drug. The findings of this study are similar 

to those of Guo et al. and Leslie & Rosenheck: clozapine appears to pose the highest 

magnitude of risk.  However, it must be noted that an association between clozapine and 

diabetes does not imply causation. Although our study and many others have clearly 

found an association between clozapine and diabetes, it may be other factors associated 

with clozapine use that increase the risk for diabetes. In this study clozapine users almost 

exclusively have a diagnosis of schizophrenia, which is not found in any of the other 

antipsychotic drug groups. Schizophrenia itself is a risk factor for diabetes and although 

we do control for a diagnosis of schizophrenia, our measure may be imperfect (a 

diagnosis may not always be recorded) which could partially account for an increased 

risk. This study found that clozapine users tended to use more antipsychotic drugs 

compared to users of other antipsychotic drugs (4 drugs on average compared to 2 or 3 

drugs for the other drug groups).
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This makes it difficult to interpret hazard ratios for clozapine: is the risk due to the 

clozapine, or due to another drug that a patient used prior to clozapine? It is possible that 

the risks associated with use of clozapine are overestimated.   In addition, treatment 

refractory patients, a subgroup of patents that typically use clozapine, may be at a greater 

risk of diabetes due to factors associated with treatment resistance, such as overall poorer 

health which could lead to more sedentary life styles thus causing weight gain. 

In order to demonstrate causation and not just an association between antipsychotic 

exposure and diabetes, the Austin Bradford Hill criteria can be considered, which if met, 

may help show causation: strength of association, consistency of results, temporality (the 

exposure precedes the disease), biological gradient (increased dose leads to increased 

risk) amongst others [79].    

Large scale database studies have consistently found clozapine to be associated with an 

increased risk of diabetes and these risks tend to be relatively large in magnitude. 

Furthermore, an analysis of 384 case reports of clozapine-induced diabetes found cases of 

diabetes that developed within days, or weeks of clozapine therapy. Hyperglycemia 

(central to a diagnosis of diabetes) was reversed or decreased with withdrawal or 

reduction of clozapine dose [80]. These findings lend weight to a biological gradient. 

Furthermore, there is a clear biological mechanism of clozapine induced diabetes: 

clozapine has been found to lead to significant weight gain, which in turn can lead to the 

development of diabetes.  

4.4.2 Olanzapine

This study found that current use of, or past cumulative use of olanzapine increased the 

risk of diabetes with a magnitude slightly less, though not statistically different, than that 

of clozapine. In the on/off model, the increased risk of diabetes in olanzapine users is 

with reference to patients who were not currently using olanzapine that month. In the 

cumulative dose model, the increased risk of diabetes in olanzapine users is in reference 
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to patients who had accumulated exposure to an antipsychotic drug(s) other than 

olanzapine. 

Compared to patients who were not using antipsychotic medications: Carlson et al.[65]

and Gianfrancesco et al.[66] found olanzapine to pose a significantly increased risk for 

diabetes, and these risks were higher than those found for other antipsychotic drugs. Buse 

et al.[64], Feldman et al.[81] and Koro et al. [82] all found olanzapine to pose a 

significant risk of diabetes compared to no use of an antipsychotic (these risks were 

moderate relative to other antipsychotic drugs).

Compared to patients who were using typical antipsychotic medications: Gianfrancesco 

et al. [66], Guo et al. [67], Koro et al. [61], Lambert et al. [59], Leslie and Rosenheck 

[58], and Sernyak et al. [60] et al all found olanzapine to pose a significant risk for 

diabetes. Lambert et al. found olanzapine to pose the highest risk for diabetes, relative to 

other atypical drugs.

Barner et al. [62] did not find olanzapine to pose a significant risk for diabetes compared 

to use of typical drugs. A small sample of olanzapine users (n=734) may not have been a 

large enough sample to detect true risks for olanzapine. Citrome et al. [63] also did not 

find olanzapine to pose a significant risk for diabetes compared to typical drug users. 

Again, a small sample size (n=445) may have been too small a sample to detect a 

significant risk.  Similarly, Ostbye et al. [68] did not find olanzapine to pose a significant 

risk of diabetes compared to typical antipsychotic drugs. A lack of measurement of and 

control for: obesity, a diagnosis of psychoses/ schizophrenia or length of follow-up may 

have resulted in a bias in risk estimates. 

Overall, our study lends weight to the findings of the majority of other studies which 

have found olanzapine to be associated with an increased risk of diabetes. In terms of a 

causal relationship between and olanzapine: associations are strong, results are fairly 

consistent, temporality has been demonstrated and a biological mechanism, along a 
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weight gain pathway fits the profile of olanzapine. Also, hyperglycemia may be reversed 

when treatment with olanzapine is discontinued [82]. 

4.4.3 Risperidone 

This study found that current use of risperidone increased the risk of diabetes. However, 

this study did not find that past cumulative exposure to risperidone increased the risk of 

diabetes.

Compared to patients who were not using antipsychotic drugs: Buse et al. [64], Carlson et 

al. [65], and Feldman et al. [81] all found that use of risperidone significantly increased 

the risk of diabetes (the risks were moderate relative to other antipsychotic drugs). 

Gianfransco et al. [66], however, did not find risperidone to significantly increase the risk 

of diabetes compared to non-antipsychotic users.

Compared to patients who were using typical antipsychotic medications: Buse et al. [64] 

(comparison specific to haloperidol), Feldman et al. [79] (comparison specific to 

haloperidol) and Guo et al. [67]  found that risperidone significantly increased the risk of 

diabetes. Barner et al. [62], Citrome et al. [63], Koro et al. [82], Lambert et al. [59],

Leslie and Rosenheck [58], Ostbye et al. [68] and Sernyak et al. [60] all failed to find a 

significant increased risk for risperidone. 

Our study reference population of antipsychotic users who used an antipsychotic drug 

other than risperidone is different than the above mentioned study reference populations, 

and therefore our results may not directly be comparable to the above studies. In a 

heterogeneous comparison group of mixed antipsychotic users, current use of risperidone 

does appear to increase the risk of diabetes. However, past cumulative use of risperidone 

may not affect the risk of diabetes. Furthermore, risperidone may not pose risks for 

diabetes that are greater than those of other antipsychotic medications.  

In terms of assessing a causal relationship between risperidone and diabetes: the 

associations are weak and the evidence is inconsistent. However, a temporal relationship 
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has been demonstrated in specific case reports of diabetes following risperidone initiation 

[83]. Although risperidone may not cause relatively high weight gain, risperidone may 

have a direct effect insulin resistance (a viable biological mechanism) [41, 55].   

4.4.4 Quetiapine 

This study did not find a significant risk of diabetes with current or past cumulative use 

of quetiapine compared to use of other antipsychotic agents.  

Compared to patients not using antipsychotic medication: Buse et al. [64] and Feldman et 

al. [81] both found that use of quetiapine increased the risk of diabetes. The risks for 

quetiapine were the lowest risk amongst the antipsychotic agents. The Buse and Feldman 

studies both used a large size that that provided adequate power to detect significant 

associations. Both studies compared the risk of quetiapine use compared to no use of an 

antipsychotic agent. It is possible that qietiapine in and of itself did not increase the risk 

of diabetes, but rather, these antipsychotic users in general, had an increased risk of 

diabetes as a result of underlying factors that are related to antipsychotic use, such as 

poorer overall health and greater co-morbidities. It could also be possible that patients 

using antipsychotic medications were monitored more than those not using antipsychotic 

medications, which may indicate detection bias.

Compared to patients using typical antipsychotic medications: Citrome et al. [63], Guo et 

al. [67] and Sernyak et al. [60] found quetiapine use to increase the risk of diabetes. 

Barner et al. [62], Koro et al. [82], Lambert et al. [59], Leslie and Rosenheck [58], and 

Ostbye et al.[68] did not find quetiapine use to increase the risk of diabetes compared to 

use of a typical agent. The two studies that did find an increased risk of diabetes in 

quetiapine users had a small number of quetiapine users and do not provide evidence as 

strong as a large scale studies (all other study factors being equal).

Overall this study does not add to the evidence that quetiapine increases the risk of 

diabetes. Reports of increased risks for quetiapine in the literature are weak and 

inconsistent. Quetiapine has been linked to weight gain relative to low-potency typical 



71

drugs [28], therefore it is possible that quetiapine may increase the risk of diabetes via 

weight gain or through an independent effect on insulin resistance after quetiapine 

initiation, however this study does not support this hypothesis, nor is there strong 

evidence in the literature to support this hypothesis. 

4.4.5 Low- Potency Typical Drugs

This study found that current use of, as well as past cumulative exposure to low potency 

typicals increased the risk for diabetes.  

Compared to patients who were not using antipsychotic medications: Buse et al. [64],

Carlson et al. [65], Gianfrancesco et al. [66] and Feldman et al. [81], all found that low-

potency typical drugs users had an increased risk of diabetes. The Buse and Feldman 

studies both found the risks for low-potency typical drugs to be larger than the risks of all 

other antipsychotic drugs, including atypical drugs.

Our study adds support of a causal relationship between low-potency typical drugs and 

diabetes: the associations are strong and consistent and a temporal relationship exists. In 

addition, there is a strong biological mechanism via weight gain. Weight gain with low 

potency drugs is second only to atypical agents clozapine and olanzapine [28].

4.4.6 Other Typical Drugs 

This study found that cumulative past use of, but not current use of other typical 

antipsychotic agents increased the risk of diabetes compared to users of all other 

antipsychotic agents.  

Compared to patients who are not using antipsychotic medications: Buse et al. [64],

Giafrancesco et al. [66] and Feldman et al. [81] all found that use of other typical 

antipsychotic medications to significantly increase the risk of diabetes. However a large 

study by Carlson (n=60,000) did not find other typical medications to pose an increased 

risk of diabetes. 
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This study does not provide clear evidence that other typical drugs pose a risk for 

diabetes. Although cumulative past exposure to other typical drugs does appear to 

increase the risk of diabetes this finding may be confounded by other factors. For 

example, past users of other typicals may have used other drugs (as this analysis was not 

limited to single drug users); they may have been switched from older typical 

antipsychotic drugs to other agents, and it may be these other drugs that are responsible 

for the development of diabetes. If other typical drugs truly increase the risk for diabetes, 

then current use of other typical drugs should increase the risk for diabetes. We did not 

find this, however.

Our study does not support a causal relationship between other typical drugs and 

diabetes. The associations between the two are weak and inconsistent across models and 

the temporal relationship between typical drugs and diabetes is not clear. Although past 

use of other typical drugs may increase the risk of diabetes, it is not clear how far in the 

past exposure accumulated and whether there is a viable explanation for lag in drug 

exposure to development of diabetes. It could be the case that typical antipsychotic drugs 

have direct insulin resistance effects. This however, has not been reported in the 

literature.

4.5 Limitations of this Study

A major of limitation of this study was the inclusion of patients who used more than one 

antipsychotic drug. The inclusion of multiple drug users poses a difficulty in terms of 

assigning one specific drug as the main causal agent for diabetes. However, this study 

included a sensitivity analysis of single drug users and the main findings were replicated. 

Patients who use only one antipsychotic drug may have less follow-up time overall; 

single users are often deemed so simply because the study duration is not long enough to 

observe antipsychotic switching.

Another limitation of this study was the lack of data on risk factors for diabetes such as 

BMI, race, family history of diabetes, receipt of drugs that pose risks for diabetes (such as 

steroids). In a large database study, it is difficult to measure all of these risk factors. 
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Smaller chart studies may be able to measure these risk factors.  The resultant smaller 

sample size may however preclude any significant findings.

A further concern in this study was the use of a heterogeneous population of 

antipsychotic users. Reasons for antipsychotic use may be associated with risks for 

diabetes; for example persons who use antipsychotic medications for schizophrenia may 

be at an increased risk for diabetes as a result of disease process, sedentary lifestyle etc; 

and persons who use antipsychotic medications in a nursing home as a sedative may be at 

increased risk for diabetes as a result of age. However, this study did control for age and 

diagnosis of schizophrenia.

An additional shortcoming of this study was lack of data on true antipsychotic exposure: 

this study instead used antipsychotic prescription filling as a proxy for antipsychotic 

consumption. It is possible that patients may have filled an antipsychotic medication and 

not consumed the medication. Additionally, antipsychotic dosage may have been subject 

to measurement error. Based on the method of approximation outlined in the methods 

section, it is possible that antipsychotic exposure was overestimated for some months and 

necessarily underestimated the following month.  

One more limitation of this study was a failure to analyze specific typical medications. It 

is possible that medium and high potency typical medications do not pose homogenous 

risks; however, in line with a weight gain pathway to antipsychotic induced diabetes, our 

grouping of typical antipsychotic drugs may be adequate. However, if antipsychotic 

medications increase the risk for diabetes by direct insulin effects then this grouping may 

obscure differences in risk among drugs.  

Furthermore, this study may be subject to measurement error. The study measured 

incident antipsychotic use by screening a minimum of 6 months prior to first 

antipsychotic drug use. It is however possible that a patient may have been hospitalized 

for more than 6 months, and entered the study as an “incident” antipsychotic user 

although they may have used antipsychotic drugs prior to the 6 month ‘washout’ period. 
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This seems likely in the case of clozapine users: approximately 10% of clozapine users 

were prescribed this drug as their “index” or very first antipsychotic drug. Treatment 

guidelines however, recommend that clozapine only be used when treatment with two 

other antipsychotic medications have failed. It is quite possible then that in several cases 

we did not truly capture first time antipsychotic users.  

Finally, diagnoses of obesity, schizophrenia and diabetes may not always have been 

recorded. In our dataset, 12% of patient medical records did not contain an ICD-9 

diagnosis and almost 98% of patient hospital records do not contain an admission 

diagnosis (although main and discharge diagnoses were normally present). A missing 

diagnosis could simply indicate that a patient did not present with a medical condition. It 

is also possible that the physician was negligent in recording a diagnosis. Of particular 

concern is if diagnoses are differentially detected based on exposure group. There is some 

evidence that persons who use atypical antipsychotic drugs are more likely to be tested 

for diabetes than patients who use typical antipsychotic drugs [63, 83]. If this is the case, 

then persons who use atypical drugs may appear to have a greater risk of diabetes, when 

it may be that they are more likely to have been detected with diabetes. If patients who 

use other antipsychotic drugs are not screened as often then their risk of diabetes may 

appear spuriously low. This type of bias is difficult to avoid in large scale studies, but has 

been addressed in smaller chart studies such as the study by Citrome et al. [63]

4.6 Strengths of this Study

Key strengths of this study include a large sample size that allowed the inclusion of all 

atypical drugs available in Quebec by 2004. Several of the aforementioned studies lacked 

adequate samples for atypical drugs such as clozapine and quetiapine. Also, data from 

recent years allowed drugs such as quetiapine to be included in the study. Another 

strength of this study was the division of typical drugs into a low potency group and other 

typical drugs, since low-potency drugs can lead to more weight gain compared to other 

typical drugs, a clear risk factor for diabetes. Obesity and schizophrenia are two well 

documented risk factors for diabetes that were, at least to some extent, controlled for in 

this study. Some of the aforementioned large database studies did not include a diagnosis 
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of obesity in the model. Furthermore, this study was able to address follow up bias by 

including the year of entry in the study. Year of study entry was protective in this study, 

indicating that persons who entered at a later year had a lower risk of diabetes, or rather 

of diabetes being detected. Another strength of this study was the measurement of 

diabetes based on medical records. Previous studies have used receipt of an antidiabetic 

medication to indicate diabetes; however antidiabetic medication may be used as a 

prophylactic, and may be prescribed to a person who presents with risk factors for 

diabetes in the absence of meeting diagnostic criteria for diabetes. Another key strength 

of this study was the measurement of exposure in two different ways corresponding to 

current use and cumulative past use. Many studies did not measure antipsychotic dose, 

especially in a standardized form. In order to demonstrate causality, it is important to 

clearly demonstrate a dose-response relationship.  This methodological refinement 

represents an important strength of our study.  

4.7 Conclusions

We found that clozapine, olanzapine and low-potency typical drugs increased the risk of 

diabetes compared to use of other antipsychotic drugs. Other typical drugs were found to 

increase the risk of diabetes only when past cumulative exposure was considered. It could 

be that the development of diabetes takes longer with these drugs; perhaps weight is 

gained slowly with these drugs and time to diabetes is greater than a month which could 

explain why current use of the other typical drugs might not appear to increase the risk of 

diabetes. It is also possible that current users of the newer atypical drugs have 

accumulated past exposure to other typical drugs and the risk attributed to other typical 

drugs may be influenced by the current use of atypical drugs which may lead an 

overstatement of the risks associated with other typical drugs. In the sensitivity analysis 

of single drug users, past cumulative use of other typical drugs did not pose a risk for 

diabetes, indicating that perhaps use of other typical antipsychotic drugs does not pose an 

increased risk of diabetes relative to use of another antipsychotic drug.

Current use of risperidone increased the risk of diabetes. Although past cumulative use of 

risperidone did not appear to increase the risk of diabetes in the main study group, past 
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cumulative use of risperidone did significantly increase the risk of diabetes in the single 

user group. Risk estimates for the main study group may understate true drug effects, as 

the risk may be split amongst multiple drugs that a patient used. The risk estimates from 

the single user group may be more relevant; however the smaller sample of single users 

does not allow as much precision in estimates.  

The risks of diabetes for each antipsychotic drug should be carefully considered and 

weighed against their benefits. The consequences of diabetes can be severe, especially in 

the presence of weight gain, which can be distressing to a patient and may lead to drug 

non-compliance. In the case of severe mental disorders such as schizophrenia, non-

compliance can seriously hinder treatment. Also, treatment for diabetes can be a burden 

to the healthcare system (costs of antidiabetics and numerous complications that are 

costly to treat) [84]. Furthermore, persons with diabetes have increased risks of 

cardiovascular disease which increases the risk of mortality [83].  

In this dataset, the most frequently filled prescription for an antipsychotic drug was 

olanzapine. However, evidence from this study and others show this drug to pose a 

substantial risk for the development of diabetes. Careful consideration should be given 

when prescribing olanzapine, considering also evidence that it may not be more effective 

than other antipsychotic agents [32, 33]. 

This study, along with several others, found clozapine to pose a significant risk for the 

development of diabetes. However, no drug has been found equal to or superior to 

clozapine for treatment-refractory patients; it may therefore not be possible to select 

another antipsychotic drug for these patients.

Future studies might address differential testing for diabetes in patients using specific 

antipsychotic drugs and explore how many cases of diabetes occur in the presence of 

weight gain (which could help determine which model of antipsychotic induced diabetes 

is most plausible). Other studies might also differentiate between the severity of diabetes 

by using different outcomes such as diabetes that does not require antidiabetic 
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medication, diabetes that requires low doses of medication and diabetes that requires high 

doses of medication and/or diabetes that occurs with complications. Additionally, future 

studies might use different models to measure antipsychotic exposure. Perhaps the risks 

posed by antipsychotic drugs are not constant throughout time but level off at certain 

point. If this is the case, then dose could be measured using an autoregressive moving 

average model.  



78

References  

1. Shen, W.W., A history of antipsychotic drug development. Comprehensive 
psychiatry 1999. 40(6): p. 407-414. 

2. Meyer, J.M., Simpson, G.M., From chlorpromazine to olanzapine: a brief history 
of antipsychotics. Psychiatric Services, 1997. 48(9): p. 1137-1139. 

3. American Psychiatric Association: Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition 1994, Washington, DC: American Psychiatric 
Association. 

4. Hafner H., H.M., Loffler, W., Munk-Jorgensen P., Riecher-Rossler A., Is
schizophrenia a disorder of all ages? A comparison of first episodes and early 
course across the life-cycle. Psychological Medicine 1998. 28(2): p. 351-365. 

5. Perala, J., Suvisaari, J., Saarni, S.I., Kuoppasalmi, K., Isometsa, E., Pirkola, S., 
Partonen, T., Tuulio-Henriksson, A., Hintikka J., Kieseppa, T., Harkanen, T., 
Koskinen S., Lonnqvist, J. , Lifetime Prevalence of Psychotic and Bipolar I 
Disorders in a General Population. Archives of General Psychiatry, 2007. 64: p. 
19-28.

6. Liberman, J.A., Stroup, T.S., Perkins, D.O., Textbook of Schizophrenia. 2006, 
Arlington, VA: American Psychiatric Publishing Inc. 

7. Hafner, H., an der Heiden, W., Epidemiology of schizophrenia. Canadian Journal 
of Psychiatry, 1997. 42: p. 139-151. 

8. Sullivan, P.F., Kender, K.S., Neale, M.C., Schizophrenia as a complex trait: 
evidence from a meta-analysis of twin studies. Archives of General Psychiatry, 
2003. 60: p. 1187-1192. 

9. Berton, O., McClung, C., DiLeone, R., Krishnan, V., Renthal, W., Russo, S., 
Graham, D., Tsankova, N., Bolanos, C., Rios, M., Monteggia, L., Self, D., 
Nestler, E., Essential role of BDNF in the mesolimbic dopamine pathway in social 
defeat stress. Science, 2006. 311(5762): p. 864-868. 

10. Hall, W. and L. Degenhardt, Cannabis use and psychosis: a review of clinical and 
epidemiological evidence. Aust N Z J Psychiatry, 2000. 34(1): p. 26-34. 

11. Mortesen, P., Pedersen, C., Westergaard, T., Wohlfahrt, J., Ewald, H., Mors, O., 
Andersen P.K., Melbye, Effects of family history and place and season of birth on 
the risk of schizophrenia. New England Journal of Medicine 1999. 430(8): p. 603-
608.

12. Yolken, R.H., Torrey, E.F., Viruses, Schizophrenia, and Bipolar Disorder.
Clinical Microbiology Reviews, 1995. 8(1): p. 131-145. 

13. Gilmore, J., Jarskog, F., Exposure to infection and brain development: cytokines 
in the pathogenesis of schizophrenia. Schizophrenia Research, 1997. 24(3): p. 
365-367.

14. Keshavan, M., Development, disease and degeneration in schizophrenia: a 
unitary pathophysiological model Journal of Psychiatric Research, 1999. 33(6): p. 
513-521.

15. Jones, P., Rodgers, B., Murray, R., Marmot, M., Child devlopment risk factors for 
adult schizophrenia in the british 1946 birth cohort. Lancet, 1994. 344(8934): p. 
1398-1402.



79

16. Davidson, M., et al., Behavioral and Intellectual Markers for Schizophrenia in 
Apparently Healthy Male Adolescents. Am J Psychiatry, 1999. 156(9): p. 1328-
1335.

17. Ciompi, L., The natural history of schizophrenia in the long term. Br J Psychiatry, 
1980. 136: p. 413-420. 

18. Connolly, M. and C. Kelly, Lifestyle and physical health in schizophrenia.
Advances in Psychiatric Treatment, 2005. 11: p. 125-132. 

19. Mortimer, A., et al., Primary care use of antipsychotic drugs: an audit and 
intervention study. Annals of General Psychiatry, 2005. 4(1): p. 18. 

20. Briesacher, B.A., et al., The Quality of Antipsychotic Drug Prescribing in Nursing 
Homes. Archives of International Medicine, 2005. 165: p. 1280 - 1285. 

21. Weiss, E., Hummer, M., Koller, D., Ulmer, H., Fleischhacker, W.W., Off-label
use of antipsychoitc drugs. Journal of Clinical Psychopharmacology, 2000. 20(6):
p. 695-698. 

22. Carter, R., Mapping the mind. 1998, London: Weidenfield & Nicolson. 
23. Di Forti, M., Lappin, J.M., Murray, R.M, Risk factors for shciopzhrenia - all 

roads lead to dopamine. European Neuropsychopharmacology, 2007. 17: p. 
S101-S107.

24. Elkes, C., Elkes, Effect of chloropromazine on the behaviour of chronically 
overactive psychotic patients. British Medical Journal, 1954. 2: p. 560-565. 

25. Stroup, T.S., Alves, W.M., Hamer, R., Lieberman, J.A., Clinical trials for 
antipsychotic drugs: designs, conventions, dilemnas and innovations. Nature 
reviews drug discovery, 2006. 5: p. 133-146. 

26. Hogarty, G., Goldberg, S., Drug and sociotherapy in the aftercare of 
schizophrenic patients. One-year relapse rates. Archives of General Psychiatry, 
1973. 28(1): p. 54-64. 

27. Simon, A.E., et al., Antipsychotic use in patients with schizophrenia treated in 
private psychiatry. Swiss Medical Weekly, 2005. 135: p. 109 - 115. 

28. Baptista, T., Kin, N., Beaulieu, S., Baptista, E., Obesity and related metabolic 
abnormalities during antipsychotic drug administration: mechanisms, 
management and research perspectives. Pharmacopsychiatry, 2002. 35: p. 205-
219.

29. Goeree, R., Farahati, F., Burke, N., Blackhouse, G., O'Reilly, D.O., Pyne, J., 
Tarride, J.-E., The Economic Burden of Schizophrenia in Canada in 2004. Current 
Medical Reserach and Opinion, 2005. 21(12): p. 2017-2028. 

30. Kane, J., et al., Clozapine for the treatment-resistant schizophrenic. A double-
blind comparison with chlorpromazine. Arch Gen Psychiatry, 1988. 45(9): p. 789-
96.

31. Gardner, D., Baldessarini, R., Waraich, P., Modern antipsychotic drugs: a critical 
overview. Canadian Medical Association Journal, 2005. 172(13): p. 1703-1711. 

32. Liberman, J.A., Stroup TS, Liberman, J.A., McEvoy, J.P., Swartz, M.S., Davis, 
S.M., Rosenheck, R.A., Perkins, D.O., Keefe, R.S.E, Davis, C.E., Davis, S.M., 
Lebowitz, B.D.,  Severe, J., Hsiao, J.K., Effectiveness of antipsychotic drugs in 
patients with chronic schizophrenia. the New England Journal of Medicine, 2006. 
353(12): p. 1209- 1223. 



80

33. Jones, P.B., et al., Randomized Controlled Trial of the Effect on Quality of Life of 
Second- vs First-Generation Antipsychotic Drugs in Schizophrenia: Cost Utility 
of the Latest Antipsychotic Drugs in Schizophrenia Study (CUtLASS 1). Arch Gen 
Psychiatry, 2006. 63(10): p. 1079-1087. 

34. Csernansky, J.G., R. Mahmoud, and R. Brenner, A comparison of risperidone and 
haloperidol for the prevention of relapse in patients with schizophrenia. N Engl J 
Med, 2002. 346(1): p. 16-22. 

35. Meltzer, H.Y., Fibiger, C. , Olanzapine: a new aypical antipsychotic drug.
Neuropsychopharmacology, 1996. 14(2): p. 83-85. 

36. Davis, J.M., N. Chen, and I.D. Glick, A meta-analysis of the efficacy of second-
generation antipsychotics. Arch Gen Psychiatry, 2003. 60(6): p. 553-64. 

37. Meltzer, H.Y., Bastani, B., Kwon, K., Ramirez, L.F., Burnett, S., Sharpe, J., A
prospective study of clozapine in treatment-resistant schizophrenic patients.
Psychopharmacology, 1989. 99: p. 68-72. 

38. McEvoy, J.P., Liberman, J.A., Stroup, T.S., Davis, S.M., Meltzer, H.Y., 
Rosenheck, R.A., Swartz, M.S., Perkins, D.O., Keefe, R.S.E., Davis, C.E., Severe, 
J., Hsiao, J.K., Effectiveness of clozapine versus olanzapine, quetiapine, and 
risperidone in patients with chronic schizophrenia who did not respond to prior 
atypical antipsychotic treatment. Am J Psychiatry, 2006. 163: p. 600-610. 

39. Pollack, S., et al., Clozapine reduces rehospitalization among schizophrenia 
patients. Psychopharmacology Bulletin, 1998. 34(1): p. 89-92. 

40. Mhaolain, A.M., Afolabi, W., Butler, J.S., Thakore, J.H., The efficacy and safety 
of clozapine therapy for the community-based management of psychotic 
disorders. European Psychiatry, 2007. 22: p. 129. 

41. Baptista, T., Kin, N., Beaulieu, S., Treatment of the metabolic disturbances 
caused by antipsychotic drugs. Clinical Pharmacokinetics, 2004. 43(1): p. 1-15. 

42. Glick, I.D., Murray, S.R., Vasudevan, P., Marder, S.R., Hu, R.J., Treatment with 
atypical antipsychoitcs: new indications and new populations. Journal of 
Psychiatric Research, 2001. 35(3): p. 187-191. 

43. Haupt, D.W. and J.W. Newcomer, Hyperglycemia and antipsychotic medications.
Journal of Clinical Psychiatry, 2001. 62 Suppl 27: p. 15-26; discussion 40-1. 

44. Jin, H., Meyer, J.M., Jeste, D.V., Atypical antipsychotics and glucose 
dysregulation: a systematic review. Schizophrenia Research, 2004. 71(2): p. 195-
212.

45. Leucht, S., Wahlbeck, K., Hamann, J., Kissling, W., New generation 
antipsychotics versus low-potency conventional antipsychotics: a systematic 
review review and meta-analysis. The Lancet, 2003. 361(9369): p. 1581-1589. 

46. Mason, G., Clinical handbook of antipsychotic drug therapy. 1980, New York: 
Brunner/Mazel Publishers. 

47. Newcomer, J.W., Haupt D.W., Fucetola, R., Melson, A.K., Schweiger, J.A., 
Cooper, B.P., Selke, G., Abnormalities in glucose regulation during antipsychotic 
treatment for schizophrenia. Archives of General Psychiatry, 2002. 59: p. 337-
345.

48. Nair, M., Diabetes mellitus, part 1: physiology and complications. British Journal 
of Nursing, 2007. 16(3): p. 184-188. 



81

49. Mukherjee, S., et al., Diabetes mellitus in schizophrenic patients. Compr 
Psychiatry, 1996. 37(1): p. 68-73. 

50. Dixon, L., Weiden, P., Delahanty, J., Goldberg, R., Postrado, L., Lucksted, A., 
Lehman, A., Prevalence and correlates of diabetes in national schizophrenia 
samples. Schizophr Bull, 2000. 26(4): p. 903-912. 

51. Lorenzo, C., et al., The Metabolic Syndrome as Predictor of Type 2 Diabetes: The 
San Antonio Heart Study. Diabetes Care, 2003. 26(11): p. 3153-3159. 

52. Mokdad, A.H., et al., Prevalence of Obesity, Diabetes, and Obesity-Related 
Health Risk Factors, 2001. JAMA, 2003. 289(1): p. 76-79. 

53. Pan, X.R., et al., Prevalence of diabetes and its risk factors in China, 1994. 
National Diabetes Prevention and Control Cooperative Group. Diabetes Care, 
1997. 20(11): p. 1664-1669. 

54. Ryan, M., Collins, P., Thakore, J.H., Impaired fasting glucose tolerance in first-
episode drug-naive patients with schizophrenia. The American Journal of 
Psychiatry, 2003. 160: p. 284-289. 

55. Henderson, D.C., Atypical Antipsychotic-Induced Diabetes Mellitus: How Strong 
is the Evidence? CNS Drugs, 2002. 16(2): p. 77-89. 

56. McIntyre, R.S., Mancini, D.A., Basile, V.S., Mechanisms of antipsychotic 
induced weight gain. J Clin Psychiatry, 2001. 62: p. 23- 29. 

57. Wirshing, D.A., et al., Understanding the new and evolving profile of adverse 
drug effects in schizophrenia. Psychiatr Clin North Am, 2003. 26(1): p. 165-90. 

58. Leslie, D.L., Rosenheck, D.A., Incidence of newly diagnosed diabetes 
attributable to atypical medications. Am J Psychiatry, 2004. 161: p. 1709-1711. 

59. Lambert, B.L., Chou, C., Chang, K., Tafesse, E., Carson, W., Antipsychotic 
exposure and type 2 diabetes amoung patients with scizophrenia: a matched case-
control study of California medicaid claims. Pharmacoepidemiology and Drug 
Safety 2005. 14: p. 417-425. 

60. Sernyak, M.J., et al., Association of diabetes mellitus with use of atypical 
neuroleptics in the treatment of schizophrenia. Am J Psychiatry, 2002. 159(4): p. 
561-6.

61. Kornegay, C., Vasilakis-Scaramozza, C., Jick, H., Incident diabetes associated 
with antipsychtoic use in the United Kingdom general practice research database.
J Clin Psychiatry, 2002. 63(9): p. 758-762. 

62. Barner, J.C., Worchek, J., Yang, M., Frequency of new-onset diabetes mellitus 
and use of antipsychotic drugs among centreal texas veterans. Pharmacotherapy, 
2004. 24(11): p. 1529-1538. 

63. Citrome, L., et al., Relationship Between Antipsychotic Medication Treatment and 
New Cases of Diabetes Among Psychiatric Inpatients. Psychiatr Serv, 2004. 
55(9): p. 1006-1013. 

64. Buse, J.B., et al., A retrospective cohort study of diabetes mellitus and 
antipsychotic treatment in the United States. Journal of Clinical Epidemiology, 
2003. 56(2): p. 164-170. 

65. Carlson, C., et al., Diabetes mellitus and antipsychotic treatment in the United 
Kingdom. European Neuropsychopharmacology, 2006. 16(5): p. 366-375. 

66. Gianfrancesco, F., Grogg, A., Mahmoud, R., Wang R., Nasrallah, H., Differential
Effects of Risperidone, Olanzapine, Clozapine, and Conventional Antipsychotics 



82

on Type 2 Diabetes: Findings From a Large Health Plan Database Journal of 
Clinical Psychiatry, 2002. 63: p. 920-930. 

67. Guo, J.J., et al., Risk of diabetes mellitus associated with atypical antipsychotic 
use among Medicaid patients with bipolar disorder: a nested case-control study.
Pharmacotherapy, 2007. 27(1): p. 27-35. 

68. Østbye, T., Curtis, L., Masselink, L., Hutchison, S., Wright, A., Dans, P., 
Schilman, K., Krishnan, R., Atypical antipsychotic drugs and diabetes mellitus in 
a large outpatient population: a retrospective cohort study.
Pharmacoepidemiology and drug safety, 2005. 14(6): p. 407-415. 

69. Koepsell, T., Weiss, N., Epidemiologic Methods. 2003, New York: Oxford 
University Press. 

70. Herman, B.D., D.S.W., Susser, E.S., Jandorf, L., Lavelle, J., Bromet, E.J., 
Homelessness amound indviduals with psychotic disorders hospitalized for the 
first time: findings from the suffolk county mental health project. American 
Journal of Psychiatry 1998. 155: p. 109-113. 

71. Begin P., C.L., Chenier N., Dupuis J., Homelessness. 1999, Library of Parliment 
(Canada): Ottawa. 

72. Borison, R.L., Changing antipsychoitc medication: guidelines on the transition to 
treatment with risperidone. Clinical Therapeutics, 1996. 18(4): p. 592-607. 

73. Lerner, V., Libov, I., Kotler, M., Strous, R.D. , Combination of "atypical" 
antipsychotic medication in the managment of treatment-resistant schizophrenia 
and schizoaffective disorder. Progress in Neuro-Psychopharmacology and 
Biologic Psychiatry 2004. 28(1): p. 89-98. 

74. Bozdogan, H., 
Model selection and Akaike's Information Criterion (AIC): The general theory and its 

analytical extensions Psychometrika, 1987. 52(3): p. 345-370. 
75. Henderson, D.C., et al., Clozapine, diabetes mellitus, weight gain, and lipid 

abnormalities: A five-year naturalistic study. Am J Psychiatry, 2000. 157(6): p. 
975-81.

76. Philip, N.S., Mello, K., Carpenter, L.L., Tyrka, A.R., Price, L.H., Patterns of 
quetiapine use in psychiatric inpatients: an examination of off-label use. Annals 
of Clinical Psychiatry, 2008. 20(1): p. 15-20. 

77. Weissman, M.M., Leaf, P.J., Holzer, C.E., Myers, J.K., Tischler, G.L., The
epidemiology of depression. An update on sex differences in rates. Journal of 
Affective Disorders, 1984. 7(3): p. 179-188. 

78. Lipscombe, L., Hux, J.E., Trends in diabetes prevalence, incidence, and mortality 
in Ontario, Canada 1995-2005: a population based study. The Lancet, 2007. 
3(9563): p. 750-756. 

79. Holt, R.I. and R.C. Peveler, Antipsychotic drugs and diabetes-an application of 
the Austin Bradford Hill criteria. Diabetologia, 2006. 

80. Koller, E., et al., Clozapine-associated diabetes. The American Journal of 
Medicine, 2001. 111(9): p. 716-723. 

81. Feldman, P.D., Hay, L.K., Deberdt, W., Kennedy, J.S., Hutchins, D.S., Hay, D.P., 
Hardy, T.A., Hoffmann, V.P., Hornbuckle, K., Breier, A., Retrospective Cohort 
Study of Diabetes Mellitus and Antipsychotic Treatment in a Geriatric Population 



83

in the United States Journal of the American Medical Directors Association, 
2004. 5(1): p. 38-46. 

82. Koro, C.E., Fedder, D.O., L'Italien, G., Weiss, S.S., Magder, S.L., Kreyenbuhl, J., 
Revickik, D.A., Buchanan, R.W., Assessment of independent effect of olanzapine 
and risperidone on risk of diabetes amoung patients with schziophrenia: 
population based nested case-control study. British Medical Journal, 2002. 325:
p. 1-5. 

83. Lean, M.E.J. and F.-G. Pajonk, Patients on Atypical Antipsychotic Drugs: 
Another high-risk group for type 2 diabetes. Diabetes Care, 2003. 26(5): p. 1597-
1605.

84. Leslie, D., Rosenheck, R., Pharmacotherapy and health care costs among 
patients with schizophrenia and newly diagnosed diabetes. Psychiatr Serv. 56(7):
p. 803-809. 

85. Cleves, M.A., Gould, W.W., Guutierrez, R.G., An introduction to survival anlysis 
using stata. 2004, College Station: Stata Press. 



84

Appendix

Entry Age as A linear Term 

In order to examine the relationship between entry age and the development of diabetes, 

the proportion of patients who developed diabetes was plotted against five broad age 

groups (a rough approximation): 18-30 years, 30-40 years, 40-50 years, 50-60 years and 

60+ years.

Age category: 1= 18-30 years, 2=30-40 years, 3=40-50 years, 4=50-60 years 
5= 60+ years 

The above figure indicates that the relationship between entry age and the development 

of diabetes is not linear. Entry age was modeled as a quadratic function in the main 

analyses. The AIC was lower in the model with the quadratic term than in the model with 

the linear term (62,400 and 62,407 respectively) indicating that the model with the 

quadratic term better fits the data. 
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Entry Year as a Linear Term  

The proportion of patients who developed diabetes was plotted against year of entry into 

the study in order to asses the relationship between the two.

The above figure indicates the relationship between study entry year and the development 

of diabetes is approximately linear.   

The Proportional Hazards Assumption

The linktest command in Stata is a specification test that checks if the coefficient of a 

squared linear predictor is insignificant [85].  The squared term in both models was 

insignificant (P>|z| >0.50), indicating that the models passed this test. 
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