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The study purposes were to: 1) examine antipsychotic utilization trends; and 2) 

evaluate relationships between antipsychotic utilization and treatment-emergent 

diabetes when methodologies varied while controlling for covariates. 

Claims databases from North and South Texas Veterans Administration 

(1993-2004) were used to identify adults newly initiated on antipsychotics.  For 

Purpose 2, only patients with no previous diabetes were eligible.  Seven models were 

created based on the following methodological variations: 1) study designs 

(retrospective cohort and case-control); 2) treatment exposure assignment (intent-to-

treat (ITT) and as-treated (AT)); and 3) statistical approaches (propensity scoring, 
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standard and conditional logistic regression, and Cox proportional hazards function).  

Covariates included: demographics, general health comorbidities, mental health 

comorbidities, drug utilization patterns, treatment duration, medication re-exposure, 

and treatment initiation year. 

Regarding Purpose 1, from 1997-2003, antipsychotic utilization shifted from 

first to second generation, with olanzapine and risperidone most frequently prescribed.  

Monotherapy was the predominant utilization pattern with switching and combination 

therapy used infrequently.  Of the eligible patients (N=8,949) for Purpose 2, 

regardless of variations in methodologies of the seven tested models (eight models 

were proposed), there were no significant differences in diabetes risk among patients 

who were: 1) initiated on SGAs compared to those on FGAs; 2) initiated on 

olanzapine compared to those on risperidone; and 3) exposed to olanzapine or 

quetiapine compared to those exposed to FGAs.  Inconsistent results among the seven 

models were observed when comparisons were made between: 1) patients initiated on 
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and AT case-control. 

With respect to antipsychotic utilization, results of the various models using 

different methodologies were largely consistent. 
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CHAPTER ONE 

INTRODUCTION 

 

Schizophrenia is a mental disorder where the thought processes of a suffering 

patient “disintegrate, severely and pervasively.”1  It affects approximately one percent 

of the various populations throughout the world, ranging from 0.6 percent to 1.9 

percent.2  The manifestation of schizophrenia is usually distinguishable from other 

mental disorders, although the actual symptom presentation varies considerably 

across individual patients.  The symptoms commonly seen in this mental disorder can 

be grouped into three major categories: positive symptoms (e.g., hallucinations and 

delusions), negative symptoms (e.g., flattened affect, lack of motivation, and 

impoverished speech or behavior), and cognitive deficits (e.g., impaired executive 

functioning, impaired working memory, decreased attention).3-6  However, these 

categories by no means account for all of the possible patients’ experiences or 

behaviors.1  

The heterogeneity of schizophrenia manifestation is largely due to the 

complex etiology and psychopathology of schizophrenia.  Current knowledge 

regarding the etiology and psychopathology of schizophrenia is not satisfactory.2, 7, 8  

Nonetheless, effective medications for treating schizophrenia have been available for 

over half of a century since the discovery of chlorpromazine in 1952.  Today, there 
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are two generations of antipsychotic agents on the market, primarily used for 

treatment of schizophrenia.  Both the first and second generations of antipsychotics 

are mainly antidopaminergic agents.  However, the first generation antipsychotics 

(FGAs) are characterized by the induction of the extrapyramidal syndromes (EPS).9-11  

These side effects place patients under great discomfort and are a leading cause of 

patients’ medication nonadherence.12-14   

The second generation antipsychotics (SGAs) overcame the major side effect 

of FGAs with minimal risk of EPS.  Most SGAs have various advantages over FGAs 

in other important side effects as well, including the induction of tardive dyskinesia, 

neuroleptic malignant syndrome, and increasing serum prolactin levels (except for 

risperidone).11, 17  In addition, data from many clinical trials suggest that SGAs are at 

least as effective in treating schizophrenia positive symptoms,16-19 may be more 

effective in treating negative symptoms,16, 18, 19 and are also advantageous in treating 

cognitive deficits.11, 17, 19, 23-25  

Because of the better side effect profile of SGAs and their advantages in 

treating schizophrenia symptoms, it is recommended that SGAs, except for clozapine, 

be the first-line choice for both maintenance therapy and acute schizophrenic episode 

treatment.2, 17, 26-28  Few researchers even suggest clozapine as a first-line choice.29  

However, other opinions exist with regard to retaining FGAs as the first-line 

treatment, mainly because of the much higher medication costs of SGAs.  
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On the other hand, data are not sufficient enough to evaluate the long-term 

effects of SGAs.  The efficacy data for the comparisons between FGAs and SGAs, as 

well as the comparisons among SGAs, are from randomized controlled clinical trials.  

These studies usually last for a short period of time, typically a few weeks to a few 

months.31  The long-term effectiveness and outcomes of using SGAs for maintenance 

therapy are yet to be established.  So far, limited data suggest that SGAs, risperidone 

and olanzapine in particular, may be the drugs of choice for schizophrenic 

maintenance therapy.18   

As the use of SGAs increases, the various side effects of these medications are 

emerging.  Precautions are warranted for patients with contraindications and patients 

susceptible to certain side effects.  Among the side effects, some have been well 

established.  For example, agranulocytosis is a well-known serious and potentially 

fatal side effect of clozapine with a lifetime risk of 1 to 2 percent in the early 

utilization years.32  However, the mortality rate associated with agranulocytosis has 

dropped significantly since the implementation of prescribing guidelines and safety 

precautions.33   

On the other hand, other side effects of SGAs are emerging and need to be 

fully evaluated.  Some of the most recently noted issues involve weight gain, 

elevation of triglycerides and cholesterol, and diabetes-related problems.11  Because 

of the long-term health consequences associated with these types of side effects, 
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large-scale longitudinal scientific studies are warranted for healthcare professionals to 

make a knowledgeable decision based on the conditions of an individual patient.    

One of the side effects that have drawn great attention among investigators 

and practitioners is treatment-emergent type 2 diabetes mellitus associated with the 

initiation of SGAs.  Case reports have associated the development of diabetes with 

the use of various SGAs, including clozapine, risperidone, olanzapine, and 

quetiapine.34-38  Several reviews of case reports have appeared in the literature.39-45  

These reviews further suggest a potential causal relationship between use of SGAs 

and treatment-emergent diabetes. 

However, implications drawn from case reports need to be further validated 

through well-designed large-scale surveillance studies.  A number of researchers have 

investigated this issue using claims databases in the last few years, in order to 

substantiate the potential relationship that links treatment-emergent diabetes to newly 

initiated SGA treatment.46-60  Table 1.1 shows the brand names of the SGA 

medications and their corresponding manufacturers.  Table 1.2 presents the brief 

results from these studies.  Table 2.4 in the next chapter will provide detailed 

comparisons across the studies.   

The study conducted by Sernyak et al.58 is included in the table presentation.  

However, the Sernyak study utilized a cross-sectional study design focusing on 

diabetes prevalence and factors associated with diabetes prevalence.  It is not an 

appropriate design for evaluating the potential causal relationship between a factor 
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and an event, compared to the case-control and retrospective cohort designs utilized 

by all other studies.  Therefore, findings of this study are not included in the 

following discussion. 

 

 
 
 
 

Table 1.1 SGAs’ Generic and Brand Names and Their Corresponding 
Manufacturers

 

Generic Name Brand Name Manufacture  

 
Clozapine Clozaril® Novartis   

Aripiprazole Abilify® Bristol–Myers Squibb 

Olanzapine Zyprexa® Eli Lilly and Company 

Quetiapine Seroquel® AstraZeneca Pharmaceuticals 

Risperidone Risperdal® Janssen Pharmaceutica 

Ziprasidone Geodon® Pfizer  
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Table 1.2 A Brief Comparison of Methodologies and Results Among Studies 
Evaluating the Relationship Between Treatment-Emergent Type 2 Diabetes 
Mellitus and Use of Antipsychotics Using Claims Databases 
 
 

Authors 
 

Study Design Statistical 
Method 

 

Conclusion Funding/ 
Affiliation

Barner et al. 
(2004)46 

Retrospective 
cohort 
(ITT) 

Multiple logistic 
regression 

Compared to FGAs 
Olanzapine (↔)      Quetiapine (↔)  
Risperidone (↔) 

Eli Lilly 
and 
Company 
 

Buse et al. 
(2003)47 

Retrospective 
cohort 
(monotherapy) 

Cox proportional 
hazard function  

Compared to general AP naïve 
SGA (↑)                 FGA(↑)     
Clozapine (↑)         Olanzapine (↑)    
Quetiapine (↑)        Risperidone (↑) 
Haloperidol (↑)      Thioridazine (↑) 
Compared to FGAs 
SGA (↔) 
Compared to Haloperidol 
Clozapine (↔)       Olanzapine (↔)  
Quetiapine (↓)        Risperidone (↑) 

Eli Lilly 
and 
Company 

Caro et al. 
(2002)48 

Retrospective 
cohort  
(ITT)  
 

Cox proportional 
hazard function  

Compared to Risperidone 
Olanzapine (↑) 

Janssen 
Ortho Inc, 
Toronto 

Cunningham  
et al. (2003)49 

Retrospective 
cohort 
(monotherapy) 
Case-control 
(matched with 
age, sex, year, 
VA facility) 
 

Cox proportional 
hazard function;  
 
Case-control 
analysis 

Compared to FGAs 
Clozapine (↔)       Olanzapine (↑)  
Quetiapine (↑)        Risperidone (↑)   

Janssen 
Pharma-
ceutica 

Fuller et al. 
(2003)50 

Retrospective 
cohort  
(AT) 

Cox proportional 
hazard function 
(time-dependent 
variable) 
 

Compared to Risperidone 
Fluphenazine (↔)  Haloperidol (↔) 
Olanzapine (↑)      

Janssen 
Pharma-
ceutica 

Gianfrancesco 
et al. (2002)51 

Retrospective 
cohort  
(TE) 

Multiple logistic 
regression 

Compared to Psychiatric AP 
Naïve 
High-potency (↑)   Low-potency (↑) 
Clozapine (↑)         Olanzapine (↑)    
Risperidone (↔)  
 

Janssen 
Pharma-
ceutica  

Notes: ↑: increased risk of diabetes; ↓: reduced risk of diabetes; ↔: no significant difference 
AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat;  
Rx: prescriptions; SGA: second generation antipsychotic; TE: treatment episode 
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Table 1.2 A Brief Comparison of Methodologies and Results Among Studies 
Evaluating the Relationship Between Treatment-Emergent Diabetes Mellitus 
and the Use of Antipsychotics Using Claims Databases (continued) 
 
 

Authors 
 

Study Design Statistical 
Method 

 

 Conclusion Funding/ 
Affiliation 

Gianfrancesco 
et al. (2003)52 

Retrospective 
cohort 
(TE) 

Multiple 
logistic 
regression 

 Compared to Psychiatric AP   
 Naïve 
 FGA (↔)             Olanzapine (↑)   
Quetiapine (↔)    Risperidone (↔)  

AstraZeneca 
Pharma-
ceuticals 

Kornegay  
et al. (2002)53 

Nested case-
control (ITT):  
Cases – diagnosis  
and Rx claims, diet 
therapy, or referral 
to diabetic clinic; 
Controls – up to 4 
randomly selected, 
matched with age, 
sex, general 
practice 

Conditional 
logistic 
regression 

 Compared to Past AP Exposure 
 Current FGA (↑)    
 Current SGA (↑) 
 Recent FGA (↔)                 

Boston-
Collaborative 
Drug 
Surveillance 
Program 

Koro et al. 
(2002)54 

Nested case-
control (ITT):  
Cases – diagnosis 
or treatment of 
diabetes;  
Controls – 6 
randomly selected, 
matched with age, 
sex, study period 

Conditional 
logistic 
regression 

 Compared to Schizophrenia AP   
 Naïve 
 FGA (↑)                Olanzapine (↑)     
 Risperidone (↔) 
 Compared to non-target AP 
 FGA (↑)                Olanzapine (↑)     
 Risperidone (↔) 
 Compared to FGAs 
Olanzapine (↑)      Risperidone (↔) 

Bristol-
Myers 
Squibb 

Lee et al. 
(2002)55 

Retrospective 
cohort  
(ITT) 

Multiple 
logistic 
regression 

 Compared to FGAs 
 SGA (↔)                  
Olanzapine (↔)    Risperidone (↔) 

 Compared to Risperidone 
 Olanzapine (↔)   

Eli Lilly and 
Company 

Lund et al. 
(2001)56 

Retrospective 
cohort  
(ITT)  

Multiple 
logistic 
regression 

 Compared to FGAs 
 Clozapine (↔)  

Medicaid 
Drug 
Utilization 
Commission

Notes: ↑: increased risk of diabetes; ↓: reduced risk of diabetes; ↔: no significant difference 
AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat;  
Rx: prescriptions; SGA: second generation antipsychotic; TE: treatment episode 

 



8
 
 

 

Table 1.2 A Brief Comparison of Methodologies and Results Among Studies 
Evaluating the Relationship Between Treatment-Emergent Type 2 Diabetes 
Mellitus and Use of Antipsychotics Using Claims Database (continued) 
 
 

Authors 
 

Study Design Statistical 
Method 

 

Conclusion Funding/ 
Affiliation

Ollendorf  
et al. 
(2004)57 

Retrospective cohort 
(ITT) 

Multiple logistic 
regression; 
 

Cox proportional 
hazard model 

Compared to FGAs 
SGA (↑/↔) 
Compared to Risperidone 
Olanzapine (↔) 
Compared to Other SGAs 
Olanzapine (↔) 
 

N/A 

Sernyak et 
al. (2002)58 

Cross-sectional –  
A prevalence study  
(backward-ITT) 

Multiple logistic 
regression 

Compared to FGAs 
SGA (↑/↔)              
Clozapine (↑/↔)  
Olanzapine (↑/↔)   
Quetiapine (↑/↔)  
Risperidone (↔/↔)  
 

Veterans 
Affairs 

Wang et al. 
(2002)59 

Case-control (ITT): 
Cases – new Rx 
claim for diabetes;  
Controls – randomly 
selected, frequency-
matched with age, 
sex 
 

Multiple logistic 
regression 
(forward step-
wise selection) 

Compared to Psychiatric AP 
Naïve 
Chlorpromazine (↑)  
Perphenazine (↑) 
Clozapine (↔) 

US National 
Institute of 
Mental 
Health 

Zhao et al. 
(2003)60 

Retrospective cohort 
(ITT) 

Multiple logistic 
regression 

Compared to FGAs 
SGA(↔)                   
Olanzapine (↔)       Risperidone (↑) 
Compared to Risperidone 
Olanzapine (↓)  

Eli Lilly 
and 
Company 

Notes: ↑: increased risk of diabetes; ↓: reduced risk of diabetes; ↔: no significant difference 
AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat;  
Rx: prescriptions; SGA: second generation antipsychotic; TE: treatment episode 
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While the majority of the studies in Table 1.2 compared the target 

antipsychotic cohorts to other antipsychotic-exposed patient cohorts or antipsychotic-

naïve psychiatric patient cohorts, two studies had more general reference groups.  

One study’s47 comparison group was the general, non-psychiatric patient population, 

and another study’s53 comparison group was the general patient population without 

antipsychotic exposure for at least one year.  The results of both studies provided 

supportive evidence to the existing literature that patients taking either FGA agents or 

SGA agents have a higher risk of developing treatment-emergent diabetes than 

patients not currently on any antipsychotic therapy in the general population.   

However, two primary questions on this topic remain inconclusive: 1) whether 

diabetes risk is different between FGA agents and SGA agents; and 2) whether 

diabetes risk is different among the individual SGA agents.  Table 1.3 presents a 

summary of the primary findings with regard to the specific comparisons and results 

demonstrated in these studies. 
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Table 1.3 Summary of Primary Comparisons and Results of the Studies 
Evaluating the Relationship between Treatment-Emergent Type 2 Diabetes and 
Antipsychotic Exposure 
 

 

Comparisons (Total No. of Studies) 
 

Results Number of Studies/Author(s)  
(Sponsors) 

FGA vs. general AP naïve (2) ↑ 2 – Buse, Kornegay 
Haloperidol ↑ 1 – Buse 
Thioridazine ↑ 1 – Buse 
   

SGA vs. general AP naïve (2) ↑ 2 – Buse, Kornegay 
Clozapine ↑ 1 – Buse 
Olanzapine ↑ 1 – Buse 
Quetiapine ↑ 1 – Buse 
Risperidone ↑ 1 – Buse 
   

FGA vs. psychiatric AP naïve (4) ↑ 2 – Gianfrancesco (2002), Koro 
 ↔ 1 – Gianfrancesco (2003) 
Chlorpromazine ↑ 1 – Wang 
Perphenazine ↑ 1 – Wang 
   

SGA vs. psychiatric AP naïve (4)   
Clozapine ↑/↔ 1 – Gianfrancesco (2002) 

 ↔ 1 – Wang 
Olanzapine ↑ 3 – Gianfrancesco (2002, 2003), Koro 
Quetiapine ↔ 1 – Gianfrancesco (2003) 
Risperidone ↔ 2 – Gianfrancesco (2003), Koro 
   

SGA vs. FGA class (8) ↔ 3 – Buse, Lee, Zhao 
 ↑/↔ 1 – Ollendorf 

Clozapine ↔ 1 – Cunningham 
 ↕ 1 – Lund 
Olanzapine ↔ 3 – Barner, Lee, Zhao 

 ↑ 2 – Cunningham, Koro 
Quetiapine ↔ 1 – Barner 

 ↑ 1 – Cunningham 
Risperidone ↔ 3 – Barner, Koro, Lee 

 ↑ 2 – Cunningham, Zhao 
   

SGA vs. Haloperidol (1)   
Clozapine ↔ 1 – Buse 
Olanzapine ↔ 1 – Buse 
Quetiapine ↓ 1 – Buse 
Risperidone ↑ 1 – Buse 
   

Olanzapine vs. Risperidone (5) ↔ 2 – Lee (Eli Lilly), Ollendorf (N/A) 
 ↑/↔ 1 – Caro (Janssen) 
 ↑ 1 – Fuller (Janssen) 
 ↓ 1 – Zhao (Eli Lilly) 

Notes: ↑: increased risk of diabetes; ↓: reduced risk of diabetes; ↔: no significant difference
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For instance, among the four studies that compared the FGA class to SGA 

class,47, 55, 57, 60 three of them47, 55, 60 found no statistically significant difference 

between the two classes in the incidence of treatment-emergent diabetes.  The 

remaining one57 utilized two statistical approaches (i.e., Cox proportional hazard 

model and logistic regression model) to compare the relative diabetes risk of the two 

generations of antipsychotics.  Results of this same study revealed conflicting 

conclusions: a significant difference with SGAs associated with a moderately higher 

risk when utilizing the Cox model; and a non-significant difference when utilizing the 

logistic regression model.57   

One of the current debates with regard to the antipsychotic treatment-

emergent diabetes is whether the rate of incident diabetes associated with risperidone 

significantly differs from that of olanzapine.  Five of the studies included such a 

comparison (Table 1.3).48, 50, 55, 57, 60  Overall, no consensus can be reached.  Two of 

them55, 57 revealed no difference between the two drugs.  One study,50 supported by 

Janssen Pharmaceutica (the manufacturer of Risperdal®), showed olanzapine had a 

significantly higher diabetes risk than risperidone.  Another study,60 supported by Eli 

Lilly and Company (the manufacturer of Zyprexa®), showed an opposite result.  

Again another study,48 also supported by Janssen Pharmaceutica, found a marginal 

difference (relative risk = 1.20, 95% CI = 1.00-1.43, p = 0.05) between the two agents 

and concluded that olanzapine was a risk factor compared to risperidone.  
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In order to estimate the potential relationship between treatment-emergent 

diabetes and antipsychotic exposure, many of the studies included a number of 

covariates that could be related to type 2 diabetes incidence.  However, among the 

covariates, very few appear to be consistently related to diabetes incidence.  For 

example, nine studies included mental or general health comorbidity as control 

variables.46, 48, 50, 52, 53, 55, 57, 59, 60  Three52, 55, 57 found bipolar disorder and one52 found 

depression to be significant protective indicators; two other studies55, 59 suggested 

general health comorbidity such as hypertension and heart diseases were significant 

risk factors; and two studies46, 60 found that preexisting hyperlipidemia was a risk 

factor for diabetes.   

On the other hand, there are conflicting results regarding several covariates 

and their relationships to antipsychotic treatment-emergent diabetes.  For instance, all 

of the studies, except for two nested case-control articles, included age as one of the 

covariates.  Five of them found increasing age as a significant risk factor,46, 47, 51, 52, 60 

while two found that younger patients were more likely to be at risk.56, 57  The 

majority of the studies did not find gender as a significant risk factor.  However, the 

Buse et al. study47 suggested males were at higher risk to develop antipsychotic 

treatment-emergent diabetes, while the Caro et al. study48 suggested females treated 

with olanzapine were a group at higher risk.  Although patients’ race/ethnicity is an 

important factor in predicting the risk of diabetes development in general, only four 
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studies included such a variable,46, 49, 50, 59 and two of them46, 59 found “nonwhite” was 

associated with an increased risk.  

Ten studies controlled for the effect of treatment duration or prescription 

follow-up period.47, 48, 51-53, 55-57, 59, 60  Three found that a longer treatment duration or 

prescription follow-up period was associated with an increased diabetes risk in 

psychiatric patients treated with antipsychotics.51, 52, 55  In contrast, two articles 

indicated that recent antipsychotic exposure was a risk factor.48, 53  In addition, one 

study57 found that a higher number of blood glucose level tests was a protective 

factor.  All of these factors need further evaluation and should be included in future 

relevant studies, as data availability permits.  

The studies reviewed here show that the relationship between antipsychotic 

exposure and treatment-emergent diabetes is inconclusive, regardless of the primary 

variables or the controlled covariates.  The discrepancies in the study results might be 

attributed to methodological issues, such as study populations, reference groups, 

study designs, and statistical approaches.  

First, all of the studies in Table 1.2 used different databases or were 

comprised of different study populations.  Although both Kornegay et al.53 and Koro 

et al.54 studies were based on the U.K. General Practice Research Database, the study 

timeframes were different.  The Barner et al.,46 Cunningham et al.49 and Fuller et al.50 

studies used Veterans Administration (VA) healthcare databases, but their data 

sources were from different VA sites.  The Barner et al. study46 was based on the 
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Central Texas veterans; the Cunningham et al. study49 population was derived from 

ten VA service centers; and the Fuller et al. study50 was from the Ohio VA.   

Different patient populations may be susceptible to different diabetes risk 

factors.  For example, the two studies by Gianfrancesco and colleagues51, 52 used the 

same study designs and statistical methodologies but different patient populations.  

Results of the two studies revealed different conclusions regarding the effects of the 

first generation antipsychotics on treatment-emergent diabetes. 

Second, in addition to the variations in patient inclusion and exclusion criteria 

such as age and gender, the characteristics of the target group and the reference group 

vary across the studies.  Many authors chose to make comparisons between 

schizophrenia patients with different types of antipsychotic exposed cohorts;49, 54, 56, 57, 

60 some investigators expanded comparisons to patients with any mental disorders;51, 

52, 59 others included all patients who filled at least one antipsychotic prescription 

during the study period;46, 48, 50, 53, 55 and one study compared the study groups with a 

general patient population.47   

Specifically, as shown in Tables 1.2 and 1.3, in addition to the comparison 

between any antipsychotic agent exposure and antipsychotic naïve cohorts, there are 

four other types of comparisons included: 1) between the combined SGA agents as a 

class and the combined FGA agents as a class; 2) between the individual SGA agents 

and the FGA class; 3) between the individual SGA agents and a single FGA agent 
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(e.g., haloperidol); and 4) among the individual SGA agents.  Results of these studies 

have probably presented more discrepancies than commonalities (Tables 1.2 and 1.3).   

Third, the study designs and statistical methodologies chosen by these 

investigators show great diversity.  For example, three studies53, 54, 59 utilized a case-

control approach; two of which53, 54 had a nested case-control design using 

conditional logistic regression analysis and one59 had a frequency-match case-control 

design using multiple logistic regression analysis.   

The remaining studies employed retrospective cohort design; however, the 

specific treatment-exposure assignment approaches under this category again vary 

across the studies.  Both studies by Gianfrancesco and colleagues51, 52 used the 

treatment episode method and multiple logistic regression model.  Six studies46-48, 55, 

56, 60 employed an intent-to-treat (ITT) approach; four of which46, 55, 56, 60 also 

employed multiple logistic regression, whereas the other two47, 48 utilized the Cox 

proportional hazard function.  One study50 utilized an as-treated (AT) study design 

and Cox proportional hazard function for data analysis. 

Two remaining studies incorporated two statistical models to analyze data, 

including both logistic regression and Cox proportional hazard function.49, 57  

However, the Ollendorf et al. study57 applied both analytical tools to the same 

retrospective cohort design, whereas the Cunningham et al. study49 applied the Cox 

proportional hazard function to a retrospective cohort design and logistic regression 

to a case-control design.   
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The methodological diversity makes it difficult compare results across the 

studies.  One of the two purposes of this study was to overcome the difficulty of 

results comparison across studies when different populations/databases, study designs 

and statistical methodologies are utilized.  Thus, this study used the same data sources 

and examined whether or not the results were robust, varying study designs and 

corresponding statistical analysis approaches.  

This tactic has been applied in two of the studies mentioned above.49, 57  

Results of both studies are worth examining in detail because one of the two studies 

yielded different findings when two statistical models were utilized.  Specifically, 

Cunningham et al.49 found that when two study designs and their corresponding 

statistical models were utilized, the results yielded similar findings.  In contrast, 

Ollendorf et al.57 found that when using a Cox proportional hazard function, SGA 

exposure significantly increased the risk of treatment-emergent diabetes, compared to 

FGA exposure.  However, when using the logistic regression model, no difference 

was found between FGA exposure and SGA exposure in the risk of developing 

treatment-emergent diabetes. 

Another purpose of this study was to characterize the trends of antipsychotic 

drug utilization and prescribing patterns (i.e., monotherapy, switching between 

antipsychotics and antipsychotic combination therapy) among patients using 

antipsychotic medications.  Prescribing pattern was also incorporated in the second 

study purpose to address whether or not there was a potential risk associated with the 
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current antipsychotic drug utilization patterns in treatment-emergent type 2 diabetes 

mellitus.   

Specifically, schizophrenia symptom manifestations are usually complex.  It is 

challenging to have schizophrenic symptoms well controlled.  Thus, sometimes, 

physicians need to try a number of antipsychotic medications to achieve the best 

clinical outcome,13 particularly if patients are treatment-resistant.   

Treatment-resistance is a common issue among patients with schizophrenia.  

It includes those patients who are not responsive to, or partially responsive to, the first 

two or three adequate trials of antipsychotic medications.  Despite the availability of a 

great number of FGAs, approximately 20 to 30 percent of patients with schizophrenia 

are not responsive to these agents.61, 62  Another 30 to 40 percent of patients are 

partially responsive to the various FGA medications.62  Even with clozapine, the only 

official agent for treatment-resistant schizophrenia, 40 percent to 70 percent of these 

patients may have suboptimal responses.63  How to treat these treatment-resistant 

patients is one of the greatest challenges facing today’s healthcare professionals.   

Several strategies are recommended in the process of identifying the most 

beneficial regimen for a specific treatment-resistant patient.  The common strategies 

are to maximize the benefits of clozapine, including: switching to clozapine after two 

treatment failures; combining clozapine with another antipsychotic agent (either an 

FGA or an SGA agent); combining clozapine with a non-antipsychotic agent; and 

combining clozapine with psychosocial therapy.2, 64  Case reports or small sample 
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trials of successful antipsychotic combination therapy have been reported in the 

literature for treatment-resistant patients.65-72   

The efficacy and effectiveness of various antipsychotic monotherapy regimens 

have been well documented.  However, empirical evidences from large-scale studies 

are not adequate in understanding the effectiveness and potential problems (e.g., side 

effects and drug interactions) associated with antipsychotic sequential use and 

concomitant use.73  A recent retrospective case-control study of 70 inpatient pairs 

found that short-term treatment with antipsychotic combination therapy was 

associated with major increases in adverse events and hospitalization time with no 

apparent gain in clinical benefit.74  Results from one 10-year prospective study of 88 

patients with schizophrenia showed reduced survival (relative risk = 2.46, 95% CI: 

1.10-5.47, p = 0.03) in the study cohort if two or more antipsychotics were 

concurrently prescribed.75 

Regardless of having no solid scientific evidence supporting the prescribing of 

antipsychotic combination therapy for psychotic patients, it is a relatively common 

practice for patients to be prescribed more than one medication in psychiatric 

settings.76-78  Studies have shown that 5 to 18 percent of patients in outpatient settings 

and up to 50 percent in inpatient settings are treated with multiple antipsychotic 

agents.70, 79-81  This trend is on the rise since the introduction of various SGAs.80-82   

If a causal relationship exists between treatment-emergent diabetes and 

exposure to certain types of antipsychotic agents, the potential risk associated with 
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antipsychotic combination therapy practice might be present for a possibly 

cumulative effect.  Among the previously discussed large-scale studies to evaluate the 

relationship between treatment-emergent diabetes and the utilization of 

antipsychotics, medication switching and combination therapy were largely ignored 

in the majority of the articles when estimating relative risks, odds ratios, or hazard 

ratios.  Therefore, the potential risk associated with drug sequential use and drug 

concomitant use has been overlooked, regardless of a long history of medication 

switching and antipsychotic combination use in psychiatric settings.   

Nonetheless, in late 2003, the Center for Drug Evaluation and Research 

(CDER) of the United States Food and Drug Administration (FDA) issued a request 

for manufacturers of the second generation antipsychotics to include the risk of 

glucose abnormalities in their drug labeling.  The FDA also recommends regular 

monitoring for hyperglycemia in patients with diabetes and those at risk for diabetes.   

Following the CDER recommendation, in February 2004, a panel including 

experts from the American Diabetes Association, the American Psychiatric 

Association, the American Association of Clinical Endocrinologists, and the North 

American Association for the Study of Obesity presented the recommendations on 

use of antipsychotics.  It recommends that “given the serious health risks, patients 

taking SGAs should receive appropriate baseline screening and ongoing monitoring.”  

The panel also suggests future studies regarding this subject.  The panel further points 

out the inadequate investigation in the current literature research of “possible 
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treatment sequence bias” when patients are switched over from one antipsychotic to 

another.   

The answers to all these questions discussed above are of great clinical 

importance.  No studies have focused on the association between antipsychotic drug 

utilization patterns (including monotherapy, switching and combination therapy) and 

treatment-emergent diabetes.  One recently published study included a combination 

treatment variable in their analysis although antipsychotic switching and combination 

treatment were not differenciated.83  This study found that diabetes risk increased 

among patients treated with combined antipsychotics when compared to patients 

treated with risperidone monotherapy.  Thus, it is an important task for an 

investigator to provide answers to these problems previously discussed.   

The approach of incorporating various methodologies to answer the same 

research question in this study can be applied to other settings as well, in addition to 

psychotropic medications.  Because of the advances in data storage and statistical 

software packages, more and more researchers are equipped with sophisticated 

computational tools to analyze existing large databases, when investigating rare 

adverse events.  The advantages and disadvantages of the various methods used to 

investigate the same clinical question should be addressed for clinicians to make 

informed decisions. 

In summary, this study attempted to answer these questions by focusing on 

two aspects: 1) evaluating the trends of recent antipsychotic prescription utilization, 
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particularly the patterns of monotherapy, antipsychotic switching and combination 

therapy practice over time; and 2) investigating the factors related to treatment-

emergent type 2 diabetes mellitus, particularly the specific antipsychotic exposure 

and antipsychotic prescribing patterns, when various study designs and statistical 

methodologies were applied and the same claims databases were utilized as the data 

source.   

Specifically, the objectives of this study were (definitions of the variables will 

be specified in Chapter Three – Methodology): 

I. To characterize the trends in antipsychotic drug utilization and 

prescribing patterns (i.e., monotherapy, switching between 

antipsychotics and antipsychotic combination therapy (also 

referred to as antipsychotic polypharmacy)) for both new and 

existing users of antipsychotic medications; 

II. To determine the incidence of type 2 diabetes mellitus among 

patients who were newly initiated on antipsychotic therapy, with 

an intent-to-treat (ITT) approach to assigning treatment exposure; 

III. To examine whether the relationship between the initiation of 

antipsychotic therapy and treatment-emergent type 2 diabetes 

mellitus differs with respect to methodological designs 

(retrospective cohort and case-control) and statistical approaches 

(propensity scoring, logistic regression and Cox proportional 
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hazards function), when controlling for patients’ demographics 

(i.e., age, gender, race, and region), general health conditions (i.e., 

preexisting overweight/obesity status, hypertension, and 

dyslipidemia), mental health conditions (i.e., bipolar disorder, 

depression, post-traumatic stress disorder – PTSD, schizophrenia, 

and substance abuse), antipsychotic drug utilization patterns (i.e., 

monotherapy, antipsychotic switching and combination therapy), 

treatment duration, medication re-exposure and year of treatment 

initiation; and  

IV. To evaluate the advantages and disadvantages of the various 

methodological designs and statistical approaches in addressing the 

same research question. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 SCHIZOPHRENIA  

2.1.1 Course and Outcomes 

Schizophrenia is a very complex chronic mental disorder with a wide range of 

heterogeneous symptom manifestations.  It was comprehensively recognized and 

defined as a psychiatric disorder as early as over one hundred years ago.84-87  

Extensive investigations have been conducted since then to understand the long-term 

course of schizophrenia and the predictors of outcomes.  However, until the last 

decade or so, no general agreement existed on these two critical aspects of the 

disease.88-91 

The first widely accepted schizophrenia definition was generated by Emil 

Kraepelin, a German psychiatrist, at the turn of the 20th century.85, 87  While naming 

it “dementia praecox” (premature deterioration), he assigned this diagnosis to patients 

with a particular set of madness symptoms by differentiating it from the diagnosis of 

manic-depressive psychosis.  He believed that once this mental disorder had started, 

patients’ functioning would continuously deteriorate over time and could not be 

reversed.  He would even question the original schizophrenia diagnosis if the patient 

happened to have symptom improvement or recovered.  
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Eugen Bleuler, the person who first named the disease schizophrenia,84 further 

widened Kraepelin’s dementia praecox concept.  However, rather than focusing on 

the degenerating outcome, he incorporated Freudian psychopathology concepts and 

emphasized the primary and secondary symptoms of the disease.  Specifically, he 

believed that the primary symptoms of schizophrenia were virtually pathognomonic 

(i.e., a sign or symptom is so characteristic that it can specifically lead to the 

diagnosis of a disease); and the secondary symptoms could occur in other disease 

conditions as well.84  Starting with a more optimistic opinion about the long-term 

outcomes of the illness, however, he, too, ended with a pessimistic belief that 

schizophrenia was a continuously degenerating disease, after observing his patients 

over a prolonged period of time.92  The classic descriptions of the long-term course 

and outcomes of schizophrenia identified by these two predecessors and other 

researchers thereafter influenced decades of clinicians’ practices and investigators’ 

research. 

It was over half of a century later that Manfred Bleuler, Eugen Bleuler’s son, 

and several other investigators started questioning the original descriptions and 

conclusion.91-93  It was suggested that both Kraepelin and Bleuler had established 

their observations based upon a heavily biased sample.  Harding, Zubin, and Strauss94 

summarized several reasons for the earlier biases, based on the previous 

investigations in the literature: 1) Kraepelin and Bleuler’s observations were made 

mainly from hospital inpatients; 2) long-term institutionalization could have 
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adversely contributed to the outcomes of schizophrenia; 3) the technologies were not 

ready to detect organic disorders that cause schizophrenic-like psychoses (e.g., 

Magnetic Resonance Imaging (MRI) was not available) and therefore they were 

misclassified into the schizophrenia category; and 4) only those most severely ill 

patients were seen by Kraepelin and Bleuler.  These authors concluded: “Thus, the 

classical descriptions of course and outcome for schizophrenia, on which the bulwark 

of psychiatric thinking was built, were probably not representative of the complete 

range that is possible for this disorder.”94 

In a critical review of this subject, McGlashan91 started to draw a relatively 

clear picture of the long-term outcomes of schizophrenia by describing ten selective 

long-term North American based follow-up studies or groups of studies.  He 

discovered that although, on average, the outcome of schizophrenia is worse than that 

of other mental disorders, the disease process itself does not have to be progressively 

worse over time.  In fact, after five to ten years of disease manifestation/deterioration, 

many patients reach a so-called “process plateau,” where symptoms seem to be 

stabilized.  Particularly, the natural history of schizophrenia is extremely 

heterogeneous.  Even without treatment intervention, the long-term outcome could 

vary from a total recovery to severe lifetime disability.  For instance, some patients 

could only have one schizophrenic episode throughout their lifetime, while other 

patients may remain institutionalized after their first episode.   
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A few years after the publication of McGlashan’s review,91 Breier and 

colleagues further proposed a three-phase schizophrenia life-course model.88, 95  

Similar to McGlashan’s opinion, in this model, the early phase is a deteriorating 

process, marked for the first five to ten years.  After the years of deterioration, the 

middle phase is a relatively stable course, which could well persist into the fifth 

decade of a patient’s life.  Finally, when patients age, the disease goes into a gradual 

improvement and recovery phase.   

The long-term three-phase schizophrenia outcome model may not have been 

validated, but Kraepelin’s original pessimistic view about schizophrenia may need 

further evaluation.96-98  A more modernized schizophrenia outcome has multiple 

dimensions, as pointed out by Meltzer in his 1997 article (Table 2.1).99  

 
 

Table 2.1 Outcome Dimensions in Schizophrenia 
 

Psychopathology factors Mortality 

 Positive Suicidality 

 Disorganization Extrapyramidal function 

 Negative Tardive dyskinesia 

Affective function Hospitalization 

 Depression Quality of life 

 Anxiety Work function 

Cognitive function Social function 

Physical health 

 
Adapted from Meltzer 1997 article 
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2.1.2 Etiology and Predictors of Outcomes 

Along with the understanding of the long-term course and outcomes of 

schizophrenia, the cause of this mental illness remains a mystery.  One commonly 

held view today about the etiology of schizophrenia is that it has at least a genetic 

origin.2, 98, 100   

As early as 1991, Gottesman101 reviewed over 40 studies conducted in 

Western Europe between 1920 and 1987 and generated a grand average genetic risk 

rate range, shown in Figure 2.1.  Data in this figure indicate that while the prevalence 

of schizophrenia in the general population is around one percent, the risk of 

developing schizophrenia becomes increasingly higher when the relation to the 

affected patient (i.e., the proband) gets closer.  For example, the risks among the 

second degree relatives range from two percent to six percent, not much greater than 

the general population.  However, the first degree relatives have substantially higher 

risks.  The most striking risk exists in the offspring of two parents with schizophrenia 

and the monozygotic twin.  Approximately half of two affected patients’ children 

(46%), as well as the monozygotic twin of schizophrenic probands (48%) eventually 

develop schizophrenia. 
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Figure 2.1 Grand Average Risks for Developing Schizophrenia Compiled from 
the Family and Twin Studies Conducted in European Population between 1920 
and 1987 
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Regardless of the higher risks among relatives, the predisposition of a genetic 

factor does not necessitate the development of schizophrenia.  There are many other 

factors involved in schizophrenia manifestation.  A neurodevelopmental model points 

to a multidimensional developmental hypothesis.2, 7  This hypothesis is supported by 

the evidence found in studies of adverse gestational and perinatal events, childhood 

neuromotor, cognitive and behavioral abnormalities, and cytoarchitectectural 

abnormalities.7  McClure and Weinberger described this model as follows: 

 
Abnormal genetic and/or epigenetic events lead to disruption of early 
brain development.  The resulting neuropathology, interacting with 
later events of brain development, and/or another neuropathological 
process, causes expression of the symptoms of schizophrenia.7 
 

Among the numerous attempts of integrating the multiple causes of 

schizophrenia and heterogeneous pathologies into a single model, a plausible solution 

was generated by Ho and Andreasen.3  This model is again based on the Bleuler’s 

concept that the primary cognitive dysfunction results in the secondary symptom 

manifestations.  This modernized Bleulerian unitary model (Figure 2.2) incorporates 

the various genetic and environmental etiologic factors, with the combination of 

malfunctioning in neurodevelopment, neuronal mis-connectivity and impairment in a 

fundamental cognitive process during fetal development.  The primary cognitive 

dysfunction during fetus development further leads to the impairment of various 

secondary cognitive processes, which are manifested by the heterogeneous 
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presentations of positive and negative symptoms, as well as other dimensional 

schizophrenic symptoms in later life.   
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Figure 2.2 A General Model Integrating the Concept of Schizophrenia                Adapted from Ho & Andreasen, 2001 
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Whereas the exact etiology of schizophrenia remains uncertain, studies on the 

psychophysiology of schizophrenia have provided some evidence for a dopamine 

hypothesis that the manifestation of psychosis is due to a dopaminergic hyper-

function and to a number of other neurotransmitters’ dysfunction.102, 103  It is 

hypothesized that the clinical effects of the first generation antipsychotics on 

improving positive symptoms of schizophrenia are due to their high affinity for 

dopamine D2 receptors.104-106  

However, knowledge about the potential risk factors for developing 

schizophrenia may be helpful in understanding the disease but may not be helpful for 

clinicians to seek appropriate treatment strategies for a specific patient.  Numerous 

studies have been conducted to evaluate the various predictors of long-term outcomes 

so that personalized treatment can be provided to more responsive patients.  To date, 

a great number of clinical predictors have been identified in the literature.   

In the previously discussed review article, McGlashan91 pointed out that other 

than the diagnostic criteria themselves, there are three additional groups of predictors 

for schizophrenia long-term outcomes.  Associated with a worse prognosis, the first 

group is the three “classical” predictors: gender – male patients; schizophrenia 

subtypes – non-paranoid patients; and comorbidity such as substance abuse or 

presence of affective syndrome – severe obsessive-compulsive symptoms.  The 

second group of possible predictors includes several primary prognosis-related 

factors: predisposed genetics; poor premorbid functioning; insidious illness onset; 
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negative psychopathological signs and symptoms; and longer course of illness up to 

index admission.  The third group of possible predictors is other confounding factors 

such as good socioeconomic status (which may lead to lack of motivation to work, 

which can result in residing in an isolated environment); physical setting such as 

inner city environments; early age onset; length of manifest illness; biological 

treatment resistance; and chronic institutionalization.   

These conclusions are similar to those of the earlier work on the hypothesized 

predictors of course and outcomes for schizophrenia, established by the World Health 

Organization (WHO) in the late 1970s.107  However, the explanatory power of these 

predictors remains low in empirical studies.97  In addition, the McGlashan review is 

limited for not incorporating the effects of medication treatment in the prognosis of 

schizophrenia. 

Given the uncertainty of its etiology and the large number of identified 

potentially relevant predictors, it is not surprising that predicting outcomes of 

schizophrenia for a specific patient is not likely.  It only allows a limited prognostic 

prediction capacity for group differentiation.97  Outcome heterogeneity is the 

characteristic of this mental disorder, which is why McGlashan claimed 

schizophrenia “prognosis is a dimensional, not a categorical, phenomenon.”91 
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2.1.3 Symptoms and Diagnosis 

Because of the complexity of the causes of schizophrenia, the manifestations 

of the illness vary considerably across individual patients.  The correct recognition of 

schizophrenia symptoms is instructive in both diagnosing and treating the mental 

disorder, and is one of the important outcome predictors as well.   

The symptoms of schizophrenia have been traditionally considered as binary, 

i.e., positive symptoms and negative symptoms since Kraepelin and Bleuler defined 

the disease.  These two terms were first used by Reynolds and Jackson in the mid-

nineteenth century to describe two groups of opposite disease manifestations with 

different underlying brain dysfunctions.108, 109  Specifically, the term “positive 

symptoms” in schizophrenia usually refers to those behaviors or responses displayed 

by affected patients that are not present in the normal population, such as delusions 

and hallucinations.3-6  Hallucination is defined as “perception of something when in 

fact nothing exists in the perceptual field.”1  The definition of delusion is more 

complex.  There have been three major definitions for delusion from Jaspers, the 

Diagnostic and Statistical Manual DSM-III-R, and Spitzer with varying aspects.1  In 

brief, delusions are those strong convictions one holds that are inappropriate and 

impossible in the social context.   

“Negative symptoms” refer to the absence of behaviors or mental functions 

that are generally present in the normal population.  The common negative symptoms 
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include affective flattening, attentional impairment, alogia (poverty of speech), 

anhedonia (loss of feeling), and avolition or apathy (loss of motivation).1, 3, 4, 6   

Patients with schizophrenia can display dominantly either one form of the 

symptoms or a combination of both.1  Positive symptoms are usually regarded as 

predictors of a good outcome.104, 110, 111  In contrast, negative symptoms are usually 

associated with a poor outcome.  

However, for decades, how the symptoms were related to the diagnosis of 

schizophrenia was not in agreement among either clinicians or researchers.  In the 

early years of investigations, two schools of opinions regarding schizophrenia 

symptoms existed: one was proposed by Crow111 and the other was by Andreasen and 

Olsen.4  Crow111 proposed that there were two subtypes of schizophrenia: type I is 

characterized by positive symptoms with a biochemical imbalance, usually seen in 

acute onset patients; and type II is signified by negative symptoms and usually 

accompanied by cerebral damage and is chronic.  Crow considered the two groups of 

symptoms to be two independent dimensions of the same disease with different 

underlying pathological process.104  Therefore, positive symptoms and negative 

symptoms are not mutually exclusive and can co-exist.104  This opinion somewhat 

corresponds to Bleuler’s view of schizophrenia being “monothetical” in origin.112  

On the other hand, Andreasen and Olsen4 believed that schizophrenia patients 

have two distinctively different subtypes of symptom manifestations along with 

different pathological origins and can be grouped into positive schizophrenics and 
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negative schizophrenics.  These two groups of symptoms are considered mutually 

exclusive.  If patients do not meet either positive or negative grouping criteria, they 

are grouped into the third category: mixed schizophrenia.  This opinion to some 

extent echoes Kraepelin’s belief of schizophrenia having a “polythetic” origin.112   

Both of the hypotheses were seriously challenged by Liddle’s assessment of 

schizophrenia symptoms using a factor analysis technique.5  Liddle and Barnes113 

repeated the study a few years later and obtained similar findings.  He and 

colleagues114 as well as other researchers,115, 116 further provided biological support of 

abnormal patterns in cerebral blood flow associated with different symptom groups 

using various technologies (positron emission tomography or single photon emission 

computed tomography).   

Liddle’s work identified three syndromes of schizophrenia: psychomotor 

poverty, disorganization, and reality distortion.  The psychomotor poverty syndrome 

consists of blunting of affect, poverty of speech and decreased spontaneous 

movements, which is similar to the previous description of “negative symptoms.”  

The reality distortion syndrome corresponds to the “positive symptoms” description, 

including delusions and hallucinations.  Finally, the newly identified disorganization 

syndrome contains formal thought disorder, poverty of content speech and 

inappropriate affect.  Importantly, Liddle pointed out that these syndromes do not 

represent the subtypes of schizophrenia, but they are the manifestations of discrete 
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pathological processes within a single disease.  The three-syndrome concept was later 

replicated by other investigators in several studies.6, 117-121   

The three-syndrome concept has been widely accepted in recent years.  

Although not included in the most recently revised fourth edition of Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV-TR) 122 for the purpose of 

diagnosing schizophrenia, the American Psychiatric Association recommends the 

third symptom category, which is now being commonly referred to “cognitive 

impairment symptoms.”  The areas included in cognitive dysfunction are impairment 

in attention, working memory, and executive function.   

Consistent with Crow’s opinion,111 today’s psychiatrists believe that positive 

symptoms are most prominent in the acute phase of schizophrenia.  However, 

negative symptoms and cognitive deficits have a prolonged effect on patients’ social 

adjustment and quality of life and are affected differently by pharmacotherapy.123  In 

the most recent studies of schizophrenia symptoms, the new concept of 

multidimensional symptom manifestations has been proposed.124  Different from the 

symptom dimensions in the modernized Bleulerian unity model in Figure 2.2, this 

multidimensional model describes seven symptomatic dimensions, including the 

traditional positive and negative symptoms, the recent widely accepted cognitive 

dysfunction, and four other separate symptoms: disorganizational, behavioral, mood, 

and anxiety dysfunction.124  
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Delineating the symptoms of schizophrenia has taken researchers’ decades of 

painstaking work.  It further complicated the evolution of schizophrenia diagnostic 

systems.  Because of the uncertainty for its causes, the schizophrenia diagnosis 

largely depends on disease manifestations.  Starting with Kraepelin and Bleuler, a 

number of diagnostic systems had emerged, the Kraepelinian criteria,86 the Bleulerian 

criteria,84 Schneiderian First-Rank Symptoms,125, 126 Feignher’s definite and probable 

criteria,127 the New Haven Schizophrenia Index,128 Taylor and Abrams Diagnostic 

System,129 to name a few.   

The problem with these earlier diagnostic systems was a lack of standard 

criteria to distinguish between schizophrenia and other affective mental illnesses.  

Since Kraepelin, it had been widely accepted that while dementia praecox and manic-

depressive psychosis are two distinctive mental disorders, some patients could 

possess both types of diseases symptoms.130  A few decades ago, some physicians 

gave these patients the diagnosis of schizoaffective psychosis, but the mixed state was 

largely ignored and symptoms were discounted in order to fit in either two of the 

diagnostic categories.130   

Although the confusion had existed long before Kendell and Gourlay,130 there 

had been no empirical studies that examined and provided evidence for the clinical 

distinction between the diagnoses of affective psychoses and schizophrenia.  In a 

1967 article, Beck131 described a mental disorder spectrum that has the diagnoses of 

pure manic-depressive disorders and pure schizophrenia at either end, and a range of 
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schizoaffective states in between, along with an intermediate symptomatology and 

prognosis.  Kendell and Gourlay130 provided empirical support for this speculation 

using a discriminant function analysis of various clinical symptom/variable rating 

scores in the beginning of the 1970s.  This study was based on the scores of 292 

patients with schizophrenia or affective diagnoses in a US-UK diagnostic 

investigation.  Instead of a bimodal distribution if the two-entity principle was true, 

they found a trimodal distribution, where a peak appeared in the mid-point.  This 

finding indicated that patients with schizoaffective states are common.  

More than a decade later, several investigators offered genetic evidence for 

this continuum distribution proposal of mental illness diagnoses.96, 132-135  On this 

continuum, the disease states spread from unipolar affective disorder, bipolar 

affective disorder, schizoaffective illness of predominantly affective and then 

predominantly schizophrenic states, to typical schizophrenia.134  Figure 2.3 is the 

continuum view developed by Crow in 1986.133 

 
 
 

 
 
 

                                                                                      Adapted from Crow, 1986  
 
Figure 2.3 The Continuum View of Psychosis  
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Today, there are three major contemporary diagnostic classification systems in 

use worldwide.98  For various reasons, affective psychoses have diagnostic criteria 

that are separate from schizophrenia in these systems, regardless of the evidence in 

the continuum spectrum of the mental disorders.  The three major systems are the 

1992 ICD-10 Classification of mental and behavioural disorders: Clinical 

descriptors and diagnosis guidelines by the World Health Organization,136 the 1994 

Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) by 

the American Psychiatric Association,137 and the 1975 Research Diagnostic Criteria 

(RDC) by Spitzer, Endicott, and Robins.138  The similarities of and differences 

between the three systems has been detailed by Birchwood and Jackson.98  ICD-10 

has been relatively commonly used in Europe, while DSM-IV is common in the U.S.  

The RDC was a forerunner of ICD-10 and DSM, and mainly developed for research 

purposes.  Table 2.2 shows the diagnostic criteria for schizophrenia in DSM-IV-TR 

(2000), the most recent DSM version.  Table 2.3 shows the diagnostic criteria in ICD-

10. 
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Table 2.2 DSM-IV-TR Diagnostic Criteria for Schizophrenia 

 
A. Characteristic symptoms: Two or more of the following, each persisting for a 

significant portion of at least 1-month period: 
(1) Delusions 
(2) Hallucinations 
(3) Disorganized speech 
(4) Grossly disorganized or catatonic behavior 
(5) Negative symptoms 

 
         Note: Only one criterion A symptom is required if delusions are bizarre or if 

hallucinations consist of a voice keeping a running commentary on the    
person’s behavior or thought, or two or more voices conversing with each 
other. 

 
B. Social/occupational dysfunction: For a significant portion of the time since 

onset of the disorder, one or more major areas of functioning such as work, 
interpersonal relations, or self-care are significantly below the level prior to 
onset. 

 
C. Duration: Continuous signs of the disorder for at least 6 months.  This must 

include at least 1 month of symptoms fulfilling criterion A (unless 
successfully treated).  This 6-month period may include prodromal or residual 
symptoms. 

 
D. Schizoaffective or mood disorder has been excluded. 
 
E. Disorder is not due to a medical disorder or substance use. 
 
F. If a history of a pervasive developmental disorder is present; there must be 

symptoms of hallucinations or delusions present for at least 1 month. 
 

Adapted from DSM-IV-TR 
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Table 2.3 International Classification of Disease, 10th Revision – 
Diagnostic Criteria for Schizophrenia  
 

 
A. One of the symptoms under A1 

Or two of the symptoms under A2 
Must be present for most of an episode lasting at least 1 month. 
A1a.  Thought echo, insertion, withdrawal, broadcasting 
A1b.  Delusions of control, influence, passivity, delusional perception 
A1c.  Verbal hallucinations, with running commentary or discussing patients  
          or coming from a part of the body 
A1d.  Delusions that are persistent and culturally implausible 
A2e.  Persistent hallucinations with half-formed delusions without clear   
          affective content 
A2f.  Breaks in train of thought, giving rise to incoherent or irrelevant  

              speech, neologism 
A2g.  Catatonic behaviour 
A2h.  Negative-apathy, paucity of speech, blunted or incongruent affect, not  
          due to depression or medication 
 

B. If manic or depressive episode, Criteria A must be met before mood 
disturbance developed 

 
C. Not attributable to organic brain disease or substance misuse  
 
All three conditions, A, B, and C must be satisfied. 
Adapted from Birchwood and Jackson, 2001. 
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2.2 SCHIZOPHRENIA TREATMENT 

The history of treating schizophrenia can be divided into approximately four 

eras.139  The first era is the time before 1933 when there were no specific anti-

psychosis treatment strategies.139, 140  If patients were diagnosed with schizophrenia, 

the majority of them were likely to be admitted and receive nonspecific treatment 

only, and remained in remote institutions for lifetime.   

In the second era, beginning in 1933, convulsive therapies, for example, 

electroconvulsive therapy (ECT), insulin shock and insulin coma, were introduced 

into clinical practice.  Although these treatments were effective in controlling the 

acute psychotic symptoms,141 unfortunately, the long-term outcomes of those patients 

who received these types of treatments were not much different from that of those 

patients who received nonspecific therapies in the earlier era.140  Furthermore, 

because of the “brutality” of the treatment and the efficacy and effectiveness of later 

developed antipsychotic medications, many clinicians believe that ECT has no place 

in the modern medical society.141  Indeed, ECT has only been used sporadically in the 

last decade, as a combination strategy to treat treatment-resistant schizophrenia 

patients who were not responsive to clozapine alone.142 

The third era was marked by the introduction of chlorpromazine in 1952.140, 

143  For the first time, a disease-specific medication for schizophrenia became 

available on the market.  Physicians began to see promising results in this “hopeless” 

disease.  Because of its efficacy and effectiveness, antipsychotic medications 
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somewhat enabled a shift of care for patients with schizophrenia from primarily 

inpatient settings to primarily outpatient settings.   

Hegarty et al.143 regarded 1975 as the threshold of the fourth era, the 

contemporary era, for the differences brought by the introduction of mood stabilizing 

agents and changes in schizophrenia diagnostic criteria.  However, in the present 

author’s opinion, from treatment per se, it may be more appropriate to consider the 

reintroduction of clozapine in 1990 (in the U.S.) as the agent for treatment-resistance 

patients and the introduction of other second generation of antipsychotic agents 

thereafter being the beginning of the contemporary era.   

In addition to pharmacotherapy, there are a number of other strategies that are 

facilitative in treating schizophrenia, for instance, various psychosocial therapies and 

vocational rehabilitation programs.144  However, the discussion of non-medication 

related treatment strategies is beyond the scope of the study.  

Various group names have been given to the schizophrenia medications 

including neuroleptics (“taking control of the neurone”)145 and antipsychotics.  To 

further distinguish the two generations of antipsychotic medications, the first 

generation is usually called the conventional, traditional, standard, classical or typical 

antipsychotic agents, and the second generation is the newer, novel or atypical 

antipsychotic agents.  In this study, the terms first generation antipsychotics (FGAs) 

and second generation antipsychotics (SGAs) will be used throughout the study. 
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2.2.1 Treatment Phases 

Due to its chronicity, the treatment for schizophrenia is usually two-fold: 

acute treatment phase and maintenance treatment phase.  The principle of treating the 

first episode or an acute episode of schizophrenia is the prompt use of an effective 

drug agent to control acute psychotic symptoms.  Because of the different side effect 

profiles of the current antipsychotics, considering an individual patient’s 

susceptibility and tolerability of a particular drug is an important aspect in medication 

selection of treating an acute episode.15   

During an acute phase, prompt use of antipsychotic agents not only controls 

symptoms, it also prevents further deterioration that could occur within a short period 

of time if no treatment is given.144, 146  In the long run, an early treatment could 

favorably alter the natural course of schizophrenia.144, 146, 147  Rapid administration of 

antipsychotics may be particularly important in the first schizophrenic episode.  May 

and associates in 1976,148, 149 compared five treatment plans in 228 first episode 

schizophrenia patients: electroconvulsive therapy; phenothiazine drug alone; 

psychotherapy alone; phenothiazine plus psychotherapy; and no specific treatment.  

Results from their initial analyses and follow-up data reanalysis by Wyatt146 showed 

that those patients who had initially received antipsychotics had significantly fewer 

rehospitalization days in the following two to five years due to relapses than those 

patients who did not receive drugs initially.  Furthermore, the residual symptoms of 
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those patients whose initial treatment plans included antipsychotics were less severe 

and they were significantly more productive at work compared to any other groups.150 

The traditional goal of the acute phase treatment is to control and decrease 

positive symptoms.  The ideal situation would be that patients possess minimal or no 

residual positive symptoms in three to six months of the acute and stabilizing 

treatment phase.2  The treatment of negative symptoms and cognitive deficits was not 

perceived as important in the early eras of schizophrenia treatment until the 

advancement of the second generation of antipsychotics.   

On the other hand, regardless of the commonly accepted view of its necessity, 

controversies surround the strategies of maintenance therapies due to its definite 

values as well as its potential risks.15  After years of scrutiny along with prophylactic 

evidence for preventing relapse provided by over 35 double-blind trials,151 some 

consensus was reached regarding guidelines for maintenance treatment.  In 1997, the 

American Psychiatric Association issued practice guidelines for the treatment of 

patients with schizophrenia.152  The guidelines recommend long-term maintenance 

therapy for most patients.   

The perceived major benefits of long-term maintenance therapy are derived 

from three principal findings from decades of research: better relapse prevention than 

placebos; optimal overall health outcomes in comparison to sporadic antipsychotic 

treatment; and lower relapse rates in patients receiving depot antipsychotics compared 

to oral medications.153 
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Relapse prevention is of particular importance because of a high prevalence of 

relapse rates, which causes increased patient suffering and burden to families and 

society.23, 154, 155  Relapse rates with placebo vary from 30 to 100 percent (mean = 

55%) and on active antipsychotic treatment from 0 to 49 percent (mean = 21%).156  

The relapse rate is also high following medication withdrawal.  It can be as high as 75 

percent within 12 to 18 months of discontinuation among patients whose symptoms 

have been remitted for one year or more.157, 158   

However, relapse prevention remains a challenge partly because patient 

adherence to therapy is of particular concern in this population.153  The non-

adherence rate can be as high as 75 percent in those first episode patients.159  Among 

antipsychotic users, more than forty percent (42%) of these patients are not 

adherent.160  Studies with a long-term observation period (follow-up period > 2 years) 

showed that more than half (55%) of outpatients with schizophrenia are not 

adherent.161, 162  Patient non-adherence is rather costly as this is the leading cause of 

psychiatric hospitalization.15  It was estimated that 40 percent of the annual costs for 

psychiatric rehospitalization was attributable to non-adherence in the population with 

a schizophrenia diagnosis.163   

Great effort has been devoted to understanding the causes of non-adherence.  

Various factors have been suggested to account for patient non-adherence.  Weiden 

and colleagues164 suggested that non-adherence is related to: 1) disease features; 2) 

treatment system (e.g., change of a primary physician due the change of insurance 
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carrier); 3) treatment itself; 4) interactions between the patient and clinician; 5) 

psychosocial factors; and 6) psychological stigma.  In a more recent effort, 

Fleischhacker, Oehl and Hummer165 developed a more comprehensive structure to 

explain the phenomenon, and included four classes of influencing factors: patient-

related factors; environmental-related factors; physician-related factors; and 

treatment-related factors (Figure 2.4).   
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Adapted from Fleischhacker, Oehl and Hummer, 2003 

 
 
Figure 2.4 Factors Influencing Antipsychotic Adherence/Compliance  

Environmental-related factors 
    Social support 
    Financial support 
    Attitude toward treatment 
    Supervision of treatment 
    Social rank of illness 
    Location of treatment provision 

Treatment-related factors
    Side effects 
    Route of administration 
    Patterns of dosing 
    Length of treatment 
    Costs of treatment 
    Polypharmacy 

Physician-related factors 
    Following accepted treatment guidelines 
    Brief in treatment 
    Doctor-patient relationship 
    Aftercare management 
    Provision of information 

 
COMPLIANCE

Patient-related factors 
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    Comorbidity 
    Gender 



 

 
 
 
 

50

Use of depot agents, the long-acting antipsychotics, is one of the 

recommended strategies to combat non-adherence.153  The available depot drugs in 

the U.S. were fluphenazine decanoate and haloperidol decanoate,15 until the recent 

approval of the long-acting risperidone by the FDA (October 2003).  The depot 

antipsychotic agent has similar efficacy and side effects as oral administration of the 

same drug and a similar incidence of adverse neurologic effects.166  Consequently, the 

side effects associated with the FGAs have limited the use of their depot products.  

Other clinical recommendations in managing non-adherence are managing 

medication side effects and educating patients about the nature of schizophrenia and 

the importance of antipsychotic use in managing the disease.153   

The innovation of the first generation antipsychotic (FGA) agents have been 

the cornerstone of treating schizophrenia.  However, half of a century after the first 

use of chlorpromazine by psychiatrists in 1952, the treatment of schizophrenia 

remains unsatisfactory.  In the pre-antipsychotic eras, approximately 20 to 25 percent 

of patients with schizophrenia would achieve “social remission” (i.e., fully able to 

earn a living).167  Since the introduction of antipsychotics, approximately half of the 

patients still exhibit unfavorable outcomes in the long term.97  The major issue is the 

limited understanding of the etiology and psychopathology of this mental disorder.  

Consequently, although proven to be efficacious and effective, the 

psychopharmacological mechanisms of these antipsychotic agents are still not well 
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explained, which holds true for both of the first generation and the second generation 

antipsychotic agents.   

The following section discusses the characteristics of the first and the second 

generation antipsychotic medications, their similarities and differences, as well as 

their side effects. 
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2.2.2 First Generation Antipsychotic (FGA) Agents 

Today, the FGAs in use in the U.S include chlorpromazine, fluphenazine, 

haloperidol, loxapine, molindone, mesoridazine, perphenazine, thioridazine, 

thiothixene, and trifluoperazine.2  All of the FGA agents are antidopaminergic 

agents.102  Their clinical efficacies are similar, but each possesses different side effect 

profiles.15, 17, 168, 169  Among the side effects, the induction of extrapyramidal 

symptoms (EPS) is the most common among all of the agents.  In fact, the induction 

of EPS was thought to be an essential characteristic of an adequate antipsychotic 

dosage for a patient because of the antipsychotic agents’ high affinity to dopamine D2 

receptors.9-11  This concept was later proven to be wrong along with the introduction 

of the second generation antipsychotic agents.9  

Many clinical controlled studies and epidemiologic studies have shown the 

efficacy and effectiveness of these FGAs in treating schizophrenia, positive 

symptoms in particular: including delusions, hallucinations and thought disorders.105, 

106, 170  Several review articles have provided information, in great detail, about 

antipsychotic treatments and their impact on the outcomes of schizophrenia.146, 168, 171   

On the other hand, the FGAs have not been considered as effective in treating 

negative symptoms.172  However, contradictory evidence exists.  Some studies 

suggest that although the effect size may be small, the FGAs have shown 

effectiveness in treating negative symptoms,173 while others have failed to find a 

significant treatment effect on negative symptoms.174  Regarding the effect on the 
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cognitive symptoms, it is generally believed that FGAs do not offer a favorable effect 

or may even have a negative impact on cognition due to their extrapyramidal side 

effects.11   

 

2.2.2.1 Side Effects of the FGA Agents 

 The complaints of side effects should be taken seriously by clinicians in 

treating schizophrenia since they are one of the primary indicators of patient 

nonadherence.2  The experience of EPS is very troublesome to many patients because 

it can make patients “extraordinarily uncomfortable, socially stigmatized, and 

functionally disabled.”32  

 Extrapyramidal symptoms can occur anytime from within hours or days of 

initial treatment (i.e., acute dystonia), to within days or weeks during the intermediate 

treatment (i.e., Parkinsonism and akathisia), to the long-term maintenance phase (i.e., 

tardive dyskinesia).175  Some authors separate tardive dyskinesia (TD) from the EPS, 

which are reserved for acute symptoms including acute dystonia, Parkinsonism, and 

akathisia.9   

 Acute dystonia is presented as involuntary muscle movement or abnormal 

postures.9  Akathisia consists of the subjective feelings and/or objective signs of 

restlessness or distress.9  Neuroleptic-induced Parkinsonism is easy to identify 

because of its classic triad: tremor, rigidity and bradykinesia.9   
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 TD occurs among patients taking long-term FGAs or shortly after medication 

discontinuation or dose reduction.  Patients with TD usually have “involuntary 

hyperkinetic abnormal movements” in the orofacial, limb, and truncal regions.9  The 

symptoms are potentially irreversible, which places a major obstacle when using the 

FGA agents for maintenance therapy to prevent relapse.  A few risk factors associated 

with TD development are increased age, increased length of treatment and high 

medication dose.176, 177   

 Acute EPS (i.e., acute dystonia, Parkinsonism, and akathisia) occurs in the 

majority (50-75%) of patients taking the FGA agents, while TD appears in 

approximately 20 percent of patients.9  The prevalence of EPS approaches 100 

percent in 177highly vulnerable patient groups such as an elderly patient population.178   

 The diagnoses of various side effects (except for Parkinsonism) sometimes are 

difficult because they can be misconceived as original disease symptoms or a 

different disease (e.g., malingering or seizures).9  Treatment strategies including 

reducing or immediately discontinuing antipsychotic treatment (or switching to a 

different agent) and use of anticholinergic drugs are usually effective in treating acute 

EPS.9  However, there are no specifically effective treatments for tardive dyskinesia 

although some reversible forms of TD may gradually improve over time after 

medication discontinuation.9  The mortality rate is 20 percent among patients 

experiencing EPS without effective treatment.15   
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 The extrapyramidal side effects have long been the major concern for treating 

schizophrenia patients using FGAs.  However, there are a number of non-

neurological side effects for this class of medications as well.  For example, FGA 

agents have various side effects on patients’ mood and behavioral presentation (e.g., 

depressive symptoms and delirium), endocrine system (e.g., elevation of prolactin 

levels, hyperthyroidism), cardiovascular system (e.g., myocardial depression, 

orthostatic hypotension), cutaneous tissues (e.g., allergic reactions, photosensitivity), 

digestive system (e.g., dry mouth or sialorrhea, impairment of gag reflex, liver 

toxicity), ocular pigmentation, and hematological effects, as well as the induction of 

the potentially lethal neuroleptic malignant syndrome (NMS), weight gain, and 

seizures.179   

 The relative lack of attention to these side effects was mainly due to the high 

importance of extrapyramidal side effects to patients’ tolerability in maintenance 

therapy.  With the emergence of the second generation antipsychotics with less EPS 

concerns, more studies are focusing on addressing other important side effects besides 

EPS.   
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2.2.3 Second Generation Antipsychotic (SGA) Agents  

Clozapine was the first second generation antipsychotic (SGA).180  It was 

initially synthesized in 1958 and marketed in 35 countries in the early 1970s.181  

However, a high incidence of fatal agranulocytosis in Finland in 1975 led to the 

drug’s withdrawal in some countries and a restricted use in others.32, 180, 182  

Nevertheless, because of its clear advantages over the classical antipsychotics with 

fewer EPS and the nonexistence of TD, extensive investigations continued.  In the 

following two decades, many clinical studies provided the evidence for clozapine 

being the only drug with proven superior therapeutic efficacy in treating patients with 

schizophrenia who were not responsive to or intolerant of the FGA agents.32, 180  

Therefore, starting in 1990, clozapine was gradually reintroduced to the Untied States 

and other countries mainly for treatment-resistant patients with the requirement of a 

weekly white-cell count.32, 182   

Studies of clozapine have demonstrated the clear clinical effects in treating 

positive and negative symptoms, as well as in improving cognitive deficits, quality of 

life, aggression, and suicidality.23, 29, 180, 182, 183  Wahlbeck and colleagues conducted a 

meta-analysis on all of the randomized, controlled trials that compared clozapine with 

the FGA agents up to 1998.184  The authors found 30 studies and concluded that 

clozapine was more effective than the FGA agents in both treatment-resistant and 

nonresistant patient populations.  Meltzer99 summarized a list of the advantages of 

clozapine, including: 1) efficacy in treatment-resistant patients; 2) superior outcome 
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in partial responders to the FGAs; 3) specific advantages for treating positive 

symptoms, primary negative symptoms, disorganization, some cognitive functions, 

suicidality, depression, and aggression; 4) minimal EPS; 5) no cases of TD or 

dystonia; 6) better patient adherence; and 7) no increases in serum prolactin level. 

In the last decade, the U.S. Food and Drug Administration approved six more 

SGA agents, including risperidone in 1994, olanzapine in 1996, quetiapine in 1997, 

sertindole in 1998 (this drug was later withdrawn from the U.S. market due to the 

cardiac arrhythmia side effect), ziprasidone in 2001, and aripiprazole in 2002.  The 

primary indication for all these antipsychotics is schizophrenia.  Those SGAs that are 

available on the U.S. market, except for clozapine, are also approved for acute, manic 

and mixed episodes associated with bipolar disorder, such as aripiprazole, olanzapine, 

quetiapine, risperidone and ziprasidone.   

Similar to clozapine, the SGA agents as a class have a clear advantage over 

the FGA class with regard to the extrapyramidal side effects.185  In fact, improving 

efficacy and obtaining a more benign side effect profile are the two driving goals in 

developing newer antipsychotics.11   

In general, the SGAs overcome the major side effect of the FGAs with 

minimal or no incidence of EPS.  As a class, the SGAs also have several advantages 

over the FGAs in other important side effects, including the induction of tardive 

dyskinesia, neuroleptic malignant syndrome, and increasing serum prolactin levels.11, 

17  In addition, data from many clinical trials suggest that the SGAs are at least as 
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effective in treating schizophrenia positive symptoms,16-19 are more effective in 

treating negative symptoms,16, 18, 19 and are also advantageous in treating cognitive 

deficits.11, 17, 19, 23-25   

Clozapine remains the most effective antipsychotic of all.186  Risperidone and 

olanzapine are more efficacious than the FGAs and no significant treatment efficacy 

difference exists between the two drugs, according to the findings from two meta-

analyses.18, 186, 187  In addition, the FDA recently approved the depot form of 

risperidone.  Limited data suggest that the long-acting form of risperidone is safe and 

well tolerated, and it is at least as efficacious as the oral risperidone.188  In their 

review, Davis and Chen186 concluded that quetiapine is similar in efficacy to the 

FGAs.  Ziprasidone is currently the only SGA that has both oral and intramuscular 

formulations.189  This gives ziprasidone the advantage of treating acutely agitated 

patients with a schizophrenia diagnosis, if the intramuscular ziprasidone is as 

efficacious and well tolerated as its oral formulation.  However, data are limited for 

evaluating ziprasidone and aripiprazole in more naturalistic settings due to their short 

time on the market.  

Because of the better side effect profile of the SGAs and their advantages in 

treating schizophrenia symptoms, it is recommended that SGAs, except for clozapine, 

be the first-line choice for both maintenance therapy and acute schizophrenic episode 

treatment.2, 17, 26, 27  Some researchers even suggest clozapine as a first-line choice as 

well.29  However, other opinions exist with regard to retaining the typical 
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antipsychotics as the first line treatment, primarily because of increased medication 

costs associated with the use of the SGA agents.   

 

2.2.3.1 Side Effects of the SGA Agents 

As the use of SGAs increases, the various side effects of these medications are 

emerging.  Precautions are warranted for patients with contraindications and patients 

at potential risk.  Some of the side effects have been well established.  For example, 

agranulocytosis is a well-known serious and potentially fatal side effect of clozapine 

with a lifetime risk of 1 to 2 percent.32  However, the majority of agranulocytosis 

cases occur within the first three months of clozapine exposure.190  In addition, due to 

prescribing guidelines and safety precautions, the incidence of clozapine-related 

agranulocytosis and associated mortality rate has dropped significantly.33  All of these 

factors reassure the relative safety of administering clozapine with regard to the risk 

of developing agranulocytosis. 

On the other hand, other side effects of the SGAs deserve close attention.  

Some are common general side effects, such as dry mouth and dizziness.175  

However, others may have a prolonged impact on patients’ long-term health 

outcomes, such as weight gain, elevation of triglycerides and cholesterol, and 

diabetes-related problems.11   
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2.2.3.1.1 SGA Induced Weight Gain 

Being overweight and obese is among the most important risk factors for 

hypertension, coronary heart disease, type 2 diabetes and a number of other health 

conditions.  Furthermore, although no sufficient data exist, weight gain is believed to 

be an important factor in patient nonadherence to medication treatment.17, 191, 192  

Therefore, the side effect of weight gain can undermine the effectiveness of 

antipsychotic therapy.  

Weight gain is a problem that has been long related to the use of antipsychotic 

treatment, even before the introduction of the SGAs.193-195  Within the FGA class, 

weight gain appears to be greatest among patients taking low-potency FGAs, such as 

thioridazine and chlorpromazine.196, 197  Among patients taking the FGAs, up to 80 

percent experienced some weight gain and reported weight gain varied from 1.54 kg 

to 4.08 kg over a 3-month period195, 198 and reached a plateau after 1 to 2 years.197   

However, along with the introduction of the newer generation of 

antipsychotics, the side effect of weight gain induced by the SGAs appears to be 

above and beyond that of the FGAs.  It was found that weight gain occurs in up to 50 

to 80 percent of patients receiving long-term antipsychotic treatment.199, 200  Results 

from a number of review articles revealed that although weight gain appears in 

patients treated with both the older and newer generations of antipsychotics, 

clozapine and olanzapine are associated with the most substantial weight gain.201-203  

Risperidone also causes weight gain, but the effect is not as substantial as that of 
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clozapine and olanzapine.204  Other SGA agents, such as ziprasidone and aripiprazole 

seem to have a neutral effect on weight.186, 205   

In general, the maximum weight gain occurs in the first few weeks of most 

SGA treatment,206 with the exception of clozapine.  The greatest weight gain for 

patients on clozapine treatment varies from 12 weeks to 12 months207-210 and some 

patients on clozapine therapy may continue to gain weight at a slower rate over a 36-

month time span.207   

 

2.2.3.1.2 SGA Induced Dyslipidemia 

Weight gain is one of the side effects associated with antipsychotic exposure.  

Overweight, obesity and weight gain are also associated with increased cholesterol 

levels, which further complicates the SGA side effect profile.  According to the 

National Institutes of Health, National Heart, Lung, and Blood Institute in 

cooperation with the National Institute of Diabetes and Digestive and Kidney 

Disease, dyslipidemia is defined as an elevation of low-density lipoprotein (LDL ≥ 

160mg/dl), triglycerides (≥ 250 mg/dl), or total serum cholesterol (≥ 240mg/dl), or a 

lower level of high-density lipoprotein (HDL ≤ 35 mg/dl).  The presence of both 

dyslipidemia and overweight/obesity increases the likelihood of developing type 2 

diabetes, and are major risk factors for cardiovascular disease as well.  The American 

Diabetes Association included the abnormal serum lipid levels on triglycerides and 

HDL as risk factors for type 2 diabetes.   
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Investigators have observed the association between certain antipsychotics 

and dyslipidemia, particularly hypertriglyceridemia.212-218  In their literature review, 

Melkersson and Dahl219 found that among SGAs, clozapine and olanzapine have been 

most frequently associated with increased blood lipid levels (hypertriglyceridemia is 

most commonly seen); risperidone appears to have a neutral or non-significant effect 

on serum lipids; ziprasidone may decrease blood lipid levels; and no adequate data 

exist on quetiapine and aripiprazole.  A number of researchers have suggested an 

initial evaluation of weight, fasting blood glucose, and serum lipids at the beginning 

of antipsychotic treatment and regular monitoring during treatment.211, 219, 220 

 

2.2.3.1.3 SGA Induced Type 2 Diabetes Mellitus 

In addition to weight gain and dyslipidemia, another side effect that has drawn 

great attention from investigators and practitioners is the treatment-emergent type 2 

diabetes mellitus associated with the initiation of SGA agents.     

The existence of diabetes leads to a variety of health complications.  Diabetic 

patients are more likely to suffer from heart disease and stroke, hypertension, 

blindness, kidney disease, nerve system disease, amputation, dental disease, and other 

complications.221  Furthermore, diabetes is costly and burdensome to the society.  The 

total cost of diabetes in the U.S. in 2002 was $132 billion, including $92 billion direct 

and $40 billion indirect costs.221   
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According to the data from the National Institute of Health,221 the prevalence 

of diabetes in the general population was 6.3 percent in the U.S in year 2002.  When 

the general population was stratified based on age, the prevalence of diabetes in 

people aged 20 years and older was 8.7 percent (Figure 2.5).  The prevalence of 

diabetes in the people aged 60 years or older is 18.3 percent.   

 

 

 

Figure 2.5 Total Prevalence of Diabetes in People Aged 20 
Years or Older, by Age Group - United States, 2002

0
2
4
6
8

10
12
14
16
18
20

20-39 40-59 60+

Age Group

Pe
rc

en
t

 

 

 

 

Source: 1999-2001 National Health Interview Survey and 1999-2000 National Health and 
Nutrition Examination on Survey estimates projected to year 2002 
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The overall incidence of diabetes for people aged 20 years or older is 0.45 

percent in the general population.  Figure 2.6 shows the new cases of diagnosed 

diabetes by age group. 

 

  

Figure 2.6 Number of New Cases of Diagnosed Diabetes in 
People Aged 20 Years or Older, by Age Group 
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Source: 1999-2001 National Health Interview Survey estimates projected to year 2002 
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Abnormality of glucose regulation may be genuine among schizophrenia 

patients.222  Early reports indicated that prior to the introduction of any antipsychotic 

medications, a pattern of insulin resistance was observed among untreated 

schizophrenia patients.223  On the other hand, the administration of antipsychotic 

medications can further worsen the glucoregulatory disturbances in patients with 

schizophrenia.  Starting with the use of antipsychotics, the literature has documented 

case reports and studies that linked the FGAs to treatment-emergent diabetes.224-230  

For instance, in a 1968 report, among a group of hospitalized female patients, use of 

chlorpromazine increased the prevalence of diabetes from 4.2 percent to 17.2 

percent.228 

Thus, before the widespread use of the SGA agents, the prevalence of diabetes 

was already higher for patients with schizophrenia than that of the general population.  

Dixon and colleagues231 found that among the adult patients with schizophrenia 

before use of the SGA agents, lifetime diabetes prevalence was 14.9 percent and point 

diabetes prevalence was 10.8 percent.     

 

2.2.3.1.3.1 Case Reports on SGA Induced Treatment-Emergent Diabetes  

In the second generation era of antipsychotics, treatment-emergent diabetes 

case reports among schizophrenia patients increased at an alarming rate.  These case 

reports have associated diabetes development with the use of various second 

generation antipsychotics, including clozapine, risperidone, olanzapine, and 
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quetiapine.34-38  Several reviews of case reports have been published in the 

literature.39-45   

Through a Medline search, Ananth and colleagues (2002) identified 30 case 

reports of treatment-emergent diabetes associated with the initiation of clozapine, 26 

cases with olanzapine, three cases with risperidone, and two cases with quetiapine 

between 1994 and 2001.  Male gender predominates in these case reports.  

Antipsychotic exposure prior to diagnosis of diabetes ranged from one week to over a 

year.  They concluded that based on the current knowledge on this subject, it is a 

prudent assumption that there is a potential link between treatment-emergent type 2 

diabetes mellitus and use of the SGA agents in schizophrenia patients. 

Koller and coworkers conducted a series of case reviews on individual SGA 

agents related to treatment-emergent type 2 diabetes mellitus.41-43  In the study series, 

case reports from the FDA MedWatch surveillance program were pooled with 

published cases and/or meeting abstracts.  They found 242 definitive new onset 

diabetes cases and 54 cases of exacerbated preexisting diabetes related to use of 

clozapine; 188 new onset diabetes cases and 44 exacerbated preexisting diabetes 

cases related to use of olanzapine; and 78 newly diagnosed diabetes and 46 

exacerbated preexisting diabetes related to use of risperidone.  Male patients were 

predominant in the olanzapine and risperidone treated groups, while females were 

predominant in the clozapine treated group.  The majority of the treatment-emergent 

diabetes cases were diagnosed within six months of drug exposure, ranging from one 
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day to over three years.  The authors suggested a potential causal relationship 

between use of SGAs and treatment-emergent type 2 diabetes mellitus. 

 

2.2.3.1.3.2 Claims-Based Studies on Antipsychotic Treatment-Emergent Diabetes  

Regardless of its importance in the discovery of adverse events, implications 

drawn from case reports can be biased.  A number of researchers have conducted over 

a dozen large-scale studies in the last few years to substantiate the claims of 

treatment-emergent diabetes in patients newly initiated on a particular antipsychotic 

agent.46-60  However, the results from these large-scale studies are far from 

conclusive.   

Table 2.4 shows the comparisons among the recent fifteen large-scale studies 

on this subject.  Study population, study design and timeframe, statistical approach, 

diabetes incidence and factors related to diabetes incidence are presented in the table, 

as well as the study funding source or affiliation.  All of the studies were retrospective 

and used prescription claims databases as the data sources.  The study conducted by 

Sernyak et al.58 is also included in the table, although it is a somewhat different study 

than the others.  For example, it focused on the factors related to diabetes prevalence 

but not diabetes incidence among patients with schizophrenia.  Thus, it did not 

exclude preexisting diabetes mellitus; it examined four months of antipsychotic 

prescription records without prescreening patients’ previous antipsychotic use history.  

In other words, this was a cross-sectional study.  Comparing the results from this 
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study to other retrospective cohort studies or case control studies would be 

problematic.52, 232  Therefore, the results of the Sernyak et al. study58 were not 

compared with other studies in the following discussion.  
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure 

 

Authors Database Study Population Study Design Timeframe  Statistical Analysis
Barner et al.46 Central Texas 

Veterans Health Care 
System (CTVHCS) 

Adult patients with at least 1 Rx 
for AP therapy (N=3,469) 

 Retrospective   
 cohort (ITT) 

September 1995 
– November 2002

 Multiple logistic   
 regression 

Buse et al.47  AdvancePCS 
prescription claims 
database 

Adult patients receiving single AP 
agent or AP naïve:  
Combined FGA cohort (N=19,782); 
Combined SGA cohort (N=38,969); 
Specific AP cohorts (N varies 
accordingly);  
AdvancePCS general patient cohort 
(N=5,816,473) 

 Retrospective  
 cohort  
 (monotherapy) 

December 1998 –
August 2000 

 Cox proportional   
 hazard function  

Caro et al.48 Regie de I'Assurance 
Maladie du Quebec 
(RAMQ) database 

All residents in Quebec Canada, 
who were >=65, welfare recipients, 
or without private insurance, 
receiving at least 1 Rx for 
olanzapine (N=19,153) or 
risperidone (N=14,793) 
 

 Retrospective  
 cohort (ITT)  

January 1997 - 
December 1999 

 Cox proportional   
 hazard function  

Cunningham 
et al.49 

Veterans Affairs 
pharmacy and patient 
care databases 

Schizophrenia patients receiving 
AP monotherapy (N=12,235) 

 Retrospective  
 cohort and case  
 control   
 (monotherapy) 

Fiscal years 
1999-2001 

 Cox proportional   
 hazard function   
 and case-control   
 analysis (matched  
 by age, sex, year  
 and VA facility) 

Notes:    AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Database Study Population Study Design Timeframe Statistical Analysis
Fuller et al.50 Health care records 

for all VA hospitals 
in Ohio 

Any male Caucasian or African-
American patients receiving one 
of the four APs (olanzapine, 
risperidone, haloperidol, 
fluphenazine) for at least 30 days 
during the study timeframe 
(N=5,837) 
 

Retrospective cohort 
(AT) 

January 1997 – 
December 2000

 Cox proportional   
 hazard function   
 (time-dependent   
 variable) 

Gianfrancesco 
et al.51 

Combined data from  
two mixed indemnity 
and managed care 
plans 

Psychiatric patients either on AP 
therapy for at least 60 days 
(N=4,308) or not on AP therapy 
at all (N=3,625)  
 

Retrospective cohort 
(Treatment episodes)

January 1996 –
December 1997

 Multiple logistic  
 regression 

Gianfrancesco 
et al.52 

Blue Cross/Blue 
Shield claims 
database 

Psychotic patients either on AP 
therapy for at least 60 days 
(N=6582), or not on AP therapy 
at all (N=10,296) 
 

Retrospective cohort 
(Treatment episodes)

April 1997 – 
October 2000 

 Multiple logistic  
 regression 

Kornegay et 
al.53 

U.K. General Practice 
Research Database 
(GPRD) 

Adults aged 18-64 years with at 
least  
1 Rx for AP therapy (case 
N=424; control N=1522) 

Nested case-control 
(ITT):  
Cases – diagnosis and 
treatment with diet, 
oral hypoglycemic, 
insulin, or referral to 
diabetic clinic;  
Controls – up to 4 
randomly selected, 
matched on age, sex, 
general practice 
 

January 1994 –
December 1998

 Conditional   
 logistic regression 

Notes:  AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Database Study Population  Study Design Timeframe Statistical Analysis
Koro et al.54 U.K. General 

Practice Research 
Database 

Schizophrenia patients treated 
or not treated with an AP 
(total N=19,637; case N=451; 
control N=2,696) 

 Nested case-control  
 (ITT):  
 Cases – diagnosis or   
 treatment for diabetes  
 Controls – 6 randomly  
 selected, matched on  
 age, sex, study period 
 
 

June 1987 –
September 2000 

Conditional logistic 
regression 

Lee et al.55 Protocare Sciences' 
Database  

Patients between 18-65 years 
receiving at least 1 FGA or 
SGA (N=2,315) 

 Retrospective cohort   
 (ITT) 

September 1997 – 
December 1999 

Multiple logistic 
regression 

Lund et al.56 Iowa Medicaid 
claims database 

Schizophrenia patients on 
clozapine (N=552) or FGA 
therapy (N=2,461) 

 Retrospective cohort   
 (ITT)  

Medical claims: 
1990 - 1994 
Pharmacy claims: 
1990 - 1998 

Multiple logistic 
regression 

Ollendorf et 
al.57 

PharMetrics 
Patient-Centric 
Database 

Schizophrenia patients with at 
least 1 AP claim for FGA 
(N=617) or SGA (N=1,826) 

 Retrospective cohort  
 (ITT) 

September 1996 – 
June 2001 

Multiple logistic 
regression and Cox 
proportional hazard 
model 
 

Sernyak et 
al.58 

A national sample 
of patients in the 
VA system 

Schizophrenia patients having 
any FGA (N=15,984) or SGA 
(N=22,648) within a 4-month 
prescription period 

 Cross-sectional - A   
 prevalence study   
 (backward-ITT) 

Schizophrenia 
patients identified 
during October 1998 
– September 1999;  
AP claims follow-up 
from June to 
September 1999 

Multiple logistic 
regression 

Notes:  AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Database Study Population Study Design Timeframe Statistical Analysis
Wang et al.59 New Jersey Medicare, 

Medicaid, and 
Pharmaceutical 
Assistance to the Aged 
and Disabled  

Psychiatric patients 20 
years or older eligible for 
pharmacy and non-
pharmacy benefits for at 
least 6-months (case 
N=7,227; control 
N=6,780) 
 

Case-control (ITT): 
Cases: new Rx claim 
for diabetes treatment; 
Controls: randomly 
selected, frequency-
matched with age, sex 
 
 

January 1990 –  
June 1995 

Multiple logistic 
regression 
(forward step-wise 
selection) 

Zhao et al.60 IMS Health LifeLink 
Integrated Claims 
Solutions 

Adult schizophrenia 
patients aged 18 to 64 and 
treated with FGA 
(N=353) or SGA (N=462) 

 

Retrospective cohort 
(ITT) 

October 1996 –  
December 1998 

Multiple logistic 
regression 

Notes:  AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Model Comparison Outcome Criteria Covariates Incidences 
Barner et al.46 SGAs (olanzapine, 

quetiapine, 
risperidone) vs. 
FGAs 

Pharmacy claim(s) or 
ICD-9 code for diabetes, 
or blood glucose > 
200mg/dl, 7-days after 
index date to 
discontinuation or end  
of 1-year follow-up 
 

Age, sex, race, BMI or 
hypertension change to 
higher category, persistent 
days, mental health 
comorbidity, and previous 
hyperlipidemia 

Combined FGA:     7.4% 
Combined SGA:     6.8% 

Buse et al.47 SGAs (clozapine, 
olanzapine, 
quetiapine, and 
risperidone) and 
FGAs vs. the 
general patient 
population 

Pharmacy claim(s) for 
diabetes starting index 
date to discontinuation 
or end of follow-up 

Age, sex, duration of AP 
exposure, and AP dose 
quartiles 

Combined FGA:   84/1000 person-yrs  
  Haloperidol:             85/1000 person-yrs 
  Thioridazine:            95/1000 person-yrs  
Combined SGA:   67/1000 person-yrs  
  Clozapine:                67/1000 person-yrs 
  Olanzapine:              58/1000 person-yrs 
  Quetiapine:               39/1000 person-yrs 
  Risperidone:             79/1000 person-yrs 
General Patients: 15.7/1000 person-yrs 
 

Caro et al.48 Olanzapine vs. 
risperidone 

Pharmacy claim(s) or 
ICD-9 code for diabetes 
starting index date to 
discontinuation or end 
of follow-up 
 
 

Age, sex, diagnosis of 
schizophrenia, concomitant 
use of haloperidol or other 
AP agents, duration of 
exposure 

Olanzapine:            17/1000 person-yrs 
Risperidone:           16/1000 person-yrs 

Cunningham 
et al.49 

SGAs (clozapine, 
olanzapine, 
quetiapine, 
risperidone) vs. 
FGAs 

Two ICD-9 codes of 
diabetes 

Age, sex, race, marital 
status, concomitant use of 
other diabetogenic agents, 
measures of diabetes 
screening 

Cumulative Incidence:  
739 out of 12,235 (6.0%) 

Notes:  AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Model Comparison Outcome Criteria Covariates  Incidences 
Fuller et al.50 Olanzapine, haloperidol 

and fluphenazine, vs. 
risperidone 

Pharmacy claim(s) or 
ICD-9 code for 
diabetes from index 
date to discontinuation 
or end of follow-up 

Age, race, days supply per  
Rx (time-dependent), 
psychiatric diagnoses, use  
of lithium or valproic acid, 
other FGA or SGA use 
 
 

 Cumulative Incidence:  
 368 out of 5,837 (6.3%) 
 Average length of incidence: 15 mo. 

Gianfrancesco 
et al.51 

SGA (clozapine, 
olanzapine, risperidone), 
high-potency 
(haloperidol, 
fluphenazine), and low-
potency FGA 
(chlorpromazine, 
thioridazine) vs. AP 
naïve psychiatric 
patients 
 

Pharmacy claim(s) 
(excluding insulin) or 
ICD-9 code for 
diabetes at least 30 
days after index date 
and within 30 days of 
AP discontinuation 

Age, sex, treatment duration 
(or AP dosage), observation 
period, ratio of days supply 
for concurrent APs, other 
psychotropic drugs in dollars 
per month, health coverage, 
type of psychosis 
 

 Overall Incidence (4-mo. prescreen): 
 206 out of 7395 after 30-days of AP   
 initiation and before 30-days of  
 discontinuation (2.8%) 
 
 Overall Incidence (8-mo. prescreen): 
 101 out of 4979 after 30-days of AP   
 initiation and before 30-days of   
 discontinuation (2.0%) 
 

Gianfrancesco 
et al.52 

SGA (risperidone, 
olanzapine, quetiapine) 
and FGAs vs. AP naïve 
psychotic patients  

Pharmacy claim(s) or 
ICD-9 code for 
diabetes at least 30 
days after index date 
and within 30 days of 
AP discontinuation 

Age, sex, observation 
period, treatment duration, 
ratio of days supply for 
concurrent APs, other 
psychotropic drugs in dollars 
per month, β-blockers, 
healthcare coverage, 
psychosis diagnosis, weight 
gain treatment 
 
 

 N/A 

Notes:  AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 

 



 

 
 
 
 

75

Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 
Authors Model Comparison Outcome Criteria  Covariates Incidences 
Kornegay 
et al.53 

AP (SGA or FGA) current 
exposure (<6-mo. before 
diagnostic date), recent 
exposure (between 6-
months and 12-mo. before 
diagnostic date) vs. past 
exposure (>12-mo. before 
diagnostic date) 

Diagnosis + treatment 
for diabetes such as 
oral hypoglycemic, 
diet, insulin or 
referral to diabetic 
clinic after the index 
date 

 BMI; smoking; current use   
 of systemic steroid, lithium,  
 thiazide, oral contraceptive;  
 alcoholism; hypertension;  
history of MI, stroke, angina; 

 number of past AP Rx;  
 multiple AP use; primary  
 psychiatric diagnoses 
 

 Cumulative Incidence:  
 424 out of 73,428 (0.58%) 

Koro et 
al.54 

Comparison models (within 
3-mo. of diagnostic date): 
1. AP vs. AP naïve; 
2. AP vs. no target  
    exposure; 
3. SGA vs. FGA. 
 

Diagnosis or 
treatment for diabetes

 Use of α, β-blockers, thiazide 
 diuretics, cortico-steroids,   
 oral contraceptives   
 containing norgesterol, and   
 valproate 

 Overall incidence: 4.4/1000 person-yrs
 Incidence within 3-mo. exposure  
 Olanzapine:           10.0/1000 person-yrs 
 Risperidone:            5.4/1000 person-yrs
 Combined FGA:    5.1/1000 person-yrs 
 

Lee et al.55 Four comparison models: 
1. SGA vs. FGA 
2. Olanzapine vs. FGA 
3. Risperidone vs. FGA  
4. Olanzapine vs.  
    risperidone 
 

Two diagnosis claims 
or treatment of 
diabetes within a year 
after index date 

 Age, sex, region, physical  
 and mental comorbidity, and 
 treatment duration 

 Overall Incidence:               3.07%         
 Combined SGA:                  3.00% 
 Olanzapine:                           2.53%   
 Risperidone:                          3.33% 
 Combined FGA:                  3.16% 

 

Lund et 
al.56 

Clozapine vs. FGA ICD-9 code for or 
treatment of diabetes 
and hyperlipidemia; 
ICD-9 code for 
hypertension through 
an endpoint 

 Age, sex, duration of   
 medication follow-up 

 All Age Groups    Clozapine       FGA 
 Diabetes:                 4.0%           3.4% 
 Hyperlipidemia:      5.0%           3.9% 
 Hypertension:          4.1%           5.3%  
 Aged 20-34:  
 Diabetes:                  5.0%           2.0%  
 Hyperlipidemia:       4.6%           2.0%  
 Hypertension:           2.8%           3.3%    
 

Notes:  AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 
Authors Model Comparison Outcome Criteria Covariates Incidences 
Ollendorf 
et al.57 

SGA (clozapine, 
olanzapine, quetiapine, 
risperidone) vs. FGA 

Two ICD-9 codes for 
or treatment of 
diabetes (including 
insulin syringes) 
within one year 
follow-up 

Age, sex, health plan, region, 
year of initiation, number of 
diabetes screening tests, 
number of lab tests overall, 
mental/physical comorbidity, 
therapy duration, Rx number 

 

Combined SGA:                  2.46% 
 Olanzapine:                      2.45% 
 Risperidone:                     2.32% 
 Clozapine:                        5.72% 
 Quetiapine:                       2.44% 

Combined FGA:                  2.76% 
 

Sernyak et 
al.58 

SGAs (clozapine, 
olanzapine, quetiapine, 
or risperidone) vs. FGA

Diabetes ICD-9 
diagnosis in 4-month 
prescription follow-up 
period 

Age, income, distance to 
hospital, sex, race, VA 
compensation, mental health 
comorbidity, psychiatric 
hospitalization days in the 
previous year 

 Prevalence in a 4-month Period: 
                                  SGA          FGA 
 Entire Age Group: 18.84%     18.64% 
 < 40 years:               8.75%       6.43% 
 40-49 years:           15.89%     13.93% 
 50-59 years:           22.73%     20.56% 
 60-69 years:              ~27%        ~27% 
 > 70 years:                ~26%        ~23%   

Wang et 
al.59 

Clozapine, non-
clozapine AP (FGA + 
risperidone) vs. AP 
naïve patients over 6-
mo. prior to index date 

A new Rx claim for 
diabetes treatment 

Age, sex, socioeconomic 
status, race, other medication 
use, comorbidity severity 
score, comorbidity, number of 
medication use, days of other 
service use (hospital, nursing 
home), treatment duration and 
daily dosage quartiles for 
clozapine 
 

N/A 

Zhao et 
al.60 

SGA (clozapine, 
olanzapine, quetiapine, 
risperidone) and FGA 

Two ICD-9 codes of 
or treatment for 
diabetes with one year 
follow-up 

Age, sex, region, enrollment 
status, physical and mental 
comorbidity, and treatment 
duration 
 

Combined SGA:             2.81%   
Olanzapine:                     1.55% 
Risperidone:                    4.28%      
Combined FGA:            1.42% 

Notes:  AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and the Antipsychotic Exposure (continued) 

 

Authors Primary Results Conclusion Other Relevant Factors Affiliation 
Barner et 
al.46 

Compared to combined FGA cohort: 
Exposure to olanzapine, or quetiapine 
or risperidone was not a risk factor. 

Compared to FGA 
Olanzapine (↔)   Quetiapine (↔)  
Risperidone (↔) 
 

 1. Increasing age was a risk fact; 
 2. Nonwhite was a risk factor; 
 3. Previous hyperlipidemia was a 

risk factor. 
 

Eli Lilly 
and 
Company 

Buse et al.47 1. Compared to general patient cohort: 
    All AP cohorts had significantly 

higher incidence rates; 
2. Compared to combined FGA cohort:

Combined SGA was not a risk 
factor; 

3. Compared to haloperidol: 
Risperidone had a higher risk; 
Olanzapine and clozapine were not 
a risk factor; 
Quetiapine had a reduced risk.    

Compared to AP naïve 
SGA (↑)               FGA(↑)     
Clozapine (↑)       Olanzapine (↑)   
Quetiapine (↑)      Risperidone (↑)
Haloperidol (↑)    Thioridazine (↑)
Compared to FGA 
SGA (↔) 
Compared to Haloperidol 
Clozapine (↔)     Olanzapine (↔) 
Quetiapine (↓)      Risperidone (↑)

 1. Older age (>45) was a risk 
factor in most AP cohorts;  

 2. Male gender was a risk factor 
in the combined SGA cohort, 
risperidone cohort, and the 
AdvancePCS general patient 
cohort; 

 3. A positive dose relationship 
was found for thioridazine 
cohort.                          

 

Eli Lilly 
and 
Company 

Caro et al.48 Compared to risperidone: 
Olanzapine may have a significant risk 
(RR = 1.20, 95%CI = 1.00-1.43, p = 
0.05) 

Compared to Risperidone 
Olanzapine (↑) 

 1. Females in the olanzapine 
cohort was a risk factor; 

 2. Recent olanzapine exposure  
     (< 3-mo.) was a risk factor. 
 

Janssen 
Ortho Inc, 
Toronto 

Cunningham 
et al.49 

 Compared to FGA: 
1. Using Cox proportional hazard 

function, olanzapine, quetiapine, 
risperidone were significant risk 
factors; clozapine was not a 
significant factor; 

2. Case-control yielded similar results. 
 

Compared to FGA 
Clozapine (↔)     Olanzapine (↑)   
Quetiapine (↑)      Risperidone (↑)  

N/A Janssen 
Pharma-
ceutica 

Notes:  ↑: increased risk; ↓: decreased risk; ↔: no significant difference 
AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Primary Results Conclusion Other Relevant Factors Affiliation 
Fuller et al.50 Compared to risperidone: 

1. Olanzapine was a significant risk factor; 
2. Fluphenazine and haloperidol were not. 

Compared to Risperidone
Fluphenazine (↔)  
Haloperidol (↔)    
Olanzapine (↑)      

Medication switching was 
common in patients treated 
with APs 

Janssen 
Pharma-
ceutica 

Gianfrancesco 
et al.51 

Compared to AP naïve psychiatric patients: 
1. Longer treatment duration of olanzapine, 

high- and low-potency FGAs were 
significant risk factors; 

2. Longer treatment duration of risperidone 
was not a significant risk factor; 

3. Longer treatment duration of clozapine was 
significant with a 4-mo. diabetes prescreen 
and was not significant with a 8-mo. 
diabetes prescreen; 

4. Increasing olanzapine daily dosage in 
risperidone equivalency was a significant 
risk factor. 

 

Compared to AP Naïve    
Psychiatric Patients 
High-potency FGA (↑) 
Low-potency FGA (↑) 
Olanzapine (↑)       
Risperidone (↔)  
Clozapine (↑/↔)       

Increasing age, longer 
observation period, and 
other psychotropic drug use 
in dollars per month were 
significant risk factors. 

Janssen 
Pharma-
ceutica  

Gianfrancesco 
et al.52 

Compared to AP naïve psychiatric patients: 
1. Longer treatment duration of olanzapine 

was a significant risk factor; 
2. Risperidone, quetiapine and FGA treatment 

durations were not significant risk factors. 

Compared to AP Naïve   
Psychiatric Patients: 
FGA (↔)                   
Olanzapine (↑)  
Quetiapine (↔)        
Risperidone (↔) 
 

1. Increasing age, longer 
observation period and  

    β-blocker use were 
significant risk factors; 

2. Bipolar and depression 
were significant 
protective factors. 

 

AstraZeneca 
Pharma-
ceutials 

Notes:    ↑: increased risk; ↓: decreased risk; ↔: no significant difference 
AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Primary Results Conclusion Other Relevant Factors Affiliation 
Kornegay et 
al.53 

Compared to past AP exposure (>12-mo. 
prior incident diabetes): 
1. Current exposure (<6-mo. prior 

incident diabetes) of combined FGA 
and SGA was a significant risk 
factor; 

2. Current exposure <6-mo. prior 
incident diabetes) of either FGA or 
SGA was a significant risk factor; 

3. Recent exposure (between 6-mo. and 
12-mo. prior incident diabetes) of AP 
was not a risk factor. 

 

Compared to Past AP   
Exposure 
Current FGA (↑)      
Current SGA (↑)  
Recent FGA (↔)                    

Current AP (either FGA or 
SGA) exposure had 
significant DM risk when 
compared to past exposure.

Boston-
Collaborative 
Drug 
Surveillance 
Program 

Koro et al.54 1. Compared to AP naïve schizophrenia 
patients: 

    Olanzapine and FGA were associated 
with increased risks; 

2. Compared to patients not on target AP 
therapy: 

    Olanzapine and FGA were associated 
with increased risks,  

3. Compared to FGA: 
    Olanzapine was associated with an 

increased risk. 
 

Compared to AP Naïve 
Schizophrenia Patients: 
FGA (↑)              
Olanzapine (↑)    
Risperidone (↔) 
Compared to non-target APs 
FGA (↑)              
Olanzapine (↑)    
Risperidone (↔) 
Compared to FGA 
Olanzapine (↑)    
Risperidone (↔)          
 

N/A Bristol-
Myers 
Squibb 

Notes: ↑: increased risk; ↓: decreased risk; ↔: no significant difference 
AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Primary Results Conclusion Other Relevant Factors Affiliation 
Lee et al.55 1. SGA vs. FGA: no difference in 

diabetes risk; 
2. Olanzapine vs. FGA: no difference 

in diabetes risk; 
3. Risperidone vs. FGA: no difference 

in diabetes risk; 
4. Olanzapine vs. risperidone: no 

difference in diabetes risk. 

Compared to FGA 
SGA (↔)                
Olanzapine (↔) 
Risperidone (↔)       
Compared to Risperidone
Olanzapine (↔)   

1. SGA vs. FGA:  
Longer treatment duration, 
hypertension or heart disease 
were significant risk factors;  
Bipolar and West South Central 
region were protective factors; 

2. Risperidone vs. FGA:  
longer treatment duration was a 
significant risk factor;  
West South Central region was 
a protective factor; 

3. Olanzapine vs. risperidone:  
longer treatment duration, 
hypertension or heart disease 
were significant risk factors. 

 

Eli Lilly and 
Company 

Lund et al.56 Comparison between clozapine, FGA: 
1. Diabetes, hyperlipidemia, 

hypertension incidences were 
similar across groups; 

2. Diabetes and hyperlipidemia 
incidence were significantly higher 
among clozapine patients between 
20-34 years. 

 

Compared to FGA 
Clozapine (↑)  

Younger age was a significant risk 
factor in clozapine cohort. 

Medicaid Drug 
Utilization 
Commission 

Notes:    ↑: increased risk; ↓: decreased risk; ↔: no significant difference 
AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
SGA: second generation antipsychotic 
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Primary Results Conclusion Other Relevant Factors Affiliation 
Ollendorf et 
al.57 

1. Cox model: 
a. SGA vs. FGA: SGA was associated with 

a moderately higher risk; 
b. Olanzapine vs. other SGAs: no 

difference revealed; 
2. Logistic model: 
a. SGA vs. FGA: no difference revealed; 
b. Olanzapine vs. other SGAs: no 

difference revealed. 

Compared to FGA 
SGA (↑/↔) 
Compared to Risperidone
Olanzapine (↔) 
Compared to Other SGA
Olanzapine (↔) 

1. Cox model revealed 
increasing age, number of 
diabetes/other lab tests, 
presence of bipolar were 
moderately protective 
factors; 

2. Cox model revealed 
increasing year of AP 
initiation was a significant 
risk factor;  

3. Multiple logistic regression 
revealed no differences. 

 

N/A 

Sernyak et 
al.58 

Compared to FGA: 
1. Significantly more patients receiving 

SGA had a diabetes diagnosis; 
2. Significantly more patients receiving 

clozapine, olanzapine, or quetiapine had 
    a diabetes diagnosis; 
3. In the younger group (<40 years), all 

four SGAs had more diabetic patients; 
4. In the older age groups (60-69 years and 

> 70 years), the prevalence of diabetes 
in the SGA groups does not differ.  

 

Compared to FGA 
SGA (↑/↔)               
Clozapine (↑/↔)  
Olanzapine (↑/↔)      
Quetiapine (↑/↔)  
Risperidone (↑/↔)  

The prevalence of diabetes 
among patients having SGA 
prescriptions was significantly 
higher among the younger age 
groups (<40, 40-49, and 50-59 
years). 

Veterans 
Affairs 

Notes:   ↑: increased risk; ↓: decreased risk; ↔: no significant difference 
   AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
   SGA: second generation antipsychotic
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Table 2.4 Comparisons among Large-Scale Studies Using Claims Databases to Evaluate the Relationship Between 
Treatment-Emergent Diabetes and Antipsychotic Exposure (continued) 

 

Authors Primary Results Conclusion Other Relevant Factors  Affiliation 
Wang et 
al.59  

Compared to AP naïve psychiatric patients: 
1. Clozapine was not associated with 

increased risk; 
2. Non-clozapine was associated with a 

significant risk; 
3. Specifically, chlorpromazine and 

perphenazine were associated with a 
significant risk. 

Compared to AP Naïve 
Psychiatric Patients 
Chlorpromazine (↑)  
Perphenazine (↑) 
Clozapine (↔) 

Nonwhite, presence of 
hypertension or heart 
disease, use of 
corticosteroid, higher 
comorbidity severity score, 
and higher hospital days 
were associated with 
increased risk 

 US National   
 Institute of  
 Mental Health

Zhao et al.60 Compared to FGAs: 
1. SGA exposure was not a significant risk 

factor;  
2. Olanzapine was not a significant risk 

factor; 
3. Risperidone was a significant risk factor. 

Comparing to risperidone:  
4. Olanzapine was a significant protective 

factor.  
 

Compared to FGA 
SGA(↔)                 
Olanzapine (↔)  
Risperidone (↑) 
Compared to Risperidone
Olanzapine (↓)  

Increasing age and presence 
of hyperlipidemia were 
significant risk factors 

 Eli Lilly and   
 Company 

Notes:   ↑: increased risk; ↓: decreased risk; ↔: no significant difference 
   AP: antipsychotics; AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescriptions;  
   SGA: second generation antipsychotic 
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As one of the earliest studies in evaluating the relationship between treatment-

emergent diabetes and antipsychotic exposure, Lund and colleagues56 focused on 

patients with schizophrenia from the Iowa Medicaid program using a retrospective 

cohort (intent-to-treat) approach.  The diabetes incidence rates for patients with 

schizophrenia treated with clozapine (4.0%) and for patients with schizophrenia 

treated with FGAs (3.4%) were not statistically different from each other.  However, 

there was a significantly higher diabetes incidence rate among a younger patient 

group (20-34 years old) treated with clozapine (5.0% for clozapine and 2.0% for 

FGAs).  The authors suggested that clozapine might act as a modifier in susceptible 

patient groups.  In addition, the authors examined hyperlipidemia incidence rate 

among these patients.  Similar to the diabetes incidence, the hyperlipidemia incidence 

rates were not different between the clozapine cohort and the FGA cohort, but the 

hyperlipidemia incidence was significantly higher in the clozapine group than in the 

FGA cohort for the age group between 20 to 34 years old. 

Lee and colleagues55 found that in a large managed care organization among 

adults (18-65 years old) treated with antipsychotics, an overall diabetes incidence rate 

was 3.07 percent, using a retrospective cohort design.  They did not find significant 

differences in diabetes incidence rates between patients in the SGA cohort (3.00%) 

and in the FGA cohort (3.16%), or specifically, between the olanzapine cohort 

(2.53%) and the risperidone cohort (3.33%), using both unadjusted and adjusted odds 

ratios.  Among the covariates, the authors found that in comparison to the FGA 
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cohort, bipolar disorder comorbidity and living in the West South Central region were 

related to a reduced risk for the SGA cohort in general, and living in the West South 

Central region for the risperidone cohort, specifically; however, longer treatment 

duration and presence of hypertension and heart disease were associated with a higher 

risk for the SGA cohort.  The latter three covariates were also positively related to 

diabetes risk when comparing the olanzapine cohort to the risperidone cohort. 

Using a different database, Zhao, Tunis and Loosbrock60 conducted a similar 

study in patients with schizophrenia between 18 to 64 years treated with 

antipsychotics.  They found that the incidence rates for SGAs, FGAs, olanzapine, and 

risperidone were 2.81 percent, 1.42 percent, 1.55 percent, and 4.28 percent, 

respectively.  Similar to the Lee et al. study,55 no significant differences were found 

in comparisons of FGAs versus SGAs, and olanzapine versus FGAs.  However, in 

this study, risperidone was associated with a significantly higher diabetes risk than 

the FGA cohort.  On the other hand, olanzapine was associated with a significantly 

reduced diabetes risk, when compared to patients in the risperidone cohort.  Among 

the covariates, increasing age and preexisting hyperlipidemia were significant risk 

factors in the model comparing the SGA cohort to the FGA cohort. 

Using a nested case-control design, Kornegay et al.53 assessed the relative risk 

of diabetes incidence among the U.K. General Practice and Research database 

patients who were aged 18 to 64 years.  Patients had to have at least one antipsychotic 

prescription during the study timeframe from January 1994 to December 1998.  The 
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overall incidence of diabetes was 424 out of 73,428 patients, or a 0.58 percent 

cumulative diabetes incidence throughout the study period.  The authors reported that 

the current use (six months prior to the diagnosis of diabetes) of either an SGA or an 

FGA was associated with a significantly increased risk compared to patients with at 

least one year of no antipsychotic exposure.  No diabetes cases were found among 

recent SGA users (seven months to 12 months prior to the diagnosis of diabetes).  

Recent use of FGA agents was not related to a significantly increased risk, compared 

to patients with at least one year of no antipsychotic exposure.  No significant 

covariate effects were reported in this study. 

Also using a nested case-control design and the same data source, Koro et al.54 

found that the incident diabetes was 451 cases out of 19,637 (2.30%) schizophrenia 

patients for a 3-month prescription follow-up period, or 4.4/1000 person-years.  The 

study timeframe was from June 1987 to September 2000.  Compared to the 

antipsychotic-naïve schizophrenia patients, olanzapine was associated with a 

significant increase in diabetes risk, while the FGA cohort was associated with a 

slight but still significant increased risk; risperidone did not increase the risk of 

developing treatment-emergent diabetes.  When compared to those patients who were 

on antipsychotic medications other than the targeted medication(s), olanzapine and 

the FGA cohort were again significant whereas risperidone was not.  When compared 

to the FGA cohort, olanzapine was associated with a significant risk whereas 

risperidone was not. 
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The Wang study59 used a frequency-matched case-control design to compare 

the relative risk between antipsychotic patients and patients who were antipsychotic 

naïve for at least 6-months prior to the index date.   The participants were adult (>20 

years) psychiatric patients from a combined claims database with three data sources 

in the state of New Jersey.  No diabetes incidence rate was reported in this study.  

There was no difference in diabetes risk between the clozapine cohort and the 

antipsychotic naïve psychiatric patient cohort.  However, two FGA agents, 

chlorpromazine and perphenazine, were associated with significantly increased risks, 

when compared to the antipsychotic naïve psychiatric patient cohort.  In addition, a 

few covariates were evaluated in the model.  Treatment duration and daily dose of 

clozapine exposure did not increase the risk of treatment-emergent diabetes.  

However, being nonwhite, having hypertension, ischemic heart disease, congestive 

heart failure, a higher Charlson Comorbidity Index score, and a higher number of 

hospital days were associated with increased diabetes risk.  

Gianfrancesco and colleagues published two articles on this subject.51, 52  

Using different claims databases but the same study design, both articles compared 

psychiatric patients treated with antipsychotics to psychiatric patients not treated with 

antipsychotics.  In the 2002 article, Gianfrancesco et al.51 reported that among 

patients without preexisting diabetes (or diabetes prescreen) for up to four months 

prior to an antipsychotic prescription, the olanzapine cohort, high-potency FGA 

cohort, and low-potency FGA cohort were associated with a significantly increased 
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risk of treatment-emergent diabetes.  Neither risperidone nor clozapine was 

associated with a significant risk with the same diabetes prescreen period.  The results 

were similar when the diabetes prescreen period was expanded to eight months, 

except that exposure to clozapine became a significant risk factor.  The unstable 

results with regard to clozapine were probably attributable to the small number of 

patients in the clozapine group.  In addition, increasing age and a longer observational 

period were risk factors in both four-month and eight-month diabetes prescreen 

periods.   

The findings in the Gianfrancesco et al. 2003 article52 were similar to those in 

the 2002 article.51  However, in this study, the authors found that olanzapine was the 

only significant risk factor among the antipsychotics.  Risperidone and quetiapine did 

not increase the risk of treatment-emergent diabetes, when compared to 

antipsychotic-naïve psychotic patients.  Nor were the FGA cohorts, which 

(represented by a high-potency FGA cohort and low-potency FGA cohort) were 

significant in the 2002 article.  Age and observation period had similar effects. 

Five studies used the Cox proportional hazard function.47-50, 57  The Caro et al. 

study48 was the first one published using a Cox proportional hazard function to study 

treatment-emergent diabetes in antipsychotic-treated patients.  In this study, the 

relative risk was compared between the olanzapine cohort and the risperidone cohort 

in Quebec, Canada.  The diabetes incidence rates were similar in the two cohorts 

(olanzapine diabetes incidence rate = 17/1000 person-years; risperidone diabetes 
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incidence rate = 16/1000 person-years).  However, olanzapine appeared to have a 

marginal risk effect compared to risperidone (adjusted relative risk = 1.20, 95% CI: 

1.00 – 1.43, p = 0.05), when controlling for other variables.  The relative risk was 

significantly higher in the female olanzapine cohort and in patients with olanzapine 

exposure less than three months.   

Buse and colleagues47 evaluated the incident rates for patients receiving 

antipsychotic monotherapy, as well as the incident rate in the general patient 

population based on the AdvancePCS claims database.  As indicated in Table 2.4, all 

of the antipsychotic groups, including the combined FGA cohort, individual FGA 

cohorts (haloperidol and thioridazine), combined SGA cohort, and individual SGA 

cohorts (clozapine, olanzapine, quetiapine and risperidone) had significantly higher 

diabetes incidence hazard ratios than that of the general patient population.  When the 

SGA cohort was compared to the FGA cohort, no difference was found.  When the 

individual SGA cohorts were compared with haloperidol, quetiapine was associated 

with a reduced risk and risperidone was associated with an increased risk.  

Furthermore, the study found that increasing age was a significant risk factor among 

the majority of the antipsychotic cohorts.  Male gender was a significant risk factor in 

the general patient population, the combined SGA cohort, and the risperidone cohort.   

Fuller and colleagues50 presented an overall incidence of 6.3 percent among 

male patients taking olanzapine, risperidone, haloperidol, or fluphenazine, based on 

an Ohio VA database.  According to hazard ratios, the study showed that olanzapine 
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was associated with a significantly increased risk of developing diabetes when 

compared to risperidone.  No differences were found between fluphenazine and 

risperidone, or haloperidol and risperidone.  Although a number of covariates were 

controlled for in the Cox regression model for the study, the effects of these 

covariates were not presented in the article.  

In the Cunningham et al. study49, which was presented at the International 

Society for Pharmacoepidemiology meeting in Philadelphia in August 2003, the 

overall incidence was 6.04 percent (739 out of 12,235) among schizophrenia patients 

on antipsychotic monotherapy in the VA system.  All four individual SGA cohorts, 

including olanzapine, risperidone, quetiapine, and clozapine, were associated with 

increased diabetes risk, compared to the FGA cohort when using the Cox proportional 

hazard function.  In addition to a retrospective cohort design, Cunningham and 

colleagues used a case-control design and found similar results.   

Ollendorf, Joyce and Rucker57 analyzed schizophrenia patients’ claims data 

from 61 U.S. healthcare plans.  This study also incorporated two statistical 

approaches, the Cox proportional hazard function, as well as the multiple logistic 

regression.  However, this study had very different findings.  The authors found that 

the incidence of treatment-emergent diabetes was 2.76 percent for the FGA cohort, 

and 2.46 percent for the SGA cohort.  While the Cox function revealed a moderately 

increased risk for the SGA cohort when compared to the FGA cohort, no differences 

were observed among the individual SGA cohorts.  The logistic regression model did 
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not reveal differences either between the two generations of antipsychotics or among 

the individual SGA cohorts.   

The most recent study was published in Pharmacotherapy by Barner, Worchel 

and Yang in November 2004.46  This study utilized the Central Texas VA Health 

Care System database.  Diabetes incidence rates were presented in two different 

ways: 1) using an intent-to-treat (ITT) approach, patients were categorized into either 

the FGA or SGA cohort and the incidence rates were 7.3 percent and 6.8 percent, 

respectively; and 2) based on actual antipsychotic utilization during the follow-up 

period, patients were categorized into three cohorts: FGAs only, SGAs only or both 

(due to switching or combination therapy), and the incidence rates were 7.0 percent, 

6.8 percent, and 7.7 percent, respectively.  Chi-square analysis and multiple logistic 

regression analysis using ITT method showed no significant difference in the 

incidence rates of diabetes between the FGA and SGA cohorts. 
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2.2.4 Study Rationale for Claims-Based Antipsychotic Treatment-Emergent 

Diabetes  

It is certain that there are some common findings in these studies regardless of 

the differences in study designs and statistical methodologies.  First, it appears that in 

general, the incidence rate of diabetes in patients taking antipsychotics is higher than 

the general population who are not taking any antipsychotics, which is consistent with 

the literature and case reports.  It is further supported by findings in two studies.  The 

Buse et al. study47 found significantly higher diabetes incidence rates existed in all of 

the antipsychotic cohorts when compared to the general patient population.  The 

Kornegay et al. study53 found that patients with current FGA and SGA exposure had 

significantly higher diabetes incidence  rates than patients without antipsychotic 

exposure for at least one year.  

Second, among the covariates, a few general and mental health comorbidities 

demonstrated a relatively consistent relationship with the diabetes incidence.  For 

example, six studies included general health comorbidities as controlled variables.46, 

53, 55, 57, 59, 60  Two of them55, 59 found that hypertension and heart diseases were 

significant risk factors and two other studies46, 60 found that preexisting 

hyperlipidemia was a risk factor for diabetes.  In addition to general health 

comorbidities, eight studies included mental illness comorbidities as controlled 

variables.46, 48, 50, 52, 55, 57, 59, 60  Three of them52, 55, 57 found bipolar disorder and one52 

found depression to be associated with a decreased diabetes risk.  
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On the other hand, other findings presented by these studies reviewed here 

have been rather inconsistent, regarding either the potential impact of the examined 

antipsychotics or the potential impact of covariates on treatment-emergent diabetes.  

For instance, four studies made comparisons between FGA class and SGA class.47, 55, 

57, 60  As shown in Table 1.3, three of them47, 55, 60 found that there was no statistical 

difference between FGA class and SGA class in the treatment-emergent diabetes 

incidence rates.  One study57 employed two statistical methods (Cox proportional 

hazard function and logistic regression) to compare the relative risk of the two 

generations of antipsychotics; while one method (Cox model) revealed a significant 

difference with SGAs associated with a moderately higher risk, the other (logistic 

regression model) revealed no difference between the two drug classes.   

One of the current debates with regard to antipsychotic treatment-emergent 

diabetes is whether there is a significant difference in diabetes incidence rates 

between risperidone exposure and olanzapine exposure (risperidone, or Risperdal®, 

manufactured by Janssen Pharmaceutica and olanzapine, or Zyprexa®, manufactured 

by Eli Lilly. See Table 1.1).  Five of the studies included such a comparison.48, 50, 55, 57, 

60  Two of them55, 57 revealed no difference in diabetes incidence rates between the 

two agents.  One study,50 supported by Janssen Pharmaceutica, showed that 

olanzapine had a significantly higher diabetes risk than risperidone, while another 

study,60 supported by Eli Lilly and Company, showed an opposite result.  Again 

another study,48 also supported by Janssen Pharmaceutica, found a marginal 
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difference (relative risk = 0.20, 95% CI = 1.00-1.43, p = 0.05) and concluded that 

olanzapine was a risk factor compared to risperidone.   

Similar to the inconclusive effects of the antipsychotic agents, the effects of 

the covariates presented by these studies are also rather discrepant.  For instance, all 

of the studies, except for two nested case-control articles,53, 54 included age as one of 

the covariates.  Five of these46, 47, 51, 52, 60 found increasing age a significant risk factor, 

whereas two56, 57 found younger patients were more likely to be at risk.  Nor was 

gender consistently related to antipsychotic treatment-emergent diabetes.  The 

majority of the studies did not find gender as a significant risk factor.  However, the 

Buse et al. study47 suggested males were at higher risk in antipsychotic treatment-

emergent diabetes, while the Caro et al. study48 suggested females treated with 

olanzapine had a higher risk.  Ten studies controlled for the effect of treatment 

duration or prescription follow-up period.47, 48, 51-53, 55-57, 59, 60  Three found that longer 

treatment duration or prescription follow-up period was a diabetes risk factor in 

psychiatric patients treated with antipsychotics.51, 52, 55  In contrast, two articles 

indicated that recent antipsychotic exposure was a risk factor.48, 53   

Thus, despite some of the common findings in these studies, the main results 

of these studies are far from conclusive with regard to the central question: whether 

some antipsychotics are more prone to treatment-emergent diabetes than other 

antipsychotics.  Several inherent problems make it difficult to compare the main 

results across the studies.   
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First, all of the reviewed studies above used different databases.  Although the 

Kornegay et al.53 and Koro et al.54 studies were both based on the U.K. General 

Practice Research Database, the study timeframes were different.  The Barner et al.,46 

Cunningham et al.49 and Fuller et al.50 studies used VA databases, but the sources of 

administrative data regions as well as the study timeframes were different.  Different 

patient populations may be susceptible to different diabetes risk factors.  For example, 

the two studies by Gianfrancesco and colleagues51, 52 used the same study designs and 

statistical methodologies but different prescription claims databases.  Results of the 

two studies revealed a different impact of FGA agents on incidence of diabetes.   

Secondly, the characteristics of the treatment cohorts and the reference 

cohorts vary across the studies, not to mention the variations in patient inclusion 

criteria such as age and study timeframe differences.  Most authors chose to compare 

among different antipsychotic-exposed cohorts of schizophrenia patients only;49, 54, 56, 

57, 60 some expanded comparisons to patients with any mental disorders;51, 52, 59 others 

included all patients who filled at least one antipsychotic prescription during the study 

period;46, 48, 50, 53, 55 and one study compared the study groups with a general patient 

population as a reference group.47  The remaining two studies47,49 selected patients 

who received one type of antipsychotic medication only throughout the study period 

(antipsychotic monotherapy) as study subjects.   

Lastly, the study designs and statistical methodologies chosen by the 

researchers have great diversity.  Three studies (Kornegay et al.,53 Koro et al.,54 and 
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Wang et al.59) employed a case-control design.  All three studies used an intent-to-

treat (ITT) approach to assign the type of antipsychotic medication exposure for 

patients.  As for the specific methodologies used by these studies, two53, 54 utilized the 

nested case-control design in conjunction with conditional logistic regression analysis 

and one59 utilized the combination of a frequency-match case-control design and 

multiple logistic regression analysis.   

All of the remaining studies employed a retrospective cohort design; however, 

the approaches for medication exposure assignment under this category varied across 

the studies.  Six studies47, 48, 55, 56, 60 also employed the ITT method; four of which46, 55, 

56, 60 applied a multiple logistic regression analysis to the study design, whereas two 

other studies47, 48 used the Cox proportional hazard function.  Both studies by 

Gianfrancesco and colleagues51, 52 chose the treatment episode method using a 

multiple logistic regression analysis.  One study50 took an as-treated (AT) approach 

by incorporating a time-dependent variable in the statistical model when applying a 

Cox proportional hazard function.  All of the methods for medication exposure 

assignment, including intent-to-treat, treatment episode and as-treated, will be 

discussed in depth in the next Methodology chapter under the Study Designs section. 

Different from the above studies using one design and one analytical tool to 

accomplish study objectives, the remaining two studies utilized two statistical 

methods to analyze the same data source.49, 57  The outcomes of the two studies 

yielded different results for the comparisons within their own investigation.  
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Cunningham and colleagues49 found similar significant effects comparing the SGA 

and FGA cohorts, using the combination of a retrospective cohort (ITT) method and 

the Cox function, as well as using the combination of case-control (ITT) and the 

logistic regression analysis.  In contrast, Ollendorf, Joyce and Rucker57 found 

different effects when using two statistical methods.  Both statistical models were 

based on a retrospective cohort design with the ITT method for medication exposure 

assignment.  They found that when data were analyzed with the Cox proportional 

hazard function, a moderate but significant difference was found between the SGA 

cohort and FGA cohort, favoring the FGA cohort, whereas no difference was found 

among the individual SGA cohorts.  However, when they analyzed these data using a 

logistic regression analysis, no difference was observed either between the SGA 

cohort and FGA cohort, or among the individual SGA cohorts.   

Because of these methodological differences, it is not surprising that the 

results with regard to the effects of various antipsychotics to treatment-emergent 

diabetes are inconclusive.  One of the two purposes of this study was to overcome 

some of the problems discussed above.  When evaluating the relationship between 

use of antipsychotics and treatment-emergent diabetes, a number of different study 

designs and analytical tools were utilized in this study.  Two claims databases were 

used as the same data source throughout the analyses.  Because the study participants 

were from the same data source, the concern that differences in results were due to 

the difference between study population’s characteristics was irrelevant.  Thus, it 
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gave this study the advantage of primarily focusing on various methodologies and 

then examining the robustness of the results revealed by these methodologies. 
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2.3 TREATMENT-RESISTANT SCHIZOPHRENIA 

The second purpose of this study is to address whether there is a potential risk 

based on the antipsychotic prescribing patterns in relation to treatment-emergent 

diabetes, namely, antipsychotic monotherapy, sequential use or switching, and 

antipsychotic combination/concurrent use or polypharmacy in patients’ drug 

regimens.  These different strategies of drug utilization are largely derived from the 

concept of schizophrenia treatment-resistance. 

There would be no need for drug switching or combination therapy had any of 

the antipsychotics effectively controlled schizophrenia symptoms.  However, this is 

not the reality.  Treatment-resistance is common in the patient population with a 

schizophrenia diagnosis.  The first formal criteria for defining treatment-resistance 

were proposed by Kane and colleagues in the late 1980s.233  This definition was 

developed before the introduction of the newer generation of antipsychotics, and it is 

very restrictive in classifying patients into the treatment-resistance category.  These 

criteria have been revised since the introduction of the more effective SGA agents.234  

The current guidelines for defining schizophrenia treatment-resistance include three 

aspects set by the FDA:234, 235 

1. Drug refractory condition: at least two prior drug trials of 4-6 weeks 

duration at 400 to 600mg of chlorpromazine (or equivalent) with no 

clinical improvement; 
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2. Persistence of illness: > 5 years with no period of good social or 

occupational functioning; and 

3. Persistent psychotic symptoms: the Brief Psychiatric Rating Scale (BPRS) 

total score > 45 (on 18 items scale) and item score > 4 (moderate) on at 

least two of four positive symptom items. 

 

Despite the great number of FGA agents available, approximately 20 to 30 

percent of schizophrenia patients are not responsive to these agents.61, 62  Another 30 

to 40 percent of patients are partially responsive to FGAs.62  Clozapine is the only 

approved medication for treatment-resistant and FGA side effect intolerant 

schizophrenia patients.  By using clozapine, approximately 60 percent of treatment-

resistant schizophrenia patients can obtain better outcomes compared to using 

FGAs.99  However, even among the clozapine responders, 40 percent to 70 percent of 

these patients may have suboptimal responses.63   

Treatment-resistance is a common issue in schizophrenia patients, and it is 

costly to manage due to frequent hospitalizations and crisis care.  Before determining 

that a patient is treatment-resistant, other factors contributing to a suboptimal 

response should be ruled out.99  Meltzer99 suggested examining the following factors 

for their influences on treatment response: medication nonadherence, dosage (too 

high or too low), drug choice (switch to a different antipsychotic), side effect profile, 

and other factors (e.g., psychosocial stressors, and concomitant substance abuse).  
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Conley and Kelly234 developed a guideline to maximize the successful outcomes with 

antipsychotic monotherapy for the treatment-resistant schizophrenia patients (Table 

2.5). 

 

 

 
 
Table 2.5 Methods to Maximize Successful Outcomes with Antipsychotic Drug 
Trials in Treatment-Resistant Patients with Schizophrenia 
 

1. Identify defined target symptoms. 

2. Use drugs at sufficient dosages and for sufficient duration. 

3. Consider that medication intolerance, nonadherence, inadequate social support, 

and inadequate psychosocial treatment may create the appearance of treatment 

resistance. 

4. Exhaust the utility of single agents before using multiple agents. 

5. Prevent extrapyramidal side effects through appropriate choice of primary 

therapy. 

6. Maintain a positive therapeutic attitude. 
  

Adapted from Conley and Kelly 2001 article. 
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2.3.1 Antipsychotic Monotherapy, Switching and Combination Therapy 

The recognized standard therapy for psychotic illnesses is antipsychotic 

monotherapy.79, 236  However, because a large number of patients are not responsive 

to, partially responsive to, or are intolerant of a specific antipsychotic due to side 

effects, the alternative strategies such as antipsychotic drug switching and 

combination therapy are necessary and have long been utilized since the existence of 

multiple antipsychotic medications.237  Combination therapy for treating 

schizophrenia includes both the concurrent use of two or more antipsychotic 

medications and an antipsychotic with the augmentation of other classes of 

psychotropic medications such as anticonvulsants, antiepileptics, or antidepressants.  

In this study, the term “antipsychotic combination therapy” primarily refers to the 

treatment strategy of medication combinations within the antipsychotic category but 

not with any other psychotropic medications such as antidepressants.   

According to the current Texas Implementation of Medication Algorithms 

(TIMA) – Antipsychotic Algorithm (2003),27 six antipsychotic treatment stages can 

be followed to help clinicians determine an appropriate antipsychotic regimen 

(Appendix A).  For patients with a first-time psychotic episode or with no history of 

SGA exposure, the first two stages are the two trials of any of the currently available 

SGAs excluding clozapine (i.e., aripiprazole, olanzapine, quetiapine, risperidone, or 

ziprasidone).  If not responsive or partially responsive, it is suggested that patients 

move on to Stage 3 to try clozapine, or continue the second stage with a trial of a 
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different SGA or an FGA, assuming no history of FGA treatment failure.  After two 

or three failed trials, patients are considered as treatment-resistant and clozapine is 

recommended in Stage 3.   

If clozapine monotherapy is not successful in controlling symptoms in Stage 4 

for a partial responder or non-responder, clozapine can be augmented with an FGA or 

SGA, or electroconvulsive therapy (ECT).  For a non-responder or a partial responder 

at Stage 4 or a clozapine refusal, Stage 5 suggests a trial of a single FGA for those 

who did not have a history of FGA treatment failures or an alternative SGA that has 

not been tried before.  After all these strategies have failed, antipsychotic combination 

therapy is considered in Stage 6 as the last resort for treatment-resistant patients.  The 

strategies for antipsychotic combination therapy include concurrent use of an FGA 

and an SGA, concurrent use of SGAs only, concurrent use of any FGAs and/or SGAs 

plus ECT, and concurrent use of an FGA or SGA plus other agents such as a mood 

stabilizer or an antidepressant. 

The guidelines in TIMA have evolved since its initial development in 1996 

(Appendix B).238  In this original 1996 TIMA, both FGAs and risperidone were 

recommended as the first-line treatment choice, whereas use of olanzapine was 

recommended in Stage 3.  In 1999, the TIMA was revised for the first time 

(Appendix C).238  In the 1999 TIMA, olanzapine, quetiapine and risperidone were 

Stage 1 medication choices.  FGAs were not considered until all of the three SGAs 
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were tried with inadequate response.  If a patient was not adherent to medication 

treatment, long-acting haloperidol or fluphenazine was the drug of choice in Stage 2. 

Lack of efficacy and presence of side effects are the primary indications for 

medication switching.239  Before switching to a different medication, a few 

contraindications must be examined mostly due to the risk of relapse.164, 239  The 

contraindications include: 1) a recent recovery from an acute psychotic episode; 2) a 

potential exacerbation of symptoms due to switching which may lead to an 

unacceptable risk to the patient or others; and 3) a patient who is not adherent to the 

oral regimen but is adherent to the FGA depot medication.164, 239  The last 

contraindication considers that no SGA depot medication was available for an 

alternative.  However, it may not be applicable anymore.  Because of the approval of 

long-acting risperidone, patients on FGA depot medication may be switched to 

risperidone depot if necessary. 

Three basic strategies have be used for a transition from one antipsychotic to 

another, including abrupt switching, gradual switching and overlapping switching.164, 

239  Overlapping switching has shown to be the most effective strategy for preventing 

relapse, where the new medication is abruptly introduced and the dose of the old 

medication is adjusted downward during an overlapping period.164   

Compared to medication switching, which is a common practice in clinical 

settings,13, 123 antipsychotic combination therapy is reserved for a few exceptions: 1) 

for clozapine intolerance; 2) for partial response to clozapine; 3) for a risky 
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discontinuation of depot therapy; and 4) for patients who refuse to discontinue their 

old antipsychotics or refuse to try clozapine.236  In most cases, long-term 

antipsychotic combination therapy is not recommended due to possible drug 

interactions, potential side effects, increased complexity of medication regimen, and 

increased cost.   

It has been argued that compared to the first generation antipsychotics, most 

newer antipsychotics convey the inherent feature for combination use due to their 

“broad-spectrum” receptor blockade.240  Particularly with clozapine, this 

recommended antipsychotic for treatment-resistant patients has the most diverse 

receptor-binding biological profile.   

However, limited data suggest otherwise.  Throughout the history of 

antipsychotic combination therapy practice, no solid scientific evidence exists to 

support its widespread utilization.  There are some successful case reports or small 

sample size trials of antipsychotic combination utilization for treatment-resistant 

patients,65-72 while other studies suggested no significant symptom improvement. 74, 

241, 242  A recent retrospective case-control study of 70 inpatient pairs found that short-

term treatment with antipsychotic combination therapy was associated with 

significant increases in adverse events and hospitalization time with no apparent gain 

in clinical benefit.74  Results from one 10-year prospective study of 88 schizophrenia 

patients showed reduced survival (relative risk = 2.46, 95% CI 1.10-5.47, p = 0.03) in 

the study cohort if two or more antipsychotics were concurrently prescribed.75 
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Nonetheless, in psychiatric settings, psychotropic medication combination use 

has been a common practice for the last 40 years.76, 77, 243, 244  Up to one-half of 

psychotic inpatients and up to a quarter of outpatients were treated with two or more 

antipsychotics simutaneously.76, 79  Quetiapine is the most frequently prescribed in 

antipsychotic combination therapies (42%), followed by risperidone (18%), 

olanzapine (17%), and clozapine (14%).245  The trend is on rise since the introduction 

of second generation antipsychotics.80-82  To regulate the over-practice of 

antipsychotic polypharmacy/combination therapy, Kingsbury and associates 

developed a number of principles for a rational practice of antipsychotic combination 

therapy in the psychiatric setting (Table 2.6).73 
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   Table 2.6 Practice Principles for Antipsychotic Combination Therapy/   
   Polypharmacy  

• Therapeutic trials of sufficient duration and with optimal dosages of a single 

agent should be tried first. 

• Polypharmacy may sometimes be useful or necessary. 

• Polypharmacy does not hasten a therapeutic response. 

• Polypharmacy may increase the risk of morbidity and mortality. 

• Polypharmacy is frequently ineffective and expensive. 

• Benzodiazepines are usually unnecessary as adjuncts to long-term therapy. 

• Objective target symptoms or structured ratings should be used to evaluate the 

results of treatment. 

• Ineffective or minimally effective medications should be discontinued. 

• Researched strategies for polypharmacy should be tried first. 

• Both pharmacodynamic and pharmacokinetic interactions should be 

considered. 

 

 

Adapted from Kingsbury, Yi and Simpson, 2001
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2.3.2 Study Rationale for Antipsychotic Switching and Combination Therapies 

in Relation to Treatment-Emergent Diabetes 

If a causal link exists between treatment-emergent diabetes and use of any 

single antipsychotic agent, there is a potential risk associated with antipsychotic 

combination therapy for a potentially cumulative effect.  Among the previously 

discussed large-scale prescription claims-based studies to evaluate the relationship 

between treatment-emergent diabetes and use of antipsychotics, medication switching 

and combination therapy were not accounted for in most articles.46, 47, 49, 54-57, 59, 60   

The two articles by Gianfrancesco et al.,51, 52 with a treatment episode design, 

used a proxy variable (ratio of total supply days of two concurrently used 

medications) to substantiate the overlapping period when an antipsychotic was part of 

a combination therapy.  This approach is not straightforward and potentially 

underestimates the effects of early medication exposure, if the treatment regimen 

changed.50  This is probably the reason that no association was found between 

treatment-emergent diabetes and the proxy variable of concurrent antipsychotic use in 

either studies of Gianfrancesco and colleagues.   

Three studies directly incorporated the variable of drug switching or drug 

concurrent use.48, 50, 53  However, the effect of this variable was not fully investigated.  

In the Kornegay et al. study,53 this variable was dichotomized as the presence or 

absence of the “use of multiple antipsychotics.”  Similarly, in the Caro et al. study,48 

the variable was coded as the presence or absence of “concomitant haloperidol” use.  
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While in the Kornegay et al. study reported a non-significant effect for the variable of 

antipsychotic concurrent use, the study by Caro and colleagues did not mention the 

effect of the variable at all.   

Among the reviewed studies above, the study conducted by Fuller and 

colleagues50 is the only one that emphasized antipsychotic drug switching when 

evaluating the relationship between treatment-emergent diabetes and antipsychotic 

exposure.  The Fuller et al. study described in depth the frequency of drug switching 

in their study population.  Furthermore, the Fuller et al. study took advantage of the 

statistical method utilized in the article, the Cox proportional hazard function, by 

taking time into account.  Specifically, a medication use time-dependent variable was 

created to evaluate the effect of antipsychotic exposure to treatment-emergent 

diabetes.  This approach overcomes the shortcomings that are inherent to the intent-

to-treat method and the treatment-episode method by taking medication sequential 

use into account.50  

Unfortunately, regardless of the innovative use of a time-dependent variable 

by Fuller and his associates,50 the effect of medication switching or combination 

therapy was not the focus of their study.  In fact, other than providing detailed 

descriptive results of drug switching and using it as a dichotomous variable in the 

model, the authors did not mention the effect of this variable on the incidence of 

diabetes.  In addition, the study did not take antipsychotic combination therapy into 

account.  Therefore, the important clinical question of treatment-emergent diabetes in 
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relation to antipsychotic drug sequential use and combination therapy was left 

unanswered.   

Moreover, considering the potential significance of antipsychotic treatment-

emergent diabetes, it is of clinical importance to estimate the time effect in the 

initiation of a specific antipsychotic to the diagnosis of diabetes, when various 

antipsychotics have been used to the same patient.  Ignoring time lapse could 

underestimate the impact of those antipsychotics that may potentially lead to an acute 

onset of diabetes among susceptible patient groups.  The Fuller et al. study did not 

report the average time to onset for specific antipsychotic medications and did not 

report whether the duration of drug exposure was an important factor.  

In summary, even though a number of large-scale claims-based studies have 

been conducted in the last few years, the results with regard to the relationship 

between treatment-emergent diabetes and antipsychotic exposure are inconclusive.  

Furthermore, antipsychotic drug switching and combination therapy are common in 

today’s clinical practice.  However, the effectiveness and potential problems 

associated with these practices have been under-investigated.  There have been no 

studies focusing on the association between the antipsychotic drug utilization patterns 

and treatment-emergent diabetes.  A recently published study reported diabetes risk 

among patients with combination therapy, in which switching was not differentiated 

from combination therapy.83  The study found increased risk associated with patients 
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on combination therapy.  Thus, the answers to all these questions are of great clinical 

importance.  Researches should be encouraged to investigate these issues.  
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2.4 OTHER TREATMENT INDICATIONS OF ANTIPSYCHOTIC AGENTS 

As mentioned in earlier sections, antipsychotic agents were developed 

primarily for controlling schizophrenic symptoms, and many are also approved for 

acute manic and mixed bipolar I disorder.  Antipsychotics have been used for treating 

bipolar disorder for nearly 40 years since the emergence of the first generation 

antipsychotics246 and they are commonly prescribed for bipolar patients on long-term 

treatment.247, 248  A review article found that the newer generation antipsychotics are 

having an increasing role in managing bipolar symptoms due to their lower 

neurotoxicity and preliminary evidence of better efficacy than the older generation 

antipsychotics.249   

Olanzapine was considered the most appropriate SGA agent for treating manic 

bipolar patients.249  In a recently published randomized placebo-controlled 8-week 

trial conducted in 84 sites over 13 countries, olanzapine and the olanzapine-fluoxetine 

combination showed effectiveness for bipolar I depression.250  Findings from this 

study have helped reshape the experts’ consensus, and such therapies are now 

considered one of the first-line treatments for the management of bipolar I depression. 

In addition, clinicians have found merits among the antipsychotics in treating 

other mental illnesses as well.  A group of experts developed guidelines for using 

antipsychotic agents among older patients.251  In general, in addition to schizophrenia, 

indications for the appropriate use of antipsychotics among older patients are: 

delirium; dementia with agitation and delusions; psychiatric major depression.  
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Antipsychotics are NOT indicated for older patients diagnosed with generalized 

anxiety disorder; panic disorder, hypochondriasis; nonpsychotic major depression 

even in the presence of severe anxiety; insomnia or other sleep disturbances; 

irritability and hostility in the absence of a major psychiatric syndrome; motion 

sickness; neuropathic pain; and severe nausea and vomiting.   

Thus, although antipsychotics are approved for treating schizophrenia and 

schizoaffective disorder, off-label use for indications other than those approved by 

FDA is common.  A survey study, conducted between 1996-1997, examined the 

extent of off-label use of antipsychotic drugs at local pharmacies.252  Of the 173 

pharmacy customers with an antipsychotic prescriptions interviewed, 115 of them 

(66.5%) were prescribed antipsychotics for off-label use and the most frequent use 

was as a “tranquilizer” (30.6%) and an anxiolytic (20.1%).   

As Glick and colleagues stated precisely: “Antipsychotic medications are 

being used for nearly every medical and psychiatric condition that include ‘psychosis’ 

as a symptom.”253  In their literature review, Glick and colleagues found that, as of 

January 2000, risperidone had been used to treat indications other than schizophrenia 

in 119 published studies and reports, olanzapine in 56 and quetiapine in eight.253  

Regardless of the shortcomings of the designs in the majority of the reviewed studies, 

the second generation antipsychotics, in general, appeared to be useful in treating the 

intended conditions.253   
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A rather complete list of SGA off-label use (including both symptoms and 

disorders) was presented in the Glick article, including:253 

• Psychotic symptoms associated with a variety of diseases;  

• Psychotic symptoms associated with various movement disorders;  

• Bipolar disorder;  

• Pervasive developmental disorders;  

• Stuttering;  

• Borderline personality disorder;  

• Brain injury;  

• Conduct disorder;  

• Delirium;  

• Delusional disorder;  

• Depression;  

• Lesch-Nyhan disorder;  

• Obsessive-compulsive disorder;  

• Pedophilia;  

• Posttraumatic stress disorder;  

• Substance abuse;  

• Tourette’s syndrome;  

• Trichotillomania; and  
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• Clozapine discontinuation syndrome. 
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2.5 OBJECTIVES  

Overall, this study investigated antipsychotic drug utilization and its 

association with treatment-emergent diabetes, by comparing the analytical results 

using various study designs and statistical methodologies when the same claims 

database was utilized as the data source.  Specifically, there were two purposes for 

conducting this study: 1) evaluating the trends of recent antipsychotic utilization and 

prescribing patterns, particularly the shift from FGA agents to SGA agents and the 

changes in the prescribing strategies of antipsychotic switching and combination 

therapy; and 2) investigating the robustness of the findings with regard to the factors 

related to treatment-emergent type 2 diabetes mellitus, particularly the treatment 

factors such as the specific medication exposure and therapeutic regimens prescribed, 

when various study designs and statistical methodologies are applied to the same 

claims databases. 

Specifically for the second study purpose, the current study employed 

primarily two types of study designs: a retrospective cohort design and a case-control 

design.  Within each design, two methods were used for medication exposure 

assignment: intent-to-treat (ITT) method and as-treated (AT) method.  In addition, 

several types of regression analyses were used for evaluating the relationship between 

antipsychotic utilization and treatment-emergent diabetes, including standard logistic 

regression (with and without a propensity score matching method), conditional 

logistic regression, and Cox proportional hazards functions. 
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Four objectives were addressed in this study.  Eight models and thirty-three 

hypotheses were proposed.  Definitions of variables are specified in the Methodology 

chapter.  The objectives were: 

I. To characterize the trends of antipsychotic drug utilization and 

prescribing patterns (i.e., monotherapy, switching between 

antipsychotics and antipsychotic combination therapy (also referred to 

as antipsychotic polypharmacy)) for both new and existing users of 

antipsychotic agents; 

II. To determine the incidence rates of treatment-emergent type 2 diabetes 

mellitus among Texas veterans who were newly initiated on 

antipsychotic medications with an intent-to-treat (ITT) approach to 

assigning treatment exposure; 

III. To examine whether the relationship between the antipsychotic 

therapy exposure and treatment-emergent type 2 diabetes mellitus 

differs with respect to methodological designs (retrospective cohort 

and case-control) and statistical approaches (propensity scoring, 

logistic regression and Cox proportional hazards function), when 

controlling for patients’ demographics (i.e., age, gender, race, and 

region), general health conditions (i.e., preexisting overweight/obesity 

status, hypertension and dyslipidemia), mental health conditions (i.e., 

bipolar disorder, depression, post-traumatic stress disorder – PTSD, 
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schizophrenia, and substance abuse), antipsychotic drug utilization 

patterns (i.e., monotherapy, antipsychotic switching and combination 

therapy), treatment duration, antipsychotic re-exposure, and 

antipsychotic initiation year; and 

IV. To evaluate the advantages and disadvantages of the various 

methodological designs and statistical approaches in addressing the 

same research question. 
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2.6 HYPOTHESES 

No hypotheses were tested for Objective I, Objective II, and Objective IV.  

These objectives were addressed through descriptive analyses, as well as discussions 

derived from study results.   

Due to the complexity of the third objective, eight statistical models were 

generated.  Thirty-three hypotheses were proposed.  The eight statistical models 

resulted from the various combinations of the study designs and statistical 

approaches.  The structure of the study designs that were utilized is shown in Figure 

2.7.  These study designs and statistical methods are discussed in depth in the 

Methodology chapter.   
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The medication comparisons were different for the AT models from the ITT 

models.  In the ITT models, the comparisons were made either between the FGA 

class and the SGA class or among the individual SGAs.  In the AT models, the 

comparison was made between the individual SGAs and the FGA class.   

Using this different approach was due to practical reasons in discussion and 

data creation in AT model analyses.  One of the assumptions in this study was that 

switching between two FGAs was not considered as a true switch, whereas switching 

between two SGAs was considered as a true switch in the second purpose of the 

study.  In the AT models, all the prescription utilization within patients’ first 

treatment year was followed.  When patients had a switch or combination therapy, at 

least two types of medications were included in the treatment time-dependent variable 

of the AT models.  If a switch between or a combination treatment among SGAs 

occurred and the SGA medications were not differentiated, the meaning may not be 

explicit when no specific drugs were mentioned.  For example, a switch between 

olanzapine and risperidone can be well explained but it may not be clear if it is stated 

as a switch between one SGA to another SGA. 

Below is the decomposition of the study designs and statistical methods of the 

eight models for Objective III.  Hypotheses tested in each model varied.   
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MODEL I: Combination of the ITT retrospective cohort design and standard logistic 

regression analysis, when the class of antipsychotics (SGAs vs. FGAs) is entered as 

the primary independent variable.   

 

MODEL II: Combination of the ITT retrospective cohort design and standard 

logistic regression analysis, when individual SGA agents (olanzapine, quetiapine vs. 

risperidone) are entered into the model as the primary independent variable.   

 

MODEL III: Combination of the ITT retrospective cohort design and propensity 

score matching plus standard logistic regression analysis, when the class of 

antipsychotics (SGAs vs. FGAs) is entered as the primary independent variable. 

 

MODEL IV: Combination of the ITT retrospective cohort design and propensity 

score matching plus standard logistic regression analysis, when individual SGA 

agents (olanzapine, quetiapine vs. risperidone) are entered into the model as the 

primary independent variable.   

 

MODEL V: Combination of the AT retrospective cohort design and Cox 

proportional hazards function, when the FGA class and individual SGAs (olanzapine, 

quetiapine and risperidone vs. FGAs) are entered into the model as the primary 

independent variable.   



  
    
 

  
 
 
 

122 
 

MODEL VI: Combination of the ITT nested case-control design and conditional 

logistic regression, when the class of antipsychotics (SGAs vs. FGAs) is entered as 

the primary independent variable. 

 

MODEL VII: Combination of the ITT nested case-control design and conditional 

logistic regression, when the individual SGAs (olanzapine, quetiapine vs. risperidone) 

are entered into the model as the primary independent variable.   

 

MODEL VIII: Combination of the AT nested case-control design and extended Cox 

proportional hazard function, when the FGA class and individual SGAs (olanzapine, 

quetiapine and risperidone vs. FGAs) are entered into the model as the primary 

independent variable. 
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The following were the thirty-three hypotheses proposed in the study.  The 

specific hypotheses tested would vary slightly across the models, as addressed earlier 

in the study models.  Directional hypotheses were provided for relationships with 

strong literature support.  Otherwise, null hypotheses were stated. 

 

H1:    Regardless of the model design, increasing age is associated with a 

significantly higher incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., other demographic variables, 

general and mental health conditions, and treatment variables).  

Ho2:  Regardless of the model design, there is no significant association 

between gender and the incidence of treatment-emergent diabetes, 

when controlling for other variables (i.e., other demographic variables, 

general and mental health conditions, and treatment variables). 

H3: Regardless of the model design, the nonwhite ethnic group is 

associated with a significantly higher risk, compared to the white 

ethnic group, in the incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., other demographic variables, 

general and mental health conditions, and treatment variables).  

Ho4: Regardless of the model design, there is no significant association 

between region and the incidence of treatment-emergent diabetes, 
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when controlling for other variables (i.e., other demographic variables, 

general and mental health conditions, and treatment variables). 

H5: Regardless of the model design, patients who are overweight or obese 

are associated with a significantly higher incidence of treatment-

emergent diabetes, compared to patients who are not overweight, when 

controlling for other variables (i.e., demographic variables, other 

general health conditions, mental health conditions, and treatment 

variables). 

H6: Regardless of the model design, the presence of hypertension is 

associated with a significant higher incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic 

variables, other general health conditions, mental health conditions, 

and treatment variables). 

H7: Regardless of the model design, the presence of dyslipidemia is 

associated with a significant higher incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic 

variables, other general health conditions, mental health conditions, 

and treatment variables). 

Ho8: Regardless of the model design, there is no significant association 

between the presence of a bipolar disorder diagnosis and the 

incidence of treatment-emergent diabetes, when controlling for other 



  
    
 

  
 
 
 

125 
 

variables (i.e., demographic variables, general health conditions, other 

mental health conditions, and treatment variables).  

Ho9:  Regardless of the model design, there is no significant association 

between the presence of a depression diagnosis and the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general health conditions, other mental health 

conditions, and treatment variables). 

Ho10: Regardless of the model design, there is no significant association 

between the presence of a post-traumatic stress disorder diagnosis 

and the incidence of treatment-emergent diabetes, when controlling for 

other variables (i.e., demographic variables, general health conditions, 

other mental health conditions, and treatment variables).   

H11:  Regardless of the model design, the presence of a schizophrenia 

diagnosis is associated with a significantly higher risk in the incidence 

of treatment-emergent diabetes, when controlling for other variables 

(i.e., demographic variables, general health conditions, other mental 

health conditions, and treatment variables). 

Ho12: Regardless of the model design, there is no significant association 

between the presence of a substance abuse diagnosis and the 

incidence of treatment-emergent diabetes, when controlling for other 
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variables (i.e., demographic variables, general health conditions, other 

mental health conditions, and treatment variables). 

H13:  Regardless of the model design, the presence of antipsychotic 

switching is significantly associated with the incidence of treatment-

emergent diabetes, compared to antipsychotic monotherapy, when 

controlling for other variables (i.e., demographic variables, general and 

mental health conditions, and other treatment variables).  

H14:  Regardless of the model design, the presence of antipsychotic 

combination therapy is significantly associated with the incidence of 

treatment-emergent diabetes, compared to antipsychotic monotherapy, 

when controlling for other variables (i.e., demographic variables, 

general and health conditions, and other treatment variables).  

Ho15: Regardless of the model design, there is no significant association 

between index drug treatment duration and the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho16: Regardless of the model design, there is no significant association 

between antipsychotic re-exposure and the incidence of treatment-

emergent diabetes, when controlling for other variables (i.e., 
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demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho17: Regardless of the model design, there is no significant association 

between antipsychotic initiation year and the incidence of treatment-

emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho18: Regardless of the model design, there is no significant difference 

between the classes of antipsychotic used (i.e., the second generation 

antipsychotics vs. first generation antipsychotics) in the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 

demographics, general and mental health conditions, and other 

treatment variables). 

Ho19: Regardless of the model design, there is no significant difference 

between initial use of clozapine when compared to initial use of 

risperidone in the incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., demographics, general health 

conditions, mental health conditions, and other treatment variables). 

Ho20: Regardless of the model design, there is no significant difference 

between initial use of olanzapine when compared to initial use of 

risperidone in the incidence of treatment-emergent diabetes, when 
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controlling for other variables (i.e., demographics, general health 

conditions, mental health conditions, and other treatment variables). 

Ho21: Regardless of the model design, there is no significant difference 

between initial use of quetiapine when compared to initial use of 

risperidone in the incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., demographics, general health 

conditions, mental health conditions, and other treatment variables). 

Ho22: Regardless of the model design, there is no significant difference 

between initial use of ziprasidone when compared to initial use of 

risperidone in the incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., demographics, general health 

conditions, mental health conditions, and other treatment variables). 

Ho23: Regardless of the model design, there is no significant association 

between FGA exposure duration and the incidence of treatment-

emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho24: Regardless of the model design, there is no significant association 

between clozapine exposure duration and the incidence of treatment-

emergent diabetes, when controlling for other variables (i.e., 
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demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho25: Regardless of the model design, there is no significant association 

between olanzapine exposure duration and the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho26: Regardless of the model design, there is no significant association 

between quetiapine exposure duration and the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho27: Regardless of the model design, there is no significant association 

between risperidone exposure duration and the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho28: Regardless of the model design, there is no significant association 

between ziprasidone exposure duration and the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 
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demographic variables, general and mental health conditions, and 

other treatment variables). 

Ho29: Regardless of the model design, there is no significant difference over 

time in hazard ratios of developing treatment-emergent diabetes 

between patients exposed to clozapine when compared to patients 

exposed to FGA class, when controlling for other variables (i.e., 

demographics, general and mental health conditions, and other 

treatment variables). 

Ho30: Regardless of the model design, there is no significant difference over 

time in hazard ratios of developing treatment-emergent diabetes 

between patients exposed to olanzapine when compared to patients 

exposed to FGA class, when controlling for other variables (i.e., 

demographics, general and mental health conditions, and other 

treatment variables). 

Ho31: Regardless of the model design, there is no significant difference over 

time in hazard ratios of developing treatment-emergent diabetes 

between patients exposed to quetiapine when compared to patients 

exposed to FGA class, when controlling for other variables (i.e., 

demographics, general and mental health conditions, and other 

treatment variables). 
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Ho32: Regardless of the model design, there is no significant difference over 

time in hazard ratios of developing treatment-emergent diabetes 

between patients exposed to risperidone when compared to patients 

exposed to FGA class, when controlling for other variables (i.e., 

demographics, general and mental health conditions, and other 

treatment variables). 

Ho33: Regardless of the model design, there is no significant difference over 

time in hazard ratios of developing treatment-emergent diabetes 

between patients exposed to ziprasidone when compared to patients 

exposed to FGA class, when controlling for other variables (i.e., 

demographics, general and mental health conditions, and other 

treatment variables). 
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CHAPTER THREE 

METHODOLOGY 

 

 This chapter describes the methodology that was employed in this study.  

First, the data source is presented, including the study sites, patient population, 

timeframe, inclusion and exclusion criteria for the study participants.  Second, the 

study designs utilized are discussed, followed by sample size calculations for 

different designs.  Next, study variables are presented.  The various statistical analysis 

approaches are described afterwards.  The final section details the analyses for each 

objective. 

 

3.1 DATA SOURCE 

 This study utilized a secondary database to address the proposed objectives.  

The data were extracted from the health administrative database of the Department of 

Veterans Affairs (VA) Heart of Texas Health Care Network.  The VA Heart of Texas 

Health Care Network is the 17th division of the Veterans Integrated Service Network 

(VISN 17) (Figure 3.1).     
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Figure 3.1 Veterans Integrated Service Networks (adapted from Department of 
Veterans Affairs website: http://www1.va.gov/directory/guide/region.asp? ID= 
1017#VISN) accessed on November 20, 2004. 
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This study was approved by the investigational review boards (IRBs) of The 

University of Texas at Austin, the VA North Texas Health Care System (VANTHCS) 

and the South Texas Veterans Health Care System (STVHCS).  The current study 

was proposed based on existing health administrative data.  The VANTHCS IRB 

approved the study under the expedited category and the STVHCS IRB approved it 

under the exempt category.  A waiver of informed consent was obtained.  
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3.1.1 Study Sites 

VISN 17 serves approximately one million veterans residing in 134 counties 

stretching from two counties at the Oklahoma border in the north to the Lower Rio 

Grande Valley in south Texas.  The network consists of seven medical centers, 58 

clinic sites, and 2,608 operating beds.  These service sites are organized under three 

health care systems: the Veterans Administration North Texas Health Care System 

(VANTHCS), the Veterans Administration Central Texas Health Care System 

(VACTHCS), and the South Texas Veterans Health Care System (STVHCS).  This 

study utilized data from the VANTHCS and the STVHCS. 

The VANTHCS includes two medical centers in Dallas and Bonham, a large 

outpatient clinic in Fort Worth, and many community-based outpatient clinics.  Both 

the Sam Rayburn Memorial Veterans Center and the Dallas VA Medical Center 

(VAMC) in the NTVHCS have a Psychiatric Residential Rehabilitation Treatment 

Program.  Dallas VAMC also introduced the VA’s first Comprehensive Homeless 

Center to help mentally and physically ill homeless veterans rejoin the community as 

productive citizens. 

The STVHCS has a 1,112-bed acute care facility providing primary, 

secondary and tertiary health care in medicine, surgery, psychiatry, and rehabilitation 

medicine.  It includes two medical centers in San Antonio and Kerrville, several large 

outpatient clinics in San Antonio, Corpus Christi, McAllen, Laredo and Victoria, and 

numerous community-based outpatient clinics.  In addition, the STVHCS owns a 
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274-bed nursing home, a 30-bed Spinal Cord Injury Center, an eight-bed Bone 

Marrow Transplant Unit, and a Geriatric Research, Education and Clinical Center. 
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3.1.2 Patient Population  

The VA health care systems utilize a computerized patient record system 

(CPRS), which allows patient medical information to be captured electronically, 

including both inpatient and outpatient medical records.  Approximately one million 

veterans reside in the VISN 17 service area.  The majority of these veterans are aging 

and disabled males who either have no other supplemental health insurance coverage 

or are members of health maintenance organizations if living in large urban areas.  In 

FY 2001, VISN 17 health care systems had over 28,000 admissions, and 1.8 million 

outpatient visits.     
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3.1.3 Study Timeframe 

Health administrative data were extracted separately from the two regions 

(VANTHCS and STVHCS) with regard to demographic information, laboratory 

values, diagnoses, and prescription information.  A unique identifier was assigned to 

each patient, so that a patient’s individual information in various files could be linked 

together.  However, these unique identifiers were for on-site data extraction and 

aggregation purposes only.  Patients’ data were de-identified before the delivery to 

the off-site investigator.  Thus, patients’ confidentiality was well protected.  Data 

from the VANTHCS were extracted for the timeframe from November 9, 1994 to 

May 12, 2004; data for the STVHCS were extracted for the timeframe from 

September 30, 1995 to January 27, 2004.  Outpatients’ prescription claims, medical 

records and lab results were extracted for the study.   

For study Purpose One (the prescribing trends of antipsychotic drug 

utilization), two cohorts were formed.  A third cohort was formed for study Purpose 

Two.  In Purpose One, the two cohorts were formed for new and existing 

antipsychotic users, respectively.  Conducting separate analyses for new antipsychotic 

users and existing users was necessary because clinicians may consider different 

prescribing strategies for the two groups of patients.  For instance, according to the 

Texas Implementation of Medication Algorithms – Antipsychotic Algorithm 

(2003),27 it is suggested that clinicians prescribe second generation antipsychotic 

agents for acute schizophrenia patients and first episode schizophrenia patients.  It is 
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also suggested that patients be maintained on a first generation antipsychotic 

treatment if patients are adherent to the depot form of the first generation 

antipsychotic agents and not adherent to the oral medications.   

Therefore, separate analyses for new and existing antipsychotic users would 

help understand how the patterns might be different in the two cohorts.  Furthermore, 

a comparison between the two cohorts might help assess how clinicians’ prescribing 

patterns change over time.  

The trend study (Purpose One) focused on: 1) the pattern of the second 

generation antipsychotics replacing the first generation antipsychotics; and 2) the 

patterns and frequencies of antipsychotic monotherapy, switching and combination 

therapy.  Specifically, analysis of antipsychotic prescription utilization would reveal 

the annual volume of prescription utilization according to the type of medications and 

the percentage change of the medications used in relation to the overall volume.  In 

addition, the volume and percentage changes of these prescriptions and the number of 

patients who were on monotherapy, who switched medication, or who used 

combination therapy were examined.  The following addresses the formation of the 

three cohorts. 

 

3.1.3.1 Cohort 1 – New Users 

The first cohort included new antipsychotic users only, given a 6-month 

retrospective screen window during which patients did NOT have any antipsychotic 



  
    
 

  
 
 
 

140 
 

prescriptions.  The first antipsychotic prescription that appeared in the database was 

defined as the index prescription.  The date for the first prescription was defined as 

the index date.  Each patient’s prescription utilization was followed for up to 12-

months from the index date unless the medication discontinued before the end of the 

12-month follow-up.   

Prescription utilization for new patients was analyzed on a 12-month basis.  

Since only the new users’ prescription patterns were evaluated in this cohort, patients 

included in each evaluation year were different.  For the convenience of analysis, the 

index prescription must have occurred by the end of each calendar year for a patient 

to be included in that year’s evaluation but followed for 12-months into the next year.  

Patient prescription utilization was analyzed based on the antipsychotic initiation 

year.  This avoided the potential imbalance between the number of prescriptions for a 

patient recruited at the beginning of the calendar year and the number of prescriptions 

for a patient recruited at the end of the calendar year.   

For example, if a patient’s index prescription was on February 3, 1998, the 

prescription follow-up period for this patient would be from February 3, 1998 to 

February 2, 1999.  This patient’ prescription utilization was included in Year 1998.  If 

another patient’s index prescription was on December 22, 1998, his/her prescription 

records would be followed until December 21, 1999.  This patient’ prescription 

utilization was also included in Year 1998. 
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Thus, due to data availability, the first and last evaluation years of Cohort 1 

were Year 1997 and Year 2002, respectively.  It allowed the same follow-up period 

for patients whose index prescription occurred at the end of 2002.  A six-year 

prescription utilization pattern (1997 to 2002) for the new antipsychotic users was 

evaluated. 

 

3.1.3.2 Cohort 2 – Existing Users 

The second cohort included all existing antipsychotic users.  Patients were 

considered as existing users, if during a 6-month retrospective window during which 

they HAD at least one antipsychotic prescription and a 12-month follow-up period 

during which at least one antipsychotic prescription was prescribed.   

All eligible patients’ prescriptions were followed throughout the study 

timeframe.  Medication utilization was evaluated annually at the end of each calendar 

year.  Prescribing patterns could be evaluated for the same patient in different 

evaluation years as long as the selection criteria were satisfied.   

For instance, in order to evaluate the prescription utilization pattern for Year 

1999, patients’ prescription records in the latter half of 1998 are examined.  If a 

patient had at least one prescription within that retrospective window and also had at 

least one prescription anytime in 1999, he/she would be eligible as an “existing” 

antipsychotic user for Year 1999.  All of the prescriptions in 1999 for that patient 

were included in 1999.  If this patient again had at least one prescription in 2000, 
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he/she would be eligible for Year 2000 as an “existing” antipsychotic user as well.  

The evaluation years for Cohort 2 were from 1997 to 2003.   

 

3.1.3.3 Cohort 3 – New Users without Preexisting Diabetes Condition(s) 

A third cohort was created for study Purpose Two (evaluating the relationship 

between use of antipsychotic medications and treatment-emergent diabetes, when 

controlling for other risk factors).  Cohort 3 included new antipsychotic users only, 

given a 12-month retrospective window during which patients did NOT have any 

antipsychotic prescriptions.  The prescription records for new patients in Cohort 3 

were also followed for up to 12 months from the index dates.   
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3.1.4 Inclusion and Exclusion Criteria 

The current study had two purposes.  Purpose One was to assess the 

antipsychotic prescription utilization trends and Purpose Two was to evaluate the risk 

factors for treatment-emergent diabetes among patients newly initiated on 

antipsychotic treatment using different analytical methods.  To accomplish these 

purposes, different inclusion and exclusion criteria were implemented.   

In general, all of the study participants were 18 years of age or older at the 

index date and were continuously enrolled for at least 12 months prior to and 12 

months following the index antipsychotic prescription date within the study 

timeframe.  A 12-month follow-up period was chosen because the majority of 

antipsychotic treatment-emergent diabetes cases have been reported within six 

months of drug exposure.41-43 

 

The following are the specific inclusion and exclusion criteria for each cohort.   

A. For Cohort 1 (the trend study with newly initiated antipsychotic users), the 

study included those patients who: 

1) Were 18 years of age or older; 

2) Were continuously enrolled at least 6 months prior to and 12 

months following the index antipsychotic prescription within the 

study timeframe; and   
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3) Did not receive a prescription for any antipsychotic agent 6 months 

prior to the index antipsychotic prescription. 

 

B. For Cohort 2 (the trend study with existing antipsychotic users), the 

study included those patients who: 

1) Were 18 years of age or older; 

2) Were continuously enrolled for 6 months prior to and 12 months 

following the index antipsychotic prescription within the study 

timeframe; and  

3) Had at least one antipsychotic prescription 6 months prior to and 

during an evaluation year. 

C. For Cohort 3 (the treatment-emergent diabetes study), the study included 

those patients who: 

1) Were 18 years of age or older; 

2) Were continuously enrolled for 12 months prior to and 12 months 

following the index antipsychotic prescription within the study 

timeframe; 

3) Did not receive a prescription for any antipsychotic agent 12 

months prior to the index antipsychotic prescription; and 

4) Did not use any anti-diabetic medications, did not have diagnoses 

of type 1 or type 2 diabetes mellitus, and did not have a blood 
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glucose level greater than 200 mg/dl one year prior to the index 

date. 

 

Cohort 3 was created for study Purpose Two.  There were two primary study 

design categories for Purpose Two, including retrospective cohort design and case-

control design.  Obviously, the inclusion and exclusion criteria listed above for 

Cohort 3 were primarily applicable to retrospective cohort designs.  Cases and 

controls in case-control studies are generated from a previously specified cohort.254  

In this study, observations for the case-control design were selected from the eligible 

patients in Cohort 3.  The specific patient selection criteria for Purpose Two are 

further detailed in the Study Designs section.  
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3.2 STUDY DESIGNS 

In this study, different designs were utilized to accomplish each purpose.  

Particularly for Purpose Two, several different study designs were employed to 

compare the advantages and disadvantages of these designs in answering the same 

research question.  The following illustrates each of these designs for the two study 

purposes.  

 

3.2.1 Purpose One: Longitudinal Prescription Trends Study 

The first study purpose was to evaluate antipsychotic prescription utilization 

trends over time.  To accomplish this purpose, a longitudinal prescription database 

was needed.  Antipsychotic prescription utilization trends were evaluated separately 

for new users and existing users.  Two cohorts were generated for the two groups of 

patients.  This part of the study focused on prescribing patterns for the two 

generations of antipsychotic agents over time.  Furthermore, the changes in 

clinicians’ prescribing for antipsychotic monotherapy, antipsychotic switching and 

combination therapy over the years were evaluated.     

Medication utilization for new users was assessed yearly at the end of each 

calendar year according to the index dates.  Based on the available data timeframe, a 

very limited number of patients who started antipsychotic therapy in 2003 had 12 

months prescription follow-up.  Thus, the index dates for Cohort 1 patients were from 

January 1, 1997 to December 31, 2002.  The prescriptions for all patients in Cohort 1 
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were followed for up to 12 months starting from the index dates.  Comparisons were 

made between the utilization patterns of the new users in the two VA health care 

systems. 

Medication utilization for existing users was evaluated yearly at the end of 

each calendar year.  As stated earlier in the Study Timeframe section, prescription 

utilization for Cohort 2 patients was evaluated from January 1, 1997 to December 31, 

2003.  Thus, the prescription utilization patterns were assessed over time through the 

seven years.  Comparisons were made between utilization patterns of the existing 

users in the two VA health care systems, as well as between the new and existing 

patients.   
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3.2.2 Purpose Two: Antipsychotic Treatment-Emergent Diabetes Study – 

Retrospective Cohort Design  

The second purpose of this study was to evaluate the relationship between use 

of antipsychotics and treatment-emergent diabetes using different designs, when 

controlling for other risk factors.  A number of methodological approaches could be 

employed to accomplish this goal.  As discussed in the Literature Review chapter, 

primarily two study design categories have been used by other investigators: 

retrospective cohort design and case-control design, both using retrospective claims 

databases.  Both of the designs are considered to be valid methods for a 

pharmacoepidemiological study when a retrospective database is used.255  Among the 

14 claims-based diabetes incidence studies discussed previously, eleven of them 

utilized a retrospective cohort design.46-52, 55-57, 60   

In a cohort study, a cohort assembles subsets of a population who have not 

experienced the outcome of interest at the beginning of the study, but all of whom 

could have the potential or be at risk to develop it.255, 256  A cohort design is the only 

way of establishing incidence.255, 256  A cohort study can be conducted retrospectively 

or prospectively.  A retrospective cohort study identifies subsets of a defined 

population through a certain data source and follows them over time to determine if 

differences in outcomes exist.255   

When a cohort is assembled at the present time and followed into the future, 

this is a prospective cohort or a concurrent cohort.  Although a prospective cohort 
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design is more effective in terms of collecting the data on relevant risk factors and 

establishing a potential causal relationship, a retrospective cohort study is less 

expensive and less time-consuming.  Since treatment-emergent adverse events are 

usually not common, a large number of participants under treatment would be 

recruited and followed over time in a prospective cohort study.  Therefore, a 

retrospective cohort study using an existing database is a far more efficient method 

for evaluating treatment-induced incidence rates.   

The current study included the retrospective cohort method as one of the 

designs for study Purpose Two.  Patients who did not have a diabetes diagnosis, did 

not receive an anti-diabetic medication, and did not have a blood glucose level greater 

than 200 mg/dl one year prior to the antipsychotic exposure, and who did not receive 

any antipsychotic treatment at least for half of a year prior to the index date were 

followed for up to one year to examine their risk of developing type 2 diabetes. 

In a pharmacoepidemiological cohort study, the relationship between a 

treatment and an outcome is usually the primary interest of the study.  Hence, a 

treatment exposure/non-exposure variable must be clearly defined and assigned to 

each participant.  However, a treatment exposure/non-exposure variable is not always 

straightforward, particularly in some situations where patients are given rather 

complex regimens during a therapeutic course.  For instance, treatments for 

psychiatric patients can involve antipsychotic switching and/or multiple 

antipsychotics used concurrently.  When different therapies are involved during an 
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observation period, the assignment of an exposure/non-exposure treatment variable 

may be challenging.   

Different methods have been adapted, tested and evolved when more complex 

therapies are involved in a statistical model to calculate relative risk between exposed 

and unexposed patients, or between exposed and unexposed time periods of the same 

patient.  In the previously discussed antipsychotic treatment-emergent diabetes 

studies, three types of methods have been used to account for the treatment exposure 

variable: intent-to-treat (ITT), treatment-episodes, and as-treated (AT) with a time-

dependent variable.  The following is a discussion for each of the three methods. 

 

3.2.2.1 Intent-to-Treat (ITT) 

The intent-to-treat method is the most frequently used approach among 

claims-based studies to evaluate the relationship between antipsychotic exposure and 

treatment-emergent diabetes.47-49, 55-57, 60  This approach originated from the 

randomized controlled clinical trials when investigating the treatment efficacy of one 

medication compared to a placebo or another medication.  The assumption underlying 

the ITT approach is that patients remain on their assigned therapeutic protocol 

throughout a trial.257  Therefore, only the original therapeutic plan is accounted for 

when evaluating the treatment outcome.   

This methodological approach may be appropriate for randomized controlled 

clinical trials for their usual short observational periods and close medication use 
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monitoring.  However, even for a randomized clinical trial, the ITT method may not 

be most informative.  Mazumdar et al.257 pointed out that the original ITT method 

does not take into account the health information for patients after they drop out of 

the trial prematurely.  Missing such a piece of information is likely to introduce 

biases in evaluating treatment strategies from a pragmatic point of view.  In addition, 

Gianfrancesco et al.258 pointed out that the ITT approach might be biased when used 

in claims-based pharmacoeconomic studies in psychosis conditions because it fails to 

take into account the effects of the sequential interventions after the cessation of the 

original therapy.   

Thus, the ITT approach for treatment exposure assignment may be adequate 

for most studies, in addition to its convenience.  However, it may not be the best 

method to investigate the relationship between therapeutic plans and the incidence of 

adverse events, when claims databases are used as the data source.  Particularly in 

psychiatric settings, many patients may switch from one drug regimen to another 

because of side effects or inadequate responses.  Unless an adverse event occurs 

immediately following the initiation of the index medication, failure to account for 

the subsequent medication treatment may underestimate the effects of the following 

intervention on the adverse event.   

The ITT method is so far the most commonly utilized approach using claims 

databases to evaluate the relationship between use of antipsychotics and treatment-

emergent diabetes.  This method was included as one of the methodological 



  
    
 

  
 
 
 

152 
 

approaches for assigning treatment exposure to a specific patient in the current study.  

Using this method, only those prescriptions that were the same as the index 

medication were accounted for.   

 

3.2.2.2 As-Treated 

Another method for treatment exposure assignment is the as-treated approach.  

As the name of the method implies, the purpose of utilizing this method is to capture 

the actual treatment utilization throughout the observation period.  In other words, 

given the common practice of drug switching and combination therapy in the 

psychiatric settings, the as-treated approach can take into account the complete 

treatment regimens as they occur during a treatment course in a multivariate analysis.  

A time-dependent variable needs to be created to account for sequential medication 

utilization.  Thus, this method, along with using a time-dependent variable, 

incorporates the information of how a therapeutic regimen was given (e.g., 

monotherapy such as quetiapine alone, drug switching such as haloperidol switching 

to risperidone, or combination therapy such as clozapine given concurrently with 

olanzapine) and the date and duration of the therapeutic regimen.  

Theoretically, the as-treated method overcomes the problems of the ITT 

method, which does not account for medication treatment plans other than the index 

prescription.  This method is also superior to the treatment-episodes approach, which 
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will be discussed in the next section, since the AT method does not use a proxy for 

drug switching or drug concurrent use.   

As mentioned earlier in the Literature Review chapter, the Fuller et al. study50 

provided a very detailed description of drug switching during a one-year observation 

period.  In addition to the time-dependent variable for the medication exposure 

variable, the authors also included a dichotomous variable to account for the 

switching information in their study.  However, in their published paper, they did not 

distinguish the switching concept from an antipsychotic combination therapy and did 

not report the effect of the switching variable either.   

The current study explored the time-dependent variable used in the Fuller et 

al. study,50 where the specific antipsychotic medications used throughout the 

observation period were taken into account.  To include a time-dependent variable in 

a statistical model, a Cox proportional hazards function was used to evaluate the 

effect of exposed treatment.  The concept of the time-dependent model will be further 

discussed under Section 3.5 Statistical Analyses for Cox Proportional Hazards Model 

for the As-Treated Analysis.  

 

3.2.2.3 Treatment Episodes 

The last method that will be discussed is the treatment episode approach.  The 

treatment episode method has not been widely accepted by the researchers in this 

field and is mainly seen in the work of Gianfrancesco and his colleagues.51, 52  The 
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current project did not utilize this method for the reasons discussed below. This 

approach may need further validation in investigating medication induced adverse 

events.   

According to Gianfrancesco and colleagues, a treatment episode is a string of 

continuous prescriptions of the same medication obtained from a claims database.258  

When there are concurrent medications used within a study timeframe, one treatment 

episode is assigned to each drug that is overlapped.  This concept and methodological 

approach may be appropriate for claims-based pharmacoeconomic studies among 

psychiatric patients.258  However, it may not be adequate to evaluate medication-

induced adverse events for a couple of reasons. 

First, the method proposed by Gianfrancesco et al. excludes the treatment 

episodes with less than 60 days of prescription supply.258  As Gianfrancesco et al.258 

pointed out, the primary reason for this exclusion is for the assurance of actual 

medication consumption.  The underlying assumption is that because most 

prescriptions have a 30-day supply, with a total 60-day supply restriction, two 

prescriptions for the same medication of the same patient are suggested.  In other 

words, a medication refill is implied, which suggests the initial prescription should 

have been consumed.  However, this exclusion may not be appropriate for 

antipsychotic treatment-emergent diabetes since some diabetes cases emerge within a 

few days of drug exposure and that medication could be discontinued and/or switched 

to a different medication.41-43   Although the occurrence may not be frequent for acute 
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cases, the exclusion of these patients may obscure the findings for the most risk-prone 

patients and for what drug is more likely to lead to an acute adverse events in high-

risk patients.  Such information is of great importance for clinicians.  

Second, this method does not effectively take concurrent medication use into 

account, although Gianfrancesco et al. pointed out that one of the advantages of the 

treatment episode method over the ITT method is that it takes the concurrent use of 

drugs into consideration by allowing treatment episodes to overlap.258  However, in 

multivariate regression analysis, Gianfrancesco and colleagues used a ratio of days of 

supply for the concurrently used drugs as a proxy for antipsychotic combination 

therapy.51, 52  This method is not straightforward and the interpretation of the proxy is 

not obvious.50   
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3.2.3 Purpose Two: Antipsychotic Treatment-Emergent Diabetes Study – Case-

Control Design  

In addition to the retrospective cohort design, the case-control design is 

another type of methodology that has been employed to investigate antipsychotic 

treatment-emergent diabetes.53, 54, 59  Different from the retrospective cohort design, 

which assembles a group of disease-free people at risk at one point and follows them 

for a certain period of time, the case-control method identifies the cases with the 

outcome of interest at one time, and then retrospectively identifies whether risk 

factor(s) were present.256   

Compared to the cohort design, the case-control study is not used for 

evaluating incidence rate.255, 256  In addition, a cohort design is relatively a more valid 

method to demonstrate a causal relationship than a case-control design.255  However, 

both methods are intended to demonstrate the relationship between an event and an 

exposure.  The key difference between the two methods is the statistic reported.  

Furthermore, the sample size requirement differs between a cohort study and a case-

control study.  A cohort study reports relative risk, whereas a case-control study 

reports an odds ratio.  To calculate a relative risk, incidence rates in the exposed and 

unexposed cohorts are crucial, which cannot be obtained in a case-control study.  The 

interpretations of relative risk and odds ratio are similar when the incidence rate is 

low.255   
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Three studies examining the relationship between diabetes incidence and use 

of antipsychotics (Kornegay, Vasilakis-Scaramozza and Jick53, Koro et al.54, and 

Wang et al.59) utilized a case-control design; however, their specific approaches were 

different.  The Wang study59 utilized a frequency-matched case-control design, while 

both Kornegay et al.53 and Koro et al.54 studies utilized a nested case-control design.  

The differences between the two types of case-control designs are noteworthy 

because the two designs require different statistical analysis approaches for 

coefficient estimation.   

 

3.2.3.1 Simple Case-Control Design 

With a simple case-control design, the participants are stratified based on the 

outcome variable.259  For example, when an outcome variable is dichotomized, two 

strata are formed accordingly.  Samples with fixed numbers for cases and controls 

could be selected randomly from the defined strata in a retrospective cohort.  The 

likelihood function for a simple case-control design is similar to retrospective cohort 

studies using full maximum likelihood estimation.  Also similar to a retrospective 

cohort design, the sample size requirement, specifically the number of cases, for a 

simple case-control design is large.259  

One of the more advanced case-control designs is the nested case-control 

design used by Kornegay, Vasilakis-Scaramozza and Jick,53 and Koro et al.54  This 

design is intended to capture the time-to-event variation with less computational 
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burden than is associated with a Cox proportional hazards function.  The Cox 

proportional hazards function will be addressed in depth in Section 3.5 Statistical 

Analyses.   

In general, the nested case-control design is a much more complicated model 

to use than a simple case-control design.  However, this design is not much different 

from the matched case-control design, which is more advanced than the simple case-

control design.  Thus, before discussing the nested case-control design, it is necessary 

to briefly discuss the matched case-control design. 

 

3.2.3.2 Matched Case-Control Design 

The basic operational concept for the matched case-control design is the same 

as that for the simple case-control design, except for the definition of strata and the 

addition of the matching variables.  The conceptual advantage of matching controls to 

cases on the confounding factors is the improvement of the comparison precision of 

the study groups.  The statistical estimations used in these two methods differ because 

of the different ways of defining strata. 

As mentioned earlier, the number of strata for the simple case-control design 

is based on the number of levels of the dependent variable.  In other words, if the 

dependent variable is dichotomous, there will be two strata; if the dependent variable 

has three categories, then there will be three strata.  One parameter will be estimated 

for each stratum.  Mathematically, the stratification of independent variables (e.g., 
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race) can be included and controlled for in a logistic regression model for the simple 

case-control design; this is the same as with a cohort design, which uses the 

stratification variable as one of the covariates.259   

However, in a matched case-control design, a stratum is defined as a set made 

up of each case and its matched controls.254  For example, if the number of identified 

cases is 40, the number of strata will be 40 as well.  If we apply the same 

mathematical approach of the simple case-control design using the standard logistic 

regression to the matched case-control design (i.e., each stratum will have one 

parameter), the number of parameter estimates is too large to be feasibly calculated.  

Thus, a different mathematical approach is necessary.  Cox and Hinkley260 developed 

a conditional logistic regression with partial likelihood estimation that can be used for 

such a design.  Hosmer and Lemeshow259 provided an excellent brief description of 

this method:  

 
If we regard the stratum-specific parameters as nuisance parameters, 
and if we are willing to forego their estimation, then we can use 
methods for conditional inference to create a likelihood function that 
yields maximum likelihood estimators of the slope coefficients in the 
logistic regression model which are consistent and asymptotically 
normally distributed. (p. 224) 
 
 
In brief, mathematically, because the variation within each stratum largely 

disappears due to matching, the strata parameters are included as part of the 

parameter estimates in the conditional likelihood estimation for matched case-control 
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studies.  Thus, the calculation focuses on parameter estimations of other independent 

variables. 

 

3.2.3.3 Nested Case-Control Design 

The design that is more advanced than matched case-control design is nested 

case-control design.  The similar aspects of two methods are: first, the controls are 

selected based on certain criteria; and second, likelihood estimation used for nested 

case-control design is functionally the same as that for matched case-control 

design.261 Thus, conditional logistic regression is also used to estimate the 

coefficients in a nested case-control study.   

The primary difference between a matched case-control design and a nested 

case-control design is the specification for controls selection.  In a matched case-

control design, once cases are identified, the controls are selected from the entire 

patient pool that never developed the outcome of interest throughout the observation 

period and are matched based on the matching variables (e.g., age, gender and so 

forth).  Randomization may be applicable if needed.  Differently, in a nested case-

control design, while matching variables are not necessarily needed, controls are 

selected for each case from its corresponding risk set.254   

In nested case-control design, each case has an observed survival time that is 

the time period from an exposure to emergence of the outcome of interest.  A risk set 

is defined according to a case’s observed survival time.  All of the subjects who have 
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not developed the outcome of interest at the time of an event occurrence can be 

included in the corresponding risk set and can be drawn as a control for the case.  

These control subjects could be a potential case later had they developed the outcome 

of interest in the future.  Figure 3.2 demonstrates the definition of risk set. 
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Figure 3.2 Definition of Risk Sets 
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In Figure 3.2, twelve subjects were under study.  Four of them developed an 

event.  Thus, four risk sets can be generated accordingly:  

1) Risk set for subject 1 included subjects 4, 5, 7 and 9;  

2) Risk set for subject 6 included subjects 1, 2, 3, 5, 7, 8, 9, 11 and 12;  

3) Risk set for subject 10 included subjects 1, 2, 3, 5, 6, 7, 8, 9, 11 and 12; 

and  

4) Risk set for subject 12 included subjects 1, 3, 4, 5, 7, 8, 9 and 11.   

 
Controls can be selected randomly from the corresponding risk set for each 

case according to the preset case/control ratio.  Control selection can also be further 

specified if matching variables are used.  For example, if the treatment initiation date 

is a matching variable, based on its specification, subject 4 may not be eligible as a 

control for subject 12. 

The main advantages of using a nested case-control design are: 1) the controls 

are drawn from all eligible subjects at risk at an observed survival time; and 2) it 

avoids the computational burden associated with a time-dependent variable using an 

extended Cox proportional hazards function.254  

Nested case-control design was utilized in the current study.  The cases were 

defined as those patients with newly developed type 2 diabetes mellitus within one 

year of initial exposure of antipsychotic treatment.  The observed survival time for 

each case was defined as the time lapse between the antipsychotic index date and the 
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first diabetes diagnostic date for that patient.  The diagnostic date was the first date of 

any of the following: a diabetes ICD-9 code, a diabetic prescription, or a blood 

glucose level greater than 200 mg/dl.   

The risk set assembled all of the patients newly initiated on antipsychotic 

therapy who had not developed diabetes by the observed survival time.  A 15-day 

grace period was given.  In other words, if a case’s survival time was 30 days, its risk 

set includes all of the subjects who were on antipsychotic therapy and did not develop 

diabetes by day 45.  Controls were matched based on age category and race and were 

randomly selected from the risk set.  Research indicates that there is little gain when 

matched controls exceed five.254  In this study, up to four controls per case were 

randomly selected from eligible patients.   

Matching variables were not entered into the regression model because their 

effects cannot be estimated (refer to Section 3.5.1 for computation mechanism for 

conditional logistic regression).  Specifically, since all subjects in the paired set share 

the same values for age category and race, in the conditional logistic regression, their 

multiplicative effects will be cancelled out in the computation process.254   

Previously in the section discussing retrospective cohort design, the intent-to-

treat and as-treated approaches for treatment exposure assignment were discussed for 

their application under the cohort design.  These two methods were also used with 

case-control design.   
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3.2.3.3.1 Intent-to-Treat (ITT) 

All three case-control studies that evaluated the relationship between the use 

of antipsychotics and treatment-emergent diabetes utilized the ITT method for 

treatment exposure assignment.53, 54, 59 Thus, only the index prescriptions for the study 

participants were used in the multivariate model as the representative antipsychotic 

agent for the patients.  Similar to the earlier argument regarding the ITT method in 

retrospective cohort design, this approach in a case-control design also fails to 

account for the potential impact of subsequent interventions, should switching or 

combination therapy take place.  

 

3.2.3.3.2 As-Treated (AT) 

Using an ITT method to assign medication exposure to a patient may 

overestimate the impact of the index medication, because the potential effects of the 

subsequent medication use is not taken into account.  This study intended to 

overcome this possible bias by applying an as-treated approach to a nested case-

control design for the treatment exposure assignment.  The identification of cases and 

controls was the same for both the ITT method and the AT method.  Once cases and 

controls were identified, a time-dependent variable was created, where all types of 

drugs that were utilized in the follow-up period were included.  
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3.3 SAMPLE SIZES 

Sample size calculation equations are different for a cohort design than for a 

case-control design, although the required information in the equations is similar.  In 

both types of designs, five factors are necessary for sample size calculation.  Three 

factors are the same for a cohort study and a case-control study, including: 1) the type 

I error rate (α level), specifying one-tailed or two-tailed; 2) the minimal statistical 

power accepted (1 – β), where β is type II error rate; and 3) the minimum relative risk 

(effect size) to be detected.  The additional two pieces of information are different.  A 

cohort design sample size calculation requires: 1) the incidence of the disease in the 

unexposed control group; and 2) the ratio of unexposed controls to exposed subjects.  

A case-control study sample size calculation requires: 1) the prevalence of the 

exposure in the undiseased control group; and 2) the ratio of the undiseased controls 

to the diseased subjects. 

To be specific, the type I error rate was set at the 0.05 level in all statistical 

analyses of this study.  The minimal accepted statistical power was set at an 80 

percent level; in other words, a 20 percent type II error rate (β level) was considered 

tolerable for not being able to reject the null hypothesis, when the null hypothesis was 

actually false.   

With regard to the minimum relative risk, rather inconsistent findings are 

suggested on this subject in the literature.  In this study, since the primary comparison 

was between treatment-emergent diabetes risks of SGA class vs. FGA class, the 
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selected values for parameters in the sample size calculations were based on the two 

classes, instead of individual SGA agents.  The sample size requirement would be 

expected to be larger when the comparisons are made among the individual SGA 

agents. 

Four studies used a cohort design and logistic regression analysis,55-57, 60 when 

comparing the SGA class to the FGA class, and none of them showed a significant 

finding except for one subgroup analysis in the Lund et al. study comparing clozapine 

and the FGA class.56  The Lee et al. study,55 Ollendorf et al. study,57 and Zhao et al. 

study60 provided the overall relative risks comparing the SGA class vs. the FGA class 

and the values were 1.01 (95%CI: 0.612-1.668), 1.193 (95%CI: 0.505-2.82), and 

2.352 (95%CI: 0.802-6.896), respectively.   

Four studies used a cohort design and Cox proportional hazards function.47-50  

Two of them focused on the comparison between risperidone and olanzapine,48, 50 

whereas one focused on the comparison between the antipsychotic agents (either the 

FGA or the SGA agents) and the general patient population.47  These studies’ 

comparison criteria are different from the current study; thus, the odds ratios of these 

studies are not stated here.  The Cunningham et al. study compared four SGA agents 

to the FGA class and found that three agents were associated with increased diabetes 

risk: hazard ratios for olanzapine: 1.27 (95%CI: 1.04-1.56), for risperidone: 1.49 

(95%CI: 1.22-1.81), for quetiapine: 3.34 (95%CI: 2.51-4.45), and for clozapine: 1.48 

(95%CI: 0.65-3.37).49 
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Three studies used a case-control design and logistic regression approach.53, 54, 

59  Two made comparisons between individual SGA agents and antipsychotic naïve 

patients or no antipsychotic exposure for at least one year.53, 59  Similarly, their 

studies’ comparison criteria are different from the current study, so the odds ratios of 

the two studies are not stated here.  The Koro study compared olanzapine and 

risperidone use to the FGA class, and found odds ratios of 4.2 (95%CI: 1.5-12.2) and 

1.6 (95%CI: 0.7-3.8), respectively.54  Summarizing the above information, a 

minimum relative risk of 150 percent was assumed when comparing the diabetes 

incidences of patients treated with the SGA agents versus patients treated with the 

FGA agents.   

According to the 1999-2000 National Health Interview Survey estimates 

projected to the Year 2002, 1.3 million new diabetes cases will be diagnosed.221  

Based on the estimated U.S. population in 2002,267 the incidence of diabetes was 0.46 

percent in the general population.  The diabetes incidence rate is about three times 

higher for people over 40 when compared to people under 40.221  Since the majority 

of patients in the Texas VA database were expected to be 40 years or older, the 

diabetes incidence was adjusted to two times that of the general population (2 X 0.46 

= 0.92%).  In addition, a few studies reported the diabetes incidence rates among 

patients exposed to the FGA agents.  The incidence rates are: 3.4 percent in the Lund 

et al. study, 3.16 percent in the Lee et al. study, 1.42 percent in the Zhao et al. study, 

2.76 percent in the Ollendorf et al. study, 5.1/1000 person-years in the Koro et al. 
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study, and 84/1000 person-years in the Buse et al. study.  Thus, to be conservative, 

the diabetes incidence rate for patients exposed to the FGA agents could be further 

adjusted to two percent.  However, one percent was the closest incidence rate on the 

pre-calculated sample size chart.255 

Finally, the ratio of patients who were exposed to FGA agents compared to 

patients who were exposed to SGA agents was set at 1:1.  It was expected that among 

patients treated with antipsychotics, half of the patients were treated with the FGA 

agents and half of the patients were treated with the second generation antipsychotics.   

The above information discussed was for a cohort design sample size 

calculation.  For a case-control study, in addition to the first three common 

conditions, two different factors need to be specified.  The expected prevalence of the 

exposure in the undiseased control group was set at 50 percent and the ratio of the 

undiseased controls to the diseased subjects was set at 4:1.  This was a preset 

control/case ratio.  Each case can be matched with up to five controls with sizable 

benefit, when the number of cases are limited.254  However, not all of the cases might 

have enough controls.  To be conservative, the ratio of 4:1 is chosen.    

With a cohort design, the equation for calculating the minimal sample size is 

shown in Eq.1.  It is the most frequently used formula for a cohort design.255  
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  Eq.1. 
 

where p is the incidence of the disease in the unexposed cohort, R is the minimum 

relative risk to be detected, α is the type I error rate that is accepted, β is the type II 

error rate that is accepted, Z1-α and Z1-β refer to the normal deviances from α and β, 

and K is the ratio of the number of patients in the exposed cohort to the number of 

patients in the unexposed cohort.  Finally, U is defined as: 

    Eq.2. 
 

Given the value specified earlier for each parameter, the number of subjects needed is 

approximately 3,100 (in each group, or 6,200 in total) using a two-tailed analysis for 

the cohort study.   

With a case-control design, the equation for calculating the minimal sample 

size is shown in Eq.3.  It is the most frequently used formula for a case-control 

design.255 
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  Eq.3. 
 

where R, α, β, Z1-α and Z1-β are the same as those in the cohort formula, p is the 

prevalence of the exposed in the control group, and K is the ratio of undiseased 

patients in the control group to diseased cases.  Finally, U is defined as: 

   Eq.4. 
 
and 

   Eq.5 
 

Given the value specified earlier for each parameter, the number of subjects needed is 

243 in the disease group and 972 (243 x 4) in the control group using a two-tailed 

analysis for the case-control study. 
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3.4 STUDY VARIABLES 

 The following section describes the study variables.  First, the incidence of 

type 2 diabetes as the model dependent variable is defined.  Next, the various 

independent variables/risk factors that are available in the database are discussed, 

followed by a brief description of the potential type 2 diabetes risk factors that are not 

available in the database. 

 

3.4.1 Dependent Variable/Treatment Outcome 

One note must be made before proceeding to the operational definition of the 

dependent variable.  Although the study focuses on treatment-emergent diabetes as 

the outcome of interest, the meaning of treatment-emergent diabetes can be two-fold: 

1) diabetes that developed due to the treatment; and 2) diabetes that emerged during 

the observed period as a natural disease event, regardless of treatment.  Of course, 

only the first definition is the focus of the study.  However, because it is impossible to 

separate these two types of treatment-emergent diabetes, all are included.  

Furthermore, the inclusion of the covariates in multivariate analysis helps to evaluate 

other risk factors that may contribute to diabetes emergence other than the treatment 

itself. 

Keeping the above note in mind, for the current study, treatment-emergent 

diabetes was defined if any of the following criteria were met: 1) a patient had a 

diabetes mellitus diagnosis (ICD-9 codes: 250.0-250.99); 2) a patient received any 
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anti-diabetic medications (sulfonylureas, glitazones, meglitinide, acarbose, 

metformin, or insulin therapy); and/or 3) a patient had any blood glucose measures 

greater than 200 mg/dl within one-year post antipsychotic treatment initiation.   

Although the outcome of interest, treatment-emergent diabetes, was the same, 

the actual dependent variable in a model varied according to specific study designs.  

In the intent-to-treat analysis, the outcome measure was a dichotomous variable, 

either the “presence” or “absence” of the disease occurrence, and the log-likelihood 

of developing treatment-emergent diabetes any time in the one-year follow-up period 

served as the dependent variable.   

With an as-treated approach, the outcome measure was the time to event (i.e., 

survival time) and the dependent variable was the hazard function of survival time.  

Specifically, the survival time was the time interval from the entry time (index date) 

to the event time for diabetes cases.  For controls in the retrospective cohort design, 

the survival time was the time interval from the entry time to the censoring time; for 

controls in nested case-control design, the survival time is the time interval from the 

entry time to the corresponding case’s event time.  “Censoring” is an important 

concept in Cox proportional hazards function.  It will be explained further in Section 

3.5 Statistical Analyses.   
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3.4.2 Independent Variables/Diabetes Risk Factors  

A number of risk factors were included in the analysis as covariates.  The risk 

factors could be classified into three categories: demographic factors, health risk 

factors, and treatment factors.  The primary risk factors or independent variables of 

the study were the treatment-related factors, including treatment exposure, treatment 

duration, prescribing pattern, antipsychotic re-exposure, and antipsychotic initiation 

year.  In addition to the treatment variables used in the published articles, the 

operational definitions of other general risk factors were primarily based on a subset 

of the screening recommendations for type 2 diabetes from the American Diabetes 

Association (ADA).  Table 3.1 presents the risk factors for type 2 diabetes adapted 

from the ADA recommendations.  However, not all of the listed screening criteria 

were available in the current study database.   The following discusses the 

demographic factors, health risk factors and treatment factors that were utilized in this 

study.  The unavailable variables are discussed in Section 3.4.2.4.  
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Table 3.1 Risk Factors for Type 2 Diabetes  

Age ≥ 45 years 

Overweight (BMI ≥ 25 kg/m2*) 

Family history of diabetes (i.e., parents or siblings with diabetes) 

Habitual physical inactivity 

Race/ethnicity (e.g., African-Americans, Hispanic-Americans, Native Americans, 
Asian-Americans, and Pacific Islanders) 

Previously identified Impaired Fasting Glucose (IFG) or Impaired Glucose 
Tolerance (IGT) 

History of gestational diabetes mellitus (GDM) or delivery of a baby weighing >9 
lbs 

Hypertension (≥ 140/90 mmHg in adults) 

HDL cholesterol ≤ 35 mg/dl (0.90 mmol/l) and/or a triglycerides level ≥ 250 
mg/dl (2.82 mmol/l) 

Polycystic ovary syndrome 

History of vascular disease 
 

 

 

* May not be correct for all ethnic groups (adapted from the American Diabetes    
  Association, 2004). 
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3.4.2.1 Demographic Factors 

 Four demographic variables were included in the study models: age, gender, 

race/ethnicity, and region.  The following describes each of the demographic factors. 

 

3.4.2.1.1 Age 

Age is one of the type 2 diabetes risk factors.  It is recognized that the risk of 

diabetes incidence increases along with increasing age in the general population 

(Figure 2.6).  This is also supported by several claims-based antipsychotic treatment-

emergent diabetes studies.46, 47, 51, 52, 60  However, not all of the studies agree with this 

general consensus.  The finding regarding age is somewhat different in the Lund et al. 

study,56 where the treatment-emergent diabetes incidence is higher in the younger age 

group of 20 to 34 years among those treated with clozapine.  In addition, the 

Ollendorf et al. study found increasing age was associated with a reduced risk of 

diabetes incidence in the model comparing SGA class to FGA class.57 

Thus, it is important to include age as one of the control variables in the 

multivariate analysis.  In all of the study models, age was classified into six 

categories: 1 = “18-34;” 2 = “35-44;” 3 = “45-54;” 4 = “55-64;” 5 = “65-74”; and 6 = 

“≥75.”  Such a classification was intended to provide a parameter estimation for age 

with more precision than the age screen criteria in the American Diabetes Association 

recommendations.  
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3.4.2.1.2 Gender 

According to NIH National Diabetes Statistics 2005, diabetes prevalence is 

higher in the male population (10.5%) than in the female population (8.8%).221  The 

risk of treatment-emergent diabetes incidence due to use of antipsychotics may be 

different by genders.  Although the majority of the claims-based antipsychotic 

treatment-emergent diabetes studies did not find gender as a significant factor, two of 

the studies suggested significant but contradictory effects.47, 48  The Buse et al. study 

indicated that males were at higher risk for developing antipsychotic treatment-

emergent diabetes,47 while the Caro et al. study found that females treated with 

olanzapine were at a higher risk.48   

In the current study, gender was included as a dichotomous variable, where 1 

= “female” and 0 = “male.”  Male was the reference category in the model.  Since the 

study population was extracted from the Veterans Health Administration, it was 

expected that the majority (> 90%) of the study participants will be male. 

 

3.4.2.1.3 Race/Ethnicity 

Race/ethnicity could have a potential impact on the incidence of diabetes.  

Some ethnic groups have higher diabetes prevalence than others (Figure 3.3).  Most 

of the claims-based antipsychotic treatment-emergent diabetes studies did not include 

race/ethnicity as one of the control variables.  Among the four studies that included 
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race/ethnicity as a covariate,49, 50, 58, 59 only one of them found that being nonwhite 

was a significant diabetes risk factor.59   

 

 

Figure 3.3 Age-Adjusted Total Prevalence of Diabetes in People Aged 
20 or Older, by Race/Ethnicity - United States, 2002

0 5 10 15 20 25

Non-Hispanic whites

Non-Hispanic blacks

Hispanic/Latino Americans

American Indians/Alaska Natives

Percent

 
 
 
 

 

 

The ethnicity variable in the current study included two categories: 0 = 

“White” and 1 = “Nonwhite.”  The “nonwhite” category included all of the ethnic 

groups other than “White.”  “White” is the reference category.   

 

Source: 1999-2001 National Health Interview Survey, 1999-2000 National Health and Nutrition 
Examination Survey estimates rojected to 2002, and 2002 outpatient databse of the Indian Health 
Service. 
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3.4.2.1.4 Geographic Region 

Three of the large database antipsychotic treatment-emergent diabetes studies 

included geographic region as one of the covariates.55, 57, 60  One of them found region 

was significantly related to diabetes incidence.55  Geographic region was one of the 

covariates in the current study because treatment guidelines, physicians’ practice 

patterns, and other potential aspects could differ across various geographic regions.  

The data for the current study were collected from two regions in Texas.  These 

regions were coded as “0” = “North Texas,” and “1” = “South Texas.”   

 

3.4.2.2 Health Risk Factors 

There were eight health risk factors in the study models.  These health risk 

factors could be categorized into: general health conditions (including preexisting 

overweight/obesity status, hypertension, and dyslipidemia), which are included in the 

ADA screening recommendations; and mental health conditions (including bipolar 

disorder, depression, PTSD, schizophrenia and substance abuse), which are 

specifically relevant to the current study population.  Information with regard to these 

health risk factors is presented below. 

 

3.4.2.2.1 General Health Conditions 

 Three general health risk factors could be identified in the database: 

preexisting overweight/obesity status, hypertension, and dyslipidemia.  The following 
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describes the operational definitions of these general health conditions and their 

relevance to the current study. 

 

3.4.2.2.1.1 Overweight/Obesity Status 

Being overweight or obese is one of the important risk factors in diabetes 

incidence.  The classification of overweight and obesity is based on body mass index 

(BMI).  Appendix D presents the World Health Organization (WHO) 

recommendation for BMI-based overweight and obesity classification.  BMI is not a 

directly observable variable; it is calculated based on a person’s height and weight.  

Equation 6 is the formula to determine a person’s BMI.   

 
BMI =        Eq.6 

 

The height records were extracted from the database.  Due to the potential for 

missing information, weight records up to two years prior to the index antipsychotic 

prescriptions were used.  For patients with multiple weight records, the one that was 

closest to the index prescription date was utilized.   

Based on the BMI values, the classification of overweight and obesity status 

follows the WHO recommendation.  The six obesity categories are: “underweight,” 

“normal,” “overweight,” “obesity I,” obesity II” and “obesity III (or extreme 

obesity).”  Once a patient was assigned to one of the six categories, an 

overweight/obesity status variable was created.  For all of the patients in the 

Weight (kg) 
Height (m2) 
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“underweight” and “normal” categories, 0 was assigned as “without a history of 

overweight/obesity status”; for all of the patients in the “overweight,” “obesity I,” 

obesity II” and “obesity III (or extreme obesity)” categories, 1 was assigned as  “with 

a history of overweight/obesity status.”  “Without a history of overweight/obesity” 

served as the reference category. 

Few studies included BMI as one of the covariates, probably due to a lack of 

information.  One study that did include obesity as a covariate did not find it be a 

significant risk factor in the incidence of antipsychotic treatment-emergent diabetes.59  

The current project intended to further investigate the effect of this variable in 

antipsychotic treatment-emergent diabetes for its importance in diabetes incidence in 

the general population.   

 

3.4.2.2.1.2 Hypertension 

Studies have found that diabetes is more frequently seen among patients with 

hypertension, dyslipidemia, impaired glucose tolerance, or impaired fasting glucose.  

Two studies included a hypertension history as one of the covariates and found that 

the presence of hypertension was significantly associated with treatment-emergent 

diabetes.55, 59 

In the present study, patients’ blood pressure records, as well as a 

hypertension diagnosis, were used to determine whether patients had a hypertension 

history.  If a patient had a hypertension diagnosis by the index date, this patient was 
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considered as “with a history of hypertension.”  In addition, blood pressure records 

were extracted from medical records one-year prior to the index date.  Patients with at 

least two of the blood pressure measures above normal within one year prior to the 

index date were considered having a history of hypertension. 

Based on the levels of the diastolic and systolic blood pressures, study 

participants were grouped into four hypertension categories established by the 

National Heart, Lung, and Blood Institute (Appendix E).262  The four hypertension 

categories are: “normal,” “prehypertension,” “stage 1 hypertension” and “stage 2 

hypertension.”  For all of the patients in the “normal” and “prehypertension” 

categories, 0 was assigned as “without a history of hypertension;” for all of the 

patients in the “stage 1 hypertension” or “stage 2 hypertension”, 1 was assigned as  

“with a history of hypertension.”  “Without a history of hypertension” served as the 

reference category.   

 

3.4.2.2.1.3 Dyslipidemia 

In the claims-based antipsychotic treatment-emergent diabetes literature, one 

study included the dyslipidemia covariate and found that it was a significant predictor 

for diabetes incidence.60  Similar to the BMI variable, a diagnosis of dyslipidemia 

cannot be directly obtained from the database.  According to the ADA screening 

recommendation (Table 3.1) and the National Cholesterol Education Program, 

National Heart, Lung, and Blood Institute, and National Institutes of Health,263 the 
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presence of any one of the four following criteria was used to help determine whether 

a patient had preexisting dyslipidemia:  

1) HDL cholesterol ≤ 35 mg/dl (0.90 mmol/l);  

2) A total cholesterol level ≥ 240mg/dl; 

3) An LDL cholesterol level ≥ 160 mg/dl; and/or 

4) A triglycerides level ≥ 200mg/dl.264   

 
HDL, LDL, total cholesterol, and triglycerides records one-year prior to the 

index antipsychotic prescription date were extracted from the database.  Patients were 

assigned a corresponding category based on their lipid levels and the National 

Cholesterol Education Program recommendation.264  Appendix F and Appendix G 

present the classification of total cholesterol, LDL cholesterol, and serum 

triglycerides.  If patients had any of the abnormal lipid levels before the initiation of 

an antipsychotic therapy, they were considered as having preexisting dyslipidemia 

and were coded with “1.”  If they did not have preexisting dyslipidemia, they were 

coded with “0.”  “Without preexisting dyslipidemia” was the reference category in 

the models. 

 

3.4.2.2.2 Mental Health Conditions 

The five most common mental conditions in the VISN 17 health 

administration database were included in analysis.  These were bipolar disorder, 
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depression, post-traumatic stress disorder (PTSD), schizophrenia and substance 

abuse.  Although antipsychotic medications are primarily indicated for treating 

schizophrenia and many SGAs are also approved for schizoaffective disorder, more 

and more clinicians are using these medications to treat other mental disorders.   

Previous studies have found that abnormalities in glucose regulation are 

common among the mentally ill patients.222, 223  The prevalence of diabetes is higher 

among patients with mental illnesses such as schizophrenia,227 bipolar disorder,265, 266 

and depression.267, 268  Furthermore, among the 14 claims-based antipsychotic 

treatment-emergent diabetes studies reviewed earlier, eight included mental illnesses 

as control variables.46, 48, 50, 52, 55, 57, 59, 60  Whereas the majority of the studies did not 

find a significant relationship between the type of mental illnesses and treatment-

emergent diabetes when controlling for other variables, three found that patients with 

a bipolar diagnosis had a lower diabetes risk,52, 55, 57  and one study found that 

depressed patients had a lower diabetes risk as well.52  Thus, although the relation of 

cause and outcome between a mental illness and diabetes comorbidity is unclear, it is 

important to control for these mental health conditions when evaluating the 

relationship between use of antipsychotic and treatment-emergent diabetes.   

The diagnoses of mental health disorders were based on the ICD-9 codes.  All 

patients’ diagnosis records were examined.  Considering clinicians might be reluctant 

to give a mental disorder diagnosis to patients even though they might have suspected 

its presence, diagnoses after the index date were also included.  Some patients had 
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multiple mental disorders simultaneously.  Table 3.2 presents the ICD-9 codes for the 

five mental illness disorders  

 

 

Table 3.2 Diagnoses for Mental Illness Disorders Based ICD-9 Codes 

Diagnosis ICD-Code(s)   

Bipolar Disorder 296.0 to 296.9 

Depression 311.0 to 311.9 

Post-traumatic stress disorder (PTSD) 309.81 

Schizophrenia/Schizoaffective Disorder 295.0 to 295.9 

Substance abuse 291.0 to 292.9 or 303.0 to 305.9 

 

 

All five of the mental disorders were dichotomized, with “0” indicating 

absence of a particular mental health condition and “1” indicating the presence of the 

specific condition.  All these mental disorders were treated as coexisting mental 

health conditions.  The absence of a particular mental condition was the reference 

category for the corresponding mental disorder. 
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3.4.2.3 Treatment Factors 

The primary purpose of the study was to evaluate the potential impact of the 

antipsychotic treatment variables on treatment-emergent diabetes.  A number of 

treatment risk factors were included in the study models.  According to specific study 

designs, the antipsychotic treatment factors varied across the models.  Data were 

extracted from the prescription database for the type of medication, the fill/refill date 

of each prescription, and days of supply of each prescription.  

 

3.4.2.3.1 Treatment Factors in the Intent-to-Treat (ITT) Models 

In the ITT models, whether using a retrospective cohort design or a case-

control design, the comparisons of antipsychotic medications were tested in two 

ways: 1) between SGA and FGA classes; and 2) among the individual SGA agents.  

In the first type of comparison, the underlying assumption for using FGA agents as an 

entire class was that the adverse effect for treatment-emergent diabetes was similar 

across the individual FGA agents, even though the diabetes incidence rates may differ 

between high-potency and low-potency FGAs.  However, since the widespread 

utilization of SGAs, the difference within the FGA medications has been largely 

ignored.  Furthermore, diabetes incidence rates among the individual FGAs were not 

the focus of this study.  Thus, all FGAs used were treated as part of the class.   

On the other hand, the conflicting findings in the literature among the SGA 

agents suggest that the adverse effect of treatment-emergent diabetes varies among 
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the various SGA agents (see Literature Review).  Since SGAs are replacing FGAs in 

treating psychotic patients, emphases have been given to the side effects of SGA 

agents.  Therefore, the effects of the individual SGA agents on treatment-emergent 

diabetes were tested separately, with risperidone as the reference medication. 

Five treatment variables were formed and included in the ITT models.  These 

variables were the index antipsychotic medication, prescribing pattern during the 

observation period, antipsychotic re-exposure, antipsychotic initiation year, and 

treatment duration.  The following provides more details regarding these variables. 

  

3.4.2.3.1.1 Index Antipsychotic Medication 

As discussed earlier in the Study Design section, in an ITT model, the index 

treatment variable was determined by the first antipsychotic prescription exposure.  

The categories were: “0” = FGA class and “1” = “SGA class,” if the comparison was 

between the two classes of antipsychotic medications.  The FGA class served as the 

reference category.  When the comparison was among individual SGA agents, the 

variable codings were as follows: “0” = risperidone, “1” = clozapine, “2” = 

olanzapine, “3” = quetiapine, “4” = ziprasidone.   

 

3.4.2.3.1.2 Prescribing Patterns 

Since the ITT method only considers the index medication, the inclusion of a 

prescribing pattern variable may help reduce the bias in evaluating the diabetes risk 
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factors.  The prescribing pattern variable included three categories: 0 = 

“monotherapy,” 1 = “antipsychotic switching,” and 2 = “combination therapy.”  

Monotherapy was the reference category.  Prescriptions for different medication 

strengths of the same type of antipsychotic were considered the same type of 

antipsychotic therapy. 

 
Monotherapy was defined as patients on one type of antipsychotic 

medication for a number of days in the observation period (up to 12-

months from the index date), regardless of the strength of the prescriptions 

or use of depot form of the same antipsychotic, should multiple 

prescriptions occur.  During a monotherapy episode, no overlapping with 

other antipsychotic medications should occur at any time.  When gaps 

occurred between the prescriptions, patients could have multiple 

antipsychotic monotherapy episodes of the same medication within a year. 

 
Antipsychotic switching occurred when patients had two or more types of 

antipsychotic medications prescribed during the observation period either 

without an overlapping period or with an overlapping period for less than 

six weeks if no clozapine therapy was involved, or less than twelve weeks 

if a clozapine therapy was involved.  Patients in the switching category 

could have had monotherapy for a certain period of time but should not 

have had a combination therapy anytime. 
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Antipsychotic combination therapy was defined as a patient who had two 

or more types of antipsychotic medications during the observation period 

with an overlapping period for at least six weeks if no clozapine therapy 

was involved, or at least twelve weeks if clozapine therapy was involved.    

Patients in the combination therapy category could have had monotherapy 

and/or switching therapy for certain periods of time. 

 

The primary difference between the definitions of monotherapy and switching 

or combination therapy was whether there was more than one type of medication 

involved.  The primary difference between the definitions of drug switching and 

combination therapy was the length of an overlapping period of the involved 

medications, if an overlap existed.   

To some extent, switching could be considered as one type of monotherapy.  

Except for a brief period of overlapping, the overall therapy for a patient who 

switched medication and did not have medication combination use for a prolonged 

period was on one drug treatment in general.  However, when patients switched 

medication, at least two types of medications were utilized.  These patients’ risk of 

diabetes may have been different from those patients who were never exposed to 

more than one antipsychotic medication within the follow-up period.  Thus, in this 

study, monotherapy, antipsychotic switching and antipsychotic combination therapy 

were treated as different types of treatment strategies. 
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The definitions of monotherapy, antipsychotic switching and combination 

therapy were collectively exhaustive and mutually exclusive from one to another, 

although these prescription patterns might coexist in one patient.  When more than 

one type of prescribing pattern appeared in a patient’s treatment during the 

observation period, only the more complicated regimen was assigned to this patient.  

The rationale for this assumption is that if the side effect of incident diabetes due to 

multiple antipsychotic drug use were cumulative, the one with the highest risk should 

be accounted for.  For example, a patient could have had a monotherapy episode, a 

drug-switching episode, and finished with another monotherapy episode.  Only drug 

switching was assigned to this patient.  If a patient had all three types of therapeutic 

regimens, the combination therapy would be assigned to that patient.   

Because any available antipsychotic could be prescribed to any patient, there 

were a number of potential combinations for drug switching and combination therapy.  

As mentioned earlier, throughout the study, all of the FGA agents were considered as 

a whole class, whereas all of the SGA agents were used both as a class as well as 

individual agents.  Table 3.3 and Table 3.4 provide the potential antipsychotic drug 

combinations schemes in the ITT design.  Due to a large number of available 

antipsychotics, the potential medication combinations for the switching and 

combination therapy can be enormous in theory.  However, this would not be a 

concern in the model designs because for any given patients, only one of the three 
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prescribing patterns (monotherapy, drug switching or combination therapy) was 

assigned.   

 
 
 
 
 
  Table 3.3 Antipsychotic Drug Combination Scheme for the Prescribing Pattern    
  Variable (SGA class vs. FGA class) 

 
 
 
 

Monotherapy FGA agent 
 SGA agent 

 
Drug Switching* FGA agent SGA agent 
 SGA agent FGA agent 
 SGA agent SGA agent 

 
Combination Therapy FGA agent  + FGA agent 
 FGA agent  + SGA agent 
 SGA agent  + SGA agent 

 
* Switching between individual agents of the FGA class is not considered to be a true switch 

because the differences in diabetes risk between the FGA agents were not the focus of the 
study. Switching between individual agents of the SGA class is considered to be a true 
switch because of the widespread use of SGA agents and because of sufficient evidence in 
the variation of diabetes risk between the SGA agents.   

 
  
 

 

Prescribing Pattern  Antipsychotic Class 
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     Table 3.4 Antipsychotic Drug Combination Scheme for the Prescribing   
     Pattern Variable (individual SGA agents vs. FGA class) 
 

 
 

Monotherapy FGA agent 
 Clozapine 
 Olanzapine 
 Quetiapine 
 Risperidone 
 Ziprasidone 
 

Drug Switching FGA agent Clozapine 
 FGA agent Olanzapine 
 FGA agent Quetiapine 
 FGA agent Risperidone 
 FGA agent Ziprasidone 
 

 Clozapine  FGA agent 
 Olanzapine FGA agent 
 Quetiapine FGA agent 
 Risperidone FGA agent 
 Ziprasidone FGA agent 
 

 Clozapine  Olanzapine 
 Clozapine  Quetiapine 
 Clozapine  Risperidone 
 Clozapine  Ziprasidone 
 

 Olanzapine Clozapine 
 Olanzapine Quetiapine 
 Olanzapine Risperidone 
 Olanzapine Ziprasidone 
 

 Quetiapine Clozapine 
 Quetiapine Olanzapine 
 Quetiapine Risperidone 
 Quetiapine Ziprasidone 
 

 Risperidone Clozapine 
 Risperidone Olanzapine 
 Risperidone Quetiapine 
 Risperidone Ziprasidone 
 

 Ziprasidone Clozapine 
 Ziprasidone Olanzapine 
 Ziprasidone Quetiapine 

 Ziprasidone Risperidone 

 

Prescribing Pattern  Antipsychotic Agent 
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    Table 3.4 Antipsychotic Drug Combination Scheme for the Prescribing   
    Pattern Variable (individual SGA agents vs. FGA class) (continued) 

 
 
 

Combination Therapy* FGA agent + Clozapine 
 FGA agent  + Olanzapine 
 FGA agent + Quetiapine 
 FGA agent + Risperidone 
 FGA agent + Ziprasidone 
 
 Clozapine + Olanzapine 
 Clozapine  + Quetiapine 
 Clozapine  + Risperidone 
 Clozapine  + Ziprasidone 
 
 Olanzapine + Quetiapine 
 Olanzapine + Risperidone 
 Olanzapine + Ziprasidone 
 
 Quetiapine + Risperidone 
 Quetiapine + Ziprasidone 
 
 Ziprasidone + Risperidone 
 

* Potential combinations for combination therapy are not exhaustive in the list. Patients 
could have more than two antipsychotics in a regimen. However, the sample size for 
these types of combinations is likely to be small. These potential combinations are not 
listed here but will be included in analysis. 

 

 

Prescribing Pattern  Antipsychotic Agent 
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3.4.2.3.1.3 Antipsychotic Re-exposure 

Early research has found that antipsychotic re-exposure has been related to 

symptom relapse when antipsychotic intermittent treatment was used for psychotic 

patients.269, 270  A few case reports found that patients had abnormal blood glucose 

levels after re-exposed to antipsychotics.35-38, 45, 271  When the treatment was 

discontinued, blood glucose levels return to normal.  However, when the treatment 

was reintroduced, patients’ blood glucose levels elevated again.  No studies on 

antipsychotic treatment-emergent diabetes included such a variable in their analyses.  

This study investigated whether medication re-exposure increases the probability of 

developing treatment-emergent diabetes among patients treated with antipsychotics.   

In this study, antipsychotic re-exposure was treated as a dichotomous variable.  

When patients received more than one prescription of the same medication within one 

year of the index date and the time lapse between the complete consumption of the 

previous prescription and the following prescription was greater than 30 days, this 

patient was considered to have antipsychotic re-exposure.   

 

3.4.2.3.1.4 Antipsychotic Initiation Year 

Except for clozapine, all other SGAs became available after 1995.  As 

discussed earlier in the Literature Review chapter, due to a better side effect profile, 

SGAs soon became the first-line treatment choice for first episode schizophrenia 

patients.  Many chronic schizophrenia patients switched their medications from FGAs 
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to SGAs.  Thus, in the later 90s, the antipsychotic prescribing pattern was rather 

dynamic.   

Furthermore, along with the emergence of diabetes incidence case reports 

among patients treated with SGAs, physicians may have become more conscience in 

terms of antipsychotic selection among diabetes susceptible patients.  Among the 

antipsychotic treatment-emergent diabetes studies discussed earlier, one of them 

included the treatment initiation year as one of covariates.57  However, their results 

showed that the diabetes risk increased along with the initiation year.   

In this study, antipsychotic treatment initiation year was one of the study 

covariates.  Based on patient selection criteria and database availability, the 

antipsychotic initiation year spanned from 1995 to 2003 (with 1995 as the reference 

year).   

 

3.4.2.3.1.5 Treatment Duration 

The effect of treatment duration on treatment-emergent diabetes was 

evaluated in ten of the large database studies.  Among these studies, half of them did 

not find a significant relationship,47, 56, 57, 59, 60 three51, 52, 55 found a longer treatment 

duration or  a longer prescription follow-up period to be a diabetes risk factor and 

two48, 53 found recent exposure to be a risk factor.   

In this study, treatment duration of the index medication was used to capture 

the cumulative length of time patients were exposed to the index drug.  With the ITT 
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method, only the prescriptions that were the same as the index prescription were 

taken into account for the duration of medication exposure.  Thus, the treatment 

duration variable was the overall duration of drug exposure (index drug) in the 

observation period minus a gap or gaps between prescriptions.  A lapse lasting longer 

than 14-days between prescriptions was considered as a gap.  A patient could have 

multiple treatment gaps during the observation period.   

Because it was common for many patients to delay prescription refills for a 

number of days, a grace period (14 days in this study) was given when a short break 

appeared between the prescriptions to assume the continuity of the treatment.  

However, when a break was longer than a specific number of days (14 days in this 

study), it should be considered as a gap between the therapies and the treatment 

continuity should not be assumed.  Thus, if the relationship between the duration of a 

medication exposure and a side effect existed, treatment gaps should be excluded 

from the total days of prescription time span over the observation period due to no 

medication exposure, assuming patients were taking medication as prescribed.  

Examples are given in Figures 3.4 and 3.5 to demonstrate the scenarios of treatment 

duration with and without an early or delayed prescription refill.  Table 3.5 describes 

the scenarios in Figures 3.4 and 3.5.   
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Figure 3.4 Treatment Duration Calculation Scenarios with or without an Early 
or Delayed Prescription Refill 
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Figure 3.5 Treatment Duration Calculation Scenarios for Patients with 
Diabetes Incidence 
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         Table 3.5 Treatment Duration Calculations Using an Intent-To-Treat Approach for Scenarios in Figure 3.4 

and Figure 3.5 
 

  

Patient 
 

Scenario for Treatment Duration Calculation Total Prescription 
Span Days

Treatment 
Duration

 

Patient A 
 

Second and third prescriptions refilled on time, no break or 
gap, no early prescription refill 
 

 

90 
 

90 

Patient B Third prescription refilled on time, a 10-day break between 
first and second prescriptions, no early prescription refill  
 

100 100

Patient C A 10-day break between second and third prescriptions, 
second prescription refilled 15 days earlier  
 

85 90 

Patient D A 30-day gap between second and third prescriptions, 
second prescription refilled 15 days earlier  
 

105 90 
(105-15)

 

Patient E Four prescriptions filled before day 260, a 60-day gap 
followed, two more prescriptions refilled before study 
endpoint, no early prescription refills, 15 days of 
medication supply were outside of observation period  
 

380 305 
(365-60)

 

Patient F 
 

Second and third prescriptions refilled on time, no break or 
gap, no early prescription refill, diabetes diagnosed after 
the exhaustion of prescriptions 
 

 

90
 

90
 

Patient G Second and third prescriptions refilled on time, no break or 
gap, no early prescription refill, diabetes diagnosed before 
the exhaustion of the last prescription before the diagnosis 

90 50
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        Table 3.6 Treatment Duration Calculations Formulas in the Intent-To-Treat Method 
 

 Eq.7 
If (last Rx date + supply days of last Rx) 

≤ last observation date 
 

Eq.8 
If (last Rx date + supply days of last Rx) 

> last observation date 
 

 
 
 
No  

Treatment Duration (non-diabetic) =  
Last Rx date + supply days of last Rx – 
index date – therapeutic gap(s) 
 

 

Treatment Duration (non-diabetic) = 
Last observation date – index date – 
therapeutic gap(s) 

 

Eq.9 
If (last Rx date before diabetes + supply 

days of that Rx) ≤ first diabetes date 
 

Eq.10 
If (last Rx date before diabetes + supply 

days of that Rx) > first diabetes date 
 

 

 
 
 

 
Yes 

 

Treatment Duration (diabetic) = 
Last Rx date before diabetes + supply days 
of last Rx before diabetes – index date – 
therapeutic gap(s) 

 

Treatment Duration (diabetic) =  
Diabetes diagnostic date – index date – 
therapeutic gap(s) 
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Specifically, Figure 3.4 presents the hypothetical scenarios for calculating 

treatment durations for five patients.  All of the patients have three prescriptions filled 

during the observation period and each prescription’s days of supply is 30.  The 

difference between the patients is whether a patient has an early or delayed refill for 

the second and third prescriptions and whether the exhaustion of the last prescription 

ends before or after the observation period.  Thus, although the total days of supply 

are the same for all of the patients (90 days), except for Patient D, the prescription 

time span from the index date to the exhaustion of the last prescription is different.   

Table 3.5 describes the scenarios in Figure 3.4 and Figure 3.5 and presents the 

treatment duration calculations corresponding to the scenarios shown in Figure 3.4.  

As these show, treatment continuity is assumed when a break is less than or equal to 

14 days.  When a gap is longer than 14 days, it is considered as a period without drug 

exposure and will be deducted from the calculation.  When an early refill occurs, the 

unused medications are assumed to accumulate for continuous use. 

Furthermore, the scenarios in Figure 3.4 and Table 3.5 are the examples 

without incident diabetes.  The calculation of treatment duration will differ for 

patients who developed diabetes from patients who did not develop diabetes.  For 

patients who developed diabetes within one year of antipsychotic exposure, the first 

diabetic diagnostic date in relation to the last antipsychotic prescription before 

diagnosis must be taken into account.  Figure 3.5 presents the scenarios for patients 

who developed diabetes within the observation period.  Both Patient F and Patient G 

in Figure 3.5 have three consecutive 30-days supply prescriptions.  Patient F 
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developed diabetes 30 days after the exhaustion of prescriptions, while Patient G 

developed diabetes during the treatment.  Antipsychotic prescription claims after the 

diagnosis date are not included in the treatment duration calculation.  Detailed 

treatment duration calculations for the examples in Figure 3.5 are shown in Table 3.5 

using the ITT approach.  Formulas for treatment duration calculation are summarized 

in Table 3.6, which applies to each of the scenarios presented in Figures 3.4 and 3.5. 

For example, with Patient D, no incident diabetes is involved and the last 

prescription’s supply ends before the last observation date, Equation 7 will be 

applicable.  Thus Patient D’s treatment duration will be the last prescription date (75) 

+ supply days of the prescription (30) – a therapeutic gap (15) and is equal to 90 days.  

The 15-day therapeutic gap is from the 30-day lapse between the second and the third 

prescriptions minus the 15 days overlap between the first two prescriptions.   

Regarding Patient G, a diabetes incident is involved and the last prescription’s 

supply before the diagnosis ends after the diabetes diagnostic date, Equation 10 will 

be applicable.  Thus Patient G’s treatment duration will be the diabetes diagnostic 

date (50) – index date (0) – therapeutic gap (0) and is equal to 50 days.   
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3.4.2.3.2 Treatment Factors in the As-Treated (AT) Models 

The antipsychotic treatment risk factors in the AT models are somewhat 

different from those in the ITT models.  In the AT method, three treatment variables 

were the same as those in the ITT models: prescribing patterns during the observation 

period, antipsychotic re-exposure, and antipsychotic initiation year.  Two variables in 

the ITT models (index antipsychotic medication and index drug treatment duration) 

were not applicable to the AT models.  Instead, in the AT models, the medication 

utilization throughout the observation period would be incorporated in the models.  A 

time-dependent variable was created to represent the treatment process.  In addition, 

treatment duration of each medication that a patient was exposed to during the 

follow-up period was included.  The following explains the time-dependent variable 

and treatment duration of exposed drugs.  

 

3.4.2.3.2.1 Time-Dependent Variable 

With the AT approach, a treatment time-dependent variable was created.  It 

takes into account the drug exposure over time, which may change during the follow-

up period should switching or combination therapy occur.  This method gives more 

weight to the treatment that is closer to the diabetic event.   

For illustration purposes, an example is given.  At first, a patient started with 

haloperidol, then quetiapine was added, later haloperidol was withdrawn three weeks 

after the addition, and quetiapine was continued until the end of observation period.  

The time-dependent variable for this patient would include an event for those days 
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that the patient was exposed to haloperidol and an event for those days that the patient 

was exposed to quetiapine.  In addition, a switching category would be assigned to 

this patient for the prescribing pattern variable.   

Similar to the method in the ITT models, all of the antipsychotics in the FGA 

class were not specified as one particular agent but considered as one of the agents in 

the FGA class.  Different from the ITT models, with the AT method, only individual 

antipsychotics in SGA class were tested but not the SGA class as a whole.  This is 

because if switching between or combination treatment among SGAs occurred and 

the SGA medications were not differentiated, the meaning may not be explicit when 

no specific drugs were mentioned.  For example, switching between olanzapine and 

risperidone can be explained and evaluated well, but it would not be clear if it were 

defined as switching between SGA One to SGA Two.  The FGA class was the 

reference category. 

 

3.4.2.3.2.2 Treatment Duration in the AT Models 

The treatment duration calculation in the AT models was similar to the ITT 

models.  The difference was that in the ITT models, the treatment duration was 

calculated for the index medication only.  In the AT models, the treatment duration 

for any drug that a patient was exposed to during the follow-up period was calculated.  

Thus, six treatment durations were obtained in the AT models: FGA, clozapine, 

olanzapine, quetiapine, risperidone, and ziprasidone.  These were entered into the AT 

models as continuous variables.   
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3.4.2.4 Unavailable Variables 

Besides the demographic factors, health risk factors, and treatment factors 

stated above, there are some additional risk factors that are important in diabetes 

incidence but could not be obtained from the claims database of the study.  For 

example, 11 general diabetes risk factors are listed in the ADA screening 

recommendations (Table 3.1).  The current study was able to obtain the related 

information on five of them from the database, in addition to the psychiatric-specific 

comorbidity and treatment variables. 

Six potentially important risk factors are not included in the current study 

because of the lack of available data.  These risk factors are: family history of 

diabetes (i.e., parents or siblings with diabetes); habitual physical inactivity; 

previously identified Impaired Fasting Glucose (IFG) or Impaired Glucose Tolerance 

(IGT); history of gestational diabetes mellitus (GDM) or delivery of a baby weighing 

greater than 9 lbs; polycystic ovary syndrome; and history of vascular disease.   

These risk factors were not able to be evaluated in this study.  Three of them 

are general health risk factors, including family history of diabetes, habitual physical 

inactivity, and history of GDM or delivery of a baby weighing >9 lbs.  The other 

three (i.e., previously identified IFG or IGT; polycystic ovary syndrome; and history 

of vascular disease) are general health comorbidities.  Some of them are not an issue 

in a predominantly male patient sample.  Had all of the information been available, a 

testable practical model for treatment-emergent diabetes could be forged based on 

specific treatment factors and the screening recommendations of the general risk 
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factors for type 2 diabetes from the American Diabetes Association.  The ideal model 

is presented in Figure 3.6, which is not the one that was used for this study.  The one 

that was tailored for the current study is presented in Figure 3.7. 
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Treatment Factors 
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Comorbidity 
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Figure 3.6 A Theoretical Treatment-Emergent Diabetes Structure Model 
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Figure 3.7 A Practical Model for Antipsychotic Treatment-Emergent Diabetes  
 
* AP: antipsychotic AT: as-treated; ITT: intent-to-treat; PTSD: post-traumatis stress disorder

ITT* 
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3.4.3 Model Summary 

In summary, eight models were proposed in the current study.  The study 

structure was presented in Figure 2.7.  The number of specific independent variables 

varied due to the model designs.  The majority of these variables were categorical and 

some of these were interval or continuous.  The variables’ general coding scheme or 

values are presented in Table 3.7 and Table 3.8.  The codings might vary slightly due 

to the model design.  The independent variables for each model are summarized in 

Table 3.9.   
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Table 3.7 Coding Scheme or Values of Dependent Variables and Independent 
Variables (Demographic Factors and Health Risk Factors) 
 

Variable 
Code or 
Value†

 

 

Definition 

 

0 
 

No 
 

Diabetes incidence 
(ITT) † 1 Yes 

 
Dependent 

Variable Survival time  
(AT) † 

 

continuous Time lapse between index and diabetes 
diagnostic dates or censoring date 

 

1 

 

18 – 34  

2 35 – 44  
3 45 – 54 
4 55 – 64  
5 65 – 74  

 

 
 
Age 

6 ≥ 75 
0 Female 

 

Gender 1 Male 
0 White 

 

Race 1 Nonwhite 
0 VANTHCS 

 
 

Independent  

Variables –  

Demographic  

Factors       

 

Region 1 STVHCS 
   

General Health Conditions 
0 No  Overweight 

 (BMI≥25kg/m2) 1 Yes  
 

 

0 

 

No 
 

  Hypertension 
(SBP≥140 and/or    
DBP≥90) 1 Yes 

 

0 

 

No 

 

 Dyslipidemia a 

1 Yes 
   

Mental Health Conditions b  
0 No     

 Bipolar disorder  1 Yes 
0 No  

 

 Depression 1 Yes 
0 No  

 

 PTSD†
 1 Yes 

0 No  

 Schizophrenia  1 Yes 
0 No 

 
 
 
 
 

Independent  
 
Variables –  
 
Health Risk  
 
Factors 
    
        
    
        
        

 

 Substance abuse 1 Yes 
†   ITT: intent-to-treat; AT: as-treated; PTSD: post-traumatic stress disorder; 0: reference category. 
a   Dyslipidemia was defined when any of the following criteria were satisfied: 1) HDL ≤ 35 mg/dl; 2) 

total cholesterol ≥ 240 mg/dl; 3) LDL ≥ 160 mg/dl; or 4) triglycerides ≥200 mg/dl. 
b   Mental health conditions was defined based on ICD-9 codes: bipolar disorder (296.0-296.9), 

depression (311.0-311.9), PTSD (309.81), schizophrenia (295.0-295.9) and substance abuse (291.0-
292.9 or 303.0-305.9). 
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Table 3.8 Coding Scheme or Values of Independent Variables (Treatment 
Factors) in the Intent-to-Treat Method and in the As-Treated Method  
 

 

Treatment Factor 
Code or 
Value* 

 

Definition 

   

Prescribing Pattern  
Monotherapy 0 All prescriptions for one type of 

medication only 
 

Drug switching 1 At least two types of medications during 
the observation period. If overlapping, ≤ 
6-weeks if no clozapine involved; ≤ 12-
weeks if clozapine involved 
 

Combination 
therapy 

2 At least two types of medications 
overlapping for over 6-weeks if no 
clozapine involved; over 12-weeks if 
clozapine involved 

 

0 No Antipsychotic  
Re-exposure 1 Yes 

   

0 1995 
1 1996 

Antipsychotic 
Initiation Year 

2 1997 
 3 1998 
 4 1999 
 5 2000 
 6 2001 
 7 2002 

 
Common 

Treatment 

Factors for 

Both ITT 

and AT 

Models 

 8 2003 
Class Comparison   

FGA class 0 Chlorpromazine, fluphenazine, haloperidol, 
loxapine, molindone, mesoridazine, 
perphenazine, thioridazine, thiothixene, 
trifluoperazine 

SGA class 1 Clozapine, olanzapine, quetiapine, 
risperidone, ziprasidone 

SGA Comparison 0 Risperidone 
 1 Clozapine 
 2 Olanzapine 
 3 Quetiapine 
 4 Ziprasidone 

 
Treatment 

Factors for 

ITT Models 

Only 

 

Treatment Duration a
 

 
 

continuous 

 

Sum of prescription supplies excluding 
gap(s)  

 

AT Methods 
Only 

 

Time-dependent 
variable 

 

continuous
 

Treatment days exposed to a specific 
medication 

* 0 for the reference category. 
a   See details in the Treatment Duration calculation section. 
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  Table 3.9 Independent Variables Used in Various Model Designs 
  

Retrospective Cohort Design 
 

Nested Case-Control Design 
 

 ITT Model 
 

AT Model ITT Model AT Model 
 I a II b III a, c IV b, c V d VI a VII b VIII d 
 

Age 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

* 
 

* 
 

* 
 

Gender 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Race 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

* 
 

* 
 

* 
 

Region 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Overweight Status 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Hypertension 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Dyslipidemia 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Bipolar Disorder 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Depression 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

PTSD 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Schizophrenia 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Substance Abuse 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Prescribing Pattern 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Antipsychotic Re-exposure 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Antipsychotic Initiation Year 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

Antipsychotic Class 
 

+ 
 

n/a 
 

+ 
 

n/a 
 

† 
 

+ 
 

n/a 
 

† 
 

Individual SGAs 
 

n/a 
 

+ 
 

n/a 
 

+ 
 

† 
 

n/a 
 

+ 
 

† 
 

Treatment Duration 
 

+ 
 

+ 
 

+ 
 

+ 
 

+ 
 

* 
 

* 
 

+ 
 

Time-Dependent Variable 
 

n/a 
 

n/a 
 

n/a 
 

n/a 
 

+ 
 

n/a 
 

n/a 
 

+ 
Notes:  AT: as-treated; FGA: first generation antipsychotic; ITT: intent-to-treat; Rx: prescription; SGA: second generation antipsychotic; n/a: not applicable  
a Comparing antipsychotic drug class;  b Comparing individual SGA agents; c Propensity scoring model; d Comparing individual SGAs to FGA class; * 
Matching variables, not included in the model analysis; † Drug exposure included FGA class and individual SGAs: clozapine, olanzapine, quetiapine,  
risperidone, and ziprasidone.  
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3.5 STATISTICAL ANALYSES 

A number of statistical analysis methods were utilized in this study.  First, 

descriptive analyses were used to address the trends of antipsychotic prescribing 

patterns.  Descriptive analyses also were used to evaluate the overall incidence of 

treatment-emergent type 2 diabetes among Texas veterans who were newly treated 

with any antipsychotics as well as specific incidences of treatment-emergent diabetes 

of the various antipsychotic agents using an ITT approach.  Second, chi-square 

analyses were utilized for comparing the unadjusted odds ratios of the incidence of 

diabetes for the SGA class vs. the FGA class, as well as the unadjusted odds ratios of 

the incidence rates among the individual SGA agents.  Third, with respect to the 

different study designs, different regression models were utilized.   

Specifically, logistic regression analyses and Cox proportional hazards 

functions were employed to evaluate risk factors of antipsychotic treatment-emergent 

diabetes with respect to the intent-to-treat design and as-treated design.  In addition, a 

propensity score matching method was used in the retrospective cohort design with 

the intent-to-treat approach to reduce the potential selection bias for patients with 

different treatment exposures.   

SAS Version 9.1 was the statistical software package used for all of the 

analyses.  An a priori significance level was set at .05 for all analyses.  The following 

is a discussion of the regression methods that were utilized to address Objective 3. 
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3.5.1 Logistic Regression for Intent-to-Treat Analysis 

In general, with the intent-to-treat design, logistic regression was used in both 

the retrospective cohort design and case-control design.  The logistic regression 

models were chosen because the dependent variable was dichotomous (whether or not 

a patient developed an outcome of interest within the observation period).  However, 

the specific logistic regression analysis models were different for retrospective cohort 

designs and case-control designs.   

A standard multivariate logistic regression was applicable for the retrospective 

cohort ITT design.  A few assumptions for a standard logistic regression are: 1) the 

values of the covariates are fixed and measured without errors; 2) the outcome is 

measured conditionally on the observed values of the covariates; and 3) the 

observations are independent from each other.259  Maximum likelihood estimation is 

used to estimate the parameter coefficients.  The log likelihood function of a standard 

multivariate logistic regression model is presented as follows in Eq.14.  

       n             n 

LogL  =  Σ βxi yi – Σlog(1+eβxi)     Eq.14 
    i=1            i=1 

 
where the vector xi  is the values of the independent variables, yi is the outcome 

measure for the ith observation, and β is the vector of the parameter estimations.   

A different type of logistic regression model was utilized for the nested case-

control ITT design.  As indicated earlier in the Study Design section for nested case-

control design, once a case is identified, the observed survival time is defined for that 
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case.  Each case was matched with up to four controls from its corresponding risk set 

based on the observed survival time.  Matching variables include age category, 

race/ethnicity and survival time.  With a nested case-control design, each case along 

with its controls is considered as one stratum.  The number of controls per case does 

not have to be constant across strata.  The conditional likelihood function is shown in 

Eq.15. 

 
         Eq.15 

 
 

where the summation is over all subsets from j1 to jmh of mh observations chosen from 

the observations in stratum h.  Note that the matching parameters have been factored 

out of this equation.  

  

3.5.1.1 Propensity Score Matching 

A propensity score was another statistical approach that was used in this study.  

It is the conditional probability of being treated given the observed covariates.272  

This method has been used widely in observational studies to evaluate the 

relationship between an event and an outcome in various fields, such as 

epidemiology, health services research, economics and social sciences.26, 273-286  

However, no study has included this statistical method to control for the potential 

Π mh
i=1

exp(x’hiβ)

ΣΠ  jmh 
j=j1 

exp(x’hiβ)ΠΠ Lh(β)  =L(β)  = 
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treatment bias when evaluating the relationship between the use of antipsychotics and 

the incidence of treatment-emergent diabetes with observational data.   

An observational study cannot be considered to be an experimental study such 

as a randomized clinical trial, because investigators are unable to control for 

covariates at the beginning of the study.  However, the propensity score method has 

been used in observational studies to reduce selection bias and to enhance the 

estimation of a causal relationship between a treatment and an outcome.   

For example, if a clinician believes that Drug A could potentially increase the 

risk of developing diabetes for an obese patient and Drug B does not, he/she may 

intentionally give this patient Drug B instead of Drug A.  A selection bias has taken 

place in this situation.  If this patient does experience a diabetes incident later, is it 

because of the use of Drug B or is it because the patient is predisposed to diabetes, or 

is it because of the presence of both situations?  The underlying assumption of 

utilizing propensity score is related to selection bias.  If a selection bias exists, by 

including propensity scores, the probability of a subject having been treated 

conditional on the given covariates, the selection bias should have been adjusted for 

the treatment effect.287  Thus, the outcome should be irrelevant to the cause of the 

treatment assignment but should be directly related to the treatment exposure itself. 

Matching is commonly used to select participants in the control cohort who 

are matched to the participants in the treatment cohort on a few background 

covariates.  These background covariates are believed to be related to patients being 
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in a treatment cohort or a control cohort.  The propensity score method is used as one 

of the matching techniques to balance the selection bias in observational studies.   

For instance, the variable matching technique was also used in this study for 

the nested case-control models; the matching variables were age category, 

race/ethnicity and survival time.  The purpose of variable matching in nested case-

control design is to increase data estimation precision.  It is convenient to think that 

the more matching variables used, the better the model would fit.  However, although 

the concept of the variable matching technique is straightforward, the number of 

variables used for matching cannot be unlimited.  The more matching variables 

included, the less likely it is to find a matched control observation.  This is a 

limitation of the variable matching technique. 

With the propensity score method, the number of background covariates is not 

limited because matching is not directly based on the background covariates.  Instead, 

background covariates are used for estimating the propensity scores only and they are 

usually not included in the final model estimation, if the matching is based directly on 

the propensity scores.  Thus, the more background covariates are used for estimating 

propensity scores, the more likely the systematic differences between the control and 

treatment groups are accounted for.  Background covariates can be included when 

propensity score quintiles are included in the final model analysis.   

Logistic regression or discriminant analysis can be used to calculate the 

propensity scores for participants with complete data on all of the background 
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covariates and/or the interaction terms of these covariates.  Specifically, for obtaining 

the subjects’ propensity scores, a separate logistic regression needs to be conducted 

beforehand, and the dependent variable of this logistic regression is the treatment 

assignment or medication exposure.  With a discriminant analysis, a multivariate 

normal distribution conditional on the type of treatment is required, whereas this 

requirement is not relevant with a logistic regression analysis.  Propensity scores 

cannot be calculated for patients with missing data unless a missing data imputation 

technique is used.   

Once propensity scores are obtained, they can be used to adjust for selection 

bias 1) by matching or stratification prior to evaluating the treatment effect, or 2) by 

stratification and then regression while evaluating the treatment effect.272  This study 

utilized the methods of stratification and regression adjustment while evaluating the 

treatment effect.   

To apply such an approach, several procedures must be performed 

sequentially.  First, before calculating the propensity score, chi-square analyses (all of 

the background covariates are either ordered or categorical variables in this study) 

were conducted to examine the differences for all of the background covariates 

between two treatment groups (patients with FGAs as the index medication and 

patients with SGAs as the index medication).   

Then, logistic regression was used to calculate the propensity scores for the 

two patient groups.  The background variables included all of the demographic 
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variables (i.e., age, gender, race, and region), health risk variables (i.e., 

overweight/obesity, hypertension, dyslipidemia, bipolar, depression, PTSD, 

schizophrenia, and substance abuse), and a few interaction terms (i.e., age and 

overweight/obesity, age and hypertension, age and dyslipidemia, race and 

overweight/obesity, race and hypertension, race and dyslipidemia, VA site and race, 

and VA site and treatment initiation year).   

Once the propensity scores were obtained, five strata were generated based on 

the quintiles of the estimated propensity scores from all of the participants.  The 

quintiles were used because such a stratification removes 90 percent of the bias due to 

covariates.275  Furthermore, there was still variation among background covariates 

within each stratum.  Using quintiles left room for including important background 

covariates in the final regression model to predict treatment effects.  Finally, the 

regression analysis for the treatment effect evaluation included the strata of the 

propensity scores, the primary predictors (i.e., prescribing pattern, antipsychotic re-

exposure, antipsychotic initiation year, treatment exposure, and treatment duration), 

as well as other important covariates (e.g., age and race).   

The propensity score method was only applicable to the retrospective cohort 

design using the ITT approach but not the AT approach.  This method has been used 

with a Cox proportional hazards model.286, 288  However, since the propensity score is 

the probability of patients having been treated for the therapy given the covariates, no 

change of treatment group is assumed.  In the current study of the AT models, 
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treatment switching occurred commonly among many participants.  For these 

patients, the propensity score could not be appropriately estimated.  Thus, the 

propensity score method was not applicable to a Cox proportional hazards function, 

which will be discussed in the next section. 
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3.5.2 Cox Proportional Hazards Model for As-Treated Analysis 

The Cox proportional hazards models belong to the family of survival 

analyses.  In survival analyses, the statistical methods are designed to analyze 

duration data from an exposure to an event.  Different from the logistic regression 

models, where the dependent variable is the likelihood for the dichotomized or multi-

nominal states, the dependent variable in a survival analysis is a function of time 

lapse from an exposure to the occurrence of an event.  This time lapse is also called 

survival time.  The event could be death, disease incidence, or relapse from 

remission.  Thus, when a researcher is interested in not only the likelihood of the 

occurrence of an event after an exposure, but also the temporal aspect of the 

occurrence, survival analysis methods are preferred.289   

In addition, survival analysis takes censored data into account, which reduces 

the potential bias for not including missing data in a usual logistic regression analysis.  

“Censoring” is a very important concept in survival analysis.  When a survival time is 

unknown, the case is considered “censored.”  A number of situations can lead a case 

to be censored.  For example, a study’s observation period might end before a 

participant experiences an event; a participant might withdraw from a study; or a 

participant might be lost to contact during the observation period.  Since these 

censored participants never experience the event during the observed time, their 

actual survival time must be longer than the observed time period.  These 

participants’ survival times are called censored survival times.   
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These censoring examples above belong to the “right censoring” category, 

because these participants have not experienced an event by the censored survival 

times.  If a person experienced an event before the beginning of a study, his/her 

survival time is also unknown to an investigator.  Such a case is “left censored.”  The 

majority of the survival analysis studies are focused on the participants who have not 

experienced an event before the beginning of an investigation.  Left censored cases 

are usually discarded in most investigations.  Studies using left censoring data are 

rare. 

To conduct a survival analysis, several assumptions must be met.  First, an 

event can only be recorded once for any given individual in the sample; second, an 

event must represent a change from one of the two mutually exclusive and 

collectively exhaustive states to another (e.g., from alive to death); third, all 

participants should be event-free at the beginning of a study; fourth, survival times 

should be measured precisely using small intervals (e.g., days); and last, censoring 

must be independent of the probability of event occurrence.289  

The most commonly used survival analysis methods include the Kaplan-Meier 

survival function and the Cox proportional hazards function.  The Kaplan-Meier 

survival function is limited to calculating the survival probability involving a single 

categorical predictor.  For example, a Kaplan-Meier survival function can be used to 

evaluate the time to recidivism after parole or time to relapse after a smoking-

cessation program.  The Kaplan-Meier survival function is not designed for 
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multivariable models.  When multiple predictors are involved to explain an event, the 

Cox proportional hazards function is required. 

Hazard is a key concept in the Cox model.  It is defined as the immediate 

“risk” of event occurrence.290  The hazard provides the estimation of the likelihood 

for an individual experiencing an event at a point of time.  The hazard also tells the 

rate of event occurrence at a particular instant.291  A large hazard means an event 

occurs at a fast rate; a small hazard means an event occurs at a slower rate.  It is the 

dependent variable in Cox models.   

There are primarily two types of Cox proportional hazards functions.  The 

simpler one is called the standard Cox proportional hazards function and the more 

complex one is call the extended Cox proportional hazards function.  The distinctions 

between the two types of Cox models are model flexibility and underlying 

assumption about the relationship between time and the rate of event occurrence.289  

The standard Cox proportional hazard function applies to models where variables in 

the model do not vary over time (i.e., time-independent or time-constant), whereas the 

extended Cox proportional hazards function can be used to estimate models with 

time-dependent variables.  This distinction will be discussed further in this section. 

In addition to the basic assumptions for all survival analysis methods, two 

more assumptions are required for the standard Cox proportional hazards function.  

First, large samples are required for regression coefficients estimation.292, 293  The 

second assumption is known as the proportional-hazards assumption; that is the 
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hazards for the reference and comparison groups are proportional over all time 

points.294  This assumption is violated if one group yields a higher risk at the early 

times and a lower risk at the later times, for example, the intersection of the hazards 

functions.295  Violation of the proportional-hazard assumption will lead to biased 

estimation using a standard Cox proportional hazards function.  Thus, the 

proportionality assumption must be tested before using the model.   

The proportional-hazards assumption can be tested by adding interaction 

terms between time and the predictors into the model.295  If a statistically significant 

interaction is found, it can be concluded that the proportionality assumption is 

violated.  If none of the interaction terms are significant, then the proportionality 

assumption is met for variables in the model.  When the proportionality assumption is 

violated, the extended Cox proportional hazards function must be used.  In addition, 

whenever a time-dependent variable is included in the Cox model, it becomes an 

extended Cox proportional hazards function. 

The extended Cox proportional hazards function was used as the analytic 

model for the current study when the treatment variable was obtained based on an as-

treated approach and was treated as a time-dependent variable.  A time-dependent 

covariate is a variable whose values can change over time.290  This concept is 

particularly suitable in this study, because in the psychiatric setting, many patients 

experience medication switching and/or changing from a monotherapy to a 

combination therapy, or vice-versa.  By including the time-dependent variable, model 
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fit may be improved by taking into account the effects of the treatment variation over 

time.  The proportional hazards function for the Cox model is  

 

h(t,x(t),β) = h0(t)exp[x’(t)β]    Eq.16 
 
 
 
where h0 is the baseline hazard function at time t, x(t) is the vector of time-dependent 

covariates measured at time t, and β is the vector of the estimated coefficients for the 

time-dependent covariates.  A partial likelihood function is used to estimate the 

covariate coefficients: 

 
  
          Eq.17 

 
 
 
 
 

The censoring concept was applied to this study.  All patients who did not 

develop type 2 diabetes mellitus within the one-year observation period were 

censored at the end of the observation period or at treatment discontinuation.  

Because of its relatively advantageous health benefit coverage, it is believed that 

almost all of the patients remained in the VA health care program and filled their 

prescriptions in the system.  Thus, no lost-follow-up censoring was assumed during 

the observation period.  

e 

e 
xi’(t(i))β 

xi’(t(i))β 

ΣΠlp(β)  = 

lЄR(t(i))

[ ]
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3.6 ANALYSES FOR THE STUDY OBJECTIVES 

To clearly provide a blueprint of the study structure, the analytic approaches 

for each of the study objectives are described in this section. 

 

3.6.1 Objective I 

To characterize the trends of antipsychotic drug utilization and 

prescribing patterns (i.e., monotherapy, switching between 

antipsychotics and antipsychotic combination therapy (also 

referred to as antipsychotic polypharmacy)) for both new and 

existing users of antipsychotic agents 

 

Antipsychotic medications that were analyzed in this study were all of the 

antipsychotics available on the U.S. market (current to 2004), which include the first 

generation antipsychotics (FGAs) and the second generation antipsychotics (SGAs).  

The FGAs were chlorpromazine, fluphenazine, haloperidol, loxapine, mesoridazine, 

molindone, perphenazine, thioridazine, thiothixene, and trifluoperazine.  The FGA 

agents were not analyzed individually but on the class level only.  The SGAs were 

aripiprazole, clozapine, olanzapine, quetiapine, risperidone, and ziprasidone.  

However, due to the relatively short-term availability on the market, there were not 

sufficient data for aripiprazole and ziprasidone.  The trends for SGA agents were 

analyzed at both the class and individual medication level.  Antipsychotic medication 
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use for existing users and new users were analyzed separately since the antipsychotic 

therapy guidelines for the new users were likely different from the existing users.    

The antipsychotic drug use trend study primarily employed a descriptive 

analytical approach.  Antipsychotic drug use was evaluated each year and drug 

utilization change was compared over time with graphic presentations.  Since the data 

extended from September 1995 to June 2004, this allowed a seven-year trend analysis 

for existing users and a six-year trend analysis for new users, once the inclusion and 

exclusion criteria were applied.  Chi-square analyses were utilized to examine the 

drug utilization differences between two group analyses (new users vs. existing users) 

and between two VA sites over time.  Antipsychotic drug utilization was further 

stratified accordingly based on mental disorder diagnoses (i.e., bipolar disorder, 

depression, PTSD, schizophrenia, and substance abuse) among all eligible patients.   

The above analyses were based on the overall volume of the antipsychotic 

medication prescriptions.  The prescribing patterns, including antipsychotic 

monotherapy, switching and combination therapy, were analyzed based on 

antipsychotic treatment regimens of individual patients.  The prescribing patterns 

were also analyzed yearly.   

Earlier in Section 3.4.2.3 Treatment Factors of study variables, the definitions 

of monotherapy, drug switching, and combination therapy were presented.  These 

definitions were mutually exclusive and collectively exhaustive.  Each patient was 
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classified into one of the categories.  Treatment pattern analysis was done for new 

patients only.    

Descriptive analysis was employed to analyze the trend of prescribing pattern 

changes for antipsychotic monotherapy, switching and combination therapy.  The 

prescribing pattern variable with monotherapy, switching and combination therapy 

categories for new antipsychotic users was one of the primary independent variables 

in the regression analysis in Objective 3 for ITT models. 
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3.6.2 Objective II 

To determine the incidence rates of treatment-emergent type 2 

diabetes mellitus among Texas veterans who were newly initiated 

on antipsychotic medications with an intent-to-treat (ITT) 

approach to assigning treatment exposure 

 

Treatment-emergent type 2 diabetes incidence was captured within one-year 

of initial antipsychotic drug exposure.  An overall incidence rate for all patients 

initiated on any antipsychotic medications is easy to obtain.  However, an intent-to-

treat approach had to be used to assign a medication exposure to a specific patient so 

that diabetes incidence rates could be assessed with regard to a specific medication 

exposure.  A number of incidence rates were determined using descriptive analysis.  

Once the incidence rates were obtained, a chi-square analysis was used to compare 

the unadjusted odds ratio for overall diabetes incidence between SGA class and FGA 

classes, as well as unadjusted odds ratios for diabetes incidences among individual 

SGA agents.   

The following type 2 diabetes incidence rates were intended to be evaluated:  

1) Overall type 2 diabetes incidence rate among all patients newly initiated 

on antipsychotics; 

2) Overall type 2 diabetes incidence rate among patients newly initiated on 

FGA agents; 
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3) Overall type 2 diabetes incidence rate for patients newly initiated on 

individual SGA agents; 

a. Type 2 diabetes incidence rate for patients newly initiated on 

aripiprazole; 

b. Type 2 diabetes incidence rate for patients newly initiated on 

clozapine; 

c. Type 2 diabetes incidence rate for patients newly initiated on 

olanzapine; 

d. Type 2 diabetes incidence rate for patients newly initiated on 

quetiapine; 

e. Type 2 diabetes incidence rate for patients newly initiated on 

risperidone; 

f. Type 2 diabetes incidence rate for patients newly initiated on 

ziprasidone. 

4)  Type 2 diabetes incidence rates based on treatment patterns 

a. Type 2 diabetes incidence rate for patients treated with FGA 

monotherapy; 

b.  Type 2 diabetes incidence rate for patients treated with SGA 

monotherapy; 

c.  Type 2 diabetes incidence rate for patients with antipsychotic 

switching therapy; and  
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d. Type 2 diabetes incidence rate for patients treated with antipsychotic 

combination therapy 
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3.6.3 Objective III 

To examine whether the relationship between the antipsychotic 

therapy exposure and the incidence of treatment-emergent type 2 

diabetes mellitus differs with respect to methodological designs 

(retrospective cohort and case-control) and statistical approaches 

(propensity scoring, logistic regression and Cox proportional 

hazards function), when controlling for patients’ demographics 

(i.e., age, gender, race and region), general health conditions (i.e., 

preexisting overweight/obesity status, hypertension, and 

dyslipidemia), mental health conditions (i.e., bipolar disorder, 

depression, post-traumatic stress disorder – PTSD, schizophrenia, 

and substance abuse), and other treatment factors such as 

antipsychotic drug utilization patterns (i.e., monotherapy, drug 

switch and polypharmacy), treatment duration, antipsychotic re-

exposure, and antipsychotic initiation year 

 

To accomplish this objective, eight models were generated.  The eight models 

were discussed earlier in the Chapter Two Section 2.6 Hypotheses.  The structure of 

model analyses was shown in Figure 2.7.  A total of thirty-three hypotheses were 

proposed.  Directional hypotheses were stated when sufficient literature evidence 

existed; otherwise, non-directional hypotheses were stated.  The variables that were 
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analyzed in the various models were addressed in depth in the Chapter Three section 

3.4 Study Variables, and the variables that were tested in each model were listed in 

Table 3.9. 
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3.6.3 Objective IV 

To evaluate the advantages and disadvantages of the various 

methodological designs and statistical approaches in addressing 

the same research question 

 

 Comparisons and discussion of the results of the different models were the 

primary tools to accomplish this objective.  Once results of the models were 

presented, comparisons of the results for each hypothesis were discussed.  If the 

hypothesis was not rejected by any of the models testing a specific variable, two 

primary conclusions might be made: 1) that the independent variables had the 

relationships with the antipsychotic treatment-emergent diabetes as expected; and 2) 

that no apparent advantages or disadvantages existed in one method over another in 

terms of evaluating the risk factors of antipsychotic treatment-emergent diabetes.   

However, if the results of any of the models that tested a particular hypothesis 

were not consistent, that hypothesis was rejected.  The conclusions might be either: 1) 

that the independent variables had relationships with the antipsychotic treatment-

emergent diabetes different from expected; and/or 2) that there might be advantages 

that distinguish the various methods utilized in this study.  The reasons for 

inconsistent results and the advantages of methods will be discussed. 
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CHAPTER FOUR 

RESULTS – Part I 

 

Two primary purposes were included in this study.  Chapter Four – Part I and 

Part II will be dedicated to illustrate the results of the two goals separately.  Part I will 

focus on the first purpose: Objective I – antipsychotic utilization trends.   

First, the results of patients’ selection will be shown step by step in flow 

charts, according to the inclusion and exclusion criteria for the eligible patients in the 

trend study.  Next, descriptive analyses of demographic variables (age, gender, and 

race/ethnicity) and mental illness disorders for the eligible patients will be provided.  

Results of the two VA health care systems (Veterans Administration North Texas 

Health Care System – VANTHCS and South Texas Veterans Health Care System – 

STVHCS) will be described separately and then compared.  Considering that 

antipsychotic utilization may be different for existing and new users, results of these 

two groups of patients will be described separately as well.   

Furthermore, overall and annual prescription utilization for each VA health 

care system will be presented.  Prescription utilization was analyzed by medication 

class (i.e., FGAs vs. SGAs), as well as by the individual SGA medications.  

Additional prescription utilization patterns will be presented based on presence or 

absence of specified mental illness disorders.  Prescription utilization by new 
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schizophrenia patients will be discussed in particular, since schizophrenia is the 

primary indication for antipsychotic medications.   

Finally, trends of antipsychotic prescribing patterns (i.e., monotherapy, 

switching and combination therapy) will be provided for those patients newly 

initiated on antipsychotic treatment.  Antipsychotic medication utilization trends will 

be summarized at the end of the Part I of Chapter Four.   
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4.1 INCLUSION AND EXCLUSION CRITERIA IMPLEMENTATION  

Data for the current study were extracted from the computerized patient 

record system (CPRS) of two VA health care system databases for outpatient 

prescriptions only.  Since the data extraction was completed at different times, the 

timeframes of the two datasets were also different.  The timeframe for the VANTHCS 

was from November 9, 1994 to May 12, 2004 and for the STVHCS was from 

September 30, 1995 to January 27, 2004.  The VANTHCS database consisted of a 

sample of 10,587 patients and the STVHCS database consisted of a sample of 7,622 

patients.  All of these patients had at least one antipsychotic prescription within the 

given timeframe.   

 

4.1.1 Inclusion and Exclusion Criteria Implementation for New Patients 

As described in Chapter 3, the inclusion and exclusion criteria for new and 

existing patients were different.  The criteria for new patients on antipsychotic 

therapy were as follows: 1) 18 years of age or older; 2) continuously enrolled for 6 

months prior to and 12 months following the index date within the study timeframe; 

3) no antipsychotic prescriptions 6 months prior to the initiation of an antipsychotic 

medication (a washout period); and 4) at least one antipsychotic prescription 

(including the index prescription) starting from the index date.   

In the trend study, prescription utilization was analyzed annually.  In order to 

make the description explicit and uniform, only those years that had a full year of 
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prescription records were evaluated.  Furthermore, the time availability of the two VA 

health care systems datasets was different.  To be consistent, prescription utilization 

of new patients (from both VA health care systems) whose index prescriptions were 

between 1997 and 2002 were analyzed; prescription utilization of existing patients 

who had antipsychotic prescriptions between 1997 and 2003 were analyzed.  Tables 

4.1 and 4.2 present the number of patients excluded during implementation of the 

selection criteria and the final sample size for the eligible new patients in the 

VANTHCS and the STVHCS for the trend study.  

As shown in Table 4.1, once the criteria were implemented, more than half of 

patients (57.7%) were excluded from the VANTHCS, which left 4,477 patients 

remaining for the prescription utilization trend analysis.  Table 4.2 shows that for the 

STVHCS, 52.5 percent of patients were excluded and thus 3,619 patients remained.   
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Table 4.1 Selection Criteria and Sample Size for the New Antipsychotic Patients 
in the VANTHCS for the Trend Study  
 

 

Study Exclusion Criteria 
 

 

Excluded 
 

Sample Size 
 

Patients with antipsychotic prescriptions 
 

10,587 (100.0%) 
 

Age < 18 years 
 

      4 (<0.1) 
 

10,583 
 

No 6 months continuous enrollment prior to the 
index prescription or no enrollment date 

 
2,618 (24.7) 

 
  7,965 

 

No 12 months continuous enrollment following 
the index prescription  

 
1,162 (11.0) 

 
  6,803 

 

Index prescription before 1997 or after 2002 
 

 

2,326 (22.0) 
 

  4,477 
 
Final sample size for new patients in the trend 
study in the VANTHCS 

 
4,477 (42.3%) 

 

 
 
 
 
Table 4.2 Selection Criteria and Sample Size for the New Antipsychotic Patients 
in the STVHCS for the Trend Study  
 

 

Study Exclusion Criteria 
 

 

Excluded 
 

Sample Size 
 

Patients with antipsychotic prescriptions 
 

7,622 (100.0%) 
 

Age < 18 years 
 

     0 (0.0) 
 

7,622 
 

No 6 months continuous enrollment prior to the 
index prescription or no enrollment date 

 
1,531 (20.1) 

 
6,091 

 

No 12 months continuous enrollment following 
the index prescription  

 
 583 (7.6) 

 
  5,508 

 

Index prescription before 1997 or after 2002 
 

 

1,889 (24.8) 
 

3,619 
 
Final sample size for new patients in the trend 
study in the STVHCS 

 
3,619 (47.5%) 
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4.1.2 Inclusion and Exclusion Criteria Implementation for Existing Patients 

The inclusion and exclusion criteria for existing patients were as follows: 1) 

18 years of age or older; 2) continuously enrolled for 6 months prior to and 12 months 

following the index antipsychotic prescription date within the study timeframe; and 3) 

with at least one antipsychotic prescription each prior to and during an evaluation 

year.   

Similarly, to be consistent in the evaluation years across the two VA health 

care systems, the existing patients’ prescription utilization between 1997 and 2003 

was analyzed.  These criteria were different from those for new patients, since 

existing patients would have had at least one antipsychotic prescription prior to the 

evaluation year, prescriptions within one calendar year could be utilized for 

examining medication utilization of that evaluation year.  Tables 4.3 and 4.4 present 

the implementation of the selection criteria and the final sample size for eligible 

existing patients for the trend study in the VANTHCS and the STVHCS. 

Once the criteria were implemented, as shown in Table 4.3, slightly over a 

half of patients (53.0%) were excluded in the VANTHCS, which left 4,976 existing 

patients remaining in the analysis.  In Table 4.4 in the STVHCS, 5,607 patients were 

excluded and 4,037 existing patients (47.0%) remained.   
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Table 4.3 Selection Criteria and Sample Size for the Existing Antipsychotic 
Patients in the VANTHCS for the Trend Study  
 

 

Study Exclusion Criteria 
 

 

Excluded 
 

Sample Size 
 

Patients with antipsychotic prescriptions 
 

10,587 (%) 
 

Age < 18 years 
 

4 (0.0) 
 

10,583 
 

No 6 months continuous enrollment prior to the 
index prescription  

 
2,618 (24.7) 

 
7,965 

 

No 12 months continuous enrollment following 
the index prescription  

 
1,162 (11.0) 

 
6,803 

 

No antipsychotic prescription prior to the 
evaluation year 
 

 
1,652 (15.6) 

 
5,151 

No antipsychotic prescriptions after 1997 
 

175 (1.7) 4,976 
 
Final sample size for existing patients in the 
trend study in the VANTHCS 

 
4,976 (47.0%) 

 

 

Table 4.4 Selection Criteria and Sample Size for the Existing Antipsychotic 
Patients in the STVHCS for the Trend Study  
 

 

Study Exclusion Criteria 
 

 

Excluded 
 

Sample Size 
 

Patients with antipsychotic prescriptions 
 

7,622 (%) 
 

Age < 18 years 
 

     0 (0.0) 
 

7,622 
 

No 6 months continuous enrollment prior to the 
index prescription  

 
1,531 (20.1) 

 
6,091 

 

No 12 months continuous enrollment following 
the index prescription  

 
 583 (7.6) 

 
5,508 

 

No antipsychotic prescription prior to the 
evaluation year 
 

 
1,317 (17.3) 

 
4,191 

No antipsychotic prescriptions after 1997 
 

154 (2.0) 4,037 
 
Final sample size for existing patients in the 
trend study in the STVHCS 

 
4,037 (53.0%) 
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4.2 PATIENT CHARACTERISTICS IN THE TREND STUDY 

In the trend study, prescription utilization was analyzed based on two cohorts 

that were described in Chapter 3 (Section 3.1.3).  In this section, the general patient 

profiles of the new patient cohort (Cohort 1) and the existing patient cohort (Cohort 

2) in the trend study are described.  Each of the cohorts had two sub-cohorts based on 

the VA health care systems, including:  

Cohort 1-A – from 1997 to 2002, new antipsychotic users in the VANTHCS  

Cohort 1-B – from 1997 to 2002, new antipsychotic users in the STVHCS  

Cohort 2-A – from 1997 to 2003, existing antipsychotic users in the 

VANTHCS  

Cohort 2-B – from 1997 to 2003, existing antipsychotic users in the STVHCS  

 

Demographic characteristics of new patients (Table 4.5) and existing patients 

(Table 4.6) are presented and compared across the two VA health care systems.  

Patients’ mental illness disorder characteristics are presented in Table 4.7.  
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As shown in Table 4.5, there were 4,477 new patients in the VANTHCS from 

1997 to 2002.  Among these patients, the majority (93.3%) were male.  Close to half 

(43.7%) were 55 years of age or older, with a mean±SD age of 56.8±14.8 (range = 

18.6-95.5).  Nearly half of the patients (47.6%) were white.  However, nearly one-

third of patients (31.2%) had missing values on race.  Among the patients with known 

race values (n=3,079), over two-thirds (69.2%) were white.   

There were 3,619 new patients in the STVHCS from 1997 to 2002.  Among 

these patients, the majority (94.0%) were male.  Close to half (46.0%) were 55 years 

of age or older, with a mean age of 58.0±14.9 (range = 18.3-107.0).   More than half 

of the new patients (52.2%) had missing values on race.  Among the patients with 

known race values, half of them (50.6%) were white.   

Bivariate analyses were performed to examine whether there were differences 

between new patients in the VANTHCS and the STVHCS on age, gender, and 

race/ethnicity.  No difference was found between gender distributions (p=0.2468) of 

the two VA health care systems.  Relatively more patients in the STVHCS were in the 

older age groups (p=0.0186).  A t-test showed that the mean age difference between 

the two VA health care systems was statistically significant (t=3.512, p=0.0004).   

Due to the presence of many missing race values, two chi-square analyses 

were performed, one of which treated the missing values a third category as 

“unknown” and the other excluded the missing race values.   When the missing race 

values were treated as a third category of the variable, the result showed a significant 
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difference on race distribution between the VANTHCS and the STVHCS (p<0.0001).  

The STVHCS appeared to have more missing race values and have fewer white 

patients.  When the missing race values were excluded (31.2% of patients in the 

VANTHCS and 52.2% in the STVHCS), the result remained significant (p<0.0001).   
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Table 4.5 Frequency and Chi-square Comparisons of Demographic 
Characteristics between New Patients in the VANTHCS and the STVHCS 
 

 
 
 

 

Frequency (%) 
 

Chi-Square 

 

p Value 
 

    

 

New Patients 
 

VANTHCS 
 

STVHCS  
     

     

Total 4,477 (100) a 3,619 (100)   

Gender   1.3416 0.2468 

   Male 4,179 (93.3) 3,401 (94.0)   

   Female 298 (6.7) 218 (6.0)   

Age Groups   13.5637 0.0186 

   18-34 220 (4.9) 146 (4.0)   

   35-44 710 (15.9) 515 (14.2)   

   45-54 1,587 (35.5) 1,294 (35.8)   

   55-64 637 (14.2) 501 (13.8)   

   65-74 566 (12.6) 465 (12.9)   

   > 75 757 (16.9) 698 (19.3)   

Race/Ethnicity (1) a   517.4755 <0.0001 

   White 2,132 (47.6) 876 (24.2)   

   Nonwhite b 947 (21.2) 854 (23.6)   

        Black 845 (27.4) 185 (5.1)   

        Hispanic 83 (2.7) 658 (18.2)   

        Other 19 (0.6) 11 (0.3)   

   Unknown 1,398 (31.2) 1,889 (52.2)   

Race/Ethnicity (2) a 3,079 1,730 163.7161 <0.0001 

   White 2,132 (69.2) 876 (50.6)   

   Nonwhite b 947 (30.8) 854 (49.4)   
a Two types of chi-square comparisons were made for the race/ethnicity variable: (1) the missing values were 

coded as “unknown” and were included in the analysis, Ns remained the same as for all other comparisons; (2) 
excluding the missing values, N=3,079 for the VANTHCS and N=1,730 for the STVHCS. 

b Nonwhite race/ethnicity included black or African American, Hispanic, and all other types of ethnicities (i.e., 
American Indian, Asian or Pacific Islander, and native Hawaiian). 
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In Table 4.6, the number of existing patients in the VANTHCS from 1997 to 

2003 was 4,976.  Among these patients, the majority (92.9%) were male.  Less than 

half (43.7%) were 55 years of age or older, with a mean age of 54.3±14.3 (range = 

19.1 to 100.9).   Over one-fifth of the patients (23.1%) had missing values on race.  

Among the patients with known race values (N=3,827), approximately two-thirds 

(65.7%) were white.   

The number of existing patients in the STVHCS from 1997 to 2003 was 

4,037.  Among these patients, the majority (93.9%) were male.  Over one-third 

(38.0%) were 55 years of age or older, with a mean age of 54.6±14.2 (range = 19.7 to 

98.1).   Close to half patients (41.6%) had a missing value on race.  Among the 

patients with known race values (N=2,356), almost half of them (46.9%) were white.   

Bivariate analyses were performed to examine whether there were differences 

between existing patients in the VANTHCS and the STVHCS on age, gender, and 

race/ethnicity.  Results showed that, relatively, there were more female existing 

patients in the VANTHCS than in the STVHCS (p=0.0436).  There was no difference 

in age distribution between existing patients (p=0.2143).   

Similarly, due to the presence of many missing race values, two chi-square 

analyses were performed for the race variable.   When the missing race values were 

treated as a third category of the variable, the result showed a significant difference in 

race/ethnicity distribution between the VANTHCS and the STVHCS (p<0.0001).  

The STVHCS had more missing races values, and the VANTHCS had a higher 
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proportion of white patients.  When the missing race values were excluded from the 

analysis (23.1% of patients in the VANTHCS and 41.6% in the STVHCS), the result 

remained significant (p<0.0001).   
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Table 4.6 Frequency and Chi-square Comparisons of Demographic 
Characteristics between Existing Patients in the VANTHCS and the STVHCS  
 

 
 
 

 

Frequency (%) 
 

Chi-Square 

 

p Value 
    

Existing Patients VANTHCS a STVHCS  
     

Total 4,976 (100) 4,037 (100)  

Gender 4.0711 0.0436 

   Male 4,621 (92.9) 3,792 (93.9)  

   Female 355 (7.1) 245 (6.1)  

Age Groups 7.0858 0.2143 

   18-34 220 (4.9) 227 (5.6)  

   35-44 710 (15.9) 768 (19.0)  

   45-54 1,587 (35.5) 1,508 (37.4)  

   55-64 637 (14.2) 534 (13.2)  

   65-74 566 (12.6) 501 (12.4)  

   > 75 757 (16.9) 499 (12.4)  

Race/Ethnicity (1) a 558.0065 <0.0001 

   White 2,515 (50.5) 1,106 (27.4)  

   Nonwhite b 1,312 (26.4) 1,250 (31.0)  

        Black 1,170 (23.5) 290 (7.2)  

        Hispanic 122 (2.5) 944 (23.4)  

        Other 20 (0.4) 16 (0.4)  

   Unknown 1,149 (23.1) 1,681 (41.6)  

Race/Ethnicity (2) a 3,827 2,356 211.7905 <0.0001 

   White 2,515 (65.7) 1,106 (46.9)  

   Nonwhite b 1,312 (34.3) 1,250 (53.1)  
a Two types of in the chi-square comparisons were made for the race/ethnicity variable: (1) the missing values 

were coded as “unknown” and were included in the analysis, Ns remained the same as for the other comparisons; 
(2) excluding the missing values, N=3,827 for the VANTHCS and N=2,356 for the STVHCS. 

b Nonwhite race/ethnicity included black or African American, Hispanic, and all other types of ethnicities (i.e., 
American Indian, Asian or Pacific Islander, and native Hawaiian). 
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Table 4.7 presents frequencies and mean numbers of patients’ mental illness 

disorders among new and existing users in the VANTHCS and the STVHCS.  Among 

new patients in the VANTHCS, the majority of patients (83.8%) had at least one of 

the five mental illness disorders that were discussed in the study (i.e., bipolar 

disorder, depression, PTSD, schizophrenia, and substance abuse) within the study 

timeframe.  Less than one-third of new patients (30.7%) who were prescribed 

antipsychotic medications had a schizophrenia diagnosis.  On the other hand, a higher 

percentage of existing patients (88.6%) had at least one of the five specified mental 

illness disorders.  Among them, nearly half (48.4%) had schizophrenia.   

Among new patients in the STVHCS, the majority of patients (83.0%) had at 

least one of the five specified mental illness disorders within the study timeframe.  

Approximately one-quarter of new patients (26.0%) who were prescribed 

antipsychotic medications had a schizophrenia diagnosis.  Similarly, a higher 

percentage of existing patients in the STVHCS (90.6%) had at least one of the five 

specified mental illness disorders.  Among them, less than a half (46.4%) had 

schizophrenia.  The means and standard deviations of the number of mental illness 

disorders were similar between new and existing patients, as well as between the 

VANTHCS and the STVHCS.   
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Table 4.7 Patient Mental Illness Disorder Characteristics for the Trend Study 
 
 
 

 

VANTHCS 
 

STVHCS 

   

  

New
 

Existing
 

New 
 

Existing
 N (%) N (%) N (%) N (%) 
     

Total Patients 4,477 (100) 4,976 (100) 3,619 (100) 4,037 (100) 

With Mental Illness Disorder a    

 3,753 (83.8) 4,410 (88.6) 3,003 (83.0) 3,656 (90.6) 
     

   Bipolar Disorder b 2,605 (69.4) 3,083 (69.9) 1,962 (65.3) 2,374 (64.9) 

   Depression b 2,520 (67.2) 2,781 (63.1) 2,112 (70.3) 2,420 (66.2) 

   PTSD b 1,689 (45.0) 1,868 (42.4) 1,445 (48.1) 1,791 (49.0) 

   Schizophrenia b 1,152 (30.7) 2,134 (48.4) 780 (26.0) 1,698 (46.4) 

   Substance Abuse b 2,196 (58.5) 2,567 (58.2) 1,594 (53.1) 1,882 (51.5) 
     

Mean±SD 2.7±1.1 2.8±1.1 2.6±1.1 2.8±1.1 
a Patients had at least one of the five specified mental illness disorders anytime during the timeframe: bipolar 

disorder, depression, post-traumatic stress disorder, schizophrenia, and substance abuse 
b Patients had the specified mental illness disorder among those who had at least one of the five mental illness 

disorders 
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In summary, Sections 4.1 and 4.2 described the results of patient inclusion and 

exclusion criteria implementation and the characteristics of the eligible patients.  In 

both VA health care systems, more than half were excluded when selecting new 

patients and approximately half of the patients were excluded when selecting existing 

patients.  The eligible patients were largely male (over 90%).  Among new patients, 

over 40 percent were older than 55 years, while patients in the STVHCS were 

somewhat older than those in the VANTHCS.  However, no difference in age 

distribution was found between existing patients in the two VA health care systems.  

Race/ethnicity was a problematic variable due to a large number of missing 

values.  The race distribution was significantly different between the two VA health 

care systems, regardless of the inclusion or exclusion of those patients with missing 

race values.  Among the known races values, white patients were the majority and the 

VANTHCS had significantly more white patients than the STVHCS.   

Among the new patients who were treated with antipsychotic medications, the 

VANTHCS (30.7%) had a relatively higher percentage of patients with a 

schizophrenia diagnosis than the STVHCS (26.0%).  Bivariate analysis showed a 

significant difference between the two VA health care systems in terms of the 

presence of a schizophrenia diagnosis among new patients (p<0.0001).  The 

difference was not significant between existing patients of the two VA health care 

systems.  Overall, while similar at large, there were some differences in patient 
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demographic and mental illness disorder characteristics between the VANTHCS and 

the STVHCS. 
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4.3 ANTIPSYCHOTIC PRESCRIPTION UTILIZATION TRENDS 

Antipsychotic prescription utilization patterns were analyzed for both new and 

existing patients.  Due to the similarities found between the two groups (i.e., new and 

existing) within each of the VA health care systems, trend analyses regarding new 

patients are presented in this section.  Prescription utilization patterns for existing 

antipsychotic users will be discussed briefly when differences between the new users 

and the existing users existed.  Figures for existing patients’ antipsychotic utilization 

patterns are presented in appendices (Appendix H – Appendix Z).  The following 

information will be provided here. 

1. Annual number of new patients and antipsychotic utilization patterns of 

index medications for the VANTHCS and the STVHCS separately 

(Figures 4.1-4.8); 

2. Annual antipsychotic prescription volume among new patients by 

medication class and individual SGA medications for the VANTHCS and 

the STVHCS separately (Figures 4.9-4.12); and 

3. Antipsychotic utilization comparison between new patients in the 

VANTHCS and the STVHCS (Figure 4.13-4.15). 
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4.3.1 Index Medication Utilization Patterns of New Patients  

Figures 4.1 to 4.4 show the annual number of new patients and utilization 

patterns of index medications in the VANTHCS.  A total of 4,477 new patients were 

eligible for the trend study in the VANTHCS over a six-year timeframe.  Within the 

study timeframe, the number of new patients increased in general, except for the first 

year, in which a higher number of new patients were present compared to the second 

year (Figure 4.1).   

Among these new patients, slightly over one-third of them (37.4%) were 

initiated on an FGA medication (Figure 4.2).  However, utilization of FGA 

medications as the index drug decreased drastically over time (Figure 4.3).  While 

92.9 percent of new patients in 1997 started on an FGA medication, only 13.9 percent 

of new patients had an FGA agent as the index medication in 2002.  On the other 

hand, utilization of SGA agents as the index drug increased sharply, from 45 (7.1%) 

in 1997 to 902 (86.1%) in 2002.    

Among new patients initiated on an SGA prescription (Figure 4.2), the 

majority started with olanzapine (32.2%), followed by risperidone (17.4%) and 

quetiapine (12.7%).  Figure 4.4 shows the annual index medications among the SGA 

agents.  Clozapine (n=5) and ziprasidone (n=10) were excluded since the sample sizes 

were rather small.  Aripiprazole was not used as an index medication. 

Among the SGA agents, more than half of the time, olanzapine was chosen as 

the index medication in the VANTHCS (Figure 4.4).  Although the most frequently 
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prescribed index drugs were olanzapine and risperidone, starting in 2000 for three 

consecutive years, utilization of olanzapine as the index prescription remained steady, 

while risperidone use increased slightly from 169 in 2000 to 206 in 2002.  The most 

drastic increased utilization was with quetiapine, which increased six-fold in three 

years from 56 in 2000 to 324 in 2002.   
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Figure 4.1 VANTHCS - Annual Number of Patients Newly Initiated on 
Antipsychotic Therapy (N=4,477)
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Figure 4.3 VANTHCS – Annual Number of Index Prescriptions by Antipsychotic 
Class for Patients Newly Initiated on Antipsychotic Therapy (N=4,477)
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Figure 4.4 VANTHCS – Annual Number of Index Prescriptions by Type of SGA 
Agent for Patients Newly Initiated on Antipsychotic Therapy (N=2,787)*

OLANZAPINE (51.8%) QUETIAPINE (20.3%) RISPERIDONE (27.9%)

* Prescriptions for clozapine (n=5) and ziprasidone (n=10) were excluded due to small sample sizes. 

Year 

Pr
es

cr
ip

tio
ns

 



 

 259

Figures 4.5 to 4.8 show utilization patterns of index medications among 

patients newly initiated on antipsychotic therapy between 1997 and 2002 in the 

STVHCS.  A total of 3,619 new patients were eligible for the trend analysis.  As 

shown in Figure 4.5, within the six-year study timeframe, the annual number of new 

patients increased overall.  

Among these 3,619 new patients, approximately one-quarter of them (26.6%) 

were initiated on an FGA medication over six-years (Figure 4.6).  The percentage was 

far less than the number of patients initiated on FGA medications in the VANTHCS 

(37.4%).  Almost half of the STVHCS patients (44.9%) were initiated on risperidone 

and 23.2 percent on olanzapine.   

The annual number of FGA index medications decreased gradually in the 

STVHCS (Figure 4.7), from 65.4 percent (n=346) of patients in 1997 to 9.7 percent 

(n=76) in 2002, whereas the annual number of SGA index medications increased 

from 183 (34.6%) in 1997 to 708 (90.3%) in 2002.   

Figure 4.8 shows annual index medications among the SGA agents.  No 

patients were initiated on aripiprazole; clozapine (n=1) and ziprasidone (n=16) were 

excluded due to small sample sizes.  Among SGA index prescriptions, nearly two-

thirds were risperidone (61.5%), and nearly one-third were olanzapine (31.8%).   

Compared to the VANTHCS, quetiapine use was not as prevalent in the 

STVHCS.  For example, in 2002, 32.2 percent of new patients in the VANTHCS 

started on quetiapine, compared to 10.3 percent in the STVHCS.  Overall, in the 
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STVHCS, utilization of quetiapine as the index medication (4.8%) was far less than 

in the VANTHCS (12.7%).  In both the VANTHCS and the STVHCS, very few 

patients were initiated on clozapine and ziprasidone, and none started with 

aripiprazole. 
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Figure 4.5 STVHCS - Annual Number of Patients Newly Initiated on 
Antipsychotic Therapy (N=3,619)
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Figure 4.7 STVHCS – Annual Number of Index Prescription by Antipsychotic 
Class for Patients Newly Initiated on Therapy (N=3,619)
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Agent for Patients Newly Initiated on Antipsychotic Therapy (N=2,641)*
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Summarizing the above analyses on index prescriptions, SGA medications 

were replacing FGA medications gradually in both of the VA health care systems.  

However, the preferred SGA medication selection appeared to be different.  It seemed 

that in the VANTHCS, olanzapine was preferred over risperidone, whereas it was the 

opposite in the STVHCS.  Furthermore, the adoption of quetiapine for new patients 

appeared to be much faster in the VANTHCS than in the STVHCS.   
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4.3.2 Antipsychotic Medication Utilization Patterns of New Patients  

In the previous section, utilization of index antipsychotic medications was 

presented.  In this section, including those index medications, antipsychotic 

medication utilization for new patients in the first year of treatment was analyzed and 

will be described next.  Figures 4.9 to 4.14 show overall and annual prescription 

utilization of new patients from 1997 to 2002.  Overall and annual antipsychotic 

medication utilization patterns for existing patients are presented in Appendices H-O. 

 

Figures 4.9 to 4.11 present prescription utilization patterns among new 

patients during the first treatment year in the VANTHCS.  Over the six years of the 

observation period, a total of 26,681 prescriptions were prescribed for 4,477 new 

patients with a one-year of follow-up period (Figure 4.9).  The mean number of 

annual prescriptions was 6.0±5.1 for new patients in the VANTHCS.  Almost three-

quarters of the prescriptions (71.4%) were for SGA medications.  The most frequently 

prescribed drugs were three SGA agents (i.e., olanzapine: 34.5%; risperidone: 18.4%, 

and quetiapine: 17.3%) and one FGA agent (i.e., haloperidol: 13.1%).   

Figure 4.10 shows that, somewhat corresponding to the changes in the annual 

number of new patients (Figure 4.1), the annual prescription volume for new patients 

was higher in 1997 than in 1998, and then increased gradually.  When analyzing 

prescription volume change by drug class, FGA prescriptions decreased steadily 

while SGA prescriptions increased over time.   
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Figure 4.11 shows the annual SGA prescription utilization.   Similar to the 

index medications, utilization of aripiprazole (n=5), clozapine (n=252), and 

ziprasidone (n=82) was very limited for new patients in their first treatment year, thus 

was not presented in the graph.  Among SGA prescritptions for new patients (Figure 

4.11), approximately half of them were for olanzapine (49.2%).  Although quetiapine 

was marketed after risperidone, a similar number of prescriptions were prescribed for 

risperidone (26.2%) and quetiapine (24.6%) over the six-year timeframe.   

Similar to the prescribing pattern of index medications using SGA agents in 

the VANTHCS (Figure 4.4), in general, utilization of individual SGA antipsychotic 

medications increased annually (Figure 4.11).  However, in the latter three years, 

while the olanzapine use decreased slightly and risperidone use was maintained at a 

similar level, the increment was largely due to the expanded quetiapine use.  For 

example, in 1999, use of quetiapine was 7.9 percent of all SGA prescriptions that 

year, whereas by 2002, use of quetiapine was up to 40.1 percent of all SGA 

prescriptions.   

Antipsychotic medication utilization patterns for existing patients in the 

VANTHCS are presented in Appendices H-K.  Prescription utilization was similar 

among the existing patients in the VANTHCS in general.  The overall prescription 

volume for the existing patients increased, as well as the annual number of patients on 

antipsychotic therapy.  Approximately two-thirds of prescriptions were for SGA 

medications, and utilization of olanzapine was the highest (27.4%), followed by 
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risperidone (15.1%) and quetiapine (13.6%).  Among the FGA medications, the most 

frequently prescribed medication was also haloperidol (10.5%), followed by 

perphenazine (7.4%) and thioridazine (5.1%).  Over the seven-year time timeframe 

(1997-2003), FGA medication use declined and SGA medication use increased at a 

fast pace.  Somewhat different from the new patients, the decreased use of FGAs was 

not as rapid among the existing patients.  In 1997, FGA prescriptions were used 79.0 

percent of the time, while only 11.5 percent of prescriptions were for FGAs in 2003.   
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Figure 4.9 VANTHCS – Overall Prescription Volume for New Patients by Antipsychotic 
Agent With One-Year Follow-up  (Total Rx = 26,681)
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Figure 4.10 VANTHCS – Annual Prescription Volume by Antipsychotic Class for 
Patients Newly Initiated on Therapy (N=26,681)
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Figures 4.12 to 4.14 show prescription utilization patterns of the new patients 

in first year of treatment in the STVHCS.  Over the six-year observation period, a 

total of 21,884 prescriptions were prescribed for 3,619 new patients with a one-year 

follow-up (Figure 4.12).  The mean number of annual prescriptions was 6.0±5.0 for 

new patients in the STVHCS.  More than 80 percent of the prescriptions were for 

SGA medications.  The most prescribed medication was risperidone (46.4%), 

followed by olanzapine (26.1%), haloperidol (8.5%), and quetiapine (6.8%).   

Figure 4.13 shows that the annual prescription volume for new patients 

increased in general.  In 1998 and 2000, there was a slight decrease in volume, which 

corresponded to the annual number of new patients (Figure 4.5).  When examining 

the prescription patterns in terms of antipsychotic class, utilization of FGA 

prescriptions decreased consistently while SGA prescriptions increased over time.   

Among SGA medications (Figure 4.14), more than half of the prescriptions 

were for risperidone, and approximately one-third were for olanzapine.  The trend of 

the first year SGA medication utilization was very similar to the index medication 

utilization pattern of SGAs in the STVHCS (Figure 4.8).  In general, each of the 

individual SGA medications’ utilization increased (prescription utilization for 

aripiprazole, clozapine and ziprasidone was not included due to small sample sizes).  

Unlike the SGA utilization pattern in the VANTHCS, where the increment was 

primarily driven by quetiapine expansion (Figure 4.11), increased use of SGAs in the 
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STVHCS was due to both olanzapine and quetiapine, while risperidone use remained 

steady or decreased slightly.   

Antipsychotic medication utilization patterns for existing patients in the 

STVHCS are presented in Appendices L-O.  Prescription utilization of the existing 

patients was similar to the new patients in general.  The overall prescription volume 

for the existing patients increased, as well as the annual number of patients on 

antipsychotic therapy.  Approximately two-thirds of prescriptions were for SGA 

medications (66.0%), and utilization of risperidone was the highest (32.7%), followed 

by olanzapine (22.6%) and quetiapine (5.9%).  Among the FGA medications, the 

most frequently prescribed medication was also haloperidol (9.8%), followed by 

thioridazine (4.8%) and perphenazine (2.8%).  Over the seven-year time timeframe 

(1997-2003), FGA medication use declined and SGA medication use increased at a 

fast pace.  Somewhat different from the new patients, the decreased use of FGA was 

not as rapid among existing patients.  In 1997, FGA prescriptions were used 71.1 

percent of the time, while they comprised only 14.7 percent of prescriptions in 2003.   
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Figure 4.12 STVHCS – Overall Prescription Volume for New Patients By Antipsychotic 
Agent With One-Year Follow-up  (Total Rx = 21,884)
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Figure 4.13 STVHCS – Annual Prescription Volume by Antipsychotic Class 
for Patients Newly Initiated on Therapy (N=21,884)
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Figure 4.14 STVHCS – Annual Prescription Volume by Type of SGA Agent for 
Patients Newly Initiated on Antipsychotic Therapy (N=17,367)*
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4.3.3 Antipsychotic Prescription Utilization Comparisons between the 

VANTHCS and the STVHCS 

The next few figures present the overall antipsychotic prescription utilization 

comparisons between the VANTHCS and the STVHCS.  Bivariate comparisons were 

conducted.  Only the comparisons between new patients of the two VA health care 

systems are presented in this section.  Results are shown in Figures 4.15 to 4.17.  The 

comparisons between existing patients of the VANTHCS and the STVHCS are 

presented in Appendices P-R.    

Figure 4.15 shows that a total of 8,096 patients were included in the trend 

analysis between 1997 and 2002 when new patients in the VANTHCS and the 

STVHCS were combined.  More new patients were in the VANTHCS (55.3%) than 

in the STVHCS overall, as well as in each year.  The number of patients newly 

initiated on antipsychotic therapy increased in general in both VA health care 

systems.  However, the increment rate appeared to be higher in the VANTHCS.  A 

bivariate comparison showed a significant difference in the annual number of new 

patients between the two VA health care systems (p=0.0015). 

Figure 4.16 shows that new patients in the VANTHCS were prescribed more 

FGA prescriptions overall (64.6%), as well as in each year than new patients in the 

STVHCS.  Also FGA medication utilization decreased in both the VANTHCS and 

the STVHCS, but a Chi-square analysis showed that the decline was at a significantly 

higher rate in the VANTHCS (p<0.0001).   
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Figure 4.17 shows that although more patients were in the VANTHCS, the 

total number of SGA prescriptions used was similar in the two VA health care 

systems (51.9% for the VANTHCS and 48.1% for the STVHCS).  When compared to 

the more rapid decrease in use of FGA medications in the VANTHCS, the annual 

SGA medication volume increased significantly higher rate in the VANTHCS than in 

the STVHCS (p<0.0001).  This implies that the VANTHCS may have switched from 

FGA to SGA utilization at a higher rate.    

Among existing patients, medication switching from SGAs to FGAs appeared 

to be at a higher rate in the VANTHCS.  Decreased utilization of FGA was greater in 

the VANTHCS (p<0.0001), and increased utilization of SGA was also at a higher rate 

in the VANTHCS (p<0.0001) (Appendices Q and R).  
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Figure 4.15 VANTHCS vs. STVHCS – Comparison of Annual Number (and 
Percentage) of New Patients on Antipsychotic Therapy (N=8,096)
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Figure 4.16 VANTHCS vs. STVHCS – Comparison of FGA Prescription 
Utilization by New Patients on Antipsychotic Therapy (N=11,812)
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Figure 4.17 VANTHCS vs. STVHCS – Comparison of SGA Prescription 
Utilization by New Patients on Antipsychotic Therapy (N=36,753)
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In summary, in the first treatment year, overall antipsychotic medication 

utilization for new patients was somewhat similar to the pattern of the index 

medications.  In other words, it appeared that overall antipsychotic prescribing 

patterns gradually changed from primarily FGA medications to primarily SGA 

medications for outpatients.  This was true for new patients in both of the VA health 

care systems.  Although switching from FGA to SGA medications was similar in both 

of the VA health care systems, the VANTHCS switched at a higher rate.   

However, the preferred SGA medication selection appeared to be different in 

the two VA health care systems and this was reflected in both index medications and 

follow-up medications.  It appeared that in the VANTHCS, olanzapine was the 

preferred medication over risperidone, with an opposite trend in the STVHCS.  In 

addition, quetiapine was utilized far more frequently in the VANTHCS than in the 

STVHCS.  Use of aripiprazole, clozapine, and ziprasidone was very limited among 

new patients.    
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4.3.4 Prescription Utilization by Mental Illness Diagnoses 

This section describes stratified antipsychotic prescription utilization based on 

the type of mental illness disorders.  Particularly, utilization by new patients with a 

schizophrenia diagnosis is presented in detail, since antipsychotic medications are 

primarily indicated for treating schizophrenia.   

The mental illness disorders included in the trend study were: bipolar 

disorder; depression; post-traumatic stress disorder (PTSD); schizophrenia; substance 

abuse; and other mental illness disorders.  Specifically, other mental illness disorders 

included: organic, personality disorder, paranoid states; other nonorganic psychosis; 

psychosis with origin specific to childhood; neurotic disorders; sexual deviations and 

disorders; physiological malfunction arising from mental factors; special symptoms 

or syndromes, not elsewhere specified; acute reaction to stress; adjustment reaction; 

specific nonpsychotic mental disorders due to organic brain damage; disturbance of 

conduct, not elsewhere specified; specific delays in development; and psychotic 

factors associated with diseases classified elsewhere.   

Patients were considered to have a mental illness disorder whenever such an 

ICD-9 diagnosis code appeared in the database within the study timeframe.  Some 

patients might have more than one mental illness disorder, whereas others might have 

none.  When a medication was prescribed for a patient with multiple disease 

conditions, it might not be clear for which disease condition the medication was 

intended, particularly for patients with mental illness disorders.  Thus, when 
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medication utilization was analyzed based on mental illness disorders, a prescription 

was considered diagnosis-related if the patient ever had such a diagnosis; if the 

patient never had such a diagnosis, a prescription was considered not diagnosis-

related.  Table 4.8 presents the mean number of mental illness disorders for both new 

and existing patients in each VA health care system.  Figures 4.18 and 4.19 present 

the prescriptions that could be related to a specific mental illness disorder for new 

patients.  Appendices S and T are for existing patients.  

Specifically, Table 4.8 shows the average number of mental illness diagnoses 

among patients with at least one of the five specified mental illness disorders (i.e., 

bipolar disorder, depression, post-traumatic stress disorder (PTSD), schizophrenia, 

and substance abuse).  Those diagnoses that were classified as “other” were not 

included for mean calculation since a patient could have more than one diagnosis in 

the “other” category.   

As shown in Table 4.8, while many patients had more than one diagnosis, in 

both the VANTHCS and the STVHCS approximately 17 percent of new patients and 

10 percent of existing patients who were prescribed antipsychotic therapy did not 

have any recorded mental illness diagnoses.  On average, among those patients who 

had at least one of the five mental illness disorders, the mean numbers of diagnoses 

(2.6 to 2.8) were nearly identical for both new and existing patients in two VA health 

care systems.   
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Table 4.8 Mean Number of Mental Illness Diagnoses among Patients with at 
Least One of the Five Mental Illness Diagnoses* 

 
  N (original) N** (%) Mean SD 

New Patients 

 VANTHCS 4,477 3,753 (83.8) 2.7 1.1 

 STVHCS 3,619 3,003 (83.0) 2.6 1.1 

Existing Patients 

 VANTHCS 4,976 4,410 (88.6) 2.8 1.1 

 STVHCS 4,037 3,656 (90.6) 2.8 1.2 

 
* The five mental illness diagnoses included bipolar disorder, depression, post-traumatic stress 

disorder (PTSD), schizophrenia, and substance abuse. 
** Number of patients with at least one of the five mental illness disorders described above. 
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Among the prescriptions for new patients, approximately seven percent were 

for patients without any documented mental illness diagnoses in either of the VA 

health care systems.  Figures 4.18 and 4.19 present use of prescriptions potentially 

related to specific mental illness disorders among new patients in the VANTHCS and 

the STVHCS.  In both of the figure, the total number of the prescriptions in each 

column was different, depending on the specified mental illness condition.  These 

prescriptions were grouped into two categories: FGA prescriptions related to a 

specified mental illness condition; and SGA prescriptions related to a specified 

mental illness condition.   

The majority of the prescriptions could be related to those new patients with a 

diagnosis of bipolar disorder (65.6%) or depression (61.8%).  Both FGAs and SGAs 

were utilized to treat patients with mental illness diagnoses other than schizophrenia.  

However, SGA medications were used far more frequently in these patients.  

Relatively, FGAs were prescribed more often for patients with a schizophrenia 

diagnosis (36.9% in the VANTHCS and 25.7% in the STVHCS) than patients without 

schizophrenia (24.5-33.2% in the VANTHCS and12.7-17.4% in the STVHCS).    

It appeared that antipsychotic medications were frequently used for other 

mental illness disorders in addition to schizophrenia among new patients.  In both of 

the VANTHCS and the STVHCS, more than two-thirds of prescriptions (68.5% in the 

VANTCHS and 72.5% in the STVHCS) were for new patients without a 

schizophrenia diagnosis (or at least no documented schizophrenia diagnosis).   
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Among the existing patients (Appendices S and T), far more medications were 

prescribed for existing patients with schizophrenia (64.3% in the VANTHCS and 

68.4% in the STVHCS) than for new patients (31.5% in the VANTHCS and 27.5% in 

the STVHCS).  This may imply that: 1) existing patients with a schizophrenia 

diagnosis, on average, were prescribed more antipsychotic prescriptions; 2) existing 

patients were more likely to have a schizophrenia diagnosis; and 3) the diagnosis of 

schizophrenia may take longer time than other mental illness disorders.  This was 

shown as the number of patients with schizophrenia diagnosis increased among the 

existing patients, while it was decreased among the new patients in general.  More 

details are shown in the next section with regard to prescription utilization by patients 

with schizophrenia diagnosis.    
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Figure 4.18 VANTHCS – Overall Prescription Volume for New Patients by 
Antipsychotic Class and Mental Illness Disorder Status*

FGA¹ SGA²  

 

 

1 Number and percent of FGA prescriptions for patients with the specified diagnosis 
2 Number and percent of SGA prescriptions for patients with the specified diagnosis 
3 Number and percent of prescriptions for patients without the specified diagnosis (e.g., no depression diagnosis) 
* The total number of prescriptions varied based on the specified mental illness disorder; **PTSD: Post-traumatic stress disorder 

Disease 
Total Rx 
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1 Number and percent of FGA prescriptions for patients with the specified diagnosis 
2 Number and percent of SGA prescriptions for patients with the specified diagnosis 
3 Number and percent of prescriptions for patients without the specified diagnosis (e.g., no depression diagnosis) 
* The total number of prescriptions varied based on the specified mental illness disorder; **PTSD: Post traumatic stress disorder 
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Total Rx 
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4.3.5 Antipsychotic Prescription Utilization by Schizophrenia Patients  

Table 4.9 presents the annual number of antipsychotic prescriptions for new 

and existing patients in general and for schizophrenia patients specifically.  Figures 

4.20 to 4.31 present the annual number of new patients treated with antipsychotic 

therapy, index prescription utilization, and prescription utilization in the first 

treatment year of these patients in the VANTHCS and the STVHCS.  Appendices U-

Z present the annual number of existing patients treated with antipsychotic therapy, 

and prescription utilization in the first treatment year of these patients in the 

VANTHCS and the STVHCS.   

Table 4.9 shows that on average, patients with a schizophrenia diagnosis were 

prescribed more antipsychotic prescriptions than for patients in general.  In addition, 

existing patients were prescribed more prescriptions than new patients in a year, both 

among the overall patients and among patients with a schizophrenia diagnosis.  

Patients in the STVHCS received slightly more antipsychotic prescriptions than 

patients in the VANTHCS. 
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Table 4.9  Means and Standard Deviations of the Annual Number of 
Antipsychotic Prescriptions per Patient 

 
 Overall Schizophrenia Diagnosis  
 Mean±SD Mean±SD 

New Patients 

 VANTHCS 5.9±5.0 7.2±5.6 

 STVHCS 6.1±5.0 7.9±5.9 

Existing Patients 

 VANTHCS 7.1±5.4 8.5±6.6 

 STVHCS 7.9±5.3 9.9±5.9 
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Figures 4.20 to 4.22 present the annual number of new patients with a 

diagnosis of schizophrenia initiated on antipsychotic therapy and the type of index 

prescriptions utilized for these patients in the VANTHCS.  A total number of 1,052 

schizophrenia patients started antipsychotic treatment over the six-year timeframe.  

The number of new schizophrenia patients on antipsychotic therapy decreased every 

year (Figure 4.20).   

In the VANTHCS (Figure 4.21), less than half of schizophrenia patients 

(42.0%) were initiated on an FGA medication, and utilization of FGA as the index 

medication decreased over time from 210 patients (87.9%) in 1997 to 10 patients 

(8.0%) in 2002.  The number of SGA index prescriptions increased 4-fold from 29 

patients in 1997 to 115 patients in 2002.   

Specifically, among the SGA index prescriptions (Figure 4.22), excluding a 

few initiated on clozapine (n=4) and ziprasidone (n=2), more than half of patients 

started with olanzapine (54.0%), followed by risperidone (33.8%).  Use of olanzapine 

as the index prescription peaked in 2000 and decreased sharply from 91 in 2000 to 48 

in 2001, and then increased slightly to 58 in 2002.  Use of risperidone as the index 

prescription increased slowly and consistently, until in 2001 when its use started to 

decline.  Use of quetiapine as the index drug increased in general. 
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Figure 4.20 VANTHCS – Annual Number of Schizophrenic Patients Newly 
Initiated on Antipsychotic Therapy (N=1,052)
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Figure 4.21 VANTHCS – Annual Index Prescriptions for New Schizophrenic 
Patients by Antipsychotic Class (N=1,052)
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Figure 4.22 VANTHCS - Annual Index Prescriptions for New Schizophrenic 
Patients by Type of SGA Agent (N=604)*

OLANZAPINE (54.0%) QUETIAPINE (12.2%) RISPERIDONE (33.8%)

 

 
* Index prescriptions on clozapine (n=4) and ziprasidone (n=2) were excluded due to small sample sizes. 
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Figures 4.23 to 4.25 present the annual number of new patients with a 

diagnosis of schizophrenia initiated on antipsychotic therapy and the type of index 

prescriptions utilized in the STVHCS.  A total of 682 schizophrenia patients started 

antipsychotic treatment over the six-year timeframe.  In the STVHCS, the number of 

new schizophrenia patients on antipsychotic therapy also decreased every year 

(Figure 4.23).   

In the STVHCS (Figure 4.24), one-third of the index prescriptions (33.3%) 

were for an FGA agent.  Compared to the VANTCHS (42.0%), proportionally fewer 

patients started with an FGA medication in the STVHCS.  Similar to the VANTHCS, 

utilization of FGA as the index medication decreased over time, while the number of 

SGA index prescriptions fluctuated slightly.   

Specifically, among the SGA index prescriptions (Figure 4.25), excluding a 

few initiated on clozapine (n=1) and ziprasidone (n=6), nearly two-thirds (60.6%) 

were on risperidone, and approximately one-third (35.8%) were on olanzapine.  Use 

of risperidone as the index prescription, in general, decreased over time, whereas use 

of olanzapine as the index prescription remained steady.   

When compared to the VANTHCS, a smaller percentage of patients were 

initiated on quetiapine (3.6% in the STVHCS vs. 12.2% in the VANTHCS) in the 

STVHCS.  Clozapine as the index prescription was rare in both of the VA health care 

systems.  Few had ziprasidone as the index medication and none were initiated on 

aripiprazole by 2002.   
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Figure 4.23 STVHCS – Annual Number of Schizophrenic Patients Newly Initiated 
on Antipsychotic Therapy (N=682)
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Figure 4.24 STVHCS – Annual Index Prescriptions for New Schizophrenic 
Patients by Antipsychotic Class (N=682)
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Figure 4.25 STVHCS - Annual Index Prescriptions for New Schizophrenic Patients 
by Type of SGA Agent (N=449)
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* Prescriptions for clozapine (n=1) and ziprasidone (n=6) were excluded due to small sample sizes. 

Year 

Pr
es

cr
ip

tio
ns

 



 

 300

Figures 4.26 to 4.29 present the annual antipsychotic prescription volume for 

new schizophrenia patients in the two VA health care systems.  The annual 

prescription volume decreased over time, probably due to the decreased annual 

number of new patients.  In general, the trend looked similar to the index prescription 

utilization of these patients.  In the VANTHCS (Figure 4.26), approximately one-

third of the prescriptions (34.1%) were for FGA medications and the number of FGA 

prescriptions decreased drastically over time.  In 1997, 1,355 prescriptions (81.8%) 

were FGA medications for new schizophrenia patients; by 2002, 71 prescriptions 

(7.1%) were FGA medications.   

Figure 4.27 shows that use of SGA medications increased steadily.  

Aripiprazole (n=2), clozapine (n=228) and ziprasidone (n=44) are not presented in the 

figure due to small sample sizes.  The majority of the SGA prescriptions for treating 

new schizophrenia patients were for olanzapine (50.4%) and risperidone (32.2%).   

When compared to the VANTHCS (34.1%), fewer FGA medications (27.0%) 

were prescribed for new schizophrenia patients in the STVHCS (Figure 4.28).  Use of 

SGA medications somewhat decreased over the six-year timeframe in the STVHCS 

(Figure 4.29), probably due to the reduced number of new patients (Figure 4.23).    

In the STVHCS, risperidone was the most commonly prescribed medication 

among SGA agents (53.2%), followed by olanzapine (39.9%).  Similar to the index 

medication prescribing pattern, fewer patients used quetiapine in the STVHCS (6.9%) 

than in the VANTHCS (17.4%). 
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Among the existing schizophrenia patients, while medication utilization was 

largely similarly, use of clozapine was far more common among the existing patients 

in the VANTHCS.  Among all of the SGA prescriptions for the existing 

schizophrenia patients, 19.6 percent of them were for clozapine.  The number of 

clozapine users did not decrease over time although the percentages decreased.  

Among the SGA prescriptions, the numbers of clozapine prescriptions were 1,181 

(51.3%) in 1997, and 1,525 (15.7%) in 2003.  The most frequently prescribed 

medication for the existing schizophrenia patients in the VANTHCS was also 

olanzapine (15.5%), followed by risperidone (15.1%), clozapine (12.4%) and 

quetiapine (10.7%).  These were similar in the STVHCS, although the most 

frequently prescribed medication was risperidone (27.0%) and clozapine use was far 

less common in the STVHCS (4.6%).   
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Figure 4.26 VANTHCS – Annual Prescription Volume for New  Schizophrenic 
Patients by Antipsychotic Class (N=7,642)
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Figure 4.27 VANTHCS – Annual Prescription Volume for New Schizophrenia 
Patients by Type of SGA Agent (N=4,765)

OLANZAPINE (50.4%) QUETIAPINE (17.4%) RISPERIDONE (32.2%)

 

 
* Prescriptions for aripripazole (n=2), clozapine (n=228) and ziprasidone (n=44) were excluded due to small sample sizes. 
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Figure 4.28 STVHCS – Annual Prescription Volume for New Schizophrenic 
Patients by Antipsychotic Class (N= 5,420)
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Figure 4.29 STVHCS – Annual Prescription Volume for New  Schizophrenic 
Patients by Type of SGA Agent (N=3,822)

OLANZAPINE (39.9%) QUETIAPINE (6.9%) RISPERIDONE (53.2%)

* Prescriptions for aripripazole (n=2), clozapine (n=27) and ziprasidone (n=94) were excluded due to small sample sizes. 
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In summary, many patients on antipsychotic treatment had multiple mental 

illness disorders.  In addition to schizophrenia, antipsychotic prescriptions were 

prescribed frequently for patients with other mental illness disorders as well.   When 

prescribed for other disease conditions, SGA medications were used far more 

frequently than FGA medications.  When prescribed for patients with a schizophrenia 

diagnosis, although SGA medications also were used more commonly than FGA 

medications, relatively more FGA medications were prescribed than for patients with 

other mental illness disorders in general.   

In addition, patients with a schizophrenia diagnosis were prescribed more 

antipsychotic prescriptions in a year than patients on antipsychotic treatment overall, 

regardless of whether they were new or existing patients.  Among the prescriptions 

for new schizophrenia patients, the VANTHCS utilized more FGA medications than 

the STVHCS.  Among the prescriptions for existing schizophrenia patients, more 

FGAs were also prescribed in the VANTHCS (Appendices U and X).   

Medication preference appeared to be different for schizophrenia patients 

between the two VA health care systems.  Risperidone and olanzapine were the most 

commonly prescribed medications, although the preferred medication was olanzapine 

in the VANTHCS and was risperidone in the STVHCS.  Quetiapine was also 

frequently utilized in the VANTHCS and utilized less in the STVHCS.  Clozapine 

was used very rarely in the first treatment year for schizophrenia patients.  However, 
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it was used much more frequently for existing schizophrenia patients, particularly in 

the VANTHCS (Appendices V and Y). 
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4.4 TRENDS OF MONOTHERAPY, MEDICATION SWITCHING AND 

COMBINATION THERAPY  

This section focuses on the antipsychotic treatment patterns in terms of 

monotherapy, medication switching and combination therapy among new patients.  

The concept of antipsychotic monotherapy, switching and combination therapy was 

defined in Chapter Three Section 3.4.2.3.1.2 for the antipsychotic treatment-emergent 

diabetes incidence study.  The definitions for monotherapy, switching and 

combination therapy were the same in the trend study.  As mentioned earlier, to some 

extent, switching could be considered as one type of monotherapy.  However, when 

patients switched medication, they were exposed to at least two types of medications.  

These patients’ risk of diabetes may have been different from those patients who were 

never exposed to more than one antipsychotic medication.  Thus, in trend analyses, 

monotherapy, antipsychotic switching and antipsychotic combination therapy were 

treated as different types of treatment strategies.  Antipsychotic treatment patterns 

were analyzed for new patients only.   

 

4.4.1 Monotherapy, Medication Switching and Combination Therapy 

A total of 8,096 patients were initiated on antipsychotic therapy in the 

VANTHCS (N=4,477) and the STVHCS (N=3,619) during the six-year timeframe 

from 1997 to 2002.  Among these new patients, 11 were treated with clozapine.  

Because of the small sample size and different definitions for switching and 
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combination therapies when clozapine was involved, these patients were excluded 

from further analyses.  Thus, the number of patients in this section for analyzing 

antipsychotic treatment patterns was 8,085 (N=4,469 in the VANTHCS and N=3,616 

in the STVHCS).  

Among the 8,085 new patients, the majority (n=6,592, 81.5%) had 

monotherapy during the first treatment year.  On average, the mean number of 

prescriptions for patients on monotherapy was 5.22±4.42.  More than two-thirds 

(68.1%) were SGA medications.  Risperidone (30.0%) and olanzapine (28.6%) were 

prescribed most frequently, followed by haloperidol (16.1%) and quetiapine (9.3%).    

Among the rest of the patients, 1,143 patients (14.1%) switched medications 

and 350 patients (4.3%) were treated with at least two antipsychotic medications 

simultaneously (combination therapy) during the first treatment year.   

 

4.4.2 Antipsychotic Switching Patterns 

Among patients who switched medications, some of them appeared to be 

given antipsychotic treatment on an acute and temporary basis.  In other words, 

although patients switched from one medication to another at least once in the first 

treatment year, some patients persisted on a medication for less than or equal to 30 

days for any of the prescribed drugs, even when a 14-day grace period between 

prescriptions was taken into account.  Thus, descriptive analyses were performed 

separately for those patients who had short-term antipsychotic switching episodes 
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(medications persisted less than or equal to 30 days) and for those who had at least 

one antipsychotic prescription lasting longer than 30 days.   

Among those patients who switched therapy (n=1,143), 212 (18.5%) persisted 

on the treatment for less than 30 days.  The majority of these 212 patients (n=190, 

89.6%) switched once.  Seventeen patients (8.0%) switched twice.  In a few rare 

cases, more medications were utilized for switching: three patients had five 

medications; one patient had seven; and another patient had nine different 

medications.  None of their prescriptions lasted more than 30 days. 

The switching pattern for patients with short-term antipsychotic utilization 

and one-time switching (n=190) is shown in Table 4.10.  The patterns for those 

patients who switched medications more than once and persisted less than 30 days 

(n=22) are not shown in the table. 

Table 4.10 shows that the most common short-term switching pattern (45.3%) 

was from one SGA to another SGA agent.  Approximately one-third of the patients 

(31.6%) switched from an FGA agent to an SGA agent.  Specifically, the most 

frequent short-term switching between the medications was from risperidone to 

olanzapine (16.8%) and from an FGA agent to risperidone (16.3%).  Nearly half of 

the patients with a short-term switching (46.3%) initiated on an FGA agent, while a 

quarter of the patients (25.1%) were on an FGA agent after switching.   
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Table 4.10 Utilization Patterns for Patients on Short-Term (≤ 30 days) 
Antipsychotic Therapy with One-Time Medication Switching in the First 
Treatment Year (N=190) 

 
Switching Pattern  N % 

FGA – FGA  28 14.7 
 

FGA – SGA 60 31.6 
 FGA – Olanzapine 24 12.6 
 FGA – Quetiapine 5 2.6 
 FGA – Risperidone  31 16.3 

 

SGA – FGA  16 8.4 
 Olanzapine – FGA 7 3.7 
 Quetiapine – FGA  2 1.0 
 Risperidone – FGA  7 3.7 

 

SGA – SGA  86 45.3 
 Olanzapine – Quetiapine 13 6.8 
 Olanzapine – Risperidone 18 9.5 
 Olanzapine – Ziprasidone 1 0.5 
 Quetiapine – Olanzapine 5 2.6 
 Quetiapine – Risperidone 6 3.2 
 Risperidone – Olanzapine 32 16.8 
 Risperidone – Quetiapine 9 4.7 
 Risperidone – Ziprasidone 1 0.5 
 Ziprasidone – Olanzapine  1 0.5 
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Among patients who switched medications, the majority of them (n=931, 

81.5%) persisted at least on one of the medications for more than 30 days.  Most of 

these patients (n=830, 89.2%) changed medications once.  Ninety-one patients (9.8%) 

switched twice; nine patients (1.0%) switched three times; and one patient had five 

different types of drugs in the first treatment year.  The switching patterns for patients 

who switched once and at least one of the medications lasting longer than 30 days are 

shown in Table 4.11.  The switching patterns for patients who switched twice with at 

least one of the medications lasting longer than 30 days are shown in Table 4.12. 

Table 4.11 shows that among those patients who were on antipsychotic 

therapy for more than 30 days and switched medications once, the most common 

switching pattern (57.8%) was also from one SGA to another SGA agent.  

Approximately one-quarter of the patients (24.1%) switched from an FGA agent to an 

SGA agent.   

Specifically, the most frequent switching between the medications was from 

olanzapine to risperidone (29.9%), followed by from an FGA agent to risperidone 

(16.3%), from olanzapine to quetiapine (14.0%), from an FGA agent to olanzapine 

(12.6%), and from quetiapine to risperidone (11.6%).   

Whereas only 5.0 percent started with risperidone, 57.8 percent of these 

patients were on risperidone after switching.  Approximately half of the patients 

(49.3%) started on olanzapine and switched to a different medication (mostly to 

risperidone or quetiapine), and 12.7 percent switched to olanzapine (mostly from an 
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FGA agent).  Approximately one-third of patients (32.8%) were initiated on an FGA 

agent with 8.7 percent remaining after switching.  Approximately 10 percent of 

patients started on an SGA agent and later switched to an FGA agent.  

 

 

 

Table 4.11 Utilization Patterns for Patients Who Switched Once with at Least 
One Medication Lasting Longer than 30 Days in the First Year Treatment 
(N=830) 

 

Switching Pattern  N % 

FGA – FGA  72 8.7 
 

FGA – SGA 200 24.1 
 FGA – Olanzapine 84 12.6 
 FGA – Quetiapine 16 2.6 
 FGA – Risperidone  98 16.3 
 FGA – Ziprasidone  2 0.2 

 

SGA – FGA  78 9.4 
 Olanzapine   – FGA 38 4.6 
 Quetiapine   – FGA  4 0.5 
 Risperidone – FGA  36 4.3 

 

SGA – SGA  480 57.8 
 Aripiprazole – Olanzapine 1 0.1 
 Aripiprazole – Risperidone 1 0.1 
 Olanzapine   – Quetiapine 116 14.0 
 Olanzapine   – Risperidone 248 29.9 
 Olanzapine   – Ziprasidone 7 0.8 
 Quetiapine   – Risperidone 96 11.6 
 Quetiapine   – Ziprasidone 5 0.6 
 Risperidone – Ziprasidone 6 0.7 
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Table 4.12 shows that among those patients who switched medications twice 

with at least one of the medications used longer than 30 days (n=91), over forty 

percent of them (n=38) were initiated on an FGA.  However, except for seven 

patients, all other patients eventually switched to an SGA medication.  Among the 53 

patients initiated on an SGA agent, six of them switched to an FGA medication 

eventually, while the remaining switched to another SGA at the end of follow-up.  

Overall, after switching twice, 14.3 percent of the patients were treated with an FGA 

agent within the first treatment year.  The most common switching pattern was among 

the SGA agents (36.3%).   

 

 
Table 4.12 Utilization Patterns for Patients Who were Switched Twice with at 
Least One Medication Lasting Longer than 30 Days in the First Treatment 
Year (N=91) 

 

Switching Pattern N % 
 
FGA Initiation 38 41.8 
FGA – FGA – FGA  3 3.3 
FGA – FGA – SGA 14 15.4 
FGA – SGA – FGA  4 4.4 
FGA – SGA – SGA  17 18.7 
 
SGA Initiation 53 58.2* 
SGA – FGA – FGA  1 1.1 
SGA – FGA – SGA  14 15.4 
SGA – SGA – FGA  5 5.5 
SGA – SGA – SGA  33 36.3 

 
* Percentages may not add up to the exact value due to rounding. 
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4.4.3 Antipsychotic Combination Therapy Patterns 

Among the 8,085 new patients, 350 of them (4.3%) had at least two 

antipsychotics used simultaneously for more than 42 days (i.e., combination therapy).  

Most of these patients (n=318, 90.9%) were on a treatment with a two-drug 

combination.  As shown in Table 4.13, both FGA-SGA combination (45.3%) and 

SGA-SGA combination (49.7%) were rather common, whereas use of FGA-FGA 

combination treatment was very limited (5.0%).  The most frequent combination was 

FGA-olanzapine therapy (24.5%), followed by olanzapine-risperidone treatment 

(20.4%).   

Among all of these patients on a two-drug combination throughout the follow-

up period, olanzapine was most commonly prescribed (58.5%) and risperidone was 

also very frequently utilized (50.3%).  Quetiapine was utilized in 33.0 percent of the 

patients.  Given the one year prescription follow-up period, the average length of 

combination therapy of these patients was approximately 16-weeks (110.1±74.6 

days), ranging from 42 to 363 days.   
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Table 4.13 Utilization Patterns for Patients on Antipsychotic Two-Drug 
Combination Therapy in the First Treatment Year (N=318) 

 

Combination Pattern    N % 

FGA-FGA  16 5.0 
 

FGA-SGA 144 45.3 
 FGA-Olanzapine 78 24.5 
 FGA-Quetiapine 18 5.7 
 FGA-Risperidone  48 15.1 

 

SGA-SGA  158 49.7* 
 Aripiprazole-Risperidone  1 0.3 
 Olanzapine-Quetiapine 41 12.9 
 Olanzapine-Risperidone 65 20.4 
 Olanzapine-Ziprasidone 2 0.6 
 Quetiapine-Risperidone 43 13.5 
 Quetiapine-Ziprasidone 3 0.9 
 Risperidone-Ziprasidone 3 0.9 

 
* Percentages may not add up to the exact value due to rounding.  
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4.4.4 Antipsychotic Treatment Pattern Comparison 

In this section, the annual number of patients on different therapy patterns and 

the changes of these patterns over time within the same VA health care system and 

between the two health care systems were examined.  Bivariate analyses were 

performed.  Results are presented in Figures 4.30 to 4.37.         

Figures 4.30 and 4.31 show the same description of the treatment pattern 

change over time in the VANTHCS from different aspects: one provided the actual 

numbers of patients and the other was the percentages of the three types of treatment 

patterns within a year.  Similarly, Figures 4.32 and 4.33 are for patients in the 

STVHCS.   

 

As shown in Figure 4.30, after excluding patients with clozapine therapy 

(n=8), there were 4,469 patients in the VANTHCS from 1997 to 2002.  The annual 

numbers demonstrated an increasing trend of using all three types of therapies.  

However, proportionally, as shown in Figure 4.31, use of combination therapy was 

the only one that increased from 1.9 percent in 1997 to 4.5 percent in 2002.  

Antipsychotic monotherapy and switching remained fairly steady.  A chi-square 

comparison showed a statistically significant difference between the utilization of the 

three types of medication treatment patterns over the six-year period (p=0.0166).   

After excluding patients with clozapine therapy (n=3), there were 3,616 

patients in the STVHCS from 1997 to 2002.  Similarly, the annual numbers of new 
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patients in the STVHCS also showed an increasing trend for all three types of 

treatment patterns in general (Figure 4.32).  Proportionally, use of combination 

therapy nearly doubled from 1.9 percent in 1997 to 3.4 percent in 2002 (Figure 4.33).  

Antipsychotic monotherapy and switching fluctuated slightly (varying from 4-5 

percentage) over the study timeframe.  Chi-square comparison showed a non-

significant difference between the three types of medication treatment patterns over 

time (p=0.1238). 
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Figure 4.30 VANTHCS – Annual Number of New Patients by 
Treatment Patterns (N=4,469)*

Monotherapy (80.6%) Switching (14.2%) Combination Therapy (5.2%)
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Figure 4.31 VANTHCS – Annual Percentage of Treatment Patterns for 
New Patients (N=4,469)*

Monotherapy Switching Combination Therapy
 

 

Chi-square = 21.7146 
Df = 10 
p-value = 0.0166 
* Patients with clozapine treatment (n=8) in the first year were excluded in the analysis 
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Figure 4.32 STVHCS – Annual Number of New Patients by Treatment 
Patterns (N=3,616)*

Monotherapy (82.7%) Switching (14.0%) Combination Therapy (3.2%)  

 * Patients with clozapine treatment (n=3) in the first year were excluded in the analysis 
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Figures 4.34 to 4.37 show the medication treatment pattern comparison 

between the VA health care systems.  In Figure 4.34, the comparison was made 

between the annual numbers (or proportions by years) of new patients on FGA 

monotherapy from 1997 to 2002.  In both of the VA health care systems, utilization 

of FGA monotherapy decreased every year.  No significant difference was found 

between the change of FGA monotherapy use over time in two VA health care 

systems (p=0.3691). 

Figure 4.35 shows the comparison between the annual numbers (or 

proportions by years) of new patients with SGA monotherapy from 1997 to 2002.  In 

both of the VA health care systems, utilization of SGA monotherapy increased 

annually.  However, the increment rate of SGA monotherapy utilization was 

significantly more rapid in the VANTHCS than in the STVHCS (p<0.0001). 

Figures 4.36 and 4.37 show the trend of antipsychotic switching and 

combination therapy comparisons between the two VA health care systems.  In 

general, both switching and combination therapies were used increasingly, but neither 

type of treatment utilization patterns differed significantly between the two VA health 

care systems.    
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Figure 4.34 VANTHCS vs. STVHCS – Comparison of Annual Number of New 
Patients on FGA Monotherapy (N=2,104)

VANTHCS (63.5%) STVHCS (36.5%)
 

Chi-square = 5.3991 
Df = 5 
p-value = 0.3691 
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Figure 4.35 VANTHCS vs. STVHCS – Comparison of Annual Number of New 
Patients on SGA Monotherapy (N=4,488)

VANTHCS (50.5%) STVHCS (49.5%)
 

 

Chi-square = 173.9086 
Df = 5 
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Figure 4.36 VANTHCS vs. STVHCS – Comparison of Annual Number of New 
Patients with Antipsychotic Switching Therapy (N=1,143)

VANTHCS (55.6%) STVHCS (44.4%)  
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Figure 4.37 VANTHCS vs. STVHCS – Comparison of Annual Number of New 
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4.4.5 Summary 

Data in the VANTHCS and the STVHCS were analyzed separately and then 

compared by focusing on treatment patterns in terms of antipsychotic monotherapy, 

switching and combination therapy among new patients.  The majority of the patients 

were treated with monotherapy and most of them were on an SGA medication, with 

olanzapine and risperidone used more frequently.  FGA monotherapy decreased at a 

similar rate in the two VA health care systems; however, use of SGAs for 

monotherapy increased significantly more rapidly in the VANTHCS.   

Among non-monotherapy patients, 18.4 percent either switched medication or 

were treated with combination therapy.  Among patients who switched medications, 

most of them had two types of antipsychotics prescribed during the first treatment 

year.  Most of the switching was from one SGA to another SGA medication or from 

an FGA medication to an SGA medication.  Medication switches from an SGA to an 

FGA medication were rare.  A few patients (1.1%) were switched between three 

medications in the first treatment year.  Medication switching over time was not 

significantly different between the two VA health care systems.  

Approximately four percent of patients were treated with antipsychotic 

combination therapy.  Most of the combinations were two-drugs, either with an FGA-

SGA combination or an SGA-SGA combination.  Very few patients were treated with 

combination therapy of three drugs or more (n=19, 0.2%).   
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Within the VANTHCS, although monotherapy was the dominant treatment 

strategy, the percentage of patients treated with a combination therapy increased 

significantly.  In the STVHCS, use of combination therapy also increased over time, 

but the increase was not statistically significant.   

Overall, from 1997 to 2002, antipsychotic prescribing patterns changed.  

Increasing numbers of patients were prescribed an SGA medication with fewer new 

patients started on an FGA medication.   

Antipsychotic medications were also commonly prescribed for patients with 

mental illness disorders other than schizophrenia.  However, patients with a 

schizophrenia diagnosis, on average, were prescribed more antipsychotic 

prescriptions than patients treated with antipsychotic medications in general.  Lastly, 

although use of antipsychotic switching and combination therapy increased in the last 

few years, monotherapy was still prominent.    
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CHAPTER FOUR 

RESULTS – Part II 

 

The first half of the Results chapter primarily presented the antipsychotic drug 

utilization trends over six-years from 1997 to 2002 for new patients in the 

VANTHCS and the STVHCS.  The second half of this chapter will focus on the 

second purpose of the study: diabetes incidence rates among new patients with one-

year or less of antipsychotic initial exposure and the factors that could be related to 

antipsychotic treatment-emergent diabetes.   

First, patient selection for the incidence study will be presented according to 

the inclusion and exclusion criteria.  Final numbers of the eligible patients will be 

described separately for the VANTHCS and the STVHCS.  Second, patient 

characteristics, including demographic factors, health risk factors and treatment 

factors, are addressed for the combined VANTHCS and STVHCS eligible patients 

(which is the study Cohort 3).  Third, with regard to Objective II, diabetes incidence 

rates are described separately and compared across the two VA health care systems.  

Finally, results from various regression analyses will be reported and each hypothesis 

will be tested (Objective III).   
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4.5 PATIENT SELECTION FOR THE INCIDENCE STUDY 

As mentioned in the first half of this chapter, eligibility for patients in the 

incidence study differed from the trend study.  The detailed criteria were presented in 

Chapter Three.  Specifically, the following conditions needed to be satisfied for 

patients to be included in the incidence study.  Patients who 

1) Were 18 years of age or older; 

2) Were continuously enrolled at least 12 months prior to the index date; 

3) Did not receive a prescription for any antipsychotic agents 12 months 

prior to the index date; 

4) Were continuously enrolled at least 12 months following the index 

date;  

5) Were not previously exposed to any anti-diabetic medications within 

12-months prior to the index date;  

6) Did not have a diagnosis of diabetes within 12 months prior to the 

index date; and  

7) Did not have a blood-glucose level greater than 200mg/dl within 12 

months prior to the index date. 

 

Furthermore, based on the information in the trend study, very few patients 

were treated with clozapine.  Due to different definitions for antipsychotic switching 
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and combination therapies when clozapine therapy was involved, the few patients 

who were given clozapine were excluded from the incidence study.   

In addition, as mentioned previously, the actual prescription data availability 

was different for the two VA health care systems.  The prescription timeframe for the 

VANTHCS was from November 9, 1994 to May 12, 2004 and for the STVHCS was 

from September 30, 1995 to January 27, 2004.  According to those criteria specified 

earlier, a few patients started antipsychotic treatment in 1994 in the VANTHCS could 

also be eligible for the study.  However, no patients in the STVHCS were started in 

1994.  Since both the treatment initiation year and VA sites were covariates in the 

models, such combination (zero observation) could lead to invalid estimation for 

certain parameters.  To avoid such a potential problem, patients exposed to 

antipsychotic treatment in 1994 in the VANTHCS were excluded from the regression 

models.  Tables 4.14 and 4.15 present the flow charts of the criteria implementation 

for patient selection in the VANTHCS and the STVHCS.   

In the VANTHCS database, a total of 10,587 patients utilized antipsychotic 

medications.  Among these patients, 40.6 percent of them (n=4,299) were excluded 

either because they were younger than 18 years old, or because they were not enrolled 

12-months prior to the index date, or did not have a 12-month follow-up period.  

Approximately 12 percent of patients (n=1,194) had diabetic indications before 

exposure to an antipsychotic agent and were also excluded.  Many of these patients 

had more than one diabetic indication.   
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The number of patients who started antipsychotic therapy in 1994 was 18 

(0.2%) and the number of patients that ever used clozapine was 32 (0.3%).  These 

patients were also excluded.  In the end, 5,062 patients (47.8%) from the VANTHCS 

were eligible for the incidence study.   

 
 
 
 
Table 4.14 VANTHCS 
Patient Selection and Sample Size for the Incidence Study  
 

 

Study Exclusion Criteria 
 

 

Excluded 
 

Sample Size 
 

Patients with antipsychotic prescriptions 
 

10,587 (100.0%) 
 

Age < 18 years 
 

 

     4 (<0.1) 
 

10,583 

Index date in 1994 18 (0.2) 10,565 
 

Index date after 05/12/2003* 
 

1,494 (14.1) 
 

  9,071 
 

No 12 months continuous enrollment prior to the 
index prescription 

 
2,718 (25.7) 

 
  6,353 

 

Missing enrollment date 
 

65 (0.6) 
 

  6,288 
 

Had diabetic indication prior to the index date** 
 

 

1,194 (11.3) 
 

  5,094 

Exposed to diabetic medication 854 (8.1)  

Diabetes diagnosis 546 (5.2)  

Blood glucose level > 200mg/dl 823 (7.8)  

Clozapine user 32 (0.3)   5,062 
 

Final sample size for new patients in the 
incidence study in the VANTHCS 
 

 

5,062 (47.8%) 
 

* Patients had less than 12 months follow-up and were excluded. 
** A total of 1,194 patients (11.3%) had at least one of the three diabetic indications before an 

antipsychotic exposure.  Patients could have more than one diabetic indication.  
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In the STVHCS database, a total of 7,622 patients utilized antipsychotic 

medications.  No patients were younger than 18 years old.  A total of 2,365 patients 

(31.0%) were not enrolled 12-months prior to the index date or did not have a 12-

month follow-up period.  One thousand and sixty-five patients (14.0%) had diabetic 

indications before exposure to an antipsychotic agent and were also excluded.  Many 

of these patients had more than one diabetic indication.  Among the rest of the 

patients, 15 of them (0.2%) were clozapine users and were excluded.  In the end, 

3,887 patients (51.0%) from the STVHCS were eligible for the incidence study.   

The percentages of patients being excluded according to the selection criteria 

were similar in the two VA health care systems.  These eligible patients in each 

system were combined to create Cohort 3 for the incidence study.  The total number 

of patients in Cohort 3 was 8,949.  In the next section, descriptive statistics are 

provided for the entire cohort, except for the race/ethnicity variable, where the 

descriptions for the two VA health care systems are presented separately, as well as 

for the whole cohort.   
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Table 4.15 STVHCS 
Patient Selection and Sample Size for the Incidence Study  
 

 

Study Exclusion Criteria 
 

 

Excluded 
 

Sample Size 
 

Patients with antipsychotic prescriptions 
 

7,622 (100.0%) 
 

Age < 18 years 
 

 

     0 (0.0) 
 

7,622 

Index date in 1994   0 (0.2) 7,622 

Index date after 01/27/2003* 1,062 (13.9) 6,560 
 

No 12 months continuous enrollment prior to the 
index prescription 

 
1,561 (20.5) 

 
4,999 

 

Missing enrollment date 
 

32 (0.4) 
 

4,967 
 

Had diabetic indication prior to the index date**  

 

1,065 (14.0) 
 

3,902 
Exposed to diabetic medication 769 (10.1)  

Diabetes diagnosis 452 (5.9)  

Blood glucose level > 200mg/dl 671 (8.8)  

Clozapine user 15 (0.2) 3,887 
 

Final sample size for new patients in the 
incidence study in the STVHCS  
 

 
3,887 (51.0%) 

* Patients had less than 12 months follow-up and were excluded. 
*  A total of 1,065 patients had at least one of the three diabetic indications before an antipsychotic 

exposure.  Patients could have more than one diabetic indication.  
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4.6 DESCRIPTIVE STATISTICS FOR THE INCIDENCE STUDY 

In this section, descriptive statistics are presented.  These include descriptive 

analyses results from three groups of covariates: demographic factors, health risk 

factors, and treatment factors.  In addition, results of the two dependent variables for 

different types of regression models are also presented.  The dependent variables for 

all of the ITT models using logistic regression analysis were the presence or absence 

of incident treatment-emergent diabetes.  The dependent variables for AT models 

using Cox proportional hazards function were the survival time from the initiation of 

an antipsychotic prescription to the emergence of diabetes event or the end of follow-

up, which could be either discontinuation of the treatment or the study endpoint.   

 

4.6.1 Demographic Factors 

Four variables were included in the group of demographic factors: age, 

gender, race/ethnicity and region.  The descriptive statistics of these variables are 

addressed below, and data are shown in Tables 4.16 through 4.23.  

 

4.6.1.1 Age and Gender 

The mean age of the eligible patients was 55.3±14.6 years.  Approximately 40 

percent of patients were 55 years or older (Table 4.16).  Relatively, most patients 

were between 45 and 54 years old (35.5%), followed by the group of patients between 

35 and 44 (19.9%).  The numbers of patients in the three older groups of patients 
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were similar (55-64: 12.9%; 65-74: 12.5%; and ≥75: 14.2%).  The number of patients 

in the youngest group (18-34) was the smallest (5.0%).  Among these patients, as 

expected, the majority of them (93.6%) were male (Table 4.17).   
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Table 4.16 Mean and Frequency Distribution of Age 
 

Age 
 

N 
 

Percent (%) 

 
18-34 

 
  446 

 
  5.0 

 
35-44 

 
1,785 

 
19.9 

 
45-54 

 
3,181 

 
35.5 

 
55-64 

 
1,152 

 
12.9 

 
65-74 

 
1,116 

 
12.5 

 
≥75 

 

 
1,268 

 
14.2 

 

Total 
 

8,949 
 

100.0 
 

      Mean±SD: 55.3±14.6                        Range: 18 – 107 
 

 

 

 
 
Table 4.17 Frequency Distribution of Gender 

 

Gender 
 

N 
 

Percent (%) 

 
                Male 

 
8,373 

 
 93.6 

 
Female 

 
   576 

 
   6.4 

 
 

Total 
 

8,949 
 

100.0 
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4.6.1.2 Race/Ethnicity and Region  

There were large variations with regard to race distribution from north to 

south Texas.  Since the study data were comprised of one VA health care system from 

the north region and one from the south region, race distributions are presented 

separately (Tables 4.18-4.21), in addition to the combined distribution (Table 4.22).  

More eligible patients were from the VANTHCS (56.6%) than from the STVHCS 

(Table 4.23).   

A large percentage of race values were missing (34.5%) in the entire Cohort 3 

(Table 4.22).  As shown in Tables 4.18 and 4.20, among patients with known race 

values, the majority were white (66.7%) in the VANTHCS and nearly half (48.1%) 

were white in the STVHCS.  In the VANTHCS, a large percentage of patients were 

black (31.5%) and a few patients were Hispanic (2.3%).  However, in the STVHCS, 

Hispanic patients (39.2%) were far more prevalent than black patients (12.0%).   

Since race is an important factor in diabetes incidence, deleting patients with 

missing race values or dropping the race variable from regression models may bias 

the results.  Thus, a third category “unknown race” was created in addition to the 

“white” and “nonwhite” categories within the race/ethnicity variable for regression 

analyses (Table 4.19 and 4.21).  Patients in the STVHCS (41.9%) had more missing 

values on race than in the VANTHCS (28.8%).  Sensitivity analyses were conducted 

when patients with missing race values were excluded.   
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Table 4.18 VANTHCS  
Frequency Distribution of Race/Ethnicity Excluding Missing Values (N=3,604) 

 

Race/Ethnicity 
 

N 
 

Percent (%) 

 
American Indian or Native Hawaiian  

 
     14  

 
    0.4 

 
Asian or Pacific Islander  

 
       2 

 
    0.1 

 
Black or African American 

 
1,135 

 
  31.5 

 
Hispanic 

 
     83 

 
    2.3 

 
White 
 

 
2,370 

 
  66.7 

 

Total 
 

3,604 
 

100.0 

 

 

 

Table 4.19 VANTHCS  
Frequency Distribution of Race/Ethnicity Including Missing Values (N=5,062) 

 

Race/Ethnicity 
 

N 
 

Percent (%)1 

 
White 

 
2,370 

 
   46.8 

 
Nonwhite 

 
1,234 

 
  24.4 

 
Unknown 
 

 
1,458 

 
  28.8 

 

Total 
 

5,062 
 

100.2 
1 Percentages do not add up to 100 due to rounding 
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Table 4.20 STVHCS  
Frequency Distribution of Race/Ethnicity Excluding Missing Values (N=2,260) 

 

Race/Ethnicity 
 

N 
 

Percent (%)1 

 
American Indian or Native Hawaiian  

 
       9  

 
   0.4 

 
Asian or Pacific Islander  

 
       4 

 
  0.2 

 
Black or African American 

 
   272 

 
12.0 

 
Hispanic 

 
   887 

 
39.2 

 
White 
 

 
1,088 

 
48.1 

 

Total 
 

2,260 
 

99.9 
1 Percentages do not add up to 100 due to rounding 

 

 

Table 4.21 STVHCS  
Frequency Distribution of Race/Ethnicity Including Missing Values (N=3,887) 

 

Race/Ethnicity 
 

N 
 

Percent (%) 

 
White 

 
1,088 

 
  28.0 

 
Nonwhite 

 
1,172 

 
  30.1 

 
Unknown 
 

 
1,627 

 
  41.9 

 

Total 
 

3,887 
 

100.0 
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Table 4.22 Cohort 3 – VANTHCS and STVHCS Combined 
Frequency Distribution of Race/Ethnicity Including Missing Values 

 

Race/Ethnicity 
 

N 
 

Percent (%) 

 
White 

 
3,458 

 
  38.6 

 
Nonwhite 

 
2,406 

 
  26.9 

 
 American Indian or Native Hawaiian  

 
      23  

 
    0.3 

 
 Asian or Pacific Islander  

 
       6 

 
    0.1 

 
 Black or African American 

 
1,407 

 
  15.7 

 
 Hispanic 

 
   970 

 
  10.8 

 
Unknown 
 

 
3,085 

 
  34.5 

 

Total 
 

8,949 
 

100.0 
 

 

 
Table 4.23 Frequency Distribution by Region 

 

Region 
 

N 
 

Percent (%) 

 
VANTHCS 

 
5,062 

 
 56.6 

 
STVHCS 

 
3,887 

 
 43.4 

 
 

Total 
 

8,949 
 

100.0 
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4.6.2 Health Risk Factors 

Health risk factors included general health conditions and mental health 

conditions.  Three variables were grouped into the following general health 

conditions categories: preexisting overweight/obesity status, hypertension, and 

dyslipidemia.  The five most common mental illness disorders in the database were 

included as mental health conditions.  The two groups of health risk factors are 

addressed in the next two sections.   

 

4.6.2.1 General Health Conditions 

Tables 4.24 to 4.26 present the descriptive results on patients’ preexisting 

overweight/obesity status, hypertension and dyslipidemia before the index dates.    

 

4.6.2.1.1 Overweight/Obesity Status 

Overweight/obesity status was determined based on body mass index (BMI) 

values, which is comprised of height and weight.  However, one-fifth (20.2%) of 

patients did not have height records.  Three-fifths (59.7%) of the patients did not have 

any weight records one-year prior to the index date.  Based on the data availability, 

only 39.1 percent of the patients had a BMI value.   

Table 4.24 shows the overweight and obesity distribution based on BMI 

values among patients with known values.  Due to the overwhelming missing values 

on this variable (60.9%), the preexisting overweight/obesity status variable was 
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dropped from all of the regression models.  Among patients with known BMI values, 

the mean±SD of BMI was 27.4±5.6kg/m2.  Approximately two-thirds of these 

patients (64.5%) were either overweight or obese. 

 

 

 

 

Table 4.24 Frequency Distribution of Overweight and Obesity Status by BMI 

(N=3,496)1 
 

Region 
 

BMI (kg/m2) 
 

N1 
 

Percent (%) 

 
Underweight 

 
< 18.5 

 
    99 

 
   2.8 

 
Normal 

 
18.5 – 24.9 

 
1,143 

 
 32.7 

 
Overweight 

 
25 – 29 

 
1,257 

 
 36.0 

 
Obesity I 

 
30 – 34 

 
   693 

 
 19.8 

 
Obesity II 

 
35 – 39 

 
   218 

 
   6.2 

 
Obesity III 

 
≥ 40 

 
     86 

 
   2.5 

 
 

Total 
  

3,496 
 

100.0 
 

Mean±SD: 27.4±5.6                                                Range: 13.6 – 74.1 
 

1 5,453 patients (60.9%) did not have a valid BMI value. 
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4.6.2.1.2 Hypertension  

Preexisting hypertension was defined based on either abnormal blood pressure 

measures or an ICD-9 diagnosis one year prior to the index date.  Table 4.25 presents 

the numbers and percentages of patients’ status of preexisting hypertension condition.  

Approximately 20 percent of the patients had preexisting hypertension.  

 

  

Table 4.25 Frequency Distribution of Preexisting Hypertension Status 
 

 

Hypertension Status 
 

N* 
 

Percent (%) 

 
Hypertension 

 
1,666 

 
  18.6 

 
   High Blood Pressure 

 
1,309 

 
  14.6 

 
 Diagnosis 

 
   497  

 
    5.6 

 
No Hypertension 
 

 
7,283 

 
  81.4 

 

Total 
 

8,949 
 

100.0 
 

* Some patients could have both abnormal blood pressure measures and a hypertension diagnosis. 
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4.6.2.1.3 Dyslipidemia  

Preexisting dyslipidemia was defined based on abnormal laboratory results of 

blood tests on total cholesterol, LDL, HDL, and/or triglyceride one year prior to the 

index date.  Table 4.26 presents the descriptive results of dyslipidemia.  Among these 

patients, approximately 20 percent had dyslipidemia.  

 

 

 

Table 4.26 Frequency Distribution of Preexisting Dyslipidemia Status 
 

 

Dyslipidemia Status 
 

N* 
 

Percent (%) 

 
Dyslipidemia 

 
1,606 

 
  18.0 

 
   High Total Cholesterol 

 
    756 

 
    8.5 

 
   High LDL  

 
    174 

 
    1.9 

 
   Low HDL 

 
    615 

 
    6.9 

 
 High Triglyceride 

 
    912  

 
  10.2 

 
No Dyslipidemia 
 

 
7,343 

 
  82.0 

 

Total 
 

8,949 
 

100.0 
  

* Some patients could have more than one type of abnormal blood test results 
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4.6.2.2 Mental Health Conditions 

Five mental illness disorders were included as mental health conditions: 

bipolar disorder, depression, post-traumatic stress disorder (PTSD), schizophrenia, 

and substance abuse.  Patients with a mental illness diagnosis one-year prior to and 

post index date were considered to have such a disorder.   

Approximately half of the eligible patients (51.9%) did not have any of the 

above five specified mental illness disorders.  Table 4.27 presents the frequencies of 

patients with at least one of the five mental illness disorders specified above 

(n=4,310).  Out of the five mental disorders, the average number of mental illness 

disorders among these patients was 1.6±0.8.   

Among patients with at least one of these five mental disorders, bipolar 

disorder was the most common diagnosis (48.2%).  Depression (37.0%) and 

substance abuse (37.7%) were less frequent.  Slightly over one-fifth of the patients 

(22.1%) had a schizophrenia diagnosis.  The least common diagnosis was PTSD 

(16.8%). 
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Table 4.27 Frequency Distribution of Mental Illness Disorders among Patients 
with at Least One of Five Mental Disorders (N=4,310) 1 
 

 

Mental Illness Disorder 
 

N1 
 

Percent (%) 

 
Bipolar Disorder 

 
2,076 

 
48.2 

 
Depression 

 
1,595 

 
37.0 

 
PTSD1 

 
   723 

 
16.8 

 
Schizophrenia 

 
   952 

 
22.1 

 
Substance Abuse 
 

 
1,624 

 
37.7 

 

Mean±SD: 1.6±0.8                                            Range: 1 – 5  
 

1 4,639 patients (51.8%) did not have any documented mental illness disorder. 
2 PTSD: post-traumatic stress disorder 
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4.6.3 Treatment Factors 

All treatment related variables were grouped as treatment factors.  Among 

these treatment factors, two (prescribing patterns, and antipsychotic re-exposure) 

were exactly the same in all the ITT and AT models.  One treatment variable 

(antipsychotic initiation year) was included in all the models but the exact values 

somewhat varied according to the specific model.   

In addition, two treatment variables were specifically used for ITT models: 

index medication and treatment duration of the index medication.  The AT model-

specific treatment variables include: treatment time-dependent variable and treatment 

duration for each included medication.  The following addresses the descriptive 

statistics of the common treatment variables, followed by the method-specific (ITT or 

AT) treatment variables.   

 

4.6.3.1 Prescribing Patterns 

Treatment prescribing patterns included monotherapy, antipsychotic switching 

and combination therapy.  Table 4.28 presents the frequency distribution of the 

treatment patterns.  Antipsychotic monotherapy was the predominant prescribing 

pattern, with over 80 percent of the patients who were exposed to one type of 

medication within the first treatment year.  However, patients switching 

antipsychotics were still common (14.1%), while those on combination therapy were 

not as prevalent (4.1%).  
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Table 4.28 Frequency Distribution of Prescription Prescribing Patterns 
 

 

Prescribing Pattern 
 

N 
 

Percent (%) 

 
Monotherapy 

 
7,324 

 
  81.8 

 
Antipsychotic Switching 

 
1,264 

 
  14.1 

 
Combination Therapy 
 

 
  361 

 
    4.1 

 

Total 
 

 

8,949 
 

100.0 
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4.6.3.2 Antipsychotic Re-exposure and Treatment Initiation Year 

Tables 4.29 and 4.30 present the frequency distributions of these two 

variables.   Almost forty percent (38.6%) of patients had antipsychotic re-exposure 

after a treatment break for 30 days or more between exposures of the same type of 

medication.  For example, a patient was on olanzapine therapy for 60 days and then 

had a 45-day gap until resuming olanzapine therapy.  This patient was considered to 

be re-exposed to olanzapine therapy.   

Based on data availability, treatment initiation year started in 1995 and ended 

in 2003.  Except for Year 2003 (3.7%), the number of patients started on medication 

in each year was closely distributed, varying from 8.7 percent to 17.5 percent. 

  

 

Table 4.29 Frequency Distribution of Antipsychotic Re-Exposure 
 

 

Antipsychotic Re-Exposure 
 

N 
 

Percent (%) 

 
Yes 

 
3,454 

 
 38.6 

 
No 
 

 
5,495 

 
 61.4 

 

Total 
 

 

8,949 
 

100.0 
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Table 4.30 Frequency Distribution of Treatment Initiation Year 
 

 

Treatment Initiation Year 
 

N 
 

Percent (%) 

 
1995 

 
1,563 

 
 17.5 

 
1996 

 
1,295 

 
 14.5 

 
1997 

 
  913 

 
 10.2 

 
1998 

 
  782 

 
   8.7 

 
1999 

 
  856 

 
   9.6 

 
2000 

 
  951 

 
 10.6 

 
2001 

 
1,036 

 
  11.6 

 
2002 

 
1,220 

 
  13.6 

 
2003 

 

 
  333 

 
    3.7 

 

Total 
 

 

8,949 
 

100.0 
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4.6.3.3 ITT Model-Specific Treatment Variables 

Two treatment variables were ITT model-specific: index medication and 

treatment duration of the index medication.  Table 4.31 presents the frequency 

distribution of the index medications and Table 4.32 presents the mean and frequency 

distribution of treatment duration for the index medication. 

As shown in Table 4.31, the index medications were nearly evenly divided 

between FGAs (49.8%) and SGAs (50.2%).  Three medications were most frequently 

prescribed: risperidone (22.6%), olanzapine (20.0%), and haloperidol (19.3%).   

There was a large variation in treatment duration among patients.  The 

mean±SD treatment duration was 144.3±115.0 days, or less than five months on 

average in the first treatment year.  Almost half of the patients (46.4%) were on the 

index antipsychotic treatment for less than three months.  Median treatment duration 

was 108 days or three and one-half months.  Less than 10 percent (9.3%) appeared to 

be on continuous antipsychotic treatment (treatment duration of the index medication 

between 331 and 365 days).   
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Table 4.31 Frequency Distribution of Index Medication Exposure 
 

 

Index Medication 
 

N 
 

Percent (%) 

 
FGA 

 
4,453 

 
 49.8 

 
   Chlorpromazine 

 
    459 

 
   5.1 

 
   Fluphenazine 

 
    254 

 
   2.8 

 
   Haloperidol 

 
 1,732 

 
  19.3 

 
   Loxapine 

 
     147 

 
    1.6 

 
   Mesoridazine 

 
      28 

 
    0.3 

 
   Molindone 

 
      47 

 
    0.5 

 
   Perphenazine 

 
    521 

 
   5.8 

 
   Thioridazine 

 
    734 

 
    8.2 

 
   Thiothixene 

 
    269 

 
    3.0 

 
   Trifluoperazine 

 
    262 

 
    2.9 

 
SGA 

 
4,496 

 
  50.2 

 
   Olanzapine 

 
 1,785 

 
   20.0 

 
   Quetiapine 

 
    665 

 
    7.4 

 
   Risperidone 

 
 2,024 

 
  22.6 

 
   Ziprasidone 

 
      22 

 
    0.2 

 

Total 
 

 

8,949 
 

100.0 
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Table 4.32 Mean and Frequency Distribution of Treatment Duration for Index 
Medication in ITT Models 
 

 

Treatment Duration (Day) 
 

N 
 

Percent (%) 1 

 
1 – 30 

 
2,332 

 
 26.1 

 
31 – 60 

 
1,002 

 
11.2 

 
61 – 90 

 
   813 

 
  9.1 

 
91 – 120 

 
   610 

 
  6.8 

 
121 – 150 

 
   505 

 
  5.6 

 
151 – 180 

 
   487 

 
  5.4 

 
181 – 210 

 
   451 

 
  5.0 

 
211 – 240 

 
   438 

 
  4.9 

 
241 – 270 

 
   431 

 
  4.8 

 
271 – 300 

 
   494 

 
  5.5 

 
301 – 330 

 
   556 

 
  6.2 

 
331 – 365 
 

 
   830 

 
  9.3 

 

Total 
 

 

8,949 
 

99.9 
 

Mean±SD: 144.3±115.0 days                              Range: 1 – 365 
 

1 Percentages do not add up to 100 due to rounding 
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4.6.3.4 AT Model-Specific Treatment Variables 

There were also two AT model-specific treatment variables: treatment time-

dependent variable and treatment duration for each medication patients were exposed 

to during the first treatment year.   

 

4.6.3.4.1 Treatment Time-Dependent Variable 

In the AT models, four drug categories were included: FGA class, olanzapine, 

quetiapine and risperidone.  Patients who had been exposed to aripiprazole and/or 

ziprasidone were excluded (n=58) in the AT models.  Since these patients’ index 

medications were not aripiprazole or ziprasidone (either an FGA, olanzapine, 

quetiapine or risperidone), they were included in the ITT models.  Patients exposed to 

clozapine were already excluded when the exclusion criteria were implemented.  

Thus, the sample size for the AT models differed from the ITT models.   

For a time-dependent variable, drug exposure was followed throughout the 

first treatment year.  Thus, patients with monotherapy would have one type of 

medication exposure, and patients with switching or combination therapy would have 

at least two types of medications in their treatment time-dependent variable.   

Table 4.33 presents the frequency distribution of drug exposure by survival 

time (i.e., diabetes development or censoring point).  The sum of the total exposure is 

more than 8,891 (the total number of patients) since a patient could be exposed to 

more than one type of medication due switching and/or combination therapy.  Among 
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these patients, slightly over one-half patients (52.5%) were exposed to FGA 

medications.  Approximately one-quarter of patients exposed to olanzapine (24.6%) 

or risperidone (27.8%).  Quetiapine was the least utilized medication (10.5%). 

 

 

 
 
 
 
 
 
 
Table 4.33 Frequency Distribution of Drug Exposure by Survival Time 
(N=8,891) 
 

 

Drug Exposure 
 

N 
 

Percent (%) 

 
FGA 

 
4,667 

 
52.5 

 
Olanzapine 

 
 2,185 

 
24.6 

 
Quetiapine 

 
    935 

 
10.5 

 
Risperidone 
 

 
 2,476 

 
27.8 

 

 



 

 358

4.6.3.4.2 Treatment Duration in the AT Models 

In the ITT models, treatment duration was for the index medication only.  

Other antipsychotic exposure was not taken into account.  In the AT models, all 

antipsychotic medications were examined.  Thus, four treatment durations were 

generated for the four types of drugs in the models: FGA class, olanzapine, 

quetiapine, and risperidone.   

Table 4.34 shows the means and frequency distributions of the treatment 

durations of these medications.  The average treatment duration based on the drug 

type was similar among the four types of medications.  The mean drug exposure days 

ranged from 155.8 to 168.8.  However, all of the four types of antipsychotics had a 

large variation in drug exposure days.  The standard deviation ranged from 119.6 to 

130.0 days.  Relatively, FGAs had the longest exposure duration and olanzapine had 

the shortest. 

Approximately half of the patients in each drug category had 120 days or less 

of drug exposure.  Approximately 10 percent of the patients in each drug category 

remained on the specific medication for the entire year (≥300 days).    
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Table 4.34 Means and Frequency Distributions of Treatment Durations  
in the AT Models  
 

 

Treatment Duration (Day) 
 

N 
 

Percent (%)  
 

FGA 
 

  

   1 – 60 
 

1,602  34.3 

   61 – 120 
 

   650 13.9 

   121 – 180 
 

   457    9.8 

   181 – 240 
 

   395    8.5 

   241 – 300 
 

   405    8.7 

   301 – 360 
 

   604   12.9 

   361 – 365 
 

   554   11.9 
 

   Total 
 

 

4,667 
 

100.0 
 

Mean±SD: 168.8±130.0                                       Range: 1 – 365 
 

 

Olanzapine 
 

  

   1 – 60 
 

   766 35.0 

   61 – 120 
 

   366 16.8 

   121 – 180 
 

   267 12.2 

   181 – 240 
 

   197   9.0 

   241 – 300 
 

   174   8.0 

   301 – 360 
 

   218 10.0 

   361 – 365 
 

   197   9.0 
 

   Total 
 

 

2,185 
 

100.0 
 

Mean±SD: 155.8±120.5                                       Range: 1 – 365 
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Table 4.34 Means and Frequency Distributions of Treatment Durations  
in the AT Models (continued) 
 
 

Treatment Duration (Day) 
 

N 
 

Percent (%) 1 
 

Quetiapine 
 

  

   1 – 60 
 

291 31.1 

   61 – 120 
 

166 17.8 

   121 – 180 
 

113 12.1 

   181 – 240 
 

  92  9.8 

   241 – 300 
 

  68  7.2 

   301 – 360 
 

  93  9.9 

   361 – 365 
 

112 12.0 
 

   Total 
 

 

935 
 

99.9 
 

Mean±SD: 167.1±122.8                                       Range: 3 – 365 
 

 

Risperidone 
 

  

   1 – 60 
 

   803 32.4 

   61 – 120 
 

   443 17.9 

   121 – 180 
 

   283 11.4 

   181 – 240 
 

   256 10.3 

   241 – 300 
 

   219   8.8 

   301 – 360 
 

   251 10.1 

   361 – 365 
 

   221   8.9 
 

   Total 
 

 

2,476 
 

99.8 
 

Mean±SD: 160.5±119.6                                       Range: 2 – 365 
 

1 Percentages do not add up to 100 due to rounding 
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4.6.2 Dependent Variable 

Two types of dependent variables were utilized in this study.  For ITT models 

with logistic regression analyses, dichotomized treatment-emergent diabetes status 

was the dependent variable.  For AT models with Cox proportional hazards function 

analyses, survival time was the dependent variable.   

Among the 8,949 patients eligible in the ITT models, the overall diabetes 

incident rate was 6.0 percent (n=533) within a one-year of treatment follow-up.  

Detailed diabetes incident rates and bivariate comparisons between the medications 

and between the VA health care systems (Objective II) are presented in the next 

section.   

As mentioned earlier, the sample size for AT models was different from ITT 

models since patients exposed to aripiprazole and/or ziprasidone were excluded from 

the analyses.  Among these patients, 529 of 8,725 (6.1%) had diabetes indication(s) 

within one year of antipsychotic exposure.  The mean survival time for patients who 

developed diabetes starting from the index date was 164.9±110.8 days.  The median 

survival time was 153 days.  In other words, half of the patients who had diabetes 

indications were found within five months of antipsychotic exposure.   
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4.7 OBJECTIVE II – DIABETES INCIDENCE RATES  

In this section, diabetes incidence rates are described separately for the 

VANTHCS and the STVHCS and compared between the two health care systems.  

Diabetes incidence rates are also described for individual SGA agents and compared 

among the SGAs.  In addition, diabetes incidence rates based on treatment patterns 

are also presented and compared.   

As mentioned previously in Section 3.4.1 Chapter Three, diabetes incidences 

were determined based upon one of the following three criteria: 1) a patient had a 

diabetes mellitus diagnosis (ICD-9 codes: 250.0-250.99); 2) a patient received any 

anti-diabetic medications (sulfonylureas, glitazones, meglitinide, acarbose, 

metformin, or insulin therapy); and/or 3) a patient had any blood glucose measures 

greater than 200 mg/dl.  Tables 4.36 to 4.47 provide the incidence rates and bivariate 

comparison results.  
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4.7.1 Overall Diabetes Incidence Rates 

Tables 4.35 to 4.37 present the diabetes incidence rates using any of the 

specified criteria above.  Table 4.35 shows that in VANTHCS, the overall 

antipsychotic treatment-emergent diabetes incidence rate was 5.0 percent.  The table 

shows that the diabetes incidence rates varied depending on the criteria utilized.  

When elevated blood glucose levels were used as the criterion for diabetes, the 

incidence rate was 3.0 percent, whereas anti-diabetic medications or ICD-9 codes 

were used as a proxy, the incidence race was approximately 2 percent. 

 

 
 
 
 
 
Table 4.35 VANTHCS 
Treatment-Emergent Diabetes Incidence Rates Based on Various Criteria 
(N=5,062) 
 
 Treatment-Emergent Diabetes 
 N % 
 

Diabetes criteria 
Any criteriaa 255 5.0 
 

Blood glucose 154 3.0 
Drug 97 1.9 
ICD-9 91 1.8 
 

a Note: Some patients may meet more than one criterion 
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Table 4.36 shows that in the STVHCS, the diabetes incidence rate among 

patients was 7.2 percent, much higher than that of the VANTHCS.  When elevated 

blood glucose levels were used as the criterion for diabetes, the incidence rate was 4.0 

percent; when anti-diabetic medications were used as a proxy, the incidence rate was 

3.3 percent; and when ICD-9 codes were used as a proxy, the incidence rate was 2.0 

percent.   

 

 

 

 
 
Table 4.36 STVHCS 
Treatment-Emergent Diabetes Incidence Rates Based on Various Criteria 
(N=3,887) 
 
 Treatment-Emergent Diabetes 
 N % 
 

Diabetes criteria 
Any criteriaa 278 7.2 
 

Blood glucose 157 4.0 
Drug 128 3.3 
ICD-9 79 2.0 
 
a Note: Some patients may meet more than one criterion 
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Table 4.37 shows the overall diabetes incidence rates after patients in the two 

VA health care systems were combined.  The overall diabetes incidence rate was 6.0 

percent.  Based on the elevated blood glucose levels, the diabetes incidence rate was 

3.5 percent; based on anti-diabetic medications exposure, the incidence rate was 2.5 

percent; and according to ICD-9 codes, the incidence rate was 1.9 percent.  When 

compared between the two VA health care systems, diabetes incidence rates were 

significantly different.  The STVHCS (7.2%) had a significantly higher incidence rate 

than the VANTHCS (5.0%) (χ2= 17.5508, p<0.0001).   

 

 

 

Table 4.37 VANTHCS + STVHCS 
Treatment-Emergent Diabetes Incidence Rates Based on Various Criteria 
(N=8,949) 
 
 Treatment-Emergent Diabetes 
 N % 
 

Diabetes criteria 
Any criteriaa 533 6.0 
 

Blood glucose 311 3.5 
Drug 226 2.5 
ICD-9 170 1.9 
 
a Note: Some patients may meet more than one criterion 
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4.7.2 Diabetes Incidence Rates and Comparisons based on Antipsychotic Class  

Tables 4.38 to 4.40 show the diabetes incidence rates using an intent-to-treat 

approach to assign medication exposure variable based on drug class.  Bivariate 

analyses results between the drug classes are also presented.   

In the VANTHCS (Table 4.38), slightly over a half of the patients (52.3%) 

started on an FGA medication.  There were no significant difference in diabetes 

incidence rates between patients who started on an FGA medication and patients who 

started on an SGA medication (p=0.2238).  In the STVHCS (Table 4.39), less than 

half of the patients (46.4%) started on an FGA medication.  The diabetes incidence 

rates were significantly different between patients who started on an FGA medication 

and patients who started on an SGA medication (p=0.0007). Patients started on an 

FGA medication had a relatively higher diabetes incidence rate (8.7% for FGAs and 

5.9% for SGAs).  

When patients in the two VA health care systems were combined (Table 

4.40), a higher percentage of patients initially exposed to an FGA medication (6.7%) 

developed diabetes than patients initially exposed to an SGA medication (5.2%).  The 

difference was significant (p=0.0025).   
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Table 4.38 VANTHCS 
Frequency of Treatment-Emergent Diabetes among FGA and SGA 
Medications Using Intent-to-Treat Methodology (N=5,062) 
 
 FGA SGA 
Diabetes N % N % 
 
Yes 143 5.4 112 4.7 
No 2,508   94.6 2,299   95.3 
 
Total 2,651 100.0 2,411 100.0 
 
Chi-Square=1.4800, p=0.2238 
 
 
 
 
 
 
 
Table 4.39 STVHCS 
Frequency of Treatment-Emergent Diabetes among FGA and SGA 
Medications Using Intent-to-Treat Methodology (N=3,887) 
 
 FGA SGA 
Diabetes N % N % 
 
Yes 156 8.7 122 5.9 
No 1,646   91.3 1,963   94.1 
 
Total 1,802 100.0 2,085 100.0 
 
Chi-Square=11.4587, p=0.0007 
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Table 4.40 VANTHCS + STVHCS 
Frequency of Treatment-Emergent Diabetes among FGA and SGA 
Medications Using Intent-to-Treat Methodology (N=8,949) 
 
 FGA SGA 
Diabetes N % N % 
 
Yes 299 6.7 234 5.2 
No 4,154   93.3 4,262   94.8 
 
Total 4,453 100.0 4,496 100.0 
 
Chi-Square=9.1064, p=0.0025 
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4.7.3 Diabetes Incidence Rates and Comparisons among SGA Agents 

Diabetes incidence rates were further examined among patients with an SGA 

medication as the index prescription.  Among the eligible patients, none had 

aripiprazole as the index prescriptions.  A few patients were exposed to ziprasidone in 

their first treatment year (n=10 in the VANTHCS and n=12 in the STVHCS).  Due to 

the small sample sizes, ziprasidone was excluded from the bivariate analyses among 

SGA medications.  Patients on clozapine therapy were already excluded earlier.  

Thus, in this section, diabetes incidence rates for the three SGA drugs (olanzapine, 

quetiapine and risperidone) were stated and compared.   

As shown in Table 4.41, in the VANTHCS (N=2,289), the diabetes incidence 

rates were similar across the three SGA medications, varying between 4.3 percent and 

5.6 percent.  No statistical difference was found (p=0.4851).  On the other hand, 

although diabetes incidence rates were not statistically different (p=0.0540) among 

SGA medications in the STVHCS (N=2,073), the incidence rates varied considerably 

(Table 4.42).  The incidence rates were similar for the patients initiated on olanzapine 

(5.5%) and risperidone (5.6%).  However, the incidence rate was much higher among 

patients started on quetiapine (11.5%).   
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Table 4.41 VANTHCS 
Frequency of Treatment-Emergent Diabetes among SGA Medications 
(N=2,401) a 
 
Diabetes Yes No 
 N % N % 
 

SGA Medications 
Olanzapine 52 4.5 1,111 95.5 
Quetiapine 30 5.6 505 94.4 
Risperidone 30 4.3 674 95.7 
 
Total 112 4.7 2,289  
 
Chi-Square=1.4466, p=0.4851 
a Ziprasidone (n=10) was dropped from the analysis due to a small sample size 

 
 
 
 
 

 
Table 4.42 STVHCS  
Frequency of Treatment-Emergent Diabetes among SGA Medications 
(N=2,073) a 
 
Diabetes Yes No 
 N % N % 
 

SGA Medications 
Olanzapine 34 5.5 588 94.5 
Quetiapine 14 11.5 117 88.5 
Risperidone 74 5.6 1,246 94.4 
 
Total 122 5.9 1951  
 
Chi-Square=5,8362, p=0.0540 
a Ziprasidone (n=12) was dropped from the analysis due to a small sample size 
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In Table 4.43, diabetes incidence rates were compared among SGA 

medications after patients in the two VA health care systems were combined 

(N=4,474).  Earlier in the analysis for the STVHCS, the diabetes incidence rate was 

rather higher for patients with quetiapine as the index prescriptions.  However, after 

the data were combined, although the diabetes incidence rate for the quetiapine group 

was still the highest (6.6%), it was not statistically different from the olanzapine and 

risperidone users (p=0.1994).   

 

 
 
 
Table 4.43 VANTHCS + STVHCS 
Frequency of Treatment-Emergent Diabetes among SGA Medications 
(N=4,474) a 
 
Diabetes Yes No 
 N % N % 
 

SGA Agent 
Olanzapine 86 4.8 1,699 95.2 
Quetiapine 44 6.6 621 93.6 
Risperidone 104 5.1 1,920 94.9 
 
Total 234 5.2 4,240  
 
Chi-Square=3.2251, p=0.1994 
a Ziprasidone (n=22) was dropped from the analysis due to a small sample size 
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4.7.4 Diabetes Incidence Rates and Comparisons based on Antipsychotic 

Treatment Patterns 

Tables 4.44 to 4.46 describe the diabetes incidence rates based on treatment 

patterns, as well as the bivariate comparison results.  In the VANTHCS (Table 4.44), 

the majority of the patients (79.5%) were treated with monotherapy within the first 

treatment year.  Similar numbers of patients started on FGAs (41.4%) and SGAs 

(38.1%).  Over 10 percent (14.1%) of the patients switched medications.  The rest of 

the patients (4.4%) had at least two antipsychotic medications used simultaneously 

for 42 days or more.   

Among these four groups of patients (i.e., FGA monotherapy, SGA 

monotherapy, antipsychotic switching, and antipsychotic combination therapy), the 

diabetes incidence rates were not statistically different (p=0.1437).  The incidence 

rate was highest among patients treated with combination therapy (6.7%), followed 

by FGA monotherapy (5.6%) and antipsychotic switching (5.2%).  The incidence rate 

was lowest among patients on SGA monotherapy (4.2%). 
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Table 4.44 VANTHCS 
Frequency of Treatment-Emergent Diabetes among FGA and SGA 
Medications Based on Treatment Patterns (N=5,062) 
 
 FGA Mono a SGA Mono a Switch Combination 
Diabetes N % N % N %  N % 
 
Yes 122 5.6 81 4.2 37 5.2 15 6.7 
No 2,073   94.4 1,847   95.8 679   94.8 208 93.3 
 
Total 2,095 100.0 1,928 100.0 716 100.0 223 100.0 
 
Chi-Square=5.4171, p=0.1437 
a Mono = Monotherapy 
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In the STVHCS (Table 4.45), most of the patients were treated with 

monotherapy (82.3%).  A higher percentage of patients were on SGA monotherapy 

(44.8%) than on FGA monotherapy (37.6%) within the first treatment year.  The same 

percentage (14.1%) of the patients switched medications, compared to the 

VANTHCS.  The STVHCS had a smaller percentage of patients (3.3%) on 

combination therapy compared to the VANTHCS (4.4%).   

Among these four groups of patients (i.e., FGA monotherapy, SGA 

monotherapy, antipsychotic switching, and antipsychotic combination therapy), the 

diabetes incidence rates were significantly different (p=0.0236).  The incidence rate 

was highest among patients treated with FGA monotherapy (8.4%), followed by 

combination therapy and antipsychotic switching with the same diabetes incidence 

rates (8.0%).  The incidence rate was lowest among patients on SGA monotherapy 

(5.8%). 

 
  
Table 4.45 STVHCS 
Frequency of Treatment-Emergent Diabetes among FGA and SGA 
Medications Based on Treatment Patterns (N=3,887) 
 
 FGA Mono a SGA Mono a  Switch Combination 
Diabetes N % N % N %  N % 
 
Yes 123 8.4 100 5.8 44 8.0 11 8.0 
No 1,338   91.6 1,640   94.2 504   92.0 127 92.3 
 
Total 1,461 100.0 1,740 100.0 548 100.0 138 100.0 
 
Chi-Square=9.4772, p=0.0236 
a Mono = Monotherapy 
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When patients in the VANTHCS and the STVHCS were combined (Table 

4.46), similar percentages of patients were on FGA monotherapy (40.9%) and SGA 

monotherapy (41.0%).  Over 10 percent (14.1%) of the patients switched 

medications.  The rest of the patients (4.0%) were on combination therapy.   

Among the four treatment pattern groups (i.e., FGA monotherapy, SGA 

monotherapy, antipsychotic switching, and antipsychotic combination therapy), the 

diabetes incidence rates were significantly different (p=0.0077).  The incidence rate 

was highest among patients treated with antipsychotic combination therapy (7.2%), 

followed by FGA monotherapy (6.7%) and antipsychotic switching (6.4%).  The 

incidence rate was lowest among patients on SGA monotherapy (4.9%). 

 
 
 
 
Table 4.46 VANTHCS + STVHCS 
Frequency of Treatment-Emergent Diabetes among FGA and SGA 
Medications Based on Treatment Patterns (N=8,949) 
 
 FGA Mono a SGA Mono a  Switch Combination 
Diabetes N % N % N %  N % 
 
Yes 245 6.7 181 4.9 81 6.4 26 7.2 
No 3,411   93.3 3,487   95.1 1,183   93.6 335 92.7 
 
Total 3,656 100.0 3,668 100.0 1,264 100.0 361 100.0 
 
Chi-Square=11.9205, p=0.0077 
a Mono = Monotherapy 
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4.7.5 Summary of Descriptive and Bivariate Analyses of Diabetes Incidence 

Rates  

In this section, results for Objective II were presented.  Diabetes incident rates 

among various treatment groups were analyzed and bivariate analyses were 

conducted to compare the incidence rate differences.  It appeared that the incident 

rates varied according to the treatment they were exposed to and the health care 

system where they received care.   

While the overall diabetes incidence rate was 6.0 percent for the entire Cohort 

3, the rates were significantly different between the VANTHCS (5.0%) and the 

STVHCS (7.2%).  Patients in the STVHCS experienced much higher diabetes 

incidence than patients in the VANTHCS.   

When compared between the antipsychotic classes, there was no difference in 

diabetes incidence rates between FGAs and SGAs for patients in the VANTHCS.  

However, patients started on FGAs in the STVHCS had a much higher diabetes 

incidence rates than patients started on StheGAs.  The incidence rates were still 

significantly different between the two antipsychotic drug classes for the entire 

Cohort 3.   

When comparing the individual SGA agents (olanzapine, quetiapine, and 

risperidone), once again, there was no significant difference in the VANTHCS.  In the 

STVHCS, although it was not statistically different (p=0.0540), patients who started 

with quetiapine in the STVHCS had a much higher incidence rate than patients who 
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started on olanzapine and risperidone.  Once the two VA health care systems were 

combined, there was no significant difference among the agents.   

When comparisons were made based on the treatment patterns, there was no 

significant difference for patients in the VANTHCS.  However, the diabetes 

incidence rates were significantly different for patients in the STVHCS, as well as for 

the combined Cohort 3.  In the STVHCS, the highest incidence rate was among 

patients exposed to FGA monotherapy (8.4%), though the incidence rates for 

switching and combination therapy patients were also high (8.0% in both).  Diabetes 

incidence rate was lowest among patients on SGA monotherapy in both VA health 

care systems (4.2% in the VANTHCS and 5.8% in the STVHCS).  In the entire 

Cohort 3, the diabetes incidence rates (in describing order) were combination therapy 

(7.2%), FGA monotherapy (6.7%), switching (6.4%), and SGA monotherapy (4.9%).   
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4.8 OBJECTIVE III – REGRESSION ANALYSIS RESULTS 

As described in Chapter Three Methodology, Objective III was to determine 

whether the relationship between different antipsychotic drug exposure and diabetes 

incidence were robust, when study designs and regression models vary.  The different 

methods that were used in this study were compiled into a study design structure.  At 

the end of Chapter Two Literature Review, the structure of these designs was 

presented (Figure 2.7).  In this figure, eight model designs were proposed, based on 

different combinations of study designs (retrospective cohort design or case-control 

design) and statistical models (logistic regression, propensity score matching, or Cox 

proportional hazard function).  In this section, results of these regression models will 

be presented, followed by the results of hypotheses testing.   

As mentioned earlier in the descriptive analyses section, approximately one-

third of patients had missing race values.  A third category – “unknown” race – was 

created to account for those patients with unknown race values. “White” was the 

reference category.  Sensitivity analyses were conducted for each model, where 

patients with unknown race values were excluded from the model.  Results of the 

sensitivity analyses follow after the presentation of each model results.  In addition, 

the preexisting overweight/obesity status variable was dropped from all of the 

models, due to the large number of missing values (approximately two-thirds).  

Hypotheses related to clozapine and ziprasidone were also not tested due to small 

sample sizes.   
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In regression analyses, the independent variables were different based upon 

the specific model.  The variation was derived mainly from the antipsychotic 

exposure variable, the primary variable to be tested in the study, in addition to the 

matching variable used for the nested case-control design.  There were five treatment 

variables in total: 1) antipsychotic exposure; 2) antipsychotic drug utilization pattern 

(i.e., monotherapy, drug switching, or combination therapy); 3) treatment duration; 4) 

antipsychotic re-exposure; and 5) treatment initiation year.  In the ITT models, the 

medication exposure variable was the index antipsychotic medications (either as a 

class or as individual agents within SGA class.  In the AT models, the medication 

exposure variable was a time-dependent variable representing antipsychotic 

utilization.  Treatment duration corresponded with the drug exposure variable in the 

model. 

Except for the matching variables for the nested case-control design (age, 

race, and treatment duration for the index drug), other demographic and health risk 

factors of the study remained the same across all of the models.  These covariates 

included: 1) demographics (i.e., gender and region); 2) general health conditions (i.e., 

preexistence of hypertension and dyslipidemia); and 3) mental health conditions (i.e., 

presence of bipolar disorder, depression, PTSD, schizophrenia and substance abuse).   
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4.8.1 Model I 

Combination of the ITT retrospective cohort design and standard logistic 

regression analysis, when the class of antipsychotics was entered as the 

primary independent variable 

 

In Model I, 16 variables were examined.  Results of Model I are presented in 

Table 4.47.  The model was significant (χ2=274.7635, df=25, p<0.0001).   

Demographic factors:  

1.  Age (18-34, 35-44, 45-54, 55-64, 65-74, and ≥75) 

2.  Gender (female vs. male) 

3. Race/ethnicity (nonwhite, unknown vs. white) 

4. Region (STVHCS vs. VANTHCS) 

Health risk factors – General health conditions  

5.  Preexisting hypertension (Yes vs. No) 

6.  Dyslipidemia (Yes vs. No) 

Health risk factors – Mental health conditions 

7.   Bipolar disorder (Yes vs. No) 

8. Depression (Yes vs. No) 

9. PTSD (Yes vs. No) 

10. Schizophrenia (Yes vs. No) 

11. Substance abuse (Yes vs. No) 
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Treatment factors 

12. Treatment patterns (Switching, combination therapy vs. monotherapy) 

13. Antipsychotic re-exposure (Yes vs. No) 

14. Antipsychotic initiation year (from 1996 to 2003 vs. 1995) 

15. Treatment Duration (1-365 days) 

16. Index medication class (SGA vs. FGA) 

 

4.8.1.1 Model I – Demographic Factors 

Among the four demographic factors, all of them were significantly related to 

diabetes development except for gender.  Diabetes incidence rates were not 

significantly different between male patients and female patients.   

Three categories were included in the race variable.  When compared to white 

patients, nonwhite patients were 24.8 percent more likely to develop diabetes within 

one year of diabetes exposure (p=0.0488).  No difference was found between 

unknown race patients and white patients in diabetes incidence rates.   

Age was a risk factor in diabetes incidence (p<0.0001).  For every ten years 

increase in age, diabetes risk increased 32.6 percent.  Patients in the STVHCS were 

47.9 percent more likely to develop diabetes than patients in the VANTHCS 

(p<0.0001).   

 

 



 

 382

4.8.1.2 Model I – Health Risk Factors 

Both general health risk factors were significantly related to diabetes 

incidence.  Patients with preexisting hypertension were 30.2 percent more likely to 

develop diabetes (p=0.0452).  Patients with preexisting dyslipidemia were 31.5 

percent more likely to develop diabetes (p=0.0194).  Five mental illness conditions 

were included in the model.  None of them were significantly related to diabetes 

incidence when other variables were controlled for. 

 

4.8.1.3 Model I – Treatment Factors 

Five variables were in the treatment factor group.  There were three categories 

in the treatment pattern variable.  When compared to monotherapy, patients exposed 

to a combination therapy in the first treatment year were significantly more likely to 

develop diabetes (RR=1.583, p=0.0355).  There was no significant difference in 

diabetes incidence rates between patients who switched therapy and patients on 

monotherapy only.   

Index medication re-exposure significantly increased the risk of diabetes 

incidence (RR=1.703, p<0.0001).  Treatment initiation year was also significantly 

related to diabetes incidence.  When compared to patients who started antipsychotic 

therapy in 1995, all patients who started therapy in later years (1996-2003) had lower 

diabetes incidence rates.   
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Treatment duration of the index medication was also significantly related to 

diabetes incidences (RR=0.994, p<0.0001).  In other words, every additional day of 

the drug exposure decreased the likelihood of diabetes incidence 0.6 percent.  This 

result appeared to be contradictory at the first glance.  However, from a different 

perspective, this result might mean that if a patient developed diabetes, it was likely 

that the incident took place during the early days of drug exposure.   

The primary independent variable was the treatment exposure variable.  In this 

model, the impact of antipsychotic classes was compared.  Based on the index 

medications, diabetes incidence rate among patients exposed to SGA medications was 

not significantly different from patients exposed to FGA medications.  

 

4.8.1.4 Model I – Sensitivity Analysis 

Sensitivity analysis was conducted where patients with missing race values 

were excluded from the dataset.  The number of eligible patients decreased from 

8,949 to 5,864 (65.5%).  The diabetes incident rate among patients with known race 

values was 6.8 percent, which was somewhat higher than the incident rate of the 

entire Cohort 3 (6.0%).   

In the sensitivity analysis, results of Model I excluding missing races were 

largely similar to those of Model I including an unknown race category.  The only 

difference involved two general health risk factors.  In the original Model I, patients 

with preexisting hypertension and patients with preexisting dyslipidemia were 
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associated with increased risk of diabetes (p=0.0452 and p=0.0194, respectively).  

However, after one-third of the observations were excluded from the model, neither 

of these general health risk factors were significant (RR=1.181, p=0.3196 for 

hypertension; and RR=1.152, p=0.3389 for dyslipidemia).   



 

 385

Table 4.47  Model I – Antipsychotic Class with ITT b Retrospective Cohort Design  
     Logistic Regression Analysis Results (N=8,949) 

  
                                                  Parameter Standard          Wald Relative  

 Estimate        Error     Chi-Square      p  Risk 95% CI 
 

Intercept -3.18 0.20 253.91 <0.0001  
 

Demographic Factors 
Age 0.28 0.03 69.53 <0.0001* 1.326 1.241-1.417 

 Female -0.23 0.23 1.00   0.3151 0.796 0.509-1.243 
 Race a 
 Nonwhite 0.22 0.11 3.88   0.0488* 1.248 1.001-1.556 
 Unknown -0.17 0.12 2.16   0.1420 0.840 0.665-1.060 

STVHCS a , b 0.39 0.09 17.00 <0.0001* 1.479 1.228-1.781  
 

Health Risk Factors 
General 
 Hypertension 0.26 0.13 4.01   0.0452* 1.302 1.006-1.685 
 Dyslipidemia 0.27 0.12 5.46   0.0194* 1.315 1.045-1.655 
 
Mental  
 Bipolar Disorder 0.07 0.12 0.28   0.5968 1.068 0.838-1.360 
 Depression 0.23 0.13 3.22   0.0725 1.258 0.979-1.617 
 PTSD b 0.21 0.17 1.48   0.2244 1.228 0.882-1.711 
 Schizophrenia 0.21 0.16 1.90   0.1680 1.239 0.914-1.679 
 Substance Abuse 0.21 0.13 2.65   0.1039 1.234 0.958-1.589 

 
 Chi-square=274.7635, DF=25, p <0.0001 
 *p < 0.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b ITT – Intent-to-treat; PTSD – Post-traumatic stress disorder; STVHCS – South Texas Veterans Health Care Systems 
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Table 4.47 Model I – Antipsychotic Class with ITT b Retrospective Cohort Design  
Logistic Regression Analysis Results (N=8,949) (continued)  

 
 Parameter Standard          Wald Relative 

 Estimate        Error     Chi-Square      p  Risk     95% CI 
 

Treatment Factors 
 Treatment pattern a 
 Switching -0.04 0.13 0.10   0.7520 0.959        0.741-1.242 
 Combination 0.46 0.22 4.42   0.0355* 1.583        1.032-2.428 
 
 Re-exposure 0.53 0.10 27.74 <0.0001* 1.703        1.397-2.076 
 
 Initiation Year a  

 1996 -0.30 0.15 4.12   0.0425* 0.738        0.551-0.990 
 1997 -0.84 0.19 19.47 <0.0001* 0.433        0.299-0.628 
 1998 -1.02 0.21 23.26 <0.0001* 0.360        0.238-0.545 
 1999 -0.91 0.20 19.32 <0.0001* 0.401        0.268-0.604 
 2000 -1.10 0.22 25.25 <0.0001* 0.333        0.217-0.511 
 2001 -1.17 0.22 27.54 <0.0001* 0.309        0.199-0.479 
 2002 -0.99 0.22 21.26 <0.0001* 0.371        0.243-0.566 
 2003 -0.76 0.29 6.83   0.0090* 0.466        0.262-0.826 
 
Treatment Duration -0.01 0.00 103.77 <0.0001* 0.994        0.993-0.995 
 
SGA a 0.17 0.14 1.61   0.2034 1.189        0.911-1.553 

 
 Chi-square=274.7635, DF=25, p <0.0001 
 *p < 0.05 
 a Reference categories: Treatment patterns – monotherapy; Initiation year – 1995; Drug class – FGA 

b ITT – Intent-to-treat  
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4.8.2 Model II 

Combination of the ITT retrospective cohort design and standard logistic 

regression analysis, when individual SGA agents were entered into the 

model as the primary independent variable 

 

In Model II, the same set of the demographic factors and health risk factors 

were examined.  The treatment factors were the same for three variables and were 

different for two (see below).  Antipsychotic initiation years were changed from 

between 1995 and 2003 to between 1998 and 2003 due to very limited SGA 

utilization in the earlier years.  The primary independent variable in Model II was the 

individual SGA agents.  Aripiprazole, clozapine, and ziprasidone were not included in 

the model due to small sample sizes.  Thus, the sample size for the SGA cohort 

decreased from 4,474 in the previous bivariate analyses to 4,011 (89.7%).  Results of 

Model I are presented in Table 4.48.  The model was significant (χ2=92.7970, df=23, 

p<0.0001).   

 Treatment factors 

12. Treatment patterns (Switching, combination therapy vs. monotherapy) 

13. Antipsychotic re-exposure (Yes vs. No) 

14. Antipsychotic initiation year (from 1999 to 2003 vs. 1998) 

15. Treatment Duration (1-365 days) 

16. Index medication (individual SGA agents) 
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4.8.2.1 Model II – Demographic Factors 

Similar to Model I, among the four demographic factors, three of them were 

significant related to diabetes development.  Diabetes incidence rates were not 

significantly different between male patients and female patients.   

Three categories were included in the race variable.  When compared to white 

patients, nonwhite patients were 61.9 percent more likely to develop diabetes within 

one year of diabetes exposure (p=0.0155).  No difference was found between 

unknown race patients and white patients in diabetes incident rates.   

Age was a risk factor in diabetes incidence (p=0.0033).  Among the adult 

patients, for every 10 years increase in age, diabetes risk increased 17.8 percent.  

Patients in the STVHCS were 61.5 percent more likely to develop diabetes than 

patients in the VANTHCS (p=0.0046).   

 

4.8.2.2 Model II – Health Risk Factors 

In Model II, among the two general health risk factors, only preexisting 

dyslipidemia was significantly related to diabetes incidence.  Patients with preexisting 

dyslipidemia were 49.4 percent more likely to develop diabetes (p=0.0115).  

Preexisting hypertension was not significant (p=0.1707).  Different from Model I, 

where none of the five mental illness conditions were significant, in Model II, both 

the presence of PTSD and schizophrenia were significantly related to diabetes 

incidence.  Among patients who started with an SGA medication, those with a PTSD 
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diagnosis were 53.2 percent more likely to develop diabetes than those without 

(p=0.0281).  Patients with a schizophrenia diagnosis were 66.1 percent more likely to 

develop diabetes than patients without (p=0.0129).   

 

4.8.2.3 Model II – Treatment Factors 

There were three categories (monotherapy, switching and combination 

therapy) in the treatment pattern variable.  Different from results of Model I, among 

patients initiated on an SGA medication, neither switching nor combination therapy 

(when compared to monotherapy) was significantly related to diabetes incidence 

(RR=0.991, p=0.9656; and RR=1.342, p=0.3792).   

Re-exposure of the SGA index medication was also not significantly related to 

the risk of diabetes incidence (RR=1.311, p=0.956).  None of the treatment initiation 

years (1999 to 2003) were significantly related to diabetes incidence when compared 

to patients who started therapy in 1998.  Treatment duration of the index medication 

was significantly related to diabetes incidences (RR=0.996, p<0.0001).  Every 

additional day of the drug exposure decreased the likelihood of diabetes incidence 0.4 

percent.  This is consistent with Model I.   

In Model II, the primary independent variable was SGA exposure as the index 

medication.  There was no significant difference in diabetes incidence rates between 

patients initially exposed to olanzapine and patients initially exposed to risperidone.  

However, when compared to risperidone, patients initially exposed to quetiapine were 
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58.9 percent more likely to develop diabetes within one year of antipsychotic 

exposure (p=0.0354).   

 

4.8.2.4 Model II – Sensitivity Analysis 

Sensitivity analysis of Model II was also conducted where patients with 

missing race values were excluded from the dataset.  The number of eligible patients 

decreased from 4,011 to 2,058 (51.3%).  The diabetes incidence rate among patients 

with known race values was 5.7 percent, which was somewhat higher than the 

incidence rate of the entire SGA cohort used in the original Model II (5.3%).   

Results of the sensitivity analysis were somewhat different from the original 

Model II.  Among the demographic factors, in the original model, nonwhite and 

patients in the STVHCS were more likely to develop diabetes, which was the same in 

the sensitivity analysis.  Older age was a risk factor in the original Model II.  

However, it was no longer significant in the sensitivity analysis (p=0.1516).   

Among the health risk factors, in the original Model II, patients with 

preexisting dyslipidemia were associated with increased risk in diabetes development 

(p=0.0115).  However, after half of the observations were excluded from the model, 

this variable was no longer significant (p=0.4398).  In addition, both presence of 

PTSD and schizophrenia were significant risk factors among patients initiated on an 

SGA medication in the original Model II.  Neither of them were significant in the 

sensitivity analysis (p=0.5623 for PTSD and p=0.0690 for schizophrenia).  Instead, 
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depression became significant.  Patients with a depression diagnosis were 53.5 

percent more likely to develop diabetes than patients without (p=0.0408).  The p 

value for depression in the original Model II was 0.0941.   

 Among the treatment factors in the sensitivity analysis, the treatment duration 

variable remained significant and had a similar effect (RR=0.995, p=.0001).  As of 

the primary independent variable, use of quetiapine significantly increased the risk of 

diabetes incidence in the original Model II (p=0.0354).  However, use of quetiapine 

was no longer associated with an increased risk in the sensitivity analysis (p=0.1387).  

All other treatment variables remained non-significant.   
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Table 4.48  Model II – SGA Agents with ITT b Retrospective Cohort Design  
     Logistic Regression Analysis Results (N=4,011) 

  
                                                  Parameter Standard          Wald Relative  

 Estimate        Error     Chi-Square      p  Risk     95% CI 
 

Intercept -3.73 0.42 79.63 <0.0001* 
 

Demographic Factors 
Age 0.16 0.06 8.66   0.0033* 1.178 1.056-1.315 

 Female -0.42 0.34 1.58   0.2087 0.654 0.338-1.267 
 Race a 
 Nonwhite 0.48 0.20 5.86   0.0155* 1.619 1.096-2.393 
 Unknown -0.17 0.18 0.90   0.3439 0.841 0.588-1.203 

STVHCS a , b 0.48 0.17 8.05   0.0046* 1.615 1.160-2.249 
 

Health Risk Factors 
General 
 Hypertension 0.22 0.16 1.88   0.1707 1.246 0.910-1.707 
 Dyslipidemia 0.40 0.15 6.38   0.0115* 1.494 1.094-2.041 
 
Mental    
 Bipolar Disorder -0.11 0.16 0.45   0.5019 0.897 0.653-1.232 
 Depression 0.26 0.16 2.80   0.0941 1.301 0.956-1.771 
 PTSD b 0.43 0.19 4.82   0.0281* 1.532 1.047-2.241 
 Schizophrenia 0.51 0.20 6.19   0.0129* 1.661 1.114-2.478 
 Substance Abuse 0.21 0.17 1.48   0.2244 1.229 0.881-1.714 

 
 Chi-square=92.7970, DF=23, p <0.0001 
 *p < 0.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b ITT – Intent-to-treat; PTSD – Post-traumatic stress disorder; STVHCS – South Texas Veterans Health Care Systems
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Table 4.48 Model II – SGA Agents with ITT b Retrospective Cohort Design  
Logistic Regression Analysis Results (N=4,011) (continued)  

 
 Parameter Standard          Wald Relative 

 Estimate        Error     Chi-Square      p  Risk     95% CI 
 

Treatment Factors 
 Treatment pattern a  
 Switching -0.01 0.20 0.001   0.9656 0.991 0.665-1.478 
 Combination 0.29 0.33 0.77   0.3792 1.342 0.696-2.587 
 
 Re-exposure 0.27 0.16 2.78   0.0956 1.311 0.953-1.802 
 
 Initiation Year a  

 1999 0.27 0.31 0.75   0.3857 1.304 0.716-2.378 
 2000 -0.13 0.31 0.16   0.6864 0.882 0.478-1.626 
 2001 -0.32 0.31 1.04   0.3082 0.727 0.393-1.343 
 2002 -0.02 0.30 0.01   0.9384 0.977 0.540-1.766 
 2003 0.04 0.38 0.01   0.9114 1.043 0.497-2.188 
 
Treatment Duration -0.004 0.001 25.03 <0.0001* 0.996 0.994-0.997 
 
SGA a 
 Olanzapine  0.003 0.17 0.0002   0.9878 1.003 0.720-1.397 

 Quetiapine 0.46 0.22 4.43   0.0354* 1.589 1.032-2.446 
 
 Chi-square=92.7970, DF=23, p <0.0001 
 *p < 0.05 
 a Reference categories: Treatment patterns – monotherapy; Initiation year – 1998; SGAs – Risperidone 

b ITT – Intent-to-treat 
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4.8.3 Model III 

Combination of the ITT retrospective cohort design and propensity score 

matching plus standard logistic regression analysis, when the class of 

antipsychotics was entered as the primary independent variable  

 

In Model III, the same set of independent variables was examined as those in 

Model I.  However, different from Model I, Model III included quintiles of propensity 

score estimations in the final logistic regression model.  Before results of Model III 

were presented, formation of propensity score quintiles is discussed below.   

 

4.8.3.1 Model III – Propensity Score Estimation  

In the Methodology chapter, propensity score estimation was discussed.  In 

brief, propensity score estimation is used to estimate the likelihood of patients being 

exposed to one type of medication over the other, given the preexisting conditions 

before patients were prescribed the medication.  The estimated propensity scores can 

be either included into the final regression model directly or divided into quintiles and 

entered into the model as strata to adjust for the potential bias among patients exposed 

to one type of medication over another.   

In this study, quintile strata were used and the dependent variable of 

propensity score estimation was the index medication exposure, either SGAs or 

FGAs.  The model was used to estimate the probability of using SGAs.  Only 
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preexisting conditions were included in propensity score estimation, which were 

demographic factors, health risk factors and antipsychotic initiation years, as well as 

the interaction terms between these preexisting conditions.  Other treatment variables 

were not included.  Results of the propensity score estimation is shown in Table 4.49.  

The model was significant (χ2=6451.1923, df=36, p<0.0001), and 68.5 percent of 

model variation was explained.   

Since propensity score estimation was not the focus of the study, no detailed 

discussion will be given.  In brief, the analysis found that younger patients, patients 

with a bipolar disorder diagnosis and patients with a depression diagnosis were more 

likely to be initiated on SGAs.  Patients in earlier years were more likely to be 

initiated on FGAs and patients in later years more likely to start on SGAs.  Before 

2000, patients in the STVHCS were more likely to start on FGAs.  Starting in 2000, 

either using SGAs or using FGAs as the index medication was not different between 

the VANTHCS and the STVHCS.    
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Table 4.49  Propensity Score Estimation for Model III  
– Antipsychotic Class with ITT b Retrospective Cohort Design  

     Logistic Regression Analysis Results for Demographic and Health Risk Factors (N=8,949) 
  
                                                  Parameter Standard          Wald  

 Estimate        Error     Chi-Square      p   
 

Intercept -1.67 0.20 68.25 <0.0001  
 

Demographic Factors 
 Age -0.26 0.03 74.83 <0.0001*  
 Female -0.01 0.14 0.01   0.9167  
 Race a 

 Nonwhite -0.14 0.12 1.34   0.2464 
 Unknown 0.29 0.12 6.33   0.0119* 

 STVHCS a , b -0.35 0.21 2.69   0.1008  
 

Health Risk Factors 
General 
 Dyslipidemia 0.31 0.26 1.38   0.2407  
 Hypertension 0.19 0.30 0.42   0.5156 
 

Mental  
 Bipolar Disorder 0.42 0.09 24.27 <0.0001* 
 Depression 0.28 0.09 9.44   0.0021* 
 PTSD b 0.13 0.13 0.90   0.3418 
 Schizophrenia 0.05 0.10 0.26   0.6089  
 Substance Abuse -0.05 0.09 0.29   0.5876 

 
 Chi-square=6451.1923, DF=36, p <0.0001 
 *p <.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b ITT – Intent-to-treat; PTSD – Post-traumatic stress disorder; STVHCS – South Texas Veterans Health Care Systems  
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Table 4.49 Propensity Score Estimation for Model III  
– Antipsychotic Class with ITT b Retrospective Cohort Design 
Logistic Regression Analysis Results for Treatment Factors and Interaction Terms 
(N=8,949) (continued) 

 
  Parameter Standard           Wald  

  Estimate        Error     Chi-Square     p  
 

Treatment Factors 
 Initiation Year a  

 1996 -1.18 0.28 18.09 <0.0001* 
 1997 -0.30 0.23 1.83 <0.0001* 
 1998 1.33 0.17 57.91 <0.0001* 
 1999 2.62 0.16 254.89 <0.0001* 
 2000 3.64 0.17 466.32 <0.0001*  
 2001 4.46 0.19 571.85 <0.0001* 
 2002 4.82 0.20 598.85 <0.0001* 
 2003 5.12 0.28 324.93 <0.0001* 

 
 Chi-square=6451.1923, DF=36, p <0.0001  

*p < 0.05 
 a Reference categories: Initiation year – 1995  

b ITT – Intent-to-treat 
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Table 4.49 Propensity Score Estimation for Model III  
– Antipsychotic Class with ITT b Retrospective Cohort Design 
Logistic Regression Analysis Results for Treatment Factors and Interaction Terms 
(N=8,949) (continued) 

 
  Parameter Standard           Wald  

  Estimate        Error     Chi-Square      p  
 

Interaction Terms 
Age*Dyslipidemia -0.04 0.06 0.41   0.5200 
Age*Hypertension -0.07 0.06 1.41   0.2354 
Dyslipidemia *nonwhite -0.17 0.22 0.61   0.4350 
Dyslipidemia *unknown race -0.08 0.21 0.14   0.7043 
Hypertension *nonwhite 0.17 0.21 0.63   0.4266 
Hypertension *unknown race 0.19 0.23 0.71   0.3989 
Nonwhite*STVHCS -0.29 0.17 2.98   0.0842 
Unknown race* STVHCS 2.47 0.17 217.80 <0.0001* 
STVHCS *Y1996 1.40 0.34 17.35 <0.0001* 
STVHCS *Y1997 1.50 0.29 26.51 <0.0001* 
STVHCS *Y1998 0.85 0.26 10.66   0.0011* 
STVHCS *Y1999 0.30 0.26 1.35   0.2455 
STVHCS *Y2000 -0.19 0.27 0.48   0.4876 
STVHCS *Y2001 -0.05 0.29 0.02   0.8769 
STVHCS *Y2002 -0.26 0.30 0.78   0.3773 
STVHCS *Y2003 -0.09 0.83 0.01   0.9098 

 
 Chi-square=6451.1923, DF=36, p <0.0001  

*p < 0.05 
b ITT – Intent-to-treat; STVHCS – South Texas Veterans Health Care Systems 
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4.8.3.2 Model III – Demographic Factors 

Results of Model III are presented in Table 4.50.  The model was significant 

(χ2=277.2929, df=26, p<0.0001).  After including the propensity score quintiles into 

the model, age and region remained significant, whereas race was no longer 

significant (p=0.0927 for nonwhite patients).  Sex remained non-significant in the 

model.   

Age was a risk factor in diabetes incidence (p<0.0001).  For every 10 years 

increase in age, diabetes risk increased 29.4 percent.  Patients in the STVHCS were 

53.7 percent more likely to develop diabetes than patients in the VANTHCS 

(p<0.0001). 

 

4.8.3.3 Model III – Health Risk Factors 

Similar to Model I, both general health risk factors were significantly related 

to diabetes incidence.  Patients with preexisting hypertension were 30.2 percent more 

likely to develop diabetes (p=0.0452), the effect was exactly the same as it was in 

Model I.  Patients with preexisting dyslipidemia were 32.4 percent more likely to 

develop diabetes (p=0.0167), which was similar to Model I.   

None of the five mental illness conditions in Model I was significant, although 

the p value for depression was 0.0725 (RR=1.258).  In Model III, where propensity 

quintile strata were included, patients with a depression diagnosis were significantly 
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more likely to develop diabetes than patients without (RR=1.291, p=0.0479).  Other 

mental illness conditions remained non-significant.   

 

4.8.3.4 Model III – Treatment Factors 

The same treatment variables that had a significant relationship to diabetes 

incidence in Model I were also significant in Model III.  Regarding the treatment 

pattern variable, when compared to monotherapy, patients exposed to a combination 

therapy were significantly more likely to develop diabetes (RR=1.592, p=0.0355).  

There was no significant difference in diabetes incidence rates among patients who 

switched therapy compared to patients on monotherapy only.   

Index medication re-exposure significantly increased the risk of diabetes 

incidence (RR=1.701, p<.0001).  Treatment initiation years, in general, were also 

significantly related to diabetes incidence.  Except for Year 2003, when compared to 

patients who started antipsychotic therapy in 1995, all patients who started therapy in 

later years, except for 2003, were less likely to develop diabetes.  When examining 

the parameter estimates or relative risks, the trend was similar to what was observed 

in Model I, where patients started in earlier years had relatively higher likelihood of 

developing diabetes than patients in later years.  

Treatment duration of the index medication was also significantly related to 

diabetes incidence (RR=0.994, p<0.0001).  In other words, every additional day of 

the drug exposure decreased the likelihood of diabetes incidence by 0.6 percent.   
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The primary independent variable was antipsychotic drug class exposure.  

Based on the index medications, diabetes incidence rate among patients exposed to 

SGA medications was not significantly different from patients exposed to FGA 

medications (p=0.1095).  

 

4.8.3.5 Model III – Sensitivity Analysis 

Sensitivity analysis was conducted where patients with missing race values 

were excluded from the dataset.  The number of eligible patients decreased from 

8,949 to 5,864 (65.5%).   

In the sensitivity analysis, results of Model III excluding unknown race had 

some variations from those in Model III with an unknown race category.  The impact 

of demographic variables remained the same as in the original Model III.  Among the 

general health risk factors, after including the propensity score strata in the model, 

neither of the general health risk factors were significant in Model III sensitivity 

analysis (p=0.3398 for hypertension and p=0.3048 for dyslipidemia).  These two 

general health risk factors were significant in the original Model III.  This was similar 

to what was found in Model I, where the only difference from Model III was no 

propensity score quintiles.  In the original Model I, patients with preexisting 

hypertension and patients with preexisting dyslipidemia were associated with 

increased risk in diabetes development (p=0.0452 and p=0.0194, respectively).  

However, after one-third of the observations were excluded from the model, neither 
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of the general health risk factor were significant (p=0.3196 for hypertension and 

p=0.3389 for dyslipidemia). 

Among the mental health risk factors, depression was significant in the 

original Model III (RR=1.291, p=0.0479), but was no longer significant in the 

sensitivity analysis (RR=1.382, p=0.0504).   

Among the treatment factors, the impact of treatment initiation year had slight 

variation.  In the original Model III, the impact was significant from 1996 to 2002, 

when compared to 1995.  In the sensitivity analysis, after patients with missing race 

were excluded, the impact from 1996 to 1999 was significant with lower likelihood of 

developing diabetes.  The impact was no longer significant from 2000 to 2002 and 

remained non-significant in 2003 as in the original Model III.   

The most surprising finding in the sensitivity analysis was with regard to 

effect of antipsychotic drug class exposure.  In the original Model III, diabetes risk 

among patients initially exposed to SGAs was not significantly different from patients 

initially exposed FGAs (RR=1.537, p=0.1095).  However, in the Model III sensitivity 

analysis where patients with missing race were excluded, diabetes risk among patients 

initially exposed to SGAs was significantly higher than patients initially exposed to 

FGAs (RR=1.409, p=0.0442).  The results will be further compared with other 

models.   
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Table 4.50 Model III – Antipsychotic Class with ITT b Retrospective Cohort Design  
+ Propensity Score Estimation 

     Logistic Regression Analysis Results (N=8,949) 
  
                                                  Parameter Standard          Wald Relative  

 Estimate        Error     Chi-Square      p  Risk     95% CI 
 

Intercept -3.11 0.34 84.91 <0.0001* 
 

Demographic Factors 
Age 0.26 0.04 47.84 <0.0001* 1.294 1.203-1.392 

 Female -0.23 0.23 1.04   0.3078 0.793 0.508-1.239 
 Race a 
 Nonwhite 0.19 0.11 2.82   0.0927 1.212 0.969-1.515 
 Unknown -0.06 0.14 0.18   0.6712 0.943 0.719-1.237 

STVHCS a , b 0.43 0.10 19.40 <0.0001* 1.537 1.269-1.861 
 

Health Risk Factors 
General 
 Hypertension 0.26 0.13 4.01   0.0452* 1.302 1.006-1.685 
 Dyslipidemia 0.28 0.12 5.72   0.0167* 1.324 1.052-1.667 
 

Mental  
 Bipolar Disorder 0.10 0.13 0.62   0.4315 1.104 0.863-1.411 
 Depression 0.25 0.13 3.91   0.0479* 1.291 1.002-1.662 
 PTSD b 0.22 0.17 1.68   0.1953 1.245 0.893-1.736 
 Schizophrenia 0.22 0.16 1.95   0.1631 1.242 0.916-1.683 
 Substance Abuse 0.21 0.13 2.56   0.1098 1.229 0.954-1.583 

 
 Chi-square=277.2929, DF=26, p <0.0001 
 *p < 0.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b ITT – Intent-to-treat; PTSD – Post-traumatic stress disorder; STVHCS – South Texas Veterans Health Care Systems 
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Table 4.50 Model III – Antipsychotic Class with ITT b Retrospective Cohort Design  
+ Propensity Score Estimation   
Logistic Regression Analysis Results (N=8,949) (continued) 

 
 Parameter Standard          Wald Relative 

 Estimate        Error     Chi-Square      p  Risk     95% CI 
 

Treatment Factors 
 Treatment pattern a 
 Switching -0.04 0.13 0.11   0.7436 0.958 0.740-1.240 
 Combination 0.46 0.22 4.52   0.0335* 1.592 1.037-2.443 
 
 Re-exposure 0.53 0.10 27.59 <0.0001* 1.701 1.395-2.074 
 
 Initiation Year a  

 1996 -0.34 0.15 5.07   0.0243* 0.712 0.529-0.957 
 1997 -0.80 0.19 17.44 <0.0001* 0.450 0.310-0.655 
 1998 -0.86 0.23 13.65   0.0002* 0.422 0.267-0.667 
 1999 -0.68 0.25 7.33   0.0068* 0.505 0.308-0.828 
 2000 -0.83 0.28 9.17   0.0025* 0.435 0.253-0.745 
 2001 -0.84 0.31 7.58   0.0059* 0.430 0.236-0.784 
 2002 -0.44 0.31 4.31   0.0380* 0.527 0.288-0.965 
 2003 -0.36 0.39 0.90   0.3438 0.694 0.326-1.478 
 
Treatment Duration -0.006 0.0006 103.87 <0.0001* 0.994 0.993-0.995 
SGA a 0.22 0.14 2.56   0.1095 1.537 0.951-1.643 
Strata  -0.15 0.10 2.53   0.1116 0.858 0.710-1.036 

 
 Chi-square=277.2929, DF=26, p <0.0001 
 *p < 0.05 
 a Reference categories: Treatment patterns – monotherapy; Initiation year – 1995; Drug class – FGA 

b ITT – Intent-to-treat   
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4.8.4 Model IV 

Combination of the ITT retrospective cohort design and propensity score 

matching plus standard logistic regression analysis, when individual SGA 

agents are entered into the model as the primary independent variable 

 

Model IV, which included propensity score matching in the logistic regression 

model to evaluate the relationship between SGA medication exposure and treatment-

emergent diabetes incidence, was dropped due to the lack of a valid methodology.  

In the existing literature, propensity score methods have been used primarily 

to evaluate the likelihood of one event over another (e.g., use of SGA medications vs. 

FGA medications).  In Model IV, if a propensity score method were used, three 

categories (i.e., olanzapine, quetiapine and risperidone) would be needed as the 

dependent variable.  A methodology for propensity score calculations, when more 

than two groups are involved has been proposed but has not been validated.296  

Since the focus of this study was on the risk of developing type 2 diabetes 

among patients exposed to antipsychotics, the methodology exploration regarding 

propensity score use with more than two groups is beyond the scope of the study.  

Thus, although such a methodology is important and worth investigating, Model IV 

was omitted from this study.    
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4.8.5 Model V 

Combination of the AT retrospective cohort design and Cox proportional 

hazards function, when the FGA class and individual SGAs are entered 

into the model as the primary independent variable 

 

In Model V, an as-treated method was used to capture antipsychotic utilization 

throughout the one-year follow-up period.  The medications evaluated were the FGA 

class, olanzapine, quetiapine, and risperidone.  The FGA class was used as the 

reference category.  A total of 58 patients who used aripiprazole and/or ziprasidone 

were excluded due to small sample sizes. 

A time-dependent variable was created based upon the as-treated method and 

used as the primary independent variable in Model V.  In this study, the Cox 

proportional hazard function evaluated the likelihood of diabetes risk among patients 

exposed to antipsychotic agents.  A 14-day grace period (after drug discontinuation) 

was employed to provide leverage for the drug exposure.   

For example, consider a patient that was exposed to an FGA medication from 

January 1st to March 31st and then discontinued the treatment, and on April 12th, the 

patient was diagnosed with type 2 diabetes.  A 14-day grace period would assign the 

FGA exposure to the patient, while without such a grace period, the patient would 

appear to have no treatment at the time of diabetes diagnosis.  For this particular 
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patient, survival days would have been 102 days and his FGA treatment duration 

would have been 90 days.   

After including the 14-day grace period, there were 166 patients who were not 

exposed to any antipsychotic agent at the time of a diabetes diagnosis.  These patients 

were excluded from the final AT model.  The final sample size for the AT model was 

8,725, including patients with unknown race values.  When patients with unknown 

race values were excluded, the sample size decreased to 5,714 (65.5%).   

A total of 19 variables were included in the AT retrospective cohort model.  

All of the following variables in Model V were treated as either continuous or dummy 

variables.  

Demographic factors:  

1.  Age (categories of 18-34, 35-44, 45-54, 55-64, 65-74, and ≥75 were 

treated as 6 intervals) 

2.  Gender (female vs. male) 

3. Race/ethnicity (two dummy variables: nonwhite, unknown vs. white) 

4. Region (STVHCS vs. VANTHCS) 

Health risk factors – General health conditions  

5.  Preexisting hypertension (Yes vs. No) 

6.  Dyslipidemia (Yes vs. No) 

Health risk factors – Mental health conditions 

7.   Bipolar disorder (Yes vs. No) 
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8. Depression (Yes vs. No) 

9. PTSD (Yes vs. No) 

10. Schizophrenia (Yes vs. No) 

11. Substance abuse (Yes vs. No) 

Treatment factors 

12. Treatment patterns (switching, combination therapy vs. monotherapy) 

13. Antipsychotic re-exposure (Yes vs. No) 

14. Antipsychotic initiation year (from 1995 to 2003 as a continuous variable) 

15. FGA duration (0-365 days) 

16. Olanzapine duration (0-365 days) 

17. Quetiapine duration (0-365 days) 

18. Risperidone duration (0-365 days) 

19. Index medication (three dummy variables: olanzapine, quetiapine, and 

risperidone vs. FGA) 

 

The following presents the interaction terms for testing proportional-hazards 

function and their p-values in the model when they were significant.  Proportionality 

assumption test will be discussed in the next section.   

 1.   Survival time * switching therapy (p=0.0454) 

 2.   Survival time * combination therapy 

 3.   Survival time * age (p<0.0001) 
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 4.   Survival time * gender (p=0.0077) 

 5.   Survival time * race (p<0.0001) 

 6.   Survival time * region (p<0.0001) 

 7.   Survival time * hypertension 

 8.   Survival time * dyslipidemia (p=0.0084) 

 9.   Survival time * bipolar disorder (p=0.0015) 

 10. Survival time * depression  

 11. Survival time * PTSD 

 12. Survival time * schizophrenia (p=0.0043) 

 13. Survival time * substance abuse (p=0.0051) 

 14. Survival time * re-exposure 
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4.8.5.1 Model V – Test for Proportional-Hazards Assumption  

As discussed earlier in the Methodology chapter, utilization of the Cox 

proportional hazards function requires examination of the proportionality hazard 

assumption.  When the assumption is satisfied, failure rates are assumed the same 

across the treatment groups (time-constant or proportional).  Violation of 

proportionality indicates interaction between time and levels of treatment (or any 

other covariates), thus a time-dependent variable.  When the proportionality 

assumption is violated, a time-dependent variable is included in the model so that an 

average effect over the follow-up period is estimated.  This approach has been by 

researchers to suppress interactions in the Cox model estimation.297 

The proportionality assumption was tested for independent variables other 

than the primary treatment variable since antipsychotic medication utilization is 

already defined as a time-dependent variable.  Table 4.51 presents the results of time-

independent variable interaction terms.  The results showed that among these 

interaction terms, nine were significant at p<0.05 (three were significant at 

p<0.0001).   

The significant time-interactions indicate that age, gender, race, region, 

presence of dyslipidemia, bipolar disorder, schizophrenia, substance abuse, and 

antipsychotic switching may be related to diabetes risk in disproportional way.  Thus, 

a conclusion could be reached that the proportionality assumption was violated in 

some of the independent variables.  By further examining the meanings of these 
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interactions, three interaction terms with p-value smaller than 0.0001 were included 

into the final AT cohort model: survival time*age, survival time* race, and survival 

time*region.    

 

 

Table 4.51 Test of Proportionality 

Variable1 Wald Chi-Square Hazard Ratio  p-Value 

Age 346.6914 0.993 <0.0001 

Nonwhite 22.5854 0.995 <0.0001 

Female 7.0907 0.994 0.0077 

STVHCS 17.0295 0.996 <0.0001 

Hypertension 0.6646 1.001 0.4149 

Dyslipidemia 6.9412 0.997 0.0084 

Bipolar disorder 10.0475 0.996 0.0015 

Depression 0.2004 0.999 0.6544 

PTSD 0.1623 0.999 0.6871 

Schizophrenia 8.1390 0.995 0.0043 

Substance abuse 7.8576 0.996 0.0051 

Switching 4.1587 1.003 0.0414 

Combination therapy 0.6136 0.998 0.4334 

Re-exposure 2.2538 1.001     0.1333 

1 Effect of time-interaction 
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4.8.5.2 Model V – Demographic Factors 

Results of Model V are presented in Table 4.52.  The model was significant 

(χ2=883.6530, df=26, p<0.0001).  In Model V, the AT retrospective cohort model, 

except for gender, all other demographic variables were significant.  For every ten 

years increase in age, the hazard of developing diabetes was 2.8 times higher 

(p<0.0001).  When compared to white patients, nonwhite patients were 2 times more 

likely to develop diabetes (p<0.0001).  Patients in the STVHCS had 1.5 times higher 

hazard to develop diabetes than patients in the VANTHCS (p<0.0001).   

 

4.8.5.3 Model V – Health Risk Factors 

Among the seven health risk factors, none of them were significantly related 

to diabetes incidence.  Among them, patients with a schizophrenia had the lowest p-

value (HR=1.330, p=0.0982).     

 

4.8.5.4 Model V – Treatment Factors 

A number of treatment factors were significant in Model V.  Regarding the 

treatment pattern variable, when compared to monotherapy, those that switched 

medication had a significantly higher hazard of developing diabetes.  Patients who 

switched medication were a 62.3 percent higher hazard in diabetes development 

(p=0.0014), when compared patients exposed to monotherapy only.  Patients who 
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used a combination therapy had a higher but non-significant hazard in developing 

diabetes than patients who used monotherapy only (HR=1.094, p=0.7069). 

Index medication re-exposure significantly increased the hazard of diabetes 

development compared to patients who did not have a re-exposure (HR=1.501, 

p=0.0003).  Treatment initiation years were also significantly related to diabetes 

incidence.  Patients treated in later years developed diabetes at a significantly lower 

risk than patients in earlier years (HR=0.912, p=0.0078).   

Four treatment duration variables were included in the AT retrospective 

model.  Three of them were significant.  The duration of drug exposure for patients 

on olanzapine therapy was not related to the risk of diabetes development (p=0.8683).  

However, treatment durations of FGA, quetiapine and risperidone had a significant 

impact.  For each additional day on FGA, quetiapine or risperidone treatment, the 

hazard of developing diabetes increased by 0.2 percent for FGA exposure (p=0.0326) 

and 0.3 percent for quetiapine and risperidone (p=0.0454 and p=0.0090, respectively).   

The primary independent variable was individual SGA agents compared to the 

FGA class.  The hazards of diabetes incidence were not significantly different 

between olanzapine and FGAs, or between quetiapine and FGAs.  However, the 

hazards were significantly different between risperidone and FGAs (HR=0.584, 

p=0.0452).  In other words, patients on risperidone had a 41.6 percent lower hazard of 

developing diabetes than patients on FGAs. 
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4.8.5.5 Model V – Sensitivity Analysis 

A sensitivity analysis was conducted excluding patients with unknown race.  

The number of eligible patients decreased from 8,725 to 5,714 (65.5%).  In the 

sensitivity analysis, results were largely similar to those in the original Model V 

including the unknown race category.  However, there were some important 

variations in two of the treatment variables.  In the original model, treatment 

durations of FGA and quetiapine were not significant.  In the sensitivity analysis, 

both of these were no longer significant (FGA duration: HR=1.001, p=0.1966; and 

quetiapine duration: HR=1.001, p=0.4745).   

The most surprising finding in the sensitivity analysis was with regard to the 

effect of antipsychotic drug exposure.  In the original Model V, olanzapine and 

quetiapine exposure did not increase the diabetes risk when compared to FGA 

exposure, whereas risperidone exposure had a significant protective effect.  However, 

in the sensitivity analysis, after patients with unknown race were excluded, patients 

exposed to olanzapine had a significantly higher hazard of developing diabetes than 

patients exposed to FGAs (HR=2.344, p=0.0134).  On the other hand, risperidone 

exposure did not have a significant protective effect any more when compared to 

FGA exposure (HR=0.632, p=0.1551).   

Considering that the difference in the datasets between the original Model V 

and its sensitivity analysis was the exclusion of patients with unknown race.  An 

additional sensitivity analysis was conducted, where interactions between drug 
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exposure (FGA, olanzapine, quetiapine, and risperidone) and race (nonwhite vs. 

white) was included, using the same dataset for the early sensitivity analysis of Model 

V.   

Results of this sensitivity analysis were very similar to what was found in the 

early sensitivity analysis, except for the effect of olanzapine.  The hazard of 

developing diabetes for patients exposed to olanzapine was not significantly different 

from patients exposed to FGAs (HR=1.957, p=0.0834).      
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Table 4.52  Model V – Antipsychotics with AT b Model and Retrospective Cohort Design  
     Logistic Regression Analysis Results (N=8,725) 

  
                                                  Parameter Standard          Wald Hazard  

 Estimate        Error     Chi-Square      p  Ratio      95% CI 
 

Demographic Factors 
Age 1.34 0.07 365.91 <0.0001* 3.822 3.331-4.385 
Female -0.27 0.25 1.28   0.2576 0.751 0.457-1.233 

 Race a 
 Nonwhite 1.10 0.20 28.62 <0.0001* 3.014 2.012-4.515 
 Unknown 0.05 0.14 0.11   0.7415 1.049 0.079-1.391 

STVHCS a , b 0.91 0.20 21.29 <0.0001* 2.486 1.688-3.659  
 

Health Risk Factors 
General 
 Hypertension 0.20 0.16 1.57   0.2108 1.218 0.894-1.660 
 Dyslipidemia 0.17 0.14 1.62   0.2022 1.190 0.911-1.555 
 
Mental  
 Bipolar Disorder 0.14 0.14 1.00   0.3179 1.155 0.871-1.531 
 Depression 0.02 0.16 0.01   0.9137 1.017 0.749-1.380 
 PTSD b 0.22 0.21 1.01   0.3141 1.241 0.815-1.891 
 Schizophrenia 0.29 0.17 2.73   0.0982 1.330 0.948-1.866 
 Substance Abuse 0.10 0.15 0.38   0.5365 1.101 0.812-1.492 

 
 Chi-square=883.6530, DF=26, p <0.0001 
 *p < 0.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b AT – As-treated; STVHCS – South Texas Veterans Health Care Systems
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Table 4.52 Model V – Antipsychotics with AT b Retrospective Cohort Design  
Logistic Regression Analysis Results (N=8,725) (continued)  

 
 Parameter Standard          Wald Hazard 

 Estimate        Error     Chi-Square     p  Ratio      95% CI 
 

Treatment Factors 
 Treatment pattern a 
 Switching 0.48 0.15 10.15 0.0014* 1.623 1.205-2.186 
 Combination 0.09 0.24 0.14 0.7069 1.094 0.686-1.745 
 

Re-exposure 0.41 0.11 13.17 0.0003* 1.501      1.205-1.869 
Initiation Year c -0.09 0.03 7.09 0.0078* 0.912      0.852-0.976 
 
Treatment Duration  
 FGA Duration 0.002 0.001 4.57 0.0326* 1.002 1.000-1.003  
 Olanzapine Duration 0.0002 0.001 0.02 0.8683 1.000 0.998-1.002 
 Quetiapine Duration 0.003 0.002 4.00 0.0454* 1.003 1.000-1.006 
 Risperidone Duration 0.003 0.001 6.83 0.0090* 1.003 1.001-1.005 
 
Drug Exposure a 
 Olanzapine 0.35 0.28 1.50 0.2210 1.412 0.812-2.455 
 Quetiapine -0.31 0.46 0.47 0.4946 0.733 0.300-1.789 
 Risperidone -0.54 0.27 4.01 0.0452* 0.584 0.344-0.989 

 
 Chi-square=883.6530, DF=26, p <0.0001 
 *p < 0.05 
 a Reference categories: Treatment patterns – monotherapy; Drug Exposure – FGA 

b AT – As-treated  
c Initiation Year was treated as a continuous variable from 1995 to 2003 
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4.8.6 Model VI 

Combination of the ITT nested case-control design and conditional 

logistic regression, when the class of antipsychotics is entered as the 

primary independent variable 

 

The next three models utilized a case-control design, as opposed to the earlier 

models, which utilized a retrospective cohort design.  Because of the study design, the 

variables included in the case-control models were somewhat different.  Since some 

variables were used to match controls to cases, these matching variables (i.e., age, 

race and index drug treatment duration) were not included in the final regression 

models.  Thus, in Model VI, 13 variables were examined.   

Demographic factors:  

1.  Gender (female vs. male) 

2.  Region (STVHCS vs. VANTHCS) 

Health risk factors – General health conditions  

3.  Preexisting hypertension (Yes vs. No) 

4.  Dyslipidemia (Yes vs. No) 

Health risk factors – Mental health conditions 

5.   Bipolar disorder (Yes vs. No) 

6. Depression (Yes vs. No) 

7. PTSD (Yes vs. No) 
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8. Schizophrenia (Yes vs. No) 

9. Substance abuse (Yes vs. No) 

Treatment factors 

10. Treatment patterns (Switching, combination therapy vs. monotherapy) 

11. Antipsychotic re-exposure (Yes vs. No) 

12. Antipsychotic initiation year (from 1995 to 2003 as a continuous variable) 

13. Index medication (SGA vs. FGA) 

  

Before presenting the logistic regression results of the case-control design, the 

matching process used in this study is briefly described here.  Since race was one of 

the matching variables, it would not be meaningful to use a patient with an unknown 

race as a control to match with a case with an unknown race.  Thus, all of the patients 

with unknown race values were excluded before matching (n=3,085, 34.5%).  

Therefore, no sensitivity analysis was conducted for this model.   

Among the remaining patients (N=5,864), 373 (6.4%) had treatment-emergent 

diabetes (and served as cases), which was slightly higher than the incident rate for the 

entire cohort (6.0%).  The matching ratio of case:control used in this study was 1:4.  

Matched controls were selected randomly and were found for 372 cases.   Model VI 

(see Table 4.53) was significant (χ2=47.6689, df=14, p<0.0001).    
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4.8.6.1 Model VI – Demographic Factors 

Among the two demographic factors, gender remained non-significant.  

Patients in the STVHCS had a significantly higher risk to develop diabetes 

(OR=1.504, p=0.0013).   

 

4.8.6.2 Model VI – Health Risk Factors 

One of the two general health risk factors was significantly related to diabetes 

incidence.  Patients with preexisting hypertension were 43.7 percent more likely to 

develop diabetes (p=0.0454).  None of the five mental illness conditions were 

significantly related to diabetes incidence when other variables were controlled for. 

 

4.8.6.3 Model VI – Treatment Factors 

Four variables were in the treatment factor group in the case-control design.  

Treatment duration of the index medication was excluded because it was one of the 

matching variables.   

The effect of the treatment pattern variable in the case-control design differed 

from the retrospective cohort design.  When compared to monotherapy, patients who 

switched were significantly more likely to develop diabetes (RR=2.548, p<0.0001).  

There was no significant difference in diabetes incidence rates between patients with 

combination therapy compared to patients on monotherapy only.  This finding was 

opposite to what was found in all of the ITT retrospective cohort design models.   
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Index medication re-exposure was not significantly related to the risk of 

diabetes incidence (p=0.1691).  Neither was treatment initiation year (p=0.3811).  In 

the retrospective cohort design models, both of the variables were significantly 

related to diabetes incidence.  Finally, the risk of diabetes incidence was not 

significantly different between patients exposed to SGAs and patients exposed to 

FGAs (p=0.2037).   
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Table 4.53  Model VI – Antipsychotic Class with ITT b Case-Control Design  
     Logistic Regression Analysis Results (N=1,861) 

  
                                                  Parameter Standard          Wald Odds  

 Estimate        Error     Chi-Square     p  Ratio      95% CI 
 

Demographic Factors 
 Female -0.24 0.28 0.75 0.3859 0.783 0.450-1.361 

STVHCS a , b 0.41 0.13 19.40 0.0013* 1.504 1.173-1.927  
 

Health Risk Factors 
General 
 Hypertension 0.36 0.18 4.00 0.0454* 1.437 1.007-2.048 
 Dyslipidemia 0.07 0.17 0.19 0.6591 1.076 0.776-1.492 
 
Mental  
 Bipolar Disorder 0.05 0.17 0.11 0.7444 1.057 0.759-1.470 
 Depression 0.23 0.18 1.62 0.2032 1.257 0.884-1.789 
 PTSD b -0.20 0.25 0.63 0.4270 0.819 0.501-1.339 
 Schizophrenia 0.15 0.20 0.54 0.4614 1.158 0.784-1.709 
 Substance Abuse 0.11 0.17 0.39 0.5338 1.113 0.794-1.561 

 
 Chi-square=54.6145, DF=14, p <0.0001 
 *p < 0.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b ITT – Intent-to-treat; PTSD – Post-traumatic stress disorder; STVHCS – South Texas Veterans Health Care System
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Table 4.54 Model VI – Antipsychotic Class with ITT b Case-Control Design  
Logistic Regression Analysis Results (N=1,861) (continued)  

 
 Parameter Standard          Wald Odds  

 Estimate        Error     Chi-Square      p  Ratio      95% CI 
 

Treatment Factors 
 Treatment pattern a 
 Switching 0.94 0.17 29.78 <0.0001* 2.548 1.821-3.566 
 Combination 0.14 0.24 0.34   0.5615 1.151 0.716-1.852 
 
 Re-exposure -0.17 0.12 1.89   0.1691 0.846 0.667-1.074 
 Initiation Year c -0.03 0.04 0.77   0.3811 0.966 0.894-1.044 
 SGA a -0.24 0.19 1.62   0.2037 0.787 0.545-1.138 

 
 Chi-square=54.6145, DF=14, p <0.0001 
 *p < 0.05 
 a Reference categories: Treatment patterns – monotherapy; Drug class – FGA 

b ITT – Intent-to-treat  
c Initiation Year was treated as a continuous variable from 1995 to 2003 
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4.8.7 Model VII 

Combination of the ITT nested case-control design and conditional 

logistic regression, when the individual SGAs are entered into the model 

as the primary independent variable  

 

In Model VII, the same set of the demographic factors and health risk factors 

were examined as in Model VI.  The treatment factors were different for two of them 

(see below).  Antipsychotic initiation years were changed from between 1995 and 

2003 to between 1998 and 2003 due to very limited SGA utilization in the earlier 

years.  This variable was also treated as a continuous variable in the model.  The 

primary independent variable in Model VII was the individual SGA agents (i.e., 

olanzapine, quetiapine, and risperidone).   

Treatment factors 

10. Treatment patterns (Switching, combination therapy vs. monotherapy) 

11. Antipsychotic re-exposure (Yes vs. No) 

12. Antipsychotic initiation year (from 1998 to 2003 as a continuous variable) 

13. Index medication (olanzapine and quetiapine vs. risperidone) 

  

Similar to the method used in Model VI, among patients initially exposed to 

SGA medications, all of them with unknown race values were excluded before 

matching.  Excluding the number of patients who started on FGAs and the number of 
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SGA patients who started antipsychotic therapy between 1995 and 1997, the 

remaining number of SGA patients was 2,058 (45.8%).   

Among the remaining patients, 118 of them were cases (5.7%), which was 

also slightly higher than the incident rate for the entire SGA cohort (5.2%).  The 

matching ratio of case:control used in this model was also 1:4.  Matched controls 

were selected randomly and were found for all 118 cases (117 cases had four matched 

controls and one case had two matched controls).   The following presents the results 

of Model VII in Table 4.54.  The model was significant (χ2=36.0914, df=15, 

p=.0012).    

 

4.8.7.1 Model VII – Demographic Factors 

Among the two demographic factors, gender remained non-significant.  

Patients in the STVHCS had a significantly higher risk to develop diabetes 

(OR=1.428, p=0.0044).   

 

4.8.7.2 Model VII – Health Risk Factors 

Similar to health risk factors in Model VI, preexisting hypertension was the 

only significant variable.  Patients with preexisting hypertension were 58.5 percent 

more likely to develop diabetes (p=0.0469).  None of the mental illness conditions 

were significantly related to diabetes incidence. 
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4.8.7.3 Model VII – Treatment Factors 

Similar to Model VI, when compared to monotherapy, patients who switched 

medication were significantly more likely to develop diabetes (OR=1.859, p=0.0363).  

As in Model VI, combination therapy was not significantly related to diabetes 

incidence (p=0.9610).   

Different from Model VI, as well as all the retrospective cohort design 

models, antipsychotic re-exposure had a significant protective effect on diabetes 

incidence (OR=0.504, p=0.0025).  The risk of diabetes incidence was not 

significantly different between patients exposed to olanzapine and patients exposed to 

risperidone (p=0.6259), or between patients exposed to quetiapine and patients 

exposed to risperidone (p=0.2695).   
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Table 4.54  Model VII – SGA Agents with ITT b Case-Control Design  
     Logistic Regression Analysis Results (N=588) 

  
                                                  Parameter Standard          Wald Odds  

 Estimate        Error     Chi-Square     p  Ratio      95% CI 
 

Demographic Factors 
 Female -0.41 0.47 0.78 0.3767 0.661 0.263-1.657 
 STVHCS a , b 0.86 0.28 9.43 0.0021* 2.374 1.367-4.124 
 
Health Risk Factors 
 General 
 Hypertension 0.47 0.23 3.95 0.0469* 1.595 1.006-2.526 
 Dyslipidemia 0.28 0.26 1.19 0.2759 1.327 0.798-2.206 
 

Mental    
 Bipolar Disorder -0.27 0.26 1.12 0.2902 0.760 0.457-1.264 
 Depression 0.33 0.24 1.91 0.1664 1.393 0.871-2.227 
 PTSD b 0.33 0.34 0.97 0.3259 1.390 0.721-2.681 
 Schizophrenia 0.47 0.30 2.45 0.1178 1.603 0.887-2.894 
 Substance Abuse -0.05 0.27 0.03 0.8554 0.952 0.564-1.608 

 
 Chi-square=36.0914, DF=15, p=0.0017 
 *p < 0.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b ITT – Intent-to-treat; PTSD – Post-traumatic stress disorder; STVHCS – South Texas Veterans Health Care Systems
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Table 4.54 Model VII – SGA Agents with ITT b Case-Control Design  
Logistic Regression Analysis Results for (N=588)  

 
 Parameter Standard          Wald Odds  

 Estimate        Error     Chi-Square     p  Ratio      95% CI 
 

Treatment Factors 
 Treatment pattern a  
 Switching 0.62 0.30 4.38 0.0363* 1.859 1.040-3.322 
 Combination 0.02 0.42 0.002 0.9610 1.021 0.447-2.332 
 
 Re-exposure -0.69 0.23 9.11 0.0025* 0.504 0.323-0.786 
 Initiation Year c -0.13 0.10 1.79 0.1813 0.879 0.728-1.062 

 
SGA a 
 Olanzapine  0.14 0.29 0.24 0.6259 1.151 0.653-2.030 

 Quetiapine 0.38 0.35 1.22 0.2695 1.466 0.743-2.892 
 
 Chi-square=36.0914, DF=15, p=0.0012 
 *p < 0.05 
 a Reference categories: Treatment patterns – monotherapy; Among SGA – Risperidone 

b ITT – Intent-to-treat 
c Initiation Year was treated as a continuous variable from 1998 to 2003 
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4.8.8 Model VIII 

Combination of the AT nested case-control design and extended Cox 

proportional hazard function, when the FGA class and individual SGAs 

are entered into the model as the primary independent variable  

 

The cohort used in Model V sensitivity analysis, where patients with unknown 

race values excluded, was utilized as the patient pool for randomly selecting matched 

controls to cases in Model VIII.  Among the 5,714 patients, 263 were cases.  Similar 

to the earlier two case-control models, age, race and treatment duration of the index 

medication were used as the matching variables.  Four randomly selected controls 

were found for 262 patients.   

The proportionality assumption analysis was also run for this set of patients as 

it was for Model V.  The results were very similar to those for the Model VIII.  Thus, 

in Model VIII, with the exception of omitting the matching variables, all other 

predictors were the same as those in Model V.  Results are shown in Table 4.55.  The 

model was also significant (χ2=528.7745, df=23, p<0.0001). 

 

4.8.8.1 Model VIII – Demographic Factors 

As in all other models, gender was not significantly related to diabetes 

incidence.  Patients in the STVHCS had a 6.69-times higher risk of developing 

diabetes than patients in the VANTHCS (p<0.0001).   
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4.8.8.2 Model VIII – Health Risk Factors 

Similar to health risk factors in Model VI and Model VII, preexisting 

hypertension was the only significant variable.  Patients with preexisting hypertension 

were 73.2 percent more likely to develop diabetes (p=0.0071).  None of the five 

mental illness disorders were significant in Model VIII.   

 

4.8.8.3 Model VIII – Treatment Factors 

Similar to the AT retrospective cohort model and both ITT case-control 

models (Model VI and Model VII), patients who switched medication had a 

significantly higher risk in developing diabetes than patients who used monotherapy 

(HR=2.068, p<0.0001).  The risk of diabetes development among patients who had 

combination therapy did not significantly differed from patients who had 

monotherapy (HR=1.337, p=0.2418). 

Index medication re-exposure was not significantly associated with the hazard 

of diabetes development (HR=1.066, p=0.6259).  Neither was treatment initiation 

years (HR=0.981, p=0.6675).   

Treatment duration of the four types of medication was included in the model.  

All of them were significant except for risperidone.  Longer treatment durations of 

FGA, olanzapine, and quetiapine were associated with a lower risk of diabetes 

incidence (HR=0.996, =<0.0001; HR=0.996, p<0.0001; and HR=0.994, HR=0.0015, 

respectively).  While this result may not seem intuitive, a different perspective can 
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explain it better.  In other words, diabetes susceptible patients were likely to develop 

diabetes in the early stage of drug exposure for the three types of antipsychotics: 

FGA, olanzapine, and quetiapine.  If a patient did not develop diabetes in early stage 

of drug exposure, then he/she was less likely to develop diabetes.  Treatment duration 

of risperidone was not associated with the hazard of diabetes development 

(HR=0.999, p=0.2027).  

The primary independent variable was individual SGA agents compared to the 

FGA class.  Findings in this model were somewhat different from what were found in 

Model V.  In Model V, diabetes risks of olanzapine and quetiapine exposure were not 

different from FGA exposure and risperidone exposure had a protective effect over 

diabetes incidence when compared to FGA exposure.  In Model VIII, effects of 

olanzapine and quetiapine remained non-significant (HR=1.412, p=0.2210; and 

HR=0.733, p=0.4946, respectively).  The protective effect of risperidone exposure 

was no longer significant in this model (HR=0.523, p=0.0710).   
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Table 4.55  Model VIII – Antipsychotics with AT b Case-Control Design  
     Logistic Regression Analysis Results (N=1,311) 

  
                                                  Parameter Standard           Wald Hazard  

 Estimate        Error     Chi-Square      p  Ratio      95% CI 
 

Demographic Factors 
 Female -0.16 0.28 0.35   0.5537 0.849 0.493-1.461 
 STVHCS a , b 1.90 0.25 58.57 <0.0001* 6.692 4.113-10.889 
 
Health Risk Factors 
 General 

 Hypertension 0.55 0.20 7.24   0.0071* 1.732 1.161-2.583 
 Dyslipidemia -0.17 0.13 0.90   0.3416 0.842 0.592-1.199 
 
Mental  
 Bipolar Disorder -0.10 0.18 0.32   0.5717 0.902 0.631-1.289 
 Depression 0.02 0.20 0.01   0.9283 1.018 0.684-1.516 
 PTSD b -0.29 0.28 1.06   0.3028 0.745 0.425-1.304 
 Schizophrenia 0.13 0.20 0.38   0.5373 1.134 0.761-1.690 
 Substance Abuse -0.01 0.19 0.003   0.9583 0.990 0.688-1.426 

 
 Chi-square=528.7745, DF=23, p <0.0001 
 *p < 0.05 
 a Reference categories: Race – white; Region – Veterans Administration North Texas Health Care System (VANTHCS) 

b AT – As-treated; STVHCS – South Texas Veterans Health Care Systems
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Table 4.55 Model VIII – Antipsychotics with AT b Case-Control Design  
Logistic Regression Analysis Results (N=1,311) (continued) 

 
 Parameter Standard          Wald Hazard 

 Estimate        Error     Chi-Square      p  Ratio      95% CI 
 

Treatment Factors 
 Treatment pattern a 
 Switching 0.73 0.16 18.94 <0.0001* 2.068 1.491-2.868 
 Combination 0.29 0.25 1.37   0.2418 1.337 0.822-2.176 
 

Re-exposure 0.06 0.13 0.24   0.6259 1.066 0.824-1.379 
Initiation Year c -0.02 0.04 0.18   0.6675 0.981 0.899-1.071 
 
Treatment Duration  
 FGA Duration -0.004 0.001 18.47 <0.0001* 0.996 0.995-0.998  
 Olanzapine Duration -0.006 0.001 17.77 <0.0001* 0.994 0.992-0.997 
 Quetiapine Duration -0.006 0.002 10.11   0.0015* 0.994 0.990-0.998 
 Risperidone Duration -0.001 0.001 1.11   0.2927 0.999 0.996-1.001 
 
Drug Exposure a 
 Olanzapine 0.54 0.35 2.43   0.1102 1.718 0.870-3.395 
 Quetiapine 0.56 0.58 0.95   0.3308 1.757 0.564-5.468 
 Risperidone -0.65 0.36 3.26   0.0710 0.523 0.258-1.057 

 
 Chi-square=528.7745, DF=23, p <0.0001 
 * p < 0.05 
 a Reference categories: Treatment patterns – monotherapy; Drug Exposure – FGA 

b AT – As-treated  
c Initiation Year was treated as a continuous variable from 1995 to 2003 
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4.9 OBJECTIVE III – HYPOTHESES TESTING  

As described earlier in Chapter One, a total of 33 hypotheses were proposed in 

this study.  However, due to data availability, a number of hypotheses were not able 

to be tested.  In brief, these hypotheses were related to the BMI variable, and 

clozapine and ziprasidone exposures.  Specifically, the following seven hypotheses 

were not tested in this study: 

Hypothesis 5 

Regardless of the model design, patients who are overweight or obese are 

associated with a significantly higher incidence of treatment-emergent 

diabetes, compared to patients who are not overweight, when controlling for 

other variables (i.e., demographic variables, other general health conditions, 

mental health conditions, and treatment variables) 

Hypothesis 19 

Regardless of the model design, there is no significant difference between 

initial use of clozapine when compared to initial use of risperidone in the 

incidence of treatment-emergent diabetes, when controlling for other variables 

(i.e., demographics, general health conditions, mental health conditions, and 

other treatment variables) 

Hypothesis 22 

Regardless of the model design, there is no significant difference between 

initial use of ziprasidone when compared to initial use of risperidone in the 
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incidence of treatment-emergent diabetes, when controlling for other variables 

(i.e., demographics, general health conditions, mental health conditions, and 

other treatment variables) 

Hypothesis 24 

Regardless of the model design, there is no significant association between 

clozapine exposure duration and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general and mental health conditions, and other treatment variables) 

Hypothesis 28 

Regardless of the model design, there is no significant association between 

ziprasidone exposure duration and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general and mental health conditions, and other treatment variables) 

Hypothesis 29 

Regardless of the model design, there is no significant difference over time in 

hazard ratios of developing treatment-emergent diabetes in patients exposed to 

clozapine when compared to patients exposed to FGA class, when controlling 

for other variables (i.e., demographics, general and mental health conditions, 

and other treatment variables). 
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Hypothesis 33 

Regardless of the model design, there is no significant difference over time in 

hazard ratios of developing treatment-emergent diabetes in patients exposed to 

ziprasidone when compared to patients exposed to FGA class, when 

controlling for other variables (i.e., demographics, general and mental health 

conditions, and other treatment variables). 

 

Therefore, a total of 26 hypotheses were tested in this study.  Furthermore, 

Model IV was dropped from this study due to limitations of propensity score 

methodology for more than two groups.  The following presents the results of 

hypotheses testing with regard to demographic factors, health risk factors, and 

treatment factors.  Comparisons are shown in Tables 4.57-4.64 and only those models 

that related to a specific hypothesis were included in each table.   

A hypothesis was not rejected if all of the results of the specific variable in the 

tested models showed consistent findings to the hypothesized relationship between 

the variable and diabetes risk.  A hypothesis was rejected in either of the following 

two scenarios: 1) the finding of the specific variable was consistent in all of the tested 

models but the relationship was not the same as expected; and 2) the finding of the 

specific variable was inconsistent across the tested models.  
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4.9.1 Hypotheses Testing – Demographic Factors 

 Four hypotheses were included in the demographic factors: age, gender, 

race/ethnicity and region.  Table 4.56 shows the comparisons of these hypotheses.   

 

4.9.1.1 Hypothesis 1 

 

Regardless of the model design, increasing age is associated with a 

significantly higher incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., other demographic variables, general and 

mental health conditions, and treatment variables)  

 

Among the seven models utilized in this study, four retrospective cohort 

models included such a variable.  Age was used as a matching variable in case-

control designs and thus was not included in the three case-control models.  All four 

cohort models showed that increasing age increased the risk of diabetes among adult 

patients exposed to antipsychotics.   

Hypothesis 1 with regard to the relationship between increasing age and 

diabetes risk was consistent across all four models and was NOT rejected.   
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4.9.1.2 Hypothesis 2 

 

Regardless of the model design, there is no significant association between 

gender and the incidence of treatment-emergent diabetes, when controlling 

for other variables (i.e., other demographic variables, general and mental 

health conditions, and treatment variables) 

 

All of the seven models included gender in the model analyses.  All of them 

found that there was no difference between male gender and female gender in the risk 

of diabetes incidence among adult patients exposed to antipsychotics.   

Hypothesis 2 with regard to the relationship between gender and diabetes risk 

was consistent across all seven models and was NOT rejected.   
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4.9.1.3 Hypothesis 3 

 

Regardless of the model design, the nonwhite ethnic group is associated with 

a significantly higher risk, compared to the white ethnic group, in the 

incidence of treatment-emergent diabetes, when controlling for other variables 

(i.e., other demographic variables, general and mental health conditions, and 

treatment variables) 

 

Among the seven models utilized in this study, four retrospective cohort 

models included race as one of the covariates.  Race was used as one of the matching 

variables in case-control designs and thus was not included in the three case-control 

models.   

Three of the four cohort models showed that nonwhite patients experienced 

significantly higher risk of diabetes development among adult patients exposed to 

antipsychotics.  The model that did not reveal a significant relationship was the one 

included the strata of propensity score quintiles.  Further examining the propensity 

score estimation, it was found that patients with an unknown race value in general 

and patients with an unknown race value in the STVHCS in particular were more 

likely to be given an SGA medication as the starting drug.  Although the meaning of 

an unknown race category was not clear in a statistical model, in practical, it may 

imply that physicians could have consciously prescribed a particular class of 
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antipsychotic medications to a certain group of patients related to race/ethnicity 

background.  Thus, when the propensity score quintiles were included in the model, 

which evened out the drug selection bias, the effect of race somewhat diminished 

(p=0.0927).  

Regardless, Hypothesis 3 with regard to the relationship between nonwhite 

race/ethnicity and diabetes incidence WAS rejected due to inconsistent findings across 

the four tested models.   
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4.9.1.4 Hypothesis 4 

 

Regardless of the model design, there is no significant association between 

region and the incidence of treatment-emergent diabetes, when controlling for 

other variables (i.e., other demographic variables, general and mental health 

conditions, and treatment variables) 

 

Region was included in all of the seven models.  All of them found that 

patients in the STVHCS were in significantly higher risk in diabetes development 

than patients in the VANTHCS among adult patients exposed to antipsychotics.  The 

finding was in the opposite direction of the hypothesis. 

Thus, Hypothesis 4 with regard to the relationship between region and 

diabetes risk WAS rejected.  On the other hand, although this hypothesis WAS rejected, 

all of the findings with regard to the region variable from the seven models were 

consistent.  This implies that when other variables were controlled for region may still 

be an important factor to consider when evaluating diabetes incidence.    
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Table 4.56 Hypotheses Testing of Demographic Factors  
 
  

 Hypothesis 1  Hypothesis 2 Hypothesis 3 Hypothesis 4 
 Age (↑) Gender (↔) Race (↑) Region (↔) 
 

Model I a, f  Not R. Not R. Not R.  R. 

Model II a, g Not R. Not R.  Not R.  R.  

Model III a, e, f Not R. Not R.  R. R. 

Model V b, h Not R. Not R. Not R. R.  

Model VI c, f  Not R.  R. 

Model VII c, g  Not R.  R. 

Model VIII d, h  Not R.  R. 
 
Conclusion Consistent Consistent Inconsistent Consistent 

 Not R. Not R. R. R. 

  
Notes: 
↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant association  

a ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control; e Propensity scoring method 
f Comparisons between SGAs and FGAs; g Comparisons among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
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4.9.2 Hypotheses Testing – Health Risk Factors 

Three variables were proposed in the general health risk factors group.  

However, due to a large proportion of patients who did not have a valid BMI value, 

preexisting overweight/obesity status variable (Hypothesis 5) was dropped from all 

model analyses.  Thus, two variables were eventually included in the general health 

risk factor group.  Five mental illness disorders were included in the mental health 

risk factors.  All these seven health risk factors were tested in each of the seven 

models.  The hypotheses testing comparisons for general health risk factors are 

presented in Table 4.57.  The hypotheses testing comparisons for mental health risk 

factors are presented in Table 4.58. 

 

4.9.2.1 Hypothesis 6 

 

Regardless of the model design, the presence of hypertension is associated 

with a significantly higher incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., demographic variables, other general 

health conditions, mental health conditions, and treatment variables) 

 

As mentioned earlier, the effect of preexisting hypertension on diabetes 

incidence among patients exposed to antipsychotics were evaluated in all seven 

models.  Among these models, inconsistent results were found.  Five models found 
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that the presence of a preexisting hypertension condition was associated with an 

increased risk of diabetes.  The five models were:  

Model I:  ITT retrospective cohort model using logistic regression to 

compare SGA exposure to FGA exposure 

Model III: ITT retrospective cohort model using propensity scoring method 

and logistic regression to compare SGA exposure to FGA 

exposure 

Model VI: ITT case-control model using conditional logistic regression to 

compare SGA exposure to FGA exposure 

Model VII: ITT case-control model using conditional logistic regression to 

compare among SGA medication exposure 

Model VIII: AT case-control model using Cox proportional hazards 

function to compare individual SGA exposure to FGA exposure 

 

Results with regard to preexisting hypertension in two models were rejected.  

These models found that there were no significant relationship between patients with 

preexisting hypertension and the risk of diabetes incidence.  The two models were: 

Model II:   ITT retrospective cohort model using logistic regression to 

compare among SGA exposure 

Model V: AT retrospective cohort model using Cox proportional hazards 

function to compare individual SGA exposure to FGA exposure 
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Hypothesis 6 with regard to the relationship between preexisting hypertension 

and diabetes risk WAS rejected due inconsistent findings across the models.  
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4.9.2.2 Hypothesis 7 

 

Regardless of the model design, the presence of dyslipidemia is associated 

with a significant higher incidence of treatment-emergent diabetes, when 

controlling for other variables (i.e., demographic variables, other general 

health conditions, mental health conditions, and treatment variables) 

 

Three of the seven models that tested Hypothesis 7 found that the presence of 

preexisting dyslipidemia significantly increased the risk of diabetes development.  

These three models were: 

Model I:  ITT retrospective cohort model using logistic regression to 

compare SGA exposure to FGA exposure 

Model II:   ITT retrospective cohort model using logistic regression to 

compare among SGA exposure 

Model III: ITT retrospective cohort model using propensity score method 

and logistic regression to compare SGA exposure to FGA 

exposure 

 

Four models found that the presence dyslipidemia was not significantly 

related to diabetes incidence.  The four models were: 
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Model V: AT retrospective cohort model using Cox proportional hazards 

function to compare individual SGA exposure to FGA exposure 

Model VI: ITT case-control model using conditional logistic regression to 

compare SGA exposures to FGA exposures 

Model VII: ITT case-control model using conditional logistic regression to 

compare among SGA medication exposures 

Model VIII: AT case-control model using Cox proportional hazards 

function to compare individual SGA exposure to FGA exposure 

 

Hypothesis 7 with regard to the relationship between preexisting dyslipidemia 

and diabetes risk WAS rejected due inconsistent findings across the models. 
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Table 4.57 Hypotheses Testing of General Health Risk Factors  

 
  

 Hypothesis 6 Hypothesis 7 
 Hypertension (↑) Dyslipidemia (↑) 
 

Model I a, f Not R. Not R. 

Model II a, g R. Not R.   

Model III a, e, f Not R. Not R.   

Model V b, h R. R.   

Model VI c, f Not R. R.  

Model VII a, g  Not R. R.  

Model VIII d, h Not R. R.  
 
Conclusion Inconsistent Inconsistent 
 R. R.  

  
 Notes: 

↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant association  

a ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control; e Propensity scoring method 
f Comparisons between SGAs and FGAs; g Comparisons among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
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4.9.2.3 Hypothesis 8 

 

Regardless of the model design, there is no significant association between the 

presence of a bipolar disorder diagnosis and the incidence of treatment-

emergent diabetes, when controlling for other variables (i.e., demographic 

variables, general health conditions, other mental health conditions, and 

treatment variables)  

 

All five mental illness disorders were tested in all models.  The findings with 

regard to bipolar disorder were consistent.  None of the seven models found a 

significant association between the presence of bipolar disorder and diabetes 

incidence among patients exposed to an antipsychotic medication.   

Hypothesis 8 with regard to the relationship between bipolar disorder and 

diabetes risk was consistent across all seven models and was NOT rejected. 
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4.9.2.4 Hypothesis 9 

 

Regardless of the model design, there is no significant association between the 

presence of a depression diagnosis and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general health conditions, other mental health conditions, and treatment 

variables) 

 

Six of the seven models found that depression was not associated with an 

increased diabetes risk among patients exposed to antipsychotics.  The only model 

that found depression a significant risk factor was Model III, where an ITT 

retrospective cohort design used and propensity score with a logistic regression 

method was used to analyze the data.   

Hypothesis 9 with regard to the relationship between depression and diabetes 

risk WAS rejected due to inconsistent findings across the models.  
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4.9.2.5 Hypothesis 10 

 

Regardless of the model design, there is no significant association between the 

presence of a post-traumatic stress disorder diagnosis and the incidence of 

treatment-emergent diabetes, when controlling for other variables (i.e., 

demographic variables, general health conditions, other mental health 

conditions, and treatment variables) 

 

Similar to what was found for the relationship between depression and 

diabetes incidence, six models showed no significant relationships between a PTSD 

diagnosis and diabetes incidence.  However, one model, Model II, found that PSTD 

significantly increased the risk of diabetes incidence among patients exposed to SGA 

index medications.   

Hypothesis 10 with regard to the relationship between PTSD and diabetes risk 

WAS rejected due inconsistent findings across the models.  
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4.9.2.6 Hypothesis 11 

 

Regardless of the model design, the presence of a schizophrenia diagnosis is 

associated with a significantly higher risk in the incidence of treatment-

emergent diabetes, when controlling for other variables (i.e., demographic 

variables, general health conditions, other mental health conditions, and 

treatment variables) 

 

Once again, six of the seven models found no association between the 

presence of schizophrenia diagnosis and diabetes among patients exposed to 

antipsychotic therapy.  However, Model II showed that patients with a schizophrenia 

diagnosis were at a higher risk of developing diabetes than patient without among 

those exposed to SGA index medications.   

Hypothesis 11 with regard to the relationship between schizophrenia diagnosis 

and diabetes risk WAS rejected due to inconsistent findings across the models. 
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4.9.2.7 Hypothesis 12 

 

Regardless of the model design, there is no significant association between the 

presence of a substance abuse diagnosis and the incidence of treatment-

emergent diabetes, when controlling for other variables (i.e., demographic 

variables, general health conditions, other mental health conditions, and 

treatment variables) 

 

Similar to the findings regarding bipolar disorder, the findings with regard to 

substance abuse were consistent.  None of the seven models found a significant 

association between the presence of substance abuse and diabetes incidence among 

patients exposed to an antipsychotic medication.   

Hypothesis 12 with regard to the relationship between substance abuse and 

diabetes risk was consistent across the seven models and was NOT rejected. 
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Table 4.58 Hypotheses Testing of Mental Health Risk Factors  

 
  

 Hypothesis 8 Hypothesis 9 Hypothesis 10 Hypothesis 11 Hypothesis 12 
 Bipolar Disorder (↔) Depression (↔) PTSD (↔) Schizophrenia (↑) Substance Abuse (↔) 
 
Model I a, f Not R. Not R. Not R.  R. Not R. 

Model II a, g Not R. Not R.  R.  Not R.  Not R. 

Model III a, e, f Not R. R.  Not R. R. Not R. 

Model V b, h Not R. Not R. Not R.  R. Not R. 

Model VI c, f Not R. Not R. Not R.  R. Not R. 

Model VII c, g Not R. Not R. Not R.  R. Not R. 

Model VIII d, h Not R. Not R. Not R.  R. Not R. 

 
Conclusion Consistent Inconsistent Inconsistent Inconsistent Consistent  

 Not R. R. R.  R. Not R. 

  
Notes: 
↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant association  

a ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control; e Propensity scoring method 
f Comparisons between SGAs and FGAs; g Comparisons among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
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4.9.3 Hypotheses Testing – Treatment Factors 

There were large variations with regard to treatment factors in specific models.  

Some variables were common to all seven models (i.e., antipsychotic switching 

therapy, combination therapy, and index medication re-exposure), while others were 

model-specific.  In this section, hypotheses testing will start with the common 

variables result comparisons and then present model-specific variable comparisons.  

The order of the hypotheses will thus be grouped accordingly.  The common 

treatment variable comparisons are shown in Table 4.59.  Model-specific treatment 

variable comparisons are shown in Tables 4.60-4.63. 

 

4.9.3.1 Common Treatment Variable – Hypothesis 13 

 

Regardless of the model design, the presence of antipsychotic switching is 

significantly associated with the incidence of treatment-emergent diabetes, 

compared to antipsychotic monotherapy, when controlling for other variables 

(i.e., demographic variables, general and mental health conditions, and other 

treatment variables) 

 

Among the seven models, all three models with an ITT retrospective cohort 

design found that there was no significant association between use of antipsychotic 

switching strategy and diabetes risk among patients exposed to antipsychotic therapy.   
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On the other hand, four models (two of them were ITT case-control design 

and two of them were AT design either with retrospective cohort or case-control 

design) found a significant relationship between patients who switched therapy and 

diabetes incidence.  The findings were consistent among these four models that 

patients who switched therapy experienced significantly higher diabetes risk.   

Taking the findings from all seven models into account, Hypothesis 13 with 

regard to the relationship between switching therapy and diabetes risk WAS rejected 

due to inconsistent findings across the models.   



 

 457

4.9.3.2 Common Treatment Variable – Hypothesis 14 

 

Regardless of the model design, the presence of antipsychotic combination 

therapy is significantly associated with treatment-emergent diabetes, 

compared to antipsychotic monotherapy, when controlling for other variables 

(i.e., demographic variables, general and health conditions, and other 

treatment variables)  

 

Two models revealed a significant relationship between antipsychotic 

combination therapy and diabetes risk and five models revealed a non-significant 

relationship.  Two ITT retrospective cohort models comparing SGAs vs. FGAs 

revealed a significant relationship between combination therapy and diabetes 

incidence.  The five remaining models showed no significant relationship between 

preexisting dyslipidemia and diabetes risk.   

Based upon the above findings, Hypothesis 14 with regard to the relationship 

between antipsychotic combination therapy and diabetes incidence WAS rejected due 

to inconsistent findings. 
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4.9.3.3 Common Treatment Variable – Hypothesis 16 

 

Regardless of the model design, there is no significant association between 

antipsychotic re-exposure and the incidence of treatment-emergent diabetes, 

when controlling for other variables (i.e., demographic variables, general and 

mental health conditions, and other treatment variables) 

 

Among the seven models, results for three of them revealed that re-exposure 

of the index antipsychotic medication significantly increased the risk of diabetes 

development.  The three models were Model I, Model III and Model V.   

Model I:  ITT retrospective cohort model using logistic regression to 

compare SGA exposure to FGA exposure 

Model III: ITT retrospective cohort model using propensity score method 

and logistic regression to compare SGA exposure to FGA 

exposure 

Model V: AT retrospective cohort model using Cox proportional hazards 

function to compare individual SGA exposure to FGA exposure 

 

The three models that did not find a significant relationship between re-

exposure of the index antipsychotic medication and diabetes risk. The three models 

were Model II, Model VI and Model VIII.   
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Model II:   ITT retrospective cohort model using logistic regression to 

compare among SGA exposure 

Model VI: ITT case-control model using conditional logistic regression to 

compare SGA exposure to FGA exposure 

Model VIII: AT case-control model using Cox proportional hazards 

function to compare individual SGA exposure to FGA exposure 

 

The effect of drug re-exposure in one model was different from all of the 

above.  In Model VII, drug re-exposure was associated with a significantly lower risk 

of diabetes (RR=0.504, p=0.0025). 

Model VII: ITT case-control model using conditional logistic regression to 

compare among SGA medication exposures 

 

Hypothesis 16 with regard to the relationship between index medication re-

exposure and diabetes incidence risk WAS rejected due to inconsistent finding across 

the models.   
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Table 4.59 Hypotheses Testing of Common Treatment Factors  
 

  
 Hypothesis 13 Hypothesis 14 Hypothesis 16 

 Switching (↑) Combination (↑) Re-Exposure (↔) 
 

Model I a, f R. Not R. R.  

Model II a, g R. R.  Not R.  

Model III a, e, f R. Not R.  R. 

Model V b, h Not R. R. R.  

Model VI c, f Not R.  R. Not R. 

Model VII c, g Not R. R. R. 

Model VIII d, h Not R. R. Not R. 
 
Conclusion Inconsistent Inconsistent Inconsistent 
 R. R. R. 

  
Notes: 
↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant association  

a ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control; e Propensity scoring method 
f Comparisons between SGAs and FGAs; g Comparisons among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
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4.9.3.4 Model-Specific Treatment Variable – Hypothesis 17 

 

Regardless of the model design, there is no significant association between 

antipsychotic initiation year and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general and mental health conditions, and other treatment variables) 

 

Although all seven models included the antipsychotic initiation year variable, 

the specific values were different across the models.  Thus, this variable was 

considered as a model-specific variable.  Hypothesis comparison across the models is 

shown in Table 4.60.   

Among the seven models, five models compared either the class of SGA or 

individual SGAs to the class of FGA from Year 1995 to 2003 (Model I, Model III, 

Model V, Model VI, and Model VIII).  Three of them revealed that patients exposed 

to antipsychotics in earlier years were at higher risks of developing diabetes than 

patients exposed to antipsychotics in later years (Model I, Model III, and Model V).  

Model VI (ITT case-control comparing diabetes risk of SGAs to FGAs) and Model 

VIII (AT case-control comparing diabetes risk of SGAs to FGAs) did not find a 

significant relationship between diabetes risk and the year of antipsychotic exposure.   

The remaining two models compared the antipsychotic exposures among SGA 

medications (i.e., Model II and Model VII, olanzapine and quetiapine compared to 
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risperidone) and the comparison years were from Year 1998 to 2003.  Results of 

neither model revealed a significant association between antipsychotic initiation year 

and diabetes incident risk among patients exposed to SGA medications.   

Hypothesis 17 with regard to the relationship between antipsychotic initiation 

year and diabetes incidence risk WAS rejected due to inconsistent finding across the 

models.   
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Table 4.60 Hypotheses Testing of Treatment Factors  
– Antipsychotic Initiation Year 

  
 Hypothesis 17 
 Initiation Year† (↔) 
 

Model I a, f R. 

Model III a, e, f R. 

Model V b, h R.  

Model VI c, f Not R. 

Model VIII d, h Not R. 
 

Model II a, g Not R.  

Model VII c, g Not R. 

 
Conclusion Inconsistent 
 R. 

  
Notes: 
↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant 

association  

†  Initiation years varied according to a specific model. 
 Model I: 1995-2003 (reference: 1995); Model II: 1998-2003 (reference: 1998); 
 Model III: 1995-2003(reference: 1995);  
 Mdole V: 1995-2003 (continuous); Model VI: 1995-2003 (continuous); 
 Model VII: 1998-2003 (continuous); Model VIII: 1995-2003 (continuous). 
a  ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control;  
e  Propensity scoring method; f Comparisons between SGAs and FGAs; g Comparisons 

among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
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4.9.3.5 Model-Specific Treatment Variable – Treatment Duration 

Two ITT case-control models (Model VI and Model VII) did not have the 

treatment duration variable in their model analyses since index medication treatment 

duration was used as one of the matching variables.   

Among the remaining five models, the treatment duration variable varied.  

While a total of five hypotheses were treatment duration related, one of them was 

index drug treatment duration used in three ITT retrospective cohort designs (Model I, 

Model II, and Model III) and four of them were medication-specific treatment 

duration used in two AT models (Model V and Model VIII).  Hypotheses testing 

comparisons are shown in Table 4.61.  The following states the five hypotheses and 

related findings.   
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Hypothesis 15 (for Model I, Model II, and Model III) 

 

Regardless of the model design, there is no significant association between 

index drug treatment duration and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general and mental health conditions, and other treatment variables) 

 

Three models included the variable of index drug treatment duration.  All 

three models found that it was a significant factor.  Among patients exposed to 

antipsychotic medications, patients in early drug exposure days were significantly 

more likely to develop diabetes than in later drug exposure days.   

Thus, Hypothesis 15 with regard to the relationship between index 

antipsychotic treatment duration and diabetes risk WAS rejected, with consistent 

results shown in all three tested models.    
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Hypothesis 23 (for Model V and Model VIII) 

 

Regardless of the model design, there is no significant association between 

FGA exposure duration and the incidence of treatment-emergent diabetes, 

when controlling for other variables (i.e., demographic variables, general and 

mental health conditions, and other treatment variables) 

 

In the two AT models that included FGA exposure duration, both of them 

showed that FGA exposure duration was a significant factor.  However, conflicting 

results were shown in the two models.  In Model V, longer FGA treatment duration 

was associated with an increased diabetes risk (HR=1.002, p=0.0326).  However, 

Model VIII showed that among patients exposed to FGAs, patients in early FGA 

exposure days were significantly more likely to develop diabetes than in later FGA 

exposure days (HR=0.996, p<0.0001).   

Hypothesis 23 with regard to the relationship between FGA exposure duration 

and diabetes risk WAS rejected due to inconsistent findings shown in the two tested 

models.  
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Hypothesis 25 (for Model V and Model VIII) 

 

Regardless of the model design, there is no significant association between 

olanzapine exposure duration and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general and mental health conditions, and other treatment variables) 

 

In the two AT models that included olanzapine exposure duration, different 

results were found.  Model V showed a non-significant relationship between 

olanzapine treatment duration and diabetes risk (HR=0.8683, p=1.000).  In Model 

VIII, it was found that among patients exposed to olanzapine, patients in early 

olanzapine exposure days were significantly more likely to develop diabetes than in 

later olanzapine exposure days (HR=0.994, p<0.0001).   

Hypothesis 25 with regard to the relationship between olanzapine exposure 

duration and diabetes risk WAS also rejected due to inconsistent findings shown in the 

two tested models.   
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Hypothesis 26 (for Model V and Model VIII) 

 

Regardless of the model design, there is no significant association between 

quetiapine exposure duration and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general and mental health conditions, and other treatment variables) 

 

Similar to the hypothesis testing with regard to the variable of FGA treatment 

duration, although results were significant in both Model V and Model VIII, 

conflicting findings were shown for the variable of quetiapine treatment duration.  In 

Model V, a longer quetiapine treatment duration was associated with an increased 

diabetes risk (HR=1.003, p=0.0454).  However, in Model VIII, it was found that 

among patients exposed to quetiapine, patients in early exposure days were 

significantly more likely to develop diabetes than in later FGA exposure days 

(HR=0.994, p<0.0001).   

Hypothesis 26 with regard to the relationship between quetiapine exposure 

duration and diabetes risk WAS rejected, due to inconsistent findings shown in the 

two tested models.    
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Hypothesis 27 (for Model V and Model VIII) 

 

Regardless of the model design, there is no significant association between 

risperidone exposure duration and the incidence of treatment-emergent 

diabetes, when controlling for other variables (i.e., demographic variables, 

general and mental health conditions, and other treatment variables) 

 

The findings with regard to risperidone exposure duration in AT models were 

different from other drug treatment durations.  Model V, using a retrospective cohort 

design, showed that longer risperidone exposure duration was associated with a 

significantly higher diabetes risk (HR=1.003, p=0.0090).  Model VIII, using a case-

control design, showed no significant association between the duration of risperidone 

and risk of diabetes development (HR=0.999, p=0.2927).   

Hypothesis 27 with regard to the relationship between risperidone exposure 

duration and diabetes risk WAS rejected, due to inconsistent findings shown in the 

two tested models.   
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Table 4.61 Hypotheses Testing of Treatment Factors – Treatment Duration 
 

  
 Hypothesis 15 Hypothesis 23 Hypothesis 25 Hypothesis 26 Hypothesis 27

 Index Drug (↔) FGA (↔) Olanzapine (↔) Quetiapine (↔) Risperidone (↔) 
 

Model I a, f  R.  

Model II a, g R.  

Model III a, e, f R.  

 
Model V b, h  R. (↑*) Not R.  R. (↑*) R. (↑*) 

Model VIII d, h  R. (↓*) R. (↓*) R. (↓*) Not R. 
 

Conclusion Consistent Inconsistent Inconsistent Inconsistent Inconsistent  

  R. R. R.  R. R. 

  
Notes: 
↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant association  

a ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control; e Propensity scoring method 
f Comparisons between SGAs and FGAs; g Comparisons among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
↑*: Model result showed an increased risk of diabetes; ↓*: Model result showed a decreased risk of diabetes 
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4.9.3.6 Model-Specific Treatment Variable – Index Drug Exposure 

 Effects of index drug exposure on the risk of diabetes incidence were 

evaluated in five ITT models.  Three compared the relative risk between SGA 

exposure vs. FGA exposure (Model I, Model III and Model VI), and two compared 

the risks among the SGA exposure (Model II and Model VII).  Hypotheses testing 

comparisons are shown in Table 4.62. 

 

 Hypothesis 18 (for Model I, Model III, and Model VI) 

 

Regardless of the model design, there is no significant difference between the 

class of antipsychotic used (i.e., the second generation antipsychotics vs. first 

generation antipsychotics) in the incidence of treatment-emergent diabetes, 

when controlling for other variables (i.e., demographics, general and mental 

health conditions, and other treatment variables) 

 

Among the three models that tested the relationship between the index 

antipsychotic drug class exposure and the risk of diabetes development, none found a 

significant difference in diabetes incident rates between SGA exposure and FGA 

exposure.   

Hypothesis 18 comparing the relative risk of diabetes incidence between SGA 

and FGA exposures was consistent across all three models and was NOT rejected. 
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Hypothesis 20 (for Model II and Model VII) 

 

Regardless of the model design, there is no significant difference between 

initial use of olanzapine when compared to initial use of risperidone in the 

incidence of treatment-emergent diabetes, when controlling for other variables 

(i.e., demographics, general health conditions, mental health conditions, and 

other treatment variables) 

 

Model II and Model VII tested the relative risk of diabetes incidence among 

patients exposed to SGA index medications.  When compared to patients initially 

started on risperidone, the risk of diabetes development among patients initially 

started on olanzapine was not significantly different.  This finding was consistent in 

both Model II and Model VII.   

Hypothesis 20 with regard to the relative risk of diabetes incidence among 

patients initially exposed to olanzapine when compared to risperidone was consistent 

across the two models and was NOT rejected.  
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Hypothesis 21 (for Model II and Model VII) 

 

Regardless of the model design, there is no significant difference between 

initial use of quetiapine when compared to initial use of risperidone in the 

incidence of treatment-emergent diabetes, when controlling for other variables 

(i.e., demographics, general health conditions, mental health conditions, and 

other treatment variables) 

 

Hypothesis 21 was also tested in Model II and Model VII with regard to the 

relative risk of diabetes incidence among patients exposed to SGA index medications.  

Different from the findings regarding olanzapine with consistency in the two models, 

when compared to patients initiated on risperidone, the risk of diabetes development 

among patients initiated on quetiapine was not consistent.   

In Model II, where an ITT retrospective cohort design was used, the model 

found that patients initially started on quetiapine had an increased risk in diabetes 

incidence than patients initially started on risperidone.  In Model VII, where an ITT 

case-control design was used, the model found that the risk of diabetes incidence 

among patients initially started on quetiapine was not significantly different from 

patients initially started on risperidone.  Although the odds ratio direction indicated 

an increased risk (OR=1.466), the p-value was far from significant (p=0.2695).   
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Thus, Hypothesis 21 with regard to the relative risk of diabetes incidence 

among patients initially exposed to quetiapine when compared to risperidone WAS 

rejected due to inconsistent findings across the models. 
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Table 4.62 Hypotheses Testing of Treatment Factors – Index Drug Exposure 

 
 

 Hypothesis 18 Hypothesis 20 Hypothesis 21 
 SGA (↔)  Olanzapine (↔) Quetiapine (↔)   
 

Model I a, f Not R.   

Model III a, e, f Not R.  

Model VI c, f Not R.   

 

Model II a, g  Not R.  R.    

Model VII c, g  Not R. Not R.  
 
Conclusion Consistent Consistent Inconsistent 

 Not R. Not R. R.  
 
Notes: 
↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant association  

a ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control; e Propensity scoring method 
f Comparisons between SGAs and FGAs; g Comparisons among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
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4.9.3.7 Model-Specific Treatment Variable – Any Time Drug Exposure 

The risk of diabetes development among patients exposed to any type of 

antipsychotic medications within the first treatment year was examined in two AT 

models.  Comparisons were made between SGA medications (olanzapine, quetiapine, 

and risperidone) and FGA class.  Hypotheses comparisons are shown in Table 4.63. 

 

Hypothesis 30 (for Model V and Model VIII) 

 

Regardless of the model design, there was no significant difference over time 

in hazard ratios of developing treatment-emergent diabetes in patients exposed 

to olanzapine when compared to patients exposed to FGA class, when 

controlling for other variables (i.e., demographics, general and mental health 

conditions, and other treatment variables) 

 

The findings with regard to the hazard ratios of diabetes development in 

olanzapine exposure compared to FGA exposure were consistent in the two AT 

models.  Both AT models revealed that there was no significant difference in hazard 

ratio comparisons between patients exposed to olanzapine and patients exposed to 

FGAs. 
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In Hypothesis 30, comparing the hazard ratios between olanzapine exposure 

and FGA exposure in the risk of diabetes development, findings were consistent 

across the two models and the hypothesis was NOT rejected. 

 

Hypothesis 31 (for Model V and Model VIII) 

 

Regardless of the model design, there is no significant difference over time in 

hazard ratios of developing treatment-emergent diabetes in patients exposed to 

quetiapine when compared to patients exposed to FGA class, when 

controlling for other variables (i.e., demographics, general and mental health 

conditions, and other treatment variables) 

 

The findings with regard to the hazard ratios of diabetes development in 

quetiapine exposure compared to FGA exposure were consistent in the two AT 

models.  Both AT models revealed that there was no significant difference in hazard 

ratio comparisons between patients exposed to quetiapine and patients exposed to 

FGAs. 

In Hypothesis 31, comparing the hazard ratios between quetiapine exposure 

and FGA exposure in the risk of diabetes development, findings were consistent across 

the two models and the hypothesis was NOT rejected.   
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Hypothesis 32 (for Model V and Model VIII) 

 

Regardless of the model design, there is no significant difference over time in 

hazard ratios of developing treatment-emergent diabetes in patients exposed to 

risperidone when compared to patients exposed to FGA class, when 

controlling for other variables (i.e., demographics, general and mental health 

conditions, and other treatment variables) 

 

The findings with regard to the hazard ratios of diabetes development in 

risperidone exposure compared to FGA exposure were not consistent in the two AT 

models.  Model V, with a retrospective cohort design, found that patients exposed to 

risperidone had a significantly lower risk of diabetes incidence (HR=0.584, p=0.0452), 

when compared to patients exposed to FGAs.  On the other hand, Model VIII, with a 

case-control design found that although patients exposed to risperidone therapy 

appeared to have a lower risk in developing diabetes than patients exposed to FGA 

medications (HR=0.523), the p value was not significant (p=0.0710). 

Hypothesis 32, comparing the hazard ratios between risperidone exposure and 

FGA exposure in the risk of diabetes development, WAS rejected due to inconsistent 

findings across the models.     
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Table 4.63 Hypotheses Testing of Treatment Factors – Anytime Drug Exposure 

 
 

 Hypothesis 30 Hypothesis 31 Hypothesis 32 
 Olanzapine (↔) Quetiapine (↔) Risperidone (↔) 
 

Model V b, h Not R. Not R. R.  

Model VIII d, h Not R. Not R. Not R.  
 
Conclusion Consistent Consistent Inconsistent 
 Not R. Not R. R. 

  
Notes: 
↑: Hypothesis tests an increased risk of diabetes; ↔: Hypothesis tests a non-significant association  

a ITT retrospective cohort; b AT retrospective cohort; c ITT case-control; d AT case-control; e Propensity scoring method 
f Comparisons between SGAs and FGAs; g Comparisons among SGAs; h Comparison between individual SGA and FGA class 
Not R: not rejected; R: rejected 
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CHAPTER FIVE 

DISCUSSION AND CONCLUSIONS 

 

In this final chapter, first, the research questions of the study will be reviewed.  

Results of the two study purposes will be summarized separately and findings will be 

compared with what had been found in the literature.  Then, the limitations of each 

study purpose and design utilized will be addressed, followed by future research 

suggestions in the corresponding area.  Finally, conclusions and recommendations 

with regard to the types of the methodologies that were utilized in the study will be 

presented.    

 

5.1 REVIEW OF RESEARCH QUESTIONS  

Using claims databases from two VA health care systems in Texas, this study 

focused on two primary research questions: 1) antipsychotic drug utilization trends; 

and 2) the robustness of the relationship between antipsychotic drug exposure and 

treatment-emergent type 2 diabetes, when various research methodologies were 

utilized and other confounding factors were controlled for.  The background of the 

research questions is briefly reviewed below.   
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5.1.1 Background for the First Study Purpose – Antipsychotic Drug Utilization 

Trend Evaluation  

The first antipsychotic drug specifically for treating schizophrenic symptoms 

was officially available in 1952.  Since then, the first generation antipsychotic 

medications have been used for treating schizophrenia, as well as psychotic 

symptoms in other mental illness disorders.  FGAs showed their merits in controlling 

schizophrenia’s positive symptoms but showed limited improvement in controlling 

negative symptoms.  However, the central nervous system side effects of these drugs, 

in addition to many other side effects, concerned health care professionals and limited 

their usage.     

Clozapine was the first drug considered as a second generation antipsychotic 

medication.  However, regardless of its effectiveness in treating treatment-resistant 

schizophrenia patients, it was never widely accepted by physicians and patients, 

primarily due to its agranulocytosis side effect and the monitoring procedure required 

when the drug was administered.  Thus, the increased utilization of second generation 

antipsychotics did not start until 1995 when risperidone was introduced to the market.   

The quick acceptance of the SGAs was largely due to the improved side effect 

profiles.  SGAs, in general, have demonstrated comparable effectiveness in treating 

positive symptoms, and better effectiveness in controlling negative symptoms and 

cognitive symptoms, when compared to FGAs.  Furthermore, SGAs, in general, have 

very limited side effects to the central nervous system.  Because of these important 
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differences, in the late 1990s, SGAs were accepted as the first-line treatment of 

choice for schizophrenia, resulting in a large shift in utilization from FGAs to SGAs.   

On the other hand, because of the complex symptom manifestations of 

schizophrenia, it is always challenging to find an antipsychotic medication that can 

effectively control patients’ symptoms.  Thus, it is a common practice for physicians 

to prescribe an alternative antipsychotic for treatment-resistent patients.    

While some patients switched treatment completely from the first 

antipsychotic to a second one, other patients might stay on the two-drug therapy for a 

sustained period of time.  This type of practice is called antipsychotic combination 

therapy or polypharmacy.  It had been utilized since multiple antipsychotic 

medications were available.  The legitimacy of such practice has long been 

questioned due to lack of empirical support.   

However, since the introduction of the SGAs, it is suspected that antipsychotic 

combination therapy might be on the rise.  Some researchers suggested that because 

of the different pharmacodynamic effects of the SGA medications, the combined use 

of different antipsychotic agents may improve the effectiveness of the regimen.240  

Other researchers believe that combination therapy may only compromise the merits 

of the different drug pharmacodynamic effects and, in contrast, evoke unnecessary 

side effects.79-82   

Thus, given the available timeframe of the VA health care system databases 

(from 1995 to 2004), a longitudinal dataset was created and antipsychotic drug 
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utilization trends were studied, primarily focusing on two aspects: 1) the drug 

utilization shift from primarily FGAs to SGAs; and 2) antipsychotic prescribing 

patterns in terms of monotherapy, switching and combination therapy.    
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5.1.2 Background for the Second Study Purpose – Methodological Comparison 

in Evaluating the Relationship between Antipsychotic Use and Diabetes 

Incidence  

As mentioned earlier, the second generation antipsychotic medications have 

an improved side effect profile, particularly due to their very limited impact on the 

central nervous system, when compared to the first generation antipsychotics.  

However, along with the widespread utilization of these medications, other types of 

side effects are of concern.  One of them resulted from repeated case reports of blood 

glucose abnormality after patients’ SGA exposure.  A causal relationship between 

SGA exposure and treatment-emergent type 2 diabetes was suggested.   

Starting in 2001, over a dozen studies have been published based on large 

claims databases to substantiate the potential causal relationship.  When cross 

comparisons were made between these studies, the conclusions varied based on the 

research questions asked, the dababase used, and the methods used to answer the 

research questions.  One consistent finding was regardless of exposure to an FGA or 

an SGA agent, the risk of diabetes increased among these patients, when compared to 

non-psychotic patients who were never exposed to antipsychotic treatment.   

However, results were inconsistent in two other types of comparisons: 1) 

whether the risk of diabetes was different between patients exposed to an SGA agent 

and patients exposed to an FGA agent; 2) whether the risk of diabetes was different 

among patients exposed to different types of the SGA agents.   
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A detailed comparison was made in the Literature Review chapter with regard 

to the results and methodologies that were utilized by these studies.  The research 

question was asked: whether the inconsistency was due to the different patient 

populations of these studies or whether it was due to the variations in methodologies 

that were used in these studies.     

Therefore, the second purpose of the current study was to make 

methodological comparisons, in terms of the robustness of the relationship between 

antipsychotic drug exposure and treatment-emergent type 2 diabetes when the same 

claims database was utilized as the data source.   

 



 

 486

5.2 STUDY FINDINGS AND COMPARISONS TO THE LITERATURE 

In this section, research findings will be summarized and compared to the 

literature.  The two study purposes will be addressed separately.  Discussion will 

focus on findings that are inconsistent with those in the literature.  Limitations will be 

addressed following each of the study purposes.   

 

5.2.1 Findings in the Antipsychotic Drug Utilization Trend Evaluation 

There were two VA health care system databases included in the study.  

Outpatient prescription utilization was extracted from the databases.  Analyses were 

conducted separately for new antipsychotic exposure patients and the existing 

patients.  In the VANTHCS, a total of 10,587 patients were exposed to an 

antipsychotic within the study timeframe, and in the STVHCS, a total of 7,622 

patients were exposed to an antipsychotic.   

After implementing inclusion and exclusion criteria, 4,477 new patients in the 

VANTHCS (42.3%) were eligible to be included in the trend analyses, and 3,619 new 

patients in the STVHCS (47.5%) were eligible.  Based on data availability, the trend 

analyses for new patients were from 1997 to 2002.  For existing patients, 4,976 of 

those in the VANTHCS (47.0%) were eligible, and 4,037 of existing patients in the 

STVHCS (53.0%) were eligible.  Based on data availability, the trend analyses for 

existing patients were from 1997 to 2003.  The following primarily discusses the 
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antipsychotic drug utilization trends among new patients.  Comparison between the 

new and existing patients will be discussed briefly. 

 

5.2.1.1 General Antipsychotic Drug Utilization for Patients Newly Initiated on 

Antipsychotic Therapy 

The trend was consistent that over the last few years in both of the VA health 

care systems, the utilization of FGAs declined and SGAs were rapidly replacing 

FGAs.  Given that SGAs have been the first-line medication choices for treating 

schizophrenic symptoms in recent years, primarily due to their improved side effect 

profiles, this is not surprising.  This trend was also seen in other studies as well.298, 299    

There were some variations in the preference of the individual antipsychotic 

medications between the two VA health care systems.  Among the FGA medications, 

haloperidol was used most frequently in both the VANTHCS and the STVHCS.  

However, among the SGAs, the most prescribed medication in the VANTHCS was 

olanzapine, whereas in the STVHCS it was risperidone.  

This difference may be explained by a few reasons.  First, the literature has 

not been able to provide consistent recommendations with regard to the effectiveness 

and side effect profiles of the various SGAs, although along with the wide utilization 

of SGA medications, more and more empirical evidence has emerged.  Starting in the 

late 1990s, various studies and reports were published, including many case reports of 

blood glucose abnormality,34-38 head-to-head prospective comparison studies between 
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the SGAs,271, 300 and retrospective claims database studies between the SGAs.48, 50, 55, 

57, 60, 301, 302  A comprehensive literature review has been published recently by 

Newcomer with regard to SGA treatment and metabolic effects.303  A recent 

published multi-sites, single-blinded, randomized controlled trial study, the Clinical 

Antipsychotic Trials of Intervention Effectiveness (CATIE), compared the 

effectiveness and side effects of antipsychotic drugs among patients with chronic 

schizophrenia.304  Among the medication comparison groups (i.e., olanzapine, 

perphenazine, quetiapine, risperidone, and ziprasidone), the results of the study 

showed that olanzapine had the lowest rate of discontinuation and thus might be the 

most effective drug, compared to all other studied drugs.  However, olanzapine was 

associated with most increases in weight and indexes of metabolic syndrome. 

Second, starting in June 2002, there was an official recommendation with 

regard to the choice of SGA medications from the VA Pharmacy Benefits 

Management Strategic Healthcare Group, Medical Advisory Panel, and Mental 

Health Strategic Healthcare Group.  For the VA health care system, quetiapine and 

risperidone were preferred over olanzapine, ziprasidone and aripiprazole.  However, 

the adherence rate to the guideline may have been different in different VA health 

care systems.   

Third, while both empirical evidence and official guidelines could help 

reshape physicians’ choices in antipsychotic medication selection, their own practice 

experiences may be more important in clinical judgment, in addition to peer influence 
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and their promptness in adopting more recent medications.  This was reflected in the 

geographic difference in medication selection and drug utilization pattern.  Lastly, the 

impact of the marketing influence may not be underestimated.   

One example shown in this study was the utilization of quetiapine.  

Quetiapine has been available on the market since 1997.  The timeframe of this study 

was from 1997 to 2002 for new patients.  In the first three years, utilization of 

quetiapine in both the VANTHCS and the STVHCS was very limited.  However, the 

percentage of quetiapine prescriptions increased sharply in the VANTHCS among the 

SGA prescriptions, from 7.9 percent in 1999, to 16.9 percent in 2000, to 40.7 percent 

in 2002.  In fact, by 2002, quetiapine had replaced olanzapine and risperidone, and 

become the most prescribed antipsychotic in the VANTHCS.   

On the other hand, in the STVHCS, utilization of quetiapine remained low.  

The percentage of quetiapine prescriptions among the SGAs was 4.3 percent in 1999, 

6.7 percent in 2002, and 16.5 percent in 2002.  While use of risperidone was always 

predominant in the STVHCS in general, its volume became comparable (43.4%) to 

olanzapine (40.1%) by 2002.   

 

5.2.1.2 Antipsychotic Drug Utilization for New Patients with Mental Illness 

Disorders 

Schizophrenia is the primary indication for all of the antipsychotic 

medications.  In addition to schizophrenia, the five newer SGA medications available 
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on the U.S. market (i.e., aripiprazole, olanzapine, quetiapine, risperidone and 

ziprasidone) are also approved by the FDA for treating bipolar disorder.  In fact, 

except for clozapine, SGA monotherapy or SGA in combination with lithium or 

valproate is the first-line treatment for bipolar mania.263  Antipsychotics, both FGAs 

and SGAs, are also commonly prescribed for off-label use as monotherapy or 

adjunctively with other psychotropic medications to treat conditions such as 

depression,305, 306 PTSD,307, 308 substance abuse,309, 310 and dementia.311   

This was reflected in the results of this study.  The study found that among 

patients who were “new starts” on antipsychotic therapy, less than one-quarter of 

these patients (25.7 percent in the VANTHCS and 21.6 percent in the STVHCS) had 

a diagnosis for schizophrenia.  The percentages of prescriptions that could be related 

to patients with a diagnosis of schizophrenia were 31.5 percent in the VANTHCS and 

27.5 percent in the STVHCS.  Therefore, approximately two-thirds of first treatment 

year prescriptions were prescribed for patients with conditions other than 

schizophrenia (or at least documented).  

Among the five specified mental illness disorders of the study (i.e., bipolar 

disorder, depression, PTSD, schizophrenia, and substance abuse), bipolar disorder 

and depression were the most common conditions in these VA patients newly started 

on antipsychotic therapy (bipolar diagnosis: 58.2% in the VANTHCS and 54.2% in 

the STVHCS; depression: 56.3% in the VANTHCS and 58.4% in the STVHCS).  

Among those first treatment year prescriptions, the majority could be related to 
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patients with bipolar disorder (65.6% in the VANTHCS and 62.5% in the STVHCS) 

and patients with depression (61.8% in the VANTHCS and 65.5% in the STVHCS).  

This is similar to a pharmacy survey study conducted in 2000, in which antipsychotic 

off-label use was investigated.252  This study found that off-label use of 

antipsychotics was prescribed for 66.5 percent of the patients.  At that time, using 

SGAs to treat bipolar disorder was still considered as off-lable use.   

 

5.2.1.3 Antipsychotic Prescribing Patterns for Patients Newly Initiated on 

Antipsychotic Therapy 

Although there have been concerns with regard to the increased use of 

antipsychotic combination therapy, this study found that it may not be as common 

among outpatients in the VA health care systems.  Throughout the study timeframe, 

over 80 percent of patients had monotherapy; 14.1 percent switched antipsychotics, 

and less than five percent of the patients had combined antipsychotic treatment.  

When the trend was examined, use of antipsychotic combinations had increased from 

1.9 percent in 1997 in both the VANTHCS and the STVHCS, to 4.5 percent in 2002 

in VANTHCS and 3.4 percent in STVHCS.  Antipsychotic switching remained stable 

in both the VANTHCS and the STVHCS.   

Previous studies have found that up to a quarter of outpatients switched or 

combined two or more antipsychotic use simultaneously.80, 312, 313  For example, based 

on a 1995 claims database, the Williams study reported 71.5 percent of monotherapy, 
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24.7 percent antipsychotic switching and 3.8 percent antipsychotic combination 

therapy.312   The monotherapy rate was somewhat lower than what was found in this 

study.   

However, recent studies have shown even lower monotherapy rates and much 

higher rates of antipsychotic switching and/or combination.50, 314  For example, the 

Fuller et al. study also used a VA database (Ohio).50  The authors did not report the 

overall percentage for patients who switched medications and did not include a 

combination therapy concept in their study.  However, based on the numbers 

provided in their report, 65.3 percent of the patients had a different drug as the 

postindex medication compared to the index medication.   

The difference between this study and other published studies was probably 

related to several factors.  First, the Fuller et al. study included inpatient antipsychotic 

prescriptions, while the current study used outpatient prescriptions only.  It has been 

reported that antipsychotic switching and combination therapy were used more 

frequently in inpatient settings.70  Second, the prescription follow-up periods were 

different.  In the Fuller et al. study, starting from the index date, all of the 

antipsychotic prescriptions in the study period of January 1, 1997 – December 31, 

2000 were included.  In the current study, starting from the index date, all of the 

prescriptions were followed for up to 12-months.  When the prescription utilization is 

followed longer, it is likely that patients switched to a different antipsychotic 

therapy.313   
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5.2.1.4 Antipsychotic Drug Utilization Comparison between New Patients and 

Existing Patients 

Except for some small variations, the antipsychotic drug utilization 

comparisons between new patients and existing patients were largely similar.  The 

primary difference was the utilization of clozapine.  Clozapine was prescribed far 

more frequently for existing patients than for new patients.  Between 1997 and 2003, 

7.9 percent of all antipsychotic prescriptions for existing patients in the VANTHCS 

were for clozapine and 3.2 percent in the STVHCS.  On the other hand, between 1997 

and 2002, 0.9 percent of all prescriptions for new patients in the VANTCHS were for 

clozapine and 0.3 percent in the STVHCS.   

This is reasonable considering that clozapine is indicated for treatment-

resistant patients.  Physicians are likely to try a number of other either FGA agents or 

SGA agents for patients in the first treatment year before starting on clozapine.  Thus, 

clozapine is more likely to be prescribed for existing patients than for new patients in 

their first year of antipsychotic treatment.   

In addition, a higher average number of prescriptions were prescribed for 

patients with a schizophrenia diagnosis than patients without schizophrenia.  Among 

existing patients in the VANTHCS, 64.3 percent of prescriptions were prescribed for 

those with schizophrenia (23.0% for FGAs and 41.3% for SGAs).  Similarly, among 

existing patients in the STVHCS, 68.4 percent prescriptions were for those with 

schizophrenia (27.5% for FGAs and 40.9% for SGAs).   
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Among new patients, antipsychotic prescriptions were prescribed to many 

patients with other mental illness disorders.  In fact, less than one-third (31.5%) of 

prescriptions were for new patients with schizophrenia in the VANTHCS (11.6% for 

FGAs and 19.9% for SGAs).  In the STVHCS, barely over one-quarter (27.5%) of 

prescriptions were for new patients with schizophrenia (7.1% for FGAs and 20.4% 

for SGAs).   

This finding implies that utilization of antipsychotic prescriptions varies 

between new and existing patients with regard to mental illness diagnoses.  It appears 

that among the patients who were newly initiated on antipsychotic therapy, many of 

them had mental illness disorders other than schizophrenia.  On the other hand, 

existing patients on antipsychotic therapy were more likely to have a schizophrenia 

diagnosis.   

Antipsychotic therapy has been commonly utilized for other mental illness 

disorders.  In addition to those that were included in the study such as bipolar 

disorder, depression, PTSD and substance abuse, antipsychotics are also frequently 

prescribed for patients with dementia.315  However, prescriptions for mental illness 

disorders other than schizophrenia have not been recommended for long-term 

utilization.  In this study, these patients, if eligible, were included as new 

antipsychotic users.  Since they usually did not require long-term or maintenance 

therapy, they were less likely to be prescribed antipsychotic treatment in the 
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following years.  As a result, they were not on the treatment long enough to be 

eligible as an existing patient.   

In contrast, patients with a schizophrenia diagnosis should be on antipsychotic 

maintenance therapy.  Thus, it can be expected that the proportion of patients with 

schizophrenia would be higher among existing patients than among new patients.  In 

fact, among the new patients in the VANTHCS, 23.5 percent of them had a 

schizophrenia diagnosis; and in the STVHCS, 17.5 percent had a schizophrenia 

diagnosis.  However, among the existing patients in the VANTHCS, 41.9 percent of 

them had a schizophrenia diagnosis; and in the STVHCS, 40.5 percent had a 

schizophrenia diagnosis.  Thus, it is understandable that proportionally, more 

antipsychotic prescriptions were prescribed for existing patients with schizophrenia, 

when compared to prescriptions prescribed for new patients with schizophrenia.    

 

5.2.1.5 Limitations of the Antipsychotic Utilization Trend Study 

The first purpose of the study was to examine antipsychotic drug utilization 

trends.  There are some limitations of the trend analyses.  First, the analyzed 

prescription datasets included outpatient prescriptions only.  It is possible that some 

of these patients may have been hospitalized during the follow-up period and their 

inpatient antipsychotic prescription utilization was not included.  However, in recent 

years, patients on antipsychotic therapy are largely managed on an outpatient basis.  

Thus, the current trend analyses for outpatient antipsychotic prescription utilization 
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may not be substantially different had the inpatient antipsychotic prescriptions been 

available.  

Second, the prescription claims databases included prescriptions filled in the 

VA pharmacies only.  Patients who filled prescriptions outside of the VA pharmacies 

may not be captured.  However, because of the extended medication insurance 

coverage and limited copayment when the prescriptions were filled in the VA 

pharmacies, it is likely that veterans filed the vast majority of their prescriptions in 

VA pharmacies.  

Third, for this study purpose, descriptive and bivariate analyses were used to 

analyze trends.  Without controlling variables, it is difficult to evaluate factors that 

may influence physicians’ decision in antipsychotic selection and in treatment pattern 

selection.  In future research, in addition to obtaining other variables from clinical 

aspects, it is also important to utilize regression models to help understand factors 

related to antipsychotic selection, as well as factors related to the selection of 

monotherapy, switching and combination therapy.   

Fourth, trend analyses in this study used VA datasets.  These findings may not 

be generalizable to other health care systems.  For example, the trends in use of 

monotherapy, switching and combination therapy appeared to differ from other 

studies.50, 314  Furthermore, given the database timeframe, neither aripiprazole nor 

ziprasidone was included because of the low use of these newer agents.  Considering 

the high cost of the SGA medications and the dynamic in antipsychotic drug 
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development, it is important to gain insights in antipsychotic medication utilization 

and prescribing patterns in different health care systems.  More investigations are 

warranted to help practitioners and policy makers understand the ever changing 

antipsychotic drug utilization trends.     
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5.2.2 Findings in the Methodological Comparisons of the Relationship between 

Antipsychotic Drug Utilization and Diabetes Incidence 

The second half of the Results chapter focused on the second purpose of the 

study: diabetes incidence rates among patients newly started on antipsychotic therapy 

and factors related to diabetes incidence.  Discussion of the results based on the 

second purpose will primarily focus on three aspects.  First, diabetes incidence rates 

found in this study and comparison to other studies will be addressed.  Second, 

findings with regard to the factors related to the antipsychotic treatment-emergent 

type 2 diabetes will be discussed.  Last, cross comparisons between the models and 

results of the hypothesis testing will be discussed.    

 

5.2.2.1 Variables in the Incidence Study 

As addressed earlier in the Methodology and Results chapters, patients’ 

inclusion and exclusion criteria differed for the trend study and for the incidence 

study.  In the incidence study, a total of 8,949 patients were eligible.  More were from 

the VANTHCS (56.6%) than the STVHCS (43.4%).  The majority of the patients 

were male (93.6%) and approximately 40 percent were 55 years or older.  One-third 

of the patients did not have a valid race value.  Among the patients with known race 

values, most of them were white (59.0%).  A third race category – “unknown’ – was 

created to include those patients with unknown race values in the models.  Sensitivity 

analyses, excluding patients with unknown race, were performed for those 
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retrospective cohort models.  Race was one of the matching variables in the case-

control design models, and thus was not one of the covariates in these models.  No 

sensitivity analyses were conducted for case-control models.  Results of the 

sensitivity analyses will be discussed later.   

Body mass index (BMI) was another variable with an even larger proportion 

of missing values (60.9%).  Among patients with valid BMI values, approximately 

two-thirds of them were overweight or obese (64.5%).  Due to the overwhelming 

missing values on BMI, the overweight/obesity status variable was excluded from all 

of the regression models.   

Among the 8,949 eligible patients, a similar percent of patients had 

preexisting hypertension (18.6%) and dyslipidemia (18.0%).  Bipolar disorder, 

depression, PTSD, schizophrenia and substance abuse were the most common mental 

illness diagnoses among these veterans newly treated with antipsychotic medications.   

Monotherapy was the predominant treatment strategy among the patients who 

were newly initiated on antipsychotic therapy (81.8%).  Antipsychotic switching was 

also common (14.1%) and not many patients were treated with antipsychotic 

combination therapy (4.1%).  Approximately one-third of patients had at least one 30-

day break before the re-exposure to the index medication.   

Among these eligible new patients, approximately two-thirds of them started 

antipsychotic therapy before 2000 and the number of new patients in each year from 

1995 to 2002, except for 2003, was similar.  This is because the last index date was 



 

 500

May 12, 2003.  Half of the index medications were FGAs.  Among all of the index 

medications, risperidone (22.6%) was most commonly prescribed, followed closely 

by olanzapine (20.0%) and haloperidol (19.3%).   

The mean treatment duration for the index medication was less than five 

months with a large variation (144.3±115.0 days) and the median was 108 days.  

Approximately 10 percent of patients were on continuous therapy for 11 months or 

longer within the first treatment year.   

The above summarized descriptive statistics were primarily for ITT models 

(N=8,949).  Since multiple model designs were utilized in this study, the sample sizes 

varied accordingly based upon the specific design.  When the drug comparisons were 

between SGAs and FGAs with an ITT cohort design, the sample size was the entire 

cohort including all of the eligible patients (N=8,949).  When the drug comparisons 

were made among SGAs with an ITT cohort design, the sample size was 4,011.  

When the drug comparisons were made between individual SGAs and the FGA class 

with an AT cohort design, the sample size was 8,725.  Of course, the sample sizes for 

the case-control design models further differed based on the patient pool, the number 

of cases, and the preset control/case ratio.   

 

5.2.2.2 Diabetes Incidence Rates 

Among the 8,949 patients, 533 of them developed diabetes within one-year of 

initial antipsychotic exposure, yielding a 6.0 percent annual incidence rate.  Bivariate 
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analyses showed that patients in the STVHCS (7.2%) experienced significantly 

higher diabetes risk than patients in the VANTHCS (5.0%).   

There were no significant differences in risk of diabetes development between 

patients who were initially exposed to SGAs and patients who were initially exposed 

to FGAs in the VANTHCS (5.4% among FGA initial exposure and 4.7% among SGA 

initial exposure).  However, the incidence rate was significantly higher among 

patients initially exposed to FGAs in the STVHCS (8.7% among FGA initial 

exposure and 5.9% among SGA initial exposure), as well as the entire cohort (6.7% 

among FGA initial exposure and 5.2% among SGA initial exposure).   

Since the last literature review presented in Chapter Two, several more claims 

database studies on the relationship between antipsychotic utilization and treatment-

emergent diabetes have been published.83, 301, 302, 316-320  The overall diabetes incidence 

rate in this study was comparable to a few other claims database studies, varying 

between 4.0-7.1 percent.46, 47, 49, 50, 318, 320  Among these six studies, four of them used 

VA databases,46, 49, 50, 320 one used an AdvancedPCS database,47 and another used 

MEDSTAT’s Market-Scan database.318  All of them had a retrospective cohort design.  

Three of these studies differentiated the diabetes incidence rates between patients 

exposed to the FGAs and SGAs.46, 47, 318  In all three studies, the diabetes incidence 

rate was higher among patients exposed to FGAs.  This was similar to the findings in 

this study.   
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Several other claims database studies reported lower overall diabetes 

incidence rates, varying between 0.4-3.1 percent.51, 53-57, 60  The wide range of 

diabetes incidence rates was probably due to different patient populations.  However, 

none of above studies used VA claims databases.  It appeared that patients on 

antipsychotic therapy in the VA health care systems may experience a higher diabetes 

incidence rate.  This is probably related to the higher prevalence of various mental 

illness disorders among VA patients and an older age population, as shown in this 

study.  Studies have found that diabetes incidence rate are higher among patients with 

mental illness disorders.321, 322 

In addition, a few studies did not report an overall incidence rate but specific 

diabetes incidence rates for the FGA patient group and SGA patient group.55, 57, 60, 302, 

316  While the unadjusted diabetes incidence rates may or may not have differed 

significantly, five of them showed a higherunadjusteddiabetes incidence rate for the 

combined FGA group.55, 57, 302, 316, 318  Only one study reported a higher unadjusted 

incidence rate among patients with SGA initiation.60   

In this study, among the individual SGA comparisons (i.e., olanzapine, 

quetiapine, and risperidone), no significant differences were found in the VANTHCS 

or the STVHCS, or the entire cohort.  However, theunadjusteddiabetes incidence rate 

appeared to be much higher for patients who were initiated on quetiapine (11.5%) 

than olanzapine (5.5%) or risperidone (5.6%) in the STVHCS although the p-value 

was not significant (p=0.0540).   
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A few other studies differentiated diabetes incidence rates for individual SGA 

agents.  With regard to the unadjusted diabetes incidence rates among patients who 

were treated with olanzapine, quetiapine and risperidone, five studies reported the 

highest rate for the olanzapine patient group;54, 301, 302, 317, 318 three of them had the 

highest rate for the risperidone group;47, 55, 60 and one study reported the highest rate 

for the quetiapine group.319  Four studies reported rather similar unadjusted diabetes 

incidence rates between olanzapine and risperidone.48, 57, 316, 319   

With regard to the diabetes incidence rates based upon treatment patterns, 

bivariate analyses showed that in the VANTHCS, there was no significant difference 

among FGA monotherapy (5.6%), SGA monotherapy (4.2%), antipsychotic switching 

(5.2%), and combination therapy (6.7%) (p=0.1437).  However, the comparisons 

were significant for patients in the STVHCS (p=0.0236) and the entire cohort 

(p=0.0077).  Theunadjusteddiabetes incidence rates were FGA monotherapy (8.4%), 

SGA monotherapy (5.8%), antipsychotic switching (8.0%), and combination therapy 

(8.0%) in the STVHCS.  The unadjusted diabetes incidence rates were FGA 

monotherapy (6.7%), SGA monotherapy (4.9%), antipsychotic switching (6.4%), and 

combination therapy (7.2%) in the entire cohort.  The unadjusted diabetes incidence 

rate appeared to be the highest among patients with combination therapy, followed by 

patients with switching treatment, in general.  The unadjusted diabetes incidence rate 

was the lowest among patients with monotherapy, although patients on FGA 

monotherapy had a higher diabetes incidence rate than patients on SGA monotherapy.   
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In the literature, very few studies specifically evaluated the diabetes incidence 

rates based upon antipsychotic treatment patterns.  The only study that reported such 

an incidence rate was by Østbye et al and this study did not differentiate diabetes 

incidence rates for patients who switched medications from patients who had 

combination therapy.302  In their study, the diabetes incidence rate was comparable 

among patients who were exposed to multiple drugs (1.1%) and those exposed to 

FGA medications (1.1%).  The diabetes incidence rate was relatively the lowest 

among patients who were initiated on SGA medications (0.8%).   

 

5.2.2.3 Results Comparisons 

Seven of the eight proposed regression models were analyzed and 26 of the 33 

proposed hypotheses were tested in the incidence study.  One model (Model IV) was 

dropped since the exploration of a model with multiple groups propensity score 

estimation was beyond the scope of the study.  Seven hypotheses were not tested 

because of limited information for the variables.  For example, the overweight/obesity 

status variable was withdrawn from all models because two-thirds of the patients did 

not have a value for this variable.   

Among the 26 tested hypotheses, eight were not rejected; two were rejected 

with consistent findings revealed across the models; 16 hypotheses were rejected with 

inconsistent findings across the models.  The following addresses the findings based 

on the three groups of factors (i.e., demographic factors, health risk factors, and 
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treatment factors) that were evaluated in the proposed theoretical model for 

antipsychotic treatment-emergent diabetes. 

 

5.2.2.3.1 Demographic Factors  

Among the four hypotheses related to demographic factors, two of them (i.e., 

age and gender) were not rejected.  One (i.e., geographic region) was rejected with 

consistent findings across all of the tested models.  One (i.e., race) was also rejected 

although the majority of the tested models revealed a significant association.  

All seven models included gender and geographic region as covariates.  All 

seven models revealed that there was no relationship between gender and the risk of 

diabetes development among patients who were newly exposed to antipsychotic 

therapy.  This is consistent with most of the studies of the subject.  In addition, all 

seven models revealed that there was a significant association between geographic 

region and antipsychotic treatment-emergent diabetes.  Patients in the STVHCS had a 

significantly higher diabetes risk than patients in the VANTHCS.  Among the few 

studies that included region in their studies,55, 57, 60 one found that patients who lived 

in different regions had significantly different diabetes incidence rates.55  

Effects of age and race were not tested in three case-control models since both 

of them were matching variables.  Four retrospective cohort models included age and 

race as covariates.  All four models revealed that older age increased the risk of 

diabetes development among patients who were newly exposed to antipsychotics.  
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This finding is consistent with older age as a diabetes risk factor in the general 

population, as well as the majority studies on patients with antipsychotic therapy.46, 47, 

51, 52, 57, 60, 83, 302, 318    

Of the four retrospective designs that included race in the models, three of 

them revealed a significant relationship.  Nonwhite patients were associated with a 

significantly higher diabetes risk than white patients.  One model showed an 

increased but non-significant relationship between nonwhite patients and diabetes risk 

when compared to white patients (RR=1.212, p=0.0927).  Different from the other 

three retrospective cohort models, this model incorporated propensity scoring 

quintiles in the model.   

The purpose of including propensity score quintiles in the model was to 

reduce the potential bias in treatment selection.  Cross comparison between the 

models showed the difference: when propensity score quintiles were not included in 

the cohort models, race was a significant factor among patients exposed to 

antipsychotic therapy; when propensity score quintiles were included in the cohort 

model, the effect of race was diminished.  This implies that race may play a role in 

physicians’ medication selection.  A few studies have investigated racial disparities in 

antipsychotic utilization.323-326  All of them found that nonwhite patients (black and/or 

Hispanic) were less likely to be prescribed SGA medications.  More research is 

warranted with regard to racial disparities in antipsychotic drug utilization and its 

relationship with diabetes risk.   
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With regard to the unknown race category, none of the four models showed a 

significant difference in diabetes risk when compared to white patients.  In the 

sensitivity analyses models where patients with unknown race were excluded, the 

findings with regard to race were the same.  More discussion with regard to 

sensitivity analyses will be presented later.   

 

5.2.2.3.2 Health Risk Factors 

As mentioned earlier, overweight/obesity status was not included in the model 

analyses due to overwhelming missing values.  Two hypotheses with regard to 

general health risk conditions (i.e., preexisting hypertension and preexisting 

dyslipidemia) were tested.  Five hypotheses with regard to mental health conditions 

(i.e., bipolar disorder, depression, PTSD, schizophrenia, and substance abuse) were 

tested.   

All seven models included the two general health risk conditions.  Limited 

consistency was found regarding preexisting hypertension and dyslipidemia on 

antipsychotic treatment-emergent diabetes.  Five models revealed an increased 

diabetes risk among patients with preexisting hypertension.  The rest of the models 

showed a non-significant relationship.  The five models with significant findings for 

hypertension were: 1) the ITT retrospective cohort design comparing the SGA class 

and FGA class (Model I); 2) the ITT retrospective cohort design with a propensity 

scoring method comparing the SGA class and FGA class (Model III); 3) the ITT case-
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control design comparing the SGA class and FGA class (Model VI); 4) the ITT case-

control design comparing individual SGAs (Model VII); and 5)  the AT case-control 

design comparing the individual SGA agents and FGA class (Model VIII). 

The two models that revealed non-significant relationships between 

hypertension and diabetes incidence were: 1) the ITT retrospective cohort design 

comparing individual SGAs (Model II); and 2) the AT retrospective cohort design 

comparing individual SGAs to the FGA class (Model V). 

Three models revealed an increased diabetes risk among patients with 

preexisting dyslipidemia.  The three models with significant findings on dyslipidemia 

were: 1) the ITT retrospective cohort design comparing the SGA class and FGA class 

(Model I); 2) the ITT retrospective cohort design comparing individual SGAs (Model 

II); and 3) the ITT retrospective cohort design with a propensity scoring method 

comparing the SGA class and FGA class (Model III). 

The four models with non-significant findings on dyslipidemia were: 1) the 

AT retrospective cohort design comparing individual SGAs to the FGA class (Model 

V); 2) the ITT case-control design comparing the SGA class and FGA class (Model 

VI); 3) the ITT case-control design comparing individual SGAs (Model VII); and 4) 

the AT case-control design comparing SGAs to the FGA class (Model VIII).  

Although not all of the models showed significant association between the 

presence of preexisting hypertension and diabetes incidence, and between the 

presence of preexisting dyslipidemia and diabetes incidence, no contradictory 
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findings emerged from any of the models.  Thus, based on findings in this study, the 

presence of the two general health conditions could be related to increased diabetes 

risk among patients exposed to antipsychotic treatment.   

Few studies have evaluated the impact of hypertension on diabetes risk among 

patients exposed to antipsychotic treatment.53, 55, 59  Two of the three have found an 

increased risk with the presence of hypertension.55, 59  Two studies have evaluated the 

impact of dyslipidemia on diabetes risk among patients exposed to antipsychotic 

treatment;46, 60 both of them found an increased risk with the presence of 

dyslipidemia.46, 60  The impact of these two variables found in these studies is 

consistent with the current study.     

The impact of the five mental health conditions on diabetes incidence was 

evaluated in all seven models.  Two of the five hypotheses (i.e., bipolar disorder and 

substance abuse) were not rejected.  All seven models revealed that neither the 

presence of bipolar disorder nor the presence of substance abuse increase the risk of 

diabetes development among patients exposed to antipsychotic treatment.   

Among the rest of the three mental illness disorders, the majority of the 

models (6 out of 7) revealed no significant relationship between the presence of 

depression, PTSD, or schizophrenia and diabetes development.  However, one model 

each for the three hypotheses had a different finding.   

With regard to the presence of depression, the model using ITT retrospective 

cohort design with a propensity scoring method comparing the SGA class to FGA 
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class (Model III) showed that depression increased the risk of diabetes (RR=1.291, 

p=0.0479).  With regard to the presence of PTSD, the model using ITT retrospective 

cohort design comparing the individual SGA agents (Model II) showed that PTSD 

increased the risk of diabetes (RR=1.532, p=0.0281).  This model also showed that 

the presence of schizophrenia increased the risk of diabetes (RR=1.661, p=0.0129).   

A number of claims database studies also included mental illness comorbidity 

as covariates.46, 48, 50, 52, 55, 57, 59, 60, 317, 318  While most of the studies revealed non-

significant relationship between the presence of a mental illness disorder and diabetes 

incidence, a few found different results.  Three studies found that the presence of a 

bipolar disorder diagnosis was associated with a lower diabetes risk.52, 55, 57  One 

study found that the presence of a depression diagnosis was associated with a lower 

diabetes risk.52  Another study found that the presence of bipolar disorder, PTSD, or 

schizophrenia increased the risk of diabetes development.     

Given that the majority of the models evaluated in this study did not reveal a 

significant relationship between the presence of any one of the mental illness 

conditions and the risk of diabetes, in addition to the evidence in the literature, this 

study gives support that the presence of a mental illness disorder does not have a 

significant impact on diabetes development among patients exposed to antipsychotic 

treatment.   
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5.2.2.3.3 Treatment Factors Other Than Drug Exposure 

There were 15 hypotheses related to treatment factors.  Nine of them were not 

about drug exposure directly, thus were not the primary independent variables to be 

evaluated.  Results with regard to these nine hypotheses are discussed in this section 

and results with regard to drug exposure variables are discussed next.  

 

5.2.2.3.3.1 Treatment Factors Other Than Drug Exposure – Treatment Patterns 

Two hypotheses were related to antipsychotic treatment patterns.  All seven 

models included the treatment pattern variable.  The following four models revealed 

an increased diabetes risk among patients who switched antipsychotic medication, 

when compared to antipsychotic monotherapy: 1) the AT retrospective cohort design 

comparing individual SGAs to the FGA class (Model V); 2) the ITT case-control 

design comparing the SGA class and FGA class (Model VI); 3) the ITT case-control 

design comparing individual SGAs (Model VII); and 4) the AT case-control design 

comparing individual SGAs to the FGA class (Model VIII).  The other three models 

revealed that there was no significant difference in diabetes risk among patients who 

switched medication, when compared to patients who were on antipsychotic 

monotherapy.   

The following two models revealed an increased diabetes risk among patients 

who used antipsychotic combination therapy, when compared to antipsychotic 

monotherapy: 1) the ITT retrospective cohort design comparing the SGA class and 
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FGA class (Model I); and 2) the ITT retrospective cohort design with propensity 

scoring method comparing the SGA class and FGA class (Model III).  None of the 

AT models or case-control models revealed a significant relationship between 

combination therapy and incidence of diabetes.   

No contradictory findings emerged from any of the models regarding the 

relationship between prescribing patterns and diabetes risk in this study.  In the 

literature, very few studies examined the effects of treatment patterns on diabetes 

development among patients treated with antipsychotics.48, 53, 83  Two of these studies 

did not find a significant relationship.48, 53  One study found that combination 

antipsychotic medication use increased the risk of diabetes development when 

compared to risperidone monotherapy.83   

Limited evidence in the literature and limited consistency in this study 

suggests that both antipsychotic switching therapy and combination therapy are likely 

related to diabetes incidence among patients who were exposed to antipsychotic 

therapy.  However, the relationship between the cause and outcome (i.e., the 

treatment strategy and diabetes incidence) deserves more detailed examination.  For 

example, in clinical practice, it is possible for a physician to stop one antipsychotic 

medication and start to prescribe another because the patient may have had abnormal 

blood glucose level after being exposed to the first drug.  In that case, had the 

medication switch not taken place, the patient might still have had diabetes after the 

first antipsychotic monotherapy.  Switching at least should not be solely responsible 
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for the later diagnosis of diabetes.  Further research is warranted regarding treatment 

patterns and their relationship with antipsychotic treatment-emergent diabetes.     

 

5.2.2.3.3.2 Treatment Factors Other Than Drug Exposure – Antipsychotic Re-

exposure 

Regarding antipsychotic re-exposure and diabetes risk, four models showed a 

significant relationship.  However, contradictory results emerged among the four 

models.  Three of the four models showed that antipsychotic re-exposure was 

associated with an increased diabetes risk (Model I, Model III, and Model V).  

However, one model showed that antipsychotic re-exposure was associated with a 

lower diabetes risk (Model VII).  The three models that showed an increased risk 

were those that used a retrospective cohort design comparing either the SGA class or 

individual SGA agent to the FGA class.  The one model that showed a different result 

used a case-control design comparing diabetes risk among the SGAs (risperidone as 

the reference category).   

Thus, with regard to the impact of antipsychotic re-exposure and diabetes risk, 

three models revealed an increased risk; three models revealed a non-significant 

association; and one model showed a decreased risk.  Although more models showed 

a significant risk effect, since a contradictory finding emerged for the same variable 

using the same dataset, the conclusion can not be decisive.  Furthermore, none of the 

studies in the literature using claims database to evaluate antipsychotic treatment-
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emergent diabetes included the drug re-exposure variable.  The effect of this variable 

needs further evaluation.  

 

5.2.2.3.3.3 Treatment Factors Other Than Drug Exposure – Antipsychotic 

Initiation Year 

All seven models tested the relationship between antipsychotic initiation year 

and diabetes risk.  However, the values of the antipsychotic initiation years varied 

across the models.  Five models comparing either the SGA class to the FGA class or 

the individual SGA agents to the FGA class were from 1995 to 2002.  Three of them 

showed a significant relationship.  In Model I, Model III and Model V, early 

antipsychotic initiation year was associated with increased diabetes risk.   

Two models evaluated the impact of antipsychotic initiation year to diabetes 

in the model comparisons among the SGA agents.  The antipsychotic initiation years 

were from 1998 to 2002 in these two models (Model II and Model VII).  Neither of 

the two models showed a significant relationship between antipsychotic initiation 

year and the risk of diabetes development, along with two other models (Model VI 

and Model VIII).   

One possible reason for the discrepancy may be related to the different 

initiation years included in the models and the potential interaction between the 

choice of antipsychotic treatment and the year of initiation.  Along with the increased 

familiarity to the newer medications and awareness with regard to the potential 
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effects of blood glucose abnormality starting in late 1990s, physicians may have 

become more conscious in selecting medications for patients who were susceptible to 

diabetes.  Thus, the potential impact of antipsychotic initiation year on diabetes 

development may have diminished, when the initiation years were limited to 1998 to 

2002.   

However, the other two models (Model VI and Model VIII), which included 

antipsychotic initiation years from 1995 and 2003, also revealed a non-significant 

relationship.  No apparent reasons can explain this finding.      

 

5.2.2.3.3.4 Treatment Factors Other Than Drug Exposure – Antipsychotic 

Treatment Duration 

Five models included the antipsychotic treatment duration variable (excluding 

the two ITT case-control models).  These were four retrospective cohort models 

(three ITT design and one AT design for drug exposure assignment) and one AT 

case-control model.  Index drug treatment duration was used as one of the matching 

variables.  Thus this variable was not included in the two ITT case-control models.  

However, instead of the index drug treatment duration, the AT case-control model 

evaluated the treatment duration for each drug a patient was ever exposed to during 

the follow-up period.  Thus, a total of five models were used to test the impact of this 

variable.   
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Five hypotheses were related to the antipsychotic treatment duration variable.  

The models varied in testing these hypotheses.  To evaluate the impact of index drug 

treatment duration on the risk of diabetes development, three ITT retrospective cohort 

models (Model I, Model II and Model III) were utilized.  All three models revealed a 

significant association between the duration of index drug exposure and risk of 

diabetes development.  A longer treatment duration exposure was associated with a 

decreased diabetes risk.  Although this may not be intuitive, from a different 

perspective, this means that patients susceptible to diabetes are likely to develop 

diabetes in early days of antipsychotic exposure.  Long term exposure of the index 

drug does not have a cumulative effect in diabetes incidence among patients exposed 

to antipsychotic treatment.   

Opposite results were found in the two AT models (one retrospective cohort 

design and one case-control design) evaluating the treatment duration effect for the 

FGA exposure and quetiapine exposure.  In the AT retrospective cohort model, 

except for the impact of olanzapine treatment duration (non-significant), all other 

treatment durations (i.e., FGA, quetiapine and risperidone) showed an increased 

diabetes risk with longer exposure.  In the AT case-control model, except for 

risperidone treatment duration (non-significant), all others showed a lower diabetes 

risk with a longer treatment duration (FGA, olanzapine and quetiapine). 

Studies have shown contradictory results regarding on this variable.  A 

number of claims database studies included treatment duration or duration of follow-
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up in their research.  Among those studies which included this variable, half of them 

showed a non-significant relationship;47, 56, 57, 59, 60 and the other half did, however, 

with contradictory findings.48, 51-53, 55  Among the five studies that revealed a 

significant association, two of them suggested recent exposure a risk factor, 48, 53 

whereas three found long-term exposure a risk factor.51, 52, 55  There was no apparent 

association between the findings and the study designs used.  In the two studies that 

suggested recent exposure a risk factor, one used a retrospective cohort design48 and 

the other used a nested case-control design.53  Among the three studies that found 

long-term exposure a risk factor, two of them used a treatment-episode cohort design 

and the other usd a retrospective cohort design.  

Findings in this study with regard to the treatment duration variable somewhat 

resemble what have been found in the literature.  Overall, among the five models that 

tested the impact of treatment duration in this study, four of them suggested recent 

antipsychotic exposure was associated with an increased diabetes risk (Model I, 

Model II, Model III, and Model VIII), whereas one model suggested the opposite 

relationship that a long-term treatment duration increased diabetes risk among 

patients treated with antipsychotic medications (Model V).  Based on the findings in 

this study and what have been shown in the literature, the effect of antipsychotic 

treatment duration on diabetes was still inconclusive.   

There was a limitation associated with the findings of the treatment duration 

variable in the models.  Although the majority of the results were significant, the 
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estimated values of relative risks or hazard ratios were very small, varing between 

0.994 and 0.996 or 1.002 and 1.003.  Such small values have limited meanings for 

practitioners to make a clinical decision.  The estimated effect was very small because 

it was a continuous variable counted on a daily basis.  An alternative approach such 

as using a larger interval (e.g., treatment duration based on the number of exposed 

weeks or months) may provide a larger effect size, and therefore, may be more 

clinically meaningful.  

 

5.2.2.3.4 Treatment Factors – Drug Exposure 

Six hypotheses were tested with regard to the impact of antipsychotic 

medication exposure to treatment-emergent diabetes.  Similar to those hypotheses 

related to the antipsychotic treatment duration variable, models used to test each drug 

exposure hypothesis also varied.   

The hypothesis testing the comparison between the SGA class and FGA class 

was examined in three ITT models (Model I, Model III and VI).  All three models 

revealed no association between index SGA exposure and diabetes risk, when 

compared to index FGA exposure among patients newly started on antipsychotic 

therapy.   

The two hypotheses compared the diabetes risk of index medication among 

the individual SGA agents.  Two models included such a comparison (Model II and 

Model VII).  In both models, olanzapine as the index medication did not increase the 
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risk of diabetes when compared to risperidone.  In another hypothesis, one model 

showed that there were no significant differences in diabetes risk among patients 

started on quetiapine, when` compared to patients started on risperidone (Model VII, 

ITT case-control model).  However, the other model showed that the diabetes risk 

was significantly higher among patients who started on quetiapine than patients who 

started on risperidone (Model II, ITT retrospective cohort design).     

Including a time-dependent variable in two AT models (one retrospective 

cohort model and the other case-control model), three hypotheses tested the diabetes 

risk of the individual SGA agents compared to the FGA class.  Consistent findings 

were revealed in the two models with regard to the comparison between olanzapine 

exposure and FGA exposure and between quetiapine exposure and FGA exposure.  

There were no significant differences in diabetes risk among patients who were 

exposed to olanzapine or quetiapine when compared to patients exposed to FGA 

medications in first year of treatment.  

Different results were found for risperidone in comparison with FGA 

exposure.  Model V (AT retrospective cohort design) revealed that risperidone 

exposure was associated with a significantly lower risk in diabetes development, 

when compared to those patients who were treated the FGAs.  On the other hand, in 

Model VIII (AT case-control design), there was no significant difference in diabetes 

risk in patients treated with risperidone when compared to patients treated with FGAs.  
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The findings with regard to the relationship between antipsychotic drug 

exposure and diabetes risk are comparable to the findings in the literature.  A number 

of studies compared the diabetes risk between SGA exposures and FGA exposures.47, 

55, 57, 60, 302  Four of the five studies found no significant difference between the two.47, 

55, 60, 302  One study analyzed two models.57  One of the models showed a moderately 

higher diabetes risk among patients exposed to SGAs, whereas the other did not.57  

Given the findings in the literature as well as in the current study, there is no 

significant difference in diabetes risk between the SGAs class and the FGA class.   

There are more controversies when comparisons are made between the 

individual SGAs and FGAs or among the SGA agents.  Several studies included the 

comparisons among the SGA agents.48, 50, 55, 57, 60, 301, 316  While three studies showed 

no difference in diabetes risk between olanzapine exposure and risperidone 

exposure,55, 57, 316 four had significant results.  Among these four studies, three 

suggested a higher diabetes risk among patients exposed to olanzapine than among 

patients exposed to risperidone.48, 50, 301  One study had an opposite finding.60  In the 

current study, no significant difference was found in diabetes incidence between the 

two SGA agents.      

Only two studies included the comparisons in diabetes risk between 

quetiapine exposure and risperidone exposure.302, 316  Neither of these two studies 

demonstrated a significant difference between the two drugs.  Of the two models in 
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this study that included such a comparison, one showed no difference and the other 

suggested a higher risk for patients exposed to quetiapine.   

Several studies compared the individual SGAs to the FGA class.46, 49, 54, 55, 60, 83, 

318, 320  When comparing olanzapine and the FGAs, four studies showed no significant 

difference46, 55, 60, 318 and four found an increased risk among patients exposed to 

olanzapine.49, 54, 83, 320  When comparing risperidone and the FGAs, five studies 

showed no significant difference;46, 54, 55, 83, 320 two found an increased risk among 

patients exposed to risperidone;49, 60 and one study found a lower diabetes risk 

associated with patients exposed to risperidone when compared to patients exposed 

the FGAs.318  When comparing quetiapine and the FGAs, four studies showed no 

significant difference46, 83, 318, 320 and one found an increased risk among patients 

exposed quetiapine.49   

It is interesting that while there was no significant difference in almost all of 

the comparisons of diabetes risks between the SGA class and FGA class, a few 

studies suggested an increased diabetes risk when the comparison was made between 

an individual SGA agent and the FGA class.49, 54, 60, 83, 320   One particular study found 

a lower risk among patients exposed to risperidone when compared to patients 

exposed to the FGAs.318  This was also found in the current study.  While three 

models consistently showed no difference in the risk of diabetes between the SGA 

class and FGA class, variation emerged when the individual SGAs were compared to 

the FGA class.  This may imply that the diabetes risk was different among the SGAs.  
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However, when comparisons were made among the SGAs, only one model showed a 

difference between quetiapine exposure and risperidone exposure.  The majority of 

the comparisons showed no difference among the individual SGA agents.   

This discrepancy may be related to the methodologies utilized in the literature 

and in this study.  However, a couple of recent review studies evaluated the risk of 

diabetes among patients with severe mental illness disorders, schizophrenia in 

particular.321, 322  The common views held by these two studies are that: 1) traditional 

diabetes risk factors such as family history and diet are more likely to be responsible 

for diabetes development among mentally ill patients; 2) the diagnosis of 

schizophrenia itself may be an independent factor in diabetes development; and 3) no 

consistent evidence suggests that SGA exposure increases the risk of diabetes among 

patients receiving such therapy.  The Holt study also suggested that the discrepancies 

between the studies may be due to methodological differences and recommended 

methodological assessment on this subject.321 

 

5.2.2.4 Methodological Comparisons 

Seven models were utilized in this study to evaluate the variables related to 

antipsychotic treatment-emergent type 2 diabetes.  These seven models were derived 

from the various combinations of study designs (retrospective cohort and case-

control), treatment assignments (intent-to-treat or as-treated), statistical analysis 

approaches (standard logistic regression, propensity scoring method, conditional 
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logistic regression, and Cox proportional hazards function), and primary drug 

comparisons (SGA vs. FGA class, among SGAs, and individual SGAs vs. FGA class).   

In addition, these models were built upon a theoretical foundation, which 

awaits further validation in claims database studies evaluating the relationship 

between a drug exposure and the risk of diabetes development.  The theoretical model 

was based on the diabetes screening recommendations from the American Diabetes 

Association and specifically modified for mentally ill patients treated with 

antipsychotic medications.  

Regardless of the different methodologies utilized in this study, the findings 

among demographic factors and health risk factors are largely comparable.  In other 

words, as suggested by the Holt study321 and Citrome study,322 those traditional 

diabetes risk factors still have an important impact in diabetes development among 

mentally ill patients.  In the current study, regardless of the various methodologies 

used, the results were primarily consistent that older age and nonwhite patients were 

at a higher risk in developing diabetes.  Patients living in different geographic regions 

may experience different diabetes risk.  Gender was not a significant factor in 

diabetes development among patients taking antipsychotic therapy.  This may have 

been the result of a predominantly male sample population.  

Although there were small variations in health risk factors, no contradictory 

findings were revealed with regard to these variables.  With limited consistency, this 

study found that the presence of hypertension (five out of seven models) increased the 
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risk of diabetes development; in addition, the presence of dyslipidemia (three out of 

seven models) increased the risk of diabetes development.  The majority of the 

models in this study revealed no significant relationship between the presence of a 

mental illness disorder and the risk of developing diabetes.  Although studies have 

suggested mental illness disorder itself could be a diabetes risk factor,321, 322 given the 

high prevalence of all five mental illness disorders included in this study, it was not 

apparent in this study.  Only one model showed that depression was associated with 

an increased diabetes risk and another model showed that PTSD and schizophrenia 

were associated with an increased diabetes risk.  

Thus, given the findings in this study with regard to demographic factors and 

health risk factors and having a theoretical model as a guide, a conclusion can be 

reached that, in general, a specific model design may not be a critical factor in 

evaluating the effects of the traditional diabetes risk factors.  Various models utilized 

in this study consistently showed the important impact of age, race, region, and 

general health risk factors in diabetes development among mentally ill patients on 

antipsychotic therapy.   

On the other hand, the findings in this study on antipsychotic treatment 

variables may evoke a number of future research questions.  First, the primary 

treatment exposure variable examined in this study was largely consistent with some 

minor variations.  For example, using the intent-to-treat approach for medication 

exposure assignment, all three cohort models compared the diabetes risk between the 
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two antipsychotic drug classes, and no difference was found.  Using the ITT approach, 

the two models (one retrospective and one case-control) comparing diabetes risk 

among the individual SGAs, no difference was found between olanzapine exposure 

and risperidone exposure.  However, a significant difference was found when 

comparing quetiapine exposure and risperidone exposure, where quetiapine was 

associated with a higher risk.   

Furthermore, when an AT method was used to assign the treatment exposure, 

either a cohort design or a case-control design, no difference was found in the risk of 

diabetes between olanzapine exposure and FGA exposure or between quetiapine 

exposure and FGA exposure.  However, a significant difference was found when 

comparing risperidone and FGA exposure.  Risperidone exposure was associated with 

a lower risk of developing diabetes.   

Such inconsistent findings with regard to the treatment variable suggest that 

treatment exposure assignment and the corresponding statistical methodology used to 

evaluating the relationship between the primary variable and the outcome of interest 

may have an impact to the final results.  It further implies that when a time-dependent 

health outcome is suspected, including a treatment time-dependent variable and Cox 

model may provide a more explicit result.   

In general, treatment assignment using an intent-to-treat approach with a 

cohort design is the most convenient and straightforward method.  However, it may 

not capture important factors such as time to an event.  This study cannot conclude 
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whether the AT method is better than the ITT method in treatment assignment since 

this study did not include a comparable model where an ITT retrospective cohort 

model was used to evaluate diabetes incidence between the individual SGA agents 

and the FGA class.    

On the other hand, when the ITT method was utilized, the impact of index 

medication treatment duration was consistent in all retrospective cohort designs.  

Longer index medication treatment duration did not increase the risk of developing 

diabetes.  However, questionable findings emerged when the AT method was used in 

two models.  The AT case-control model revealed similar results as the treatment 

duration variable in the ITT models, whereas the AT retrospective cohort model 

revealed opposite results (i.e., longer medication treatment duration was associated 

with an increased diabetes risk).  This difference may not be explained explicitly at 

this point.   

Differences also existed in other treatment related variables.  In the unadjusted 

diabetes incidence rates, patients with combination therapy had the highest diabetes 

incidence rate (7.2%).  Theunadjusteddiabetes incidence rates were similar between 

FGA monotherapy (6.7%) and antipsychotic switching (6.4%).  SGA monotherapy 

had the lowest diabetes incidence rate (4.9%).  However, when FGA and SGA 

monotherapies were combined, the diabetes incidence rate became 5.8 percent.   

Using the ITT retrospective cohort model, both of the two models comparing 

the SGA to FGA class showed an increased risk among patients using combination 
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therapy.  While none of the three ITT retrospective cohort models revealed a 

significant finding with regard to switching therapy, all four models (two AT models 

and two ITT case-control models) showed a significant increased risk among patients 

who switched therapy.  This finding is surprising.  This example further suggests that 

these treatment strategies could be time-dependent as well.  Although the two ITT 

case-control models did not directly incorporate a treatment time-dependent variable 

in model analyses, one of the matching variables was the index medication treatment 

duration.  The selection of controls was based on the risk set that corresponded to the 

survival time of the cases.  Thus, in a way, time has been taken into account in these 

two ITT case-control models.  This may be the reason the results of the ITT case-

control models were similar to the AT models but not to the ITT retrospective cohort 

models.   

Findings with regard to drug re-exposure and treatment initiation year were 

not explicit either.  Three models (two ITT retrospective cohort models comparing 

the SGA to the FGA class and one AT retrospective cohort model comparing 

individual SGA agents to the FGA class) revealed an increased risk among patients 

with antipsychotic re-exposure.  However, one ITT case-control comparing the 

diabetes risk among the individual SGA agents showed an opposite finding that 

antipsychotic re-exposure was associated with a lower diabetes risk.  With regard to 

treatment initiation year, three models (two ITT retrospective cohort models 

comparing the SGA to the FGA class and one AT retrospective cohort model 
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comparing the individual SGA agent to the FGA class) revealed an increased risk 

among patients who were initiated treatment in early years.  None of the case-control 

models and one ITT retrospective model comparing the diabetes risk among the 

individual SGAs revealed a significant relationship.   

 

5.2.2.5 Sensitivity Analyses 

Sensitivity analyses were conducted in this study due to the large number (1/3) 

of missing values for race.  To preserve as many patients as possible in the analyses 

and to retain race in the model, an “unknown” race category was created in the 

retrospective cohort model.  Sensitivity analyses were performed where patients with 

unknown race were excluded (Model I, Model II, Model III, and Model V).   

The results were largely comparable among all of the sensitivity analyses.  

Some minor variations existed for the demographic factors and health risk factors.  

For example, hypertension and dyslipidemia were no longer risk factors in Model I 

and Model III sensitivity analyses.  Age, PTSD and schizophrenia were no longer a 

significant factor in Model II sensitivity analysis.  Depression was no longer a 

significant factor in Model III sensitivity analysis.   

Two findings were surprising in the sensitivity analyses.  In the original 

Model III, no significant difference in diabetes risk was found between SGA 

exposure and FGA exposure.  However, in its sensitivity analysis, index SGA 

exposure was associated an increased diabetes risk (RR=1.409, p=0.0442).  In the 
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original Model V, there was no significant difference in diabetes risk among patients 

exposed to olanzapine when compared to patients exposed to FGAs.  However, in the 

sensitivity analysis, olanzapine exposure was associated with an increased risk 

(HR=2.344, p=0.0134).  An additional sensitivity analysis of the Model V was 

conducted, where interaction terms between drug exposure and race were included in 

the model.  After the interaction terms were added, the risk of diabetes among 

patients exposed to olanzapine appeared to be higher than those exposed to FGAs, 

although it was no longer significant (HR=1.957, p=0.0834).  

Another group of sensitivity analyses was related to gender.  There was a 

large difference in proportions of gender.  Sensitivity analyses were conducted where 

the gender variable was excluded.  No differences were found in this set of sensitivity 

analyses. 

Overall, with regard to sensitivity analyses, some variations emerged when 

one-third of the observations were excluded from the study due to missing values.  

The variations are probably due to two reasons: 1) after deleting one-third of the 

observations, the sample size may not be adequate enough to detect the difference; 

and 2) after deleting these observations, the sample may not be representative of the 

original patient population any more.  Thus, when implementing inclusion and 

exclusion criteria, researchers should be cautious when excluding observations based 

on missing values, particularly when such a variable is known to be an important 

predictor.   
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5.2.2.6 Limitations of the Incidence Study 

A number of limitations exist in the second purpose of the study.  First, there 

were a large number of patients with missing race values.  Sensitivity analyses were 

performed.  Although there were some variations, the results were largely robust.  

Second, a number of other variables that are known to be important in diabetes risk 

were not included in this study due to limited amount of data available.  Third, the 

current study was based on VA health administrative data in North and South Texas 

regions.  Findings in this study may not be generizable to other health care systems.   

Furthermore, this study did not separate the FGA medications to the high-

potency group and the low-potency group although diabetes risk among these two 

groups of antipsychotics could be different.  However, since the widespread use of 

SGA medications, attention has been drawn to differentiate the diabetes risk between 

the SGA class and the FGA class, as well as among the individual SGA agents.  Thus, 

the diabetes risk difference between the high-potency and low-potency FGA 

medication was not the focus of the study.    

In addition, this study was able to evaluate the diabetes risk among the three 

individual SGA medications (olanzapine, quetiapine, and risperidone).  Due to 

limited data availability, this study could not estimate the diabetes risk of aripiprazole 

and ziprasidone.  More research is warranted in investigating the effect of these two 

SGA medications.  Moreover, the variable of overweight/obesity status was proposed 
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in the study.  However, due to the overwhelming number of missing values, this 

variable had to be omitted from the analysis.    

Lastly, this study used multiple methodological models and included a 

number of variables in these models.  An α inflation is a concern.  However, although 

evaluating the factors related to diabetes was a center of the study, the primary focus 

was the consistency of the results across the various models.  Thus, no α inflation 

adjustment was performed in this study.   
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5.3 CONCLUSIONS AND FUTURE RESEARCH QUESTIONS  

In conclusion, this study had two primary purposes: 1) antipsychotic 

medication utilization trends; and 2) robustness of the factors related to treatment-

emergent type 2 diabetes among patients who were newly initiated on antipsychotic 

therapy.   

With regard to the first study purpose, this study found that over the last few 

years, antipsychotic medication utilization has largely shifted from primarily FGA 

use to primarily SGA use.  Olanzapine and risperidone were the most commonly 

prescribed among all antipsychotics.  In addition to schizophrenia, antipsychotic 

medications were also commonly prescribed for patients with other psychotic 

symptoms in various mental illness diagnoses.  Antipsychotic monotherapy was the 

predominant strategy among the VA patients.  Antipsychotic switching was used in 

over 10 percent of patients, while antipsychotic combination therapy was limited to 

less than five percent of the patients.   

In the antipsychotic trend analysis, further research is needed to determine 

what factors are related to medication selection and what factors are related to 

monotherapy, switching and combination therapy.   

With regard to the second study purpose, a total of 8,949 patients were 

eligible for the study and an overall 6.0 percent annual diabetes rate was found in this 

study.  Seven models were used to test the robustness of the variables in relation to 

diabetes development among patients who newly started on antipsychotic therapy.  



 

 533

All seven models were significant.  When various models were utilized, more 

consistent findings were seen among demographic factors and health risk factors, 

while some disagreement emerged among the treatment factors.  

This study found that among patients exposed to antipsychotic therapy, 

regardless of the methodologies, gender and presence of bipolar disorder and 

substance abuse had no impact on the risk of diabetes development.  Presence of 

depression, PTSD and schizophrenia were likely not related to diabetes risk among 

patients exposed to antipsychotic therapy.  In addition, the study found that there is 

likely an increased diabetes risk among patients with hypertension, as well as with 

dyslipidemia.   

Furthermore, regardless of the methodology utilized, there was no significant 

difference in diabetes risk among patients who were initially exposed to SGAs when 

compared to patients who were initially exposed to FGAs.  Regardless of the 

methodology utilized, there was no significant difference in the risk of diabetes 

development in patients who were exposed to olanzapine when either compared to 

patients who were initially exposed to risperidone or compared to patients exposed to 

FGAs.  Moreover, regardless of methodology utilized, there was no significant 

difference in hazard ratios of diabetes development among patients who used 

quetiapine when compared to patients used FGA agents.  On the other hand, 

risperidone exposure may have a lower diabetes risk when compared to FGAs.  
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Quetiapine as the index medication may be associated with a higher diabetes risk 

when compared to risperidone as the index medication.  

With regard to the methodologies used in this study, the author found that 

when using the same claims database and having a theoretical foundation as a guide, 

results of the various models using different methodologies were largely comparable.  

The difficulty in conducting these methodologies varied.  Using an intent-to-treat 

approach with a retrospective cohort design was the most convenient and 

straightforward.   

Creating a time-dependent variable can be time-consuming and tedious.  

However, if time-to-event is an important factor, a Cox model should be the preferred 

method of choice.  Inclusion of a treatment-time dependent variable is strongly 

recommended.   

The purpose of including a propensity score or propensity score quintiles in 

the model is to reduce the potential medication selection bias.  This study found that 

results in the model including such a method presented some different findings with 

regard to demographic factors (such as race) and health risk factors (such as 

hypertension, dyslipidemia and depression).  This indicates that these factors may 

play an intermediate role in medication utilization and diabetes incidence.  Physicians 

make a conscious decision in selecting the antipsychotic medications when 

prescribing for patients susceptible to diabetes.  The role of the physician needs to be 
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evaluated in medication selection.  However, in general, including propensity score 

quintile strata in the model did not change the overall impact of the primary variable.   

In summary, with regard to the choice of a method that can be used in an 

incidence study using a claims database, based on the experience gained while 

conducting this study, the author believes that: 

1. Having a theoretical foundation as a guide is very important in 

determining the variables in an analytical model and the theoretical 

model sometimes needs to be modified for a specific study.  However, 

variable availability may limit the comprehensiveness of the analytical 

model; 

2. Sample size is an important factor.  Thus, one should be very cautious 

when excluding patients with missing values or omitting a variable due 

to missing values, particular if the variable is a known important factor 

in model prediction.  An “unknown” category can be included in the 

variable and a sensitivity analysis should be conducted;   

3. If multiple statistical methodologies are utilized in a study to answer 

the same research question, some variations may emerge when 

comparing across the findings of different methods.  However, 

inclusion of a theoretical model structure may help reach a better 

consistency in study variables, particulary the primary independent 

varaible;   
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4. Thus, the choice of one analytical model may be based on the extent of 

the research question asked.  A convenient and straightforward 

method, such as a retrospective cohort design in claims database 

studies using an intent-to-treatment method to assign the treatment 

exposure, usually can achieve the same goal most of the time, when 

compared to a very complex model;   

5. Including a propensity scoring method in a retrospective cohort design 

may alter results of some covariates; however, such an inclusion 

should not impact the estimation for the primary independent variable;  

6. Creating a time-dependent variable can be time-consuming; however, 

sometimes the time-lapse between an exposure and an event is an 

important aspect.  In that case, including a time-dependent variable is 

strongly recommended; and finally 

7. The research methodology to choose and the analytical model to use 

are largely dependent upon the skills a researcher has and the time the 

researcher can invest.  It is up to the researcher to balance the various 

aspects and deliver a scientifically sound product.   
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Source (adapted from): Texas Department of State Health Services – TIMA Antipsychotic Algorithm (2003). 

APPENDIX A.
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APPENDIX B. 
 
  The Initial 1996 TIMA Version for Pharmacological Treatment of   
  Schizophrenia 
 

 
Source (adapted from): The Texas Medication Algorithm Project: Development and Implementation of 
the Schizophrenia Algorithm, by Chiles et al. 1999.
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APPENDIX C. 
 
  The Revised 1999 TIMA Version for the Pharmacological Treatment of   
  Schizophrenia 
 

 
Source (adapted from): The Texas Medication Algorithm Project: Development and Implementation of 
the Schizophrenia Algorithm, by Chiles et al. 1999. 
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APPENDIX D. 
 

 

Source (adapted from): Preventing and Managing the Global Epidemic of Obesity. Report of the World Health 
Organization Consultation of Obesity. WHO, Geneva, June 1997.65 
 
* Pregnant women who on the basis of their prepregnant weight would be classified as obese may encounter certain obstetrical risks. 
However, the inappropriateness of weight reduction during pregnancy is well recognized. “Hence, this guideline specifically excludes 
pregnant women. 
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APPENDIX E. 
 
Classification and Management of Blood Pressure for Adults* 
 

 
 
Source (adapted from): the JNC 7th Express, The Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure) 
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APPENDIX F.  
 
ATP III Classification of Total Cholesterol and LDL Cholesterol 
 
Total Cholesterol (mg/dl) LDL Cholesterol (mg/dl) 

  <100 Optimal 

<200 Desirable 100-129 Near optimal/ 
above optimal 

200-239 Borderline High 130-159 Borderline High 

≥240 High 160-189 High 

  ≥190 Very High 

 
 Source (adapted from): Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 
(Adult Treatment Panel III): Final Report. NIH Publication No. 02-5215 September. 2002
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APPENDIX G.   
 
ATP III Classification of Serum Triglycerides  
 
Triglyceride Category ATP II Levels ATP III Levels 

Normal triglycerides  <200 mg/dl <150 mg/dl 

Borderline-high 
triglycerides 

200-399 mg/dl 150-199 mg/dl 

High triglycerides 400-1000 mg/dl 200-499 mg/dl 

Very high triglycerides >1000 mg/dl ≥500 mg/dl 

 
 
 
 

Source (adapted from): Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 
(Adult Treatment Panel III): Final Report. NIH Publication No. 02-5215 September. 2002 



 

 544

1,303

1,303
1,468

1,559

1,686

2,040

2,397

0

500

1,000

1,500

2,000

2,500

3,000
Pa

tie
nt

t

Y1997 Y1998 Y1999 Y2000 Y2001 Y2002 Y2003

APPENDIX H. VANTHCS - Annual Number of Existing Patients 
Treated with Antipsychotic Medications*

 
 *The unique number of existing patients was 4,976 in VANTHCS.   

  A patient can be defined as an existing patient multiple times in different years. 
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APPRENDIX I. VANTHCS – Overall Prescription Volume By Antipsychotic Agent 
for Existing Patients (Total Rx = 116,566)
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APPENDIX J. VANTHCS – Annual Prescription Volume by Antipsychotic 
Class for Existing Patients (N=116,566)

FGA (35.4%) SGA (64.6%)

 
 

Year 
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APPENDIX K. VANTHCS – Annual Prescription Volume by Type of SGA Agent 
for Existing Patients (N=74,623)*

CLOZAPINE (12.3%) OLANZAPINE (42.9%)
QUETIAPINE (21.2%) RISPERIDONE (23.6%)

 
 * Prescriptions for aripiprazole (n=145) and ziprasidone (n=590) were excluded due to small sample sizes. 
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APPENDIX L. STVHCS – Annual Number of Existing Patients Treated with 
Antipsychotic Therapy*

 
 *The unique number of existing patients was 4,037 in STVHCS.   

A patient can be defined as an existing patient multiple times in different years. 

Year 
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APPENDIX M. STVHCS – Overall Prescription Volume by Antipsychotic Agent for 
Existing Patients (Total Rx = 117,469)
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APPENDIX N. STVHCS – Annual Prescription Volume by Antipsychotic Class 
for Existing Patients (N=117,469)

FGA (34.0%) SGA (66.0%)
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APPENDIX O. STVHCS – Annual Prescription Volume by Type of SGA Agent 
for Existing Patients (N=77,273)*

CLOZAPINE (4.8%) OLANZAPINE (34.3%) QUETIAPINE (9.0%)

RISPERIDONE (49.7%) ZIPRASIDONE (2.3%)
 

 
* Prescriptions for aripiprazole (n=219) were excluded due to a small sample size. 
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APPENDIX P. VANTHCS vs. STVHCS – Comparison of Percentage of 
Existing Patients on Antipsychotic Therapy*

NVA-Exist (52.4%) SVA-Exist (47.6%)  
 

Chi-square = 19.1248 
Df = 6 
p-value = 0.0040 
*The unique number of existing patients was 9,013 for the combination of VANTHCS and SVA from 1997 to 2003. 
  Existing patients can repeatedly enter different evaluating years. 
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APPENDIX Q. VANTHCS vs. STVHCS – Comparison of FGA Prescription 
Utilization between Existing Patients on Antipsychotic Therapy (N=81,185)

NVA-Exist (50.7%) SVA-Exist (49.3%)  
 
 

Chi-square = 474.9011 
Df = 6 
p-value < 0.0001
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APPENDIX R. VANTHCS vs. STVHCS – Comparison of SGA Prescription 
Utilization between Existing Patients on Antipsychotic Therapy (N=152,850)

NVA-Exist (49.4%) SVA-Exist (50.6%)  Chi-square = 863.0118 
Df = 6 
p-value < 0.0001 
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APPENDIX S. VANTHCS – Overall Prescription Volume for Existing Patients by 
Antipsychotic Class and Mental Illness Disorder Status* 

FGA¹ SGA²
 

1 Number and percent of patients using FGA with a specified diagnosis 
2 Number and percent of patients using SGA with a specified Diagnosis 
3 Number and percent of patients using antipsychotic medications without a specified diagnosis 
* The total number of prescriptions varied based on the specified mental illness disorder; **PTSD: Post traumatic stress disorder 
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APPENDIX T. STVHCS – Overall Prescription Volume for Existing Patients by 
Antipsychotic Class and Mental Illness Disorder Status*

FGA¹ SGA²
 

 
 

1 Number and percent of patients using FGA with a specified diagnosis 
2 Number and percent of patients using SGA with a specified Diagnosis 
3 Number and percent of patients using antipsychotic medications without a specified diagnosis 
* The total number of prescriptions varied based on the specified mental illness disorder; **PTSD: Post traumatic stress disorder 
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APPENDIX U. VANTHCS – Annual Number of Existing Schizophrenia Patients 
Treated with Antipsychotic Medications*

 
 *The unique number of existing schizophrenic patients in VANTHCS was 2,086 from 1997 to 2003. 

  Existing patients can repeatedly enter different evaluating years. 
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APPENDIX V. VANTHCS – Annual Prescription Volume for Existing 
Schizophrenia Patients by Antipsychotic Class (N=73,895)

FGA (36.1%) SGA (63.9%)
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APPENDIX W. VANTHCS – Annual Prescription Volume for Existing Schizophrenia 
Patients by Type of SGA Agent (N=46,647)*

CLOZAPINE (19.6%) OLANZAPINE (39.5%)
QUETIAPINE (17.0%) RISPERIDONE (24.0%)

 
* Prescriptions for aripiprazole (n=116) and ziprasidone (n=478) were excluded due to small sample sizes. 
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APPENDIX X. STVHCS – Annual Number of Existing Schizophrenia Patients 
Treated with Antipsychotic Medications* 

 
 
 

Year 

*The unique number of existing schizophrenic patients in STVHCS was 1,634 from 1997 to 2003. 
  Existing patients can repeatedly enter different evaluating years. 
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APPENDIX Y. STVHCS – Annual Prescription Volume for Existing Schizophrenia 
Patients by Antipsychotic Class (N=79,369)

FGA (40.6%) SGA (59.4%)
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APPENDIX Z. STVHCS – Annual Prescription Volume for Existing Schizophrenia 
Patients by Type of SGA Agents (N=46,997)*

CLOZAPINE (7.7%) OLANZAPINE (36.8%) QUETIAPINE (7.3%)
RISPERIDONE (45.6%) ZIPRASIDONE (2.6%)

 
 * Prescriptions for aripiprazole (n=133) were excluded due to a small sample size. 

Year 
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