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The association of extrapyramidal symptoms (EPS) with the use of antipsychotics was 

first discovered in the 1950s. To our knowledge, little research has been conducted with 

any retrospective observational database to evaluate the comparative risk of EPS between 

first-generation antipsychotic (FGA) and second-generation antipsychotic (SGA) users in 

the U.S. population. 

 

The purpose of the study was to compare EPS risk between FGA and SGA users using  

propensity score-matching (PSM) and instrumental variable (IV) analyses. 
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A retrospective cohort design with an intention-to-treat (ITT) analysis (where the patients 

included in the cohort were assumed to take the medications without switching or 

dropping out) was chosen to examine the relationship between antipsychotic treatment 

and EPS risk. First-time antipsychotic users (as identified in the MEPS database), during 

the time frame 2002 to 2009, were included in the cohort. All subjects included in the 

cohort were followed over time to assess EPS risk. Propensity score-based logistic 

regression (using the Greedy 5→1 digit match technique) was used to compare EPS risk 

between the SGA and FGA users after adjusting for demographic variables and risk 

factors (associated with EPS). In order to identify the presence of unobserved 

confounding, an instrumental variable analysis was attempted. Based on previous 

research findings, “delay in obtaining prescribed medicines” was selected as the 

instrument to evaluate the relationship between EPS risk and antipsychotic type. The 

feasibility of instrumental variable analyses was examined by evaluating the strength of 

the chosen instrument. 

 

The propensity score-based logistic regression analysis showed no difference in EPS risk 

[OR = 1.77, 95% CI = (0.49, 6.40)] between FGA and SGA users. The strength (partial r2 

= 0.0002) of the instrument was low. A weak instrument used in a regression model may 

produce biased estimates while evaluating treatment/outcome relationship; therefore, 

instrumental variable analysis was not conducted.  
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EPS risk was found not to differ between the FGA and SGA users. However, clinicans 

may choose to evaluate other side-effects (in addition to EPS) of antipsychotics while 

making treatment decisions. Evaluation of economic, clinical and humanistic outcomes 

associated with treatment of antipsychotic-related side-effects (besides EPS) can provide 

clinicans the rationale for selecting one class of antipsychotics over the other. 

Interpretation of the study findings should be considered in light of the limitations of the 

MEPS database. Future research is necessary to identify a strong instrument to assess the 

presencec of unobserved confounding between antipsychotic exposure and EPS risk. 

Furthermore, additional research is warranted to assess differences in time to 

development of EPS between the FGA and SGA users.  
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CHAPTER ONE – OVERVIEW 

1.1 INTRODUCTION  

The association of movement disorders (as neurological side-effects) with the use 

of antipsychotics was first discovered in the 1950s. In a broad sense, the term 

“neuroleptic” was initially used to explain the neurological side-effects of first-generation 

antipsychotics (FGAs). The elicitation of extrapyramidal symptoms (EPS), a type of 

neurological abnormality in the form of movement disorders, follows the same clinical 

pathway in which antipsychotics show their therapeutic actions.1  

 

1.1.1 ASSOCIATION BETWEEN USE OF SGAs/FGAs AND EPS RISK 

EPS can be attributed to dose-dependent dopamine D2  antagonism in the 

nigrostriatal dopamine receptor pathway. In general, D2 antagonism results in 

acetylcholine release from the cholinergic interneurons. The release of acetylcholine in 

such a fashion contributes towards increased motor activity. Positron emission 

tomography techniques have shown that blockade of dopamine D2 receptors by 

approximately 60%-70% and ≥75%-80% causes the elicitation of the therapeutic effects 

of FGAs and FGA-induced acute EPS, respectively.2 Due to such a narrow therapeutic 

window, it is often difficult to identify the threshold which points out the onset of 

                                                 
1 Remington G and Kapur S. D2 and 5-HT2 receptor effects of antipsychotics: bridging basic and clinical 
findings using PET. J Clin Psychiatry 1999;60(Suppl 10):15-9. 
2 Remington G and Kapur S. D2 and 5-HT2 receptor effects of antipsychotics: bridging basic and clinical 
findings using PET. J Clin Psychiatry 1999;60(Suppl 10):15-9. 
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therapeutic action and elicitation of movement disorders associated with high-potency 

FGAs. The mechanism of action of D2 receptors has been considered in the past to test 

the efficacy of antipsychotics, by inducing catalepsy in animal models. Furthermore, 

clinicians previously followed the standard practice of assessing the therapeutic response 

of FGAs by increasing the dosage of FGAs to the “neuroleptic” threshold showing EPS.3  

A change in belief among clinicians that antipsychotic use is always associated 

with EPS was observed with the market entry of clozapine.4 Use of this drug in the initial 

stage was not associated with EPS.5 However, the use of clozapine was limited in both 

the European and U.S. markets due to its wide profile of side-effects such as sedation, 

agranulocytosis, seizures, orthostatis, sialorrhoea, and tachycardia.6,7 With the advent of 

clozapine, the term “atypical” was coined to indicate another class of antipsychotics 

which could replicate the beneficial effects of FGAs without having similar side-effects. 

All of the drug moieties included in the category of atypical antipsychotics (also called 

second-generation antipsychotics or SGAs) were expected to have a reduced risk of 

causing EPS.8 Past literature has shown that such a consideration may play a vital part in 

treatment adherence among antipsychotic users. However, SGAs are not totally free from 

EPS risk. Systematic reviews, meta-analyses and prospective studies have raised the 

                                                 
3Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and management. 
Drug Saf 2005;28(3):191-208. 
4 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf 2005;28(3):191-208. 
5 Hippus H. A historical perspective of clozapine. J Clin Psychiatry 1999;60(Suppl 12):22-3. 
6 Covell NH et al. Antispychotic prescribing practices in Connecticut’s public mental health system: rates 
of changing medications and prescribing styles. Schizophr Bull 2002;28(1):17-29. 
7 Weissman EM. Antipsychotic prescribing practices in the Veterans Healthcare Administration: New York 
metropolitan region. Schizophr Bull 2002;28(1):31-42. 
8 Conley RR and Buchanan RW. Evaluation of treatment-resistant schizophrenia. Schizophr Bull 
1997;23(4):663-74. 
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question regarding the extent to which SGAs are free from EPS risk as compared to 

FGAs.9,10,11 

Published findings have revealed associations between age and antipsychotic-

induced EPS. Research conducted on safety and utilization of SGAs in the adult and 

adolescent populations has indicated that the incidence of EPS is higher among 

adolescents than adults.12 On the other hand, a pilot study assessing the use of 

antipsychotics has shown EPS to be more prevalent among pediatrics as compared to 

adults.13 Documented evidence shows that both children and adolescents are susceptible 

to experiencing EPS while using SGAs.14 However, to our knowledge no studies have 

compared EPS risk between: (i) elderly and children/adolescent populations, or (ii) 

elderly and adult populations. 

 

 

 

 

                                                 
9 Geddes J et al. Atypical antipsychotics in the treatment of schizophrenia: systematic overview and meta-
regression analysis. BMJ 2000;321(7273):1371-6. 
10 Leucht S et al. New generation antipsychotics versus low-potency conventional antipsychotics: a 
systematic review and meta-analysis. Lancet 2003;361(9369):1581-9. 
11 Fujimaki K et al. Association of typical versus atypical antipsychotics with symptoms and quality of life 
in schizophrenia. PLoS One 2012;7(5):e37087. Epub 2012 May 16. 
12 Lewis R. Typical and atypical antipsychotics in adolescent schizophrenia: efficacy, tolerability, and 
differential sensitivity to extrapyramidal symptoms. Can J Psychiatry 1998;43(6):596-604. 
13 Sikich L et al. A pilot study of risperidone, olanzapine, and haloperidol in psychotic youth: a double-
blind, randomized, 8-week trial. Neuropsychopharmacology 2004 Jan;29(1):133-45. 
14 Conley RR and Buchanan RW. Evaluation of treatment-resistant schizophrenia. Schizophr Bull 
1997;23(4):663-74. 
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1.1.2 USE OF DRUGS TO TREAT EPS AMONG ANTIPSYCHOTIC USERS 

In order to treat EPS among antipsychotic users, anticholinergics are commonly 

recommended as an adjunctive therapy.15 In one published study, researchers examined 

the use of anticholinergic medications among antipsychotic users as a possible means of 

masking EPS and thereby improving adherence to the antipsychotic drugs. A 

retrospective observational study conducted by Ren et al. evaluated the adjunctive use of 

anticholinergics among patients with schizophrenia who were on one of the target drugs, 

olanzapine or risperidone.16 A cohort of patients diagnosed with schizophrenia, selected 

from the Veterans Health Administration (VA) database, was classified as olanzapine or 

risperidone initiators if they took the respective medications between April 1, 1999 and 

March 31, 2000. Comparative analyses showed that fewer olanzapine initiators used 

anticholinergics than risperidone users. Additionally, patients on the target drug 

(olanzapine or risperidone) were found to be more compliant with the medication if they 

took one or more anticholinergic medications than those who did not use any 

anticholinergics.  

Centrally acting anticholinergics used for treating EPS include benztropine, 

diphenhydramine, and trihexyphenidyl.17 Although such agents help alleviate EPS in 

pediatric and adolescent populations, they usually carry the risk of cognitive 

                                                 
15 Wirshing WC. Movement disorders associated with neuroleptic treatment. J Clin Psychiatry 
2001;62(Suppl. 21):15-8. 
16 Ren XS et al. Adjunctive use of atypical antipsychotics and anticholinergic drugs among patients with 
schizophrenia. J Clin Pharm Ther 2005;30(1):65-71. 
17 Correll CU. Assessing and maximizing the safety and tolerability of antipsychotics used in the treatment 
of children and adolescents. J Clin Psychiatry 2008;69 (Suppl 4):26-36. 
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impairment.18 Anticholinergics have been found to demonstrate a negative effect on 

cognition in a dose-dependent fashion.19 However, such adverse events associated with 

anticholinergics are often overlooked by clinicians.20 To avoid these anticholinergic-

induced adverse events, alternative agents which could be used for treating EPS are 

tocopherols, dopaminergics, selegiline and coenzyme Q.21,22,23 In the present study, all 

the agents used for treating EPS are collectively referred to as drugs used for treating 

EPS.  

 

1.2 RATIONALE AND GOAL OF THE STUDY 

Several studies have shown contrasting findings in terms of EPS risk associated 

with the use of FGAs and SGAs. A prospective, two-arm study and several randomized 

controlled trials (RCTs) sponsored by pharmaceutical companies have shown SGAs to be 

superior to FGAs in terms of reduced risk of EPS.24,25,26,27 However, a meta-analysis of 

                                                 
18 Correll CU. Assessing and maximizing the safety and tolerability of antipsychotics used in the treatment 
of children and adolescents. J Clin Psychiatry 2008;69 (Suppl. 4):26-36. 
19 Minzenberg MJ et al. Association of anticholinergic load with impairment of complex attention and 
memory in schizophrenia. Am J Psychiatry 2004;161(1):116-24. 
20 Hong IS and Bishop J. Anticholinergic use in children and adolescents after initiation of antipsychotic 
therapy. Ann Pharmacother 2010 Jul-Aug;44(7-8):1171-80. Epub 2010 Jun 29. 
21 Egan MF et al. Treatment of tardive dyskinesia. Schizophr Bull 1997;23(4):583-609. 
22 Elkashef AM and Wyatt RJ. Tardive dyskinesia: possible involvement of free radicals and treatment with 
vitamin E. Schizophr Bull 1999;25(4):731-40. 
23 Goff DC et al. A placebo-controlled trialof selegiline (L-deprenyl) in the treatment of tardive dyskinesia. 
Biol Psychiatry 1993;33(10):700-6. 
24 Fujimaki K et al. Association of typical versus atypical antipsychotics with symptoms and quality of life 
in schizophrenia. PLoS One 2012;7(5):e37087. Epub 2012 May 16. 
25 Arvanitis LA and Miller BG. Multiple fixed doses of “Seroquel: (quetiapine) in patients with acute 
exacerbation of schizophrenia : a comparison with haloperidol and placebo. The Seroquel Trial 13 Study 
Group. Biol Psychiatry 1997;42(4):233-46. 
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short-term studies does not support those conclusions and states that the study designs 

adopted in previous RCTs could be biased due to the choice of a high-dose FGA 

comparator group.28 Interestingly, later studies have shown no significant differences in 

EPS between SGAs and FGAs.29,30 Such contrasting findings point to the need for further 

understanding of EPS risk in “real-world” practice settings. 

Comparative effectiveness research (CER) has been defined as “a rigorous 

evaluation of the impact of different options that are available for treating a given 

medical condition for a particular set of patients.” 31 A thorough literature search has 

shown studies comparing SGAs and FGAs in terms of EPS risk to be under the category 

of primary and secondary comparative effectiveness research (CER).32,33,34,35 These 

studies were based on large clinical trials (a form of primary CER) and meta-analyses of 

previous studies (a form of secondary CER). However, researchers have pointed out that 

                                                                                                                                                 
26 Daniel DG et al. Ziprasidone 80mg/day and 160mg/day in the acute exacerbation of schizophrenia and 
schizoaffective disorder: a 6-week placebo-controlled trial. Ziprasidone Study Group. 
Neuropsychopharmacology 1999;20(5):491-505. 
27 Kane JM et al. Tardive dyskinesia: prevalence, incidence and risk factors. J Clin Psychopharmacol 
1988;8(4 suppl):52S-6S.  
28 Geddes J et al. Atypical antipsychotics in the treatment of schizophrenia: systematic overview and meta-
regression analysis. BMJ 2000;321(7273):1371-6. 
29 Jones PB et al. Randomized controlled trial of the effect on quality of life of second- vs first-generation 
antipsychotic drugs in schizophrenia: Cost Utility of the Latest Antipsychotic Drugs in Schizophrenia 
Study (CUtLASS 1). Arch Gen Psychiatry 2006;63(10):1079-87. 
30Rosenheck R et al. Effectiveness and cost of olanzapine and haloperidol in the treatment of schizophrenia: 
a randomized controlled trial. JAMA 2003;290(20):2693-702. 
31 Research on the comparative effectiveness of medical treatments. Washington, DC: Congressional 
Budget Office; 2007 Dec. 
32 Miller DD et al. Clinical correlates of tardive dyskinesia in schizophrenia: baseline data from the CATIE 
schizophrenia trial. Schizophr Res 2005;80(1):33-43. 
33 Kane JM et al. Tardive dyskinesia: prevalence, incidence and risk factors. J Clin Psychopharmacol 
1988;8(4 suppl):52S-6S. 
34 Geddes J et al. Atypical antipsychotics in the treatment of schizophrenia: systematic overview and meta-
regression analysis. BMJ 2000;321(7273):1371-6. 
35 Davis JM et al. A meta-analysis of the efficacy of second-generation antipsychotics.  Arch Gen 
Psychiatry 2003;60(6):553-64. 
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the most conventional way of producing CER findings is by conducting observational 

retrospective studies (belonging to the category of primary CER).36,37 To our knowledge, 

no observational retrospective cohort studies have been conducted with the community-

dwelling U.S. population to evaluate the comparative risk of EPS between SGA and FGA 

users. This study addresses the gap in the literature by shedding light on comparative 

safety (evaluated in terms of reduced risk of EPS) of SGAs and FGAs in a large cohort of 

patients. 

 

1.3 ABOUT THE DISSERTATION 

 The dissertation report contains five chapters. The first chapter introduces the 

research topic with a brief overview of the existing literature and scope of the study. The 

second chapter presents a detailed literature review regarding the different types of EPS 

and the different means of treating them. The third chapter describes the study design 

with description of the Medical Expenditure Panel Survey (MEPS) database along with 

the methodologies which were used to address the study objectives. The fourth chapter 

describes the results of the study. The fifth chapter relates the study results to the findings 

of previous research, discusses the implications of the study results and presents the 

conclusions of the research.  

 
                                                 
36 Dasgupta A et al. Evaluating equivalence and noninferiority trials. Am J Health Syst Pharm 2010 Aug 
15;67(16):1337-43. 
37 Schumock GT and Pickard AS. Comparative effectiveness research: relevance and applications to 
pharmacy. Am J Health Syst Pharm. 2009; 66(14):1278-86. 
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1.4 SUMMARY OF CHAPTER ONE 

This chapter briefly described the mechanism of action of different antipsychotics 

and the clinical pathway in which EPS occurs. The chapter outlined the drugs used for 

treating EPS among antipsychotic users. Lastly, it described the overall goal of the study 

in terms of producing results which focus on comparative assessment of EPS risk among 

FGA and SGA users in “real-world” settings.  

 

 

 

 

 

 

 

 

 

 

 



 
 

9 

CHAPTER TWO – LITERATURE REVIEW 

This chapter provides a comprehensive overview of the literature relevant to the 

dissertation project. Firstly, the chapter describes different facets of antipsychotic use. In 

order to elucidate the risk of EPS (as a side-effect) associated with antipsychotic use, this 

dissertation project addresses the social, health-related and economic determinants of 

antipsychotic use. All the determinants of antipsychotic use were derived from the pre-

validated conceptual framework of the Andersen Behavioral Model (ABM). The chapter 

then discusses the variants of EPS, the risk of EPS associated with different 

antipsychotics and the therapeutic approaches to treat EPS. The sections related to risk of 

EPS and treatment for EPS were based on the findings of previously conducted RCTs . 

 

2.1 DIFFERENT FACETS OF ANTIPSYCHOTIC USE 

Antipsychotics as a class of therapy form the cornerstone of treatment of 

psychotic symptoms. The entire class of antipsychotics can be broadly divided into two 

categories: (1) the first-generation antipsychotics (FGAs) and (2) the second-generation 

antipsychotics (SGAs). Typically, psychotic disorders are of different types such as 

schizophrenia, schizoaffective disorder, and schizophreniform disorder.38,39,40 For many 

decades the FGAs, such as chlorpromazine and perphenazine, have been used for treating 

                                                 
38 Khouzam HR et al. Psychoses in late life: evaluation and management of disorders seen in primary care. 
Geriatrics 2005;60(3):26-33. 
39 Masand P. Clinical effectiveness of atypical antipsychotics in elderly patients with psychosis. Eur 
Neuropsychopharmacol 2004;14(Suppl 4):S461-69. 
40 Correll CU et al. Lower risk for tardive dyskinesia associated with second-generation antipsychotics. A 
systematic review of 1-year studies. Am J Psychiatry 2004;161(3):414-25. 
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psychotic symptoms.41 The Food and Drug Administration (FDA) approves 

antipsychotics (and other medications) for the treatment of specific conditions.  However, 

once approved, antipsychotics (and other medications) can be used by clinicians to treat 

other non-approved conditions.42 The utilization of antipsychotics for these other 

conditions is collectively termed as off-label use. 

Radley et al. have described off-label medication use as “the clinical application 

of prescribed drugs for indications other than those evaluated and approved by the Food 

and Drug Administration.”43 Off-label use of medications is widely observed in medical 

practice. In general, the off-label use of drugs by clinicians is legal and in many cases is 

considered to be therapeutically beneficial for the patients.44 Radley et al. have shown 

that the highest disparity between approved and off-label prescribing practices among 

office-based medical provider visits was observed with the psychiatric class of therapies 

(a broad category of medications that includes antipsychotics).45 Barbui et al. conducted a 

study on off-label prescribing patterns of FGAs and SGAs in the inpatient practices in 

South-Verona (Italy).46 During the 2-year (2001-02) time frame, 50% of SGAs and <15% 

of FGAs were prescribed for off-label use. This study showed that the approved uses of 

                                                 
41 Aparasu RR et al. Hospitalization risk associated with typical and atypical antipsychotic use in 
community-dwelling elderly patients. Am J Geriatr Pharmacother 2008;6(4):198-204. 
42 Leslie DL et al. Off-label use of antipsychotic medications in the Department of Veterans Affairs health 
care system. Psychiatr Serv 2009;60(9):1175-81. 
43 Radley DC et al. Off-label prescribing among office-based medical provider visits.  Arch Intern Med 
2006;166(9):1021-26. 
44 Pickar D et al. Pharmacotherapy of schizophrenic patients: preponderance of off-label drug use. PLoS 
One 2008;3(9):e3150. 
45 Radley DC et al. Off-label prescribing among office-based medical provider visits.  Arch Intern Med 
2006;166(9):1021-26. 
46 Barbui et al. Off-label and non-classical prescriptions of antipsychotic agents in ordinary in-patient 
practice. Acta Psychiatr Scand 2004 Apr;109(4):275-8. 
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SGAs covered a narrower range of FDA-approved clinical indications than those of 

FGAs. 

Leslie et al. conducted a study on the off-label prescribing practice for 

antipsychotics in the Department of Veterans Affairs (VA).47 The study aimed to assess 

different clinical indications for which physicians prescribed antipsychotics to patients 

without schizophrenia or bipolar disorders. Patients (without the diagnosis of 

schizophrenia or bipolar disorders) were identified from the VA database and categorized 

into several groups on the basis of the following non-exclusive ICD-9 codes: adjustment 

reaction (309), alcohol use and dependence (303 and 305), anxiety disorder (300), drug 

abuse and dependence (292, 304 and 305), major depression (296), minor depression 

(296 and 300, 301 and 311), organic brain syndrome and Alzheimer’s disease (290, 293, 

294, 310, 331), other psychosis (297-299) and post-traumatic stress disorder or PTSD 

(309). The most frequent off-label uses of antipsychotics were found to be: PTSD 

(41.8%), followed by minor depression (39.5%), major depression (23.4%) and anxiety 

disorder (20.0%). About one-fifth (20.5%) of all the patients identified were found to 

receive FGAs for off-label indications. The FGA users were prescribed antipsychotics for 

adjustment reaction (1.6%), anxiety disorder (1.5%), minor depression (1.4%), major 

depression (1.8%), Alzheimer’s disease (2.1%), PTSD (1.4%), drug abuse (1.6%) and 

alcohol abuse (1.3%). Among the SGAs, quetiapine was most frequently prescribed to 

patients (42.9%) for off-label conditions. Patients on quetiapine received the drug for 

                                                 
47 Leslie DL et al. Off-label use of antipsychotic medications in the Department of Veterans Affairs health 
care system. Psychiatr Serv 2009;60(9):175-81. 
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adjustment reaction (4.5%), anxiety disorder (6.0%), minor depression (5.8%), major 

depression (10.0%), Alzheimer’s disease (8.5%), PTSD (10.6%), drug abuse (8.6%) and 

alcohol abuse (6.2%). 

In this dissertation project, the different facets of antipsychotic use have been 

explored in light of several demographic, clinical and economic factors. All of the factors 

that were assessed were derived from the pre-validated conceptual framework of the 

Andersen Behavioral Model as discussed in Section 2.2. 

 

2.2. BRIEF OVERVIEW OF THE ANDERSEN BEHAVIORAL MODE L 

The Andersen Behavioral Model (ABM) was conceptualized in the 1960s as a 

means to: (1) assess the factors associated with utilization of health services at the family 

level; (2) operationalize and measure equitable access to healthcare; and (3) assist in 

policy-making decisions.48 With passage of time, researchers have used the ABM for 

conducting individual-level rather than family-level analyses. The primary reason for the 

shift in the level of analysis was difficulty in obtaining a summary measure of variables 

assessed from the perspective of family (such as “family health status”), which takes into 

account the heterogeneity of family members.  

A schematic presentation of the ABM is provided in Figure 2.1. According to the 

ABM, patients’ utilization of health services can be expressed as a function of their 

                                                 
48 Andersen RM. Behavioral model of families’ use of health services. Research Series No. 25. Chicago, 
IL: Center for Health Administration Studies, University of Chicago. 1968. 



 
 

13 

predisposition to use services, factors allowing/impeding use of services and patients’ 

need for services. According to Andersen, each component in the ABM can have a direct 

effect on healthcare utilization. However, the author points out that it is also possible that 

the components of the ABM behave in an explanatory fashion and there can be a causal 

ordering among them. As depicted in Figure 2.2, the predisposing factors may act like 

exogenous variables, with enabling factors acting as mediating variables and need factors 

having a direct effect on the use of healthcare services.49 

 

 

 

                                                 
49 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav.1995 Mar;36(1):1-10. 
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 Figure 2.1. An overview of the Andersen Behavioral Model explaining healthcare 

utilization .50,51 

 

 

 

 

 

                                                 
50 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav 1995 Mar;36(1):1-10. 
51 Jano et al. Determinants of atypical antipsychotic use among antipsychotic users among community 
dwelling elderly, 1996-2004. Curr Med Res Opin 2008 Mar;24(3):709-16. 
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Figure 2.2. The initial Andersen Behavioral Model (proposed in the 1960s) 

explaining healthcare utilization.52 

Among the patient predisposing factors, variables pertinent to demographics, 

social structure and health beliefs can influence healthcare utilization. Among the 

demographic variables, age and gender are biological imperatives indicating the 

likelihood an individual will obtain health services.53 Social structure includes a wide 

array of factors which assess the status of an individual living in the community, the 

ability to express any health problem and to express the need for health resources to 

resolve the problem, and if the physical environment is in a healthy/unhealthy state. 

Typically, variables considered in the domain of social structure are education, 
                                                 
52 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav 1995 Mar;36(1):1-10. 
53 Hulka BS and Wheat JR. Patterns of utilization: the patient perspective. Med Care 1985;23(5):438-60. 
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occupation, and ethnicity.54 Many researchers have criticized the model for not including 

factors measuring social networks, social interactions and culture.55,56,57 Health beliefs 

(which include attitude, values and knowledge of an individual regarding health services) 

can also be considered in the ABM under the category of predisposing characteristics. 

In addition to the predisposing factors, enabling factors (assessing resources 

available to an individual at the community and personal levels) are included in the 

ABM.58,59,60 Such resources can be evaluated in terms of availability of health personnel 

and facilities in locations where an individual lives. Furthermore, an individual must have 

the means to obtain health services. Several variables such as income, health insurance, 

source of care, and travel/waiting times can be evaluated to determine an individual’s 

access to health services.61  

Previous researchers have posited that need factors can be included in the ABM 

as a substitute for health beliefs and social structure. A comprehensive evaluation of 

health service utilization entails an understanding of the perception of individuals 

regarding their own general health and functional state in addition to their evaluation of 

                                                 
54 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav 1995 Mar;36(1):1-10. 
55 Bass DM et al. Predicting the volume of health and social services: integrating cognitive impairment into 
modified Andersen framework. Gerontologist 1992 Feb;32(1):33-43. 
56 Guendelman S. Health care users residing on the Mexican border: what factors determine choice of the 
U.S. or Mexican health system ? Med Care 1991;29(5):419-29. 
57 Kelly MA et al. Primary care arrangements and access to care among Black women in three Chicago 
communities. Women Health 1992;18(4):91-106. 
58 Coulton C and Frost AK. Use of social and health services by the elderly. J Health Soc Behav 1982 
Dec;23(4):330-9. 
59 Gilbert et al. Dental care use by U.S. veterans eligible for VA care. Soc Sci Med 1993 Feb;36(3):361-70. 
60 Wolinsky FD and Johnson RJ. The use of health services by older adults. J Gerontol 1991 
Nov;46(6):S345-57. 
61 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav 1995 Mar;36(1):1-10. 
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their health-related pain, worries and need to seek help from a health professional. Need 

factors determining healthcare services can be of two types: evaluated need and perceived 

need. Andersen points out that perceived need provides an understanding of care-seeking 

and medication adherence behavior of an individual. However, evaluated need focuses on 

the type of and level of health services to be provided (according to the expertise of a 

health professional) after an individual seeks medical advice.62  

 

2.3 UTILIZATION OF ANTIPSYCHOTICS AND ASSOCIATED RI SKS 

As explained in Chapter 1, the FGAs have been found to be associated with 

different types of side-effects in children, adolescent and elderly populations.63,64,65 

However, SGAs were found to be free from many side-effects which were observed 

while patients were on FGAs. Due to this reason, the utilization pattern of antipsychotics 

changed to a large extent with the advent of SGAs (such as olanzapine and risperidone) 

during the early 1990s.66,67  

An observational study conducted with the elderly population indicated that the 

use of SGAs in the U.S. had increased from 1996-1998 (15%) to 2002-2004 (73%). 

                                                 
62 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav 1995 Mar;36(1):1-10. 
63 Arana GW. An overview of side-effects caused by typical antipsychotics. J Clin Psychiatry 
2000;61(Suppl 8):5-11. 
64 Masand PS. Side-effects of antipsychotics in the elderly. J Clin Psychiatry 2000;61(Suppl 8):43-9. 
65 Correll CU et al. Lower risk for tardive dyskinesia associated with second-generation antipsychotics. A 
systematic review of 1-year studies. Am J Psychiatry 2004; 161(3):414-25. 
66 Aparasu RR et al. Hospitalization risk associated with typical and atypical antipsychotic use in 
community-dwelling elderly patients. Am J Geriatr Pharmacother 2008 Oct;6(4):198-204. 
67 Correll CU et al. Lower risk for tardive dyskinesia associated with second-generation antipsychotics. A 
systematic review of 1-year studies. Am J Psychiatry 2004; 161(3):414-25. 
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Likewise, the expenditure for SGAs in the elderly population was found to increase from 

1996-1998 ($46 million) to 2002-2004 ($436 million).68 Authors of previous studies have 

discussed the increase in levels of utilization and expenditure for SGAs in terms of a 

number of factors such as: (1) their improved tolerability and side-effects as compared to 

FGAs; and (2) their increased off-label use for treating different types of behavioral 

symptoms such as dementia.69,70,71 

Although many studies have concluded that SGAs are efficacious in treating 

different psychotic conditions, the extant literature contains little information about 

comparative trials.72 A component of the Clinical Antipsychotic Trials of Intervention 

Effectiveness (CATIE) conducted on subjects with Alzheimer’s dementia, found that 

there were no significant differences between olanzapine, quetiapine, risperidone and 

placebo in terms of discontinuation of treatment. The authors noted that discontinuation 

could be due to different types adverse effects associated with the antipsychotics.73 

Typically, the adverse effects may include involuntary muscle movements, 

cerebrovascular abnormalities, cardiac events, falls or fractures.74,75,76,77,78,79 Our study 

                                                 
68 Jano E et al. Antipsychotic utilization and expenditure trends among elderly persons. Pschiatr Serv 
2007;58(11):1400. 
69 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users in community-
dwelling elderly, 1996-2004. Curr Med Res Opin 2008;24(3):709-16. 
70 Aparasu RR et al. U.S. national trends in the use of antipsychotics during office visits, 1998-2002. Ann 
Clin Psychiatry 2005;17(3):147-52. 
71 Rapoport M et al. Antipsychotic use in the elderly: shifting trends and increasing costs. Int J Geriatr 
Psychiatry 2005;20(8):749-53. 
72 Aparasu RR et al. Hospitalization risk associated with typical and atypical antipsychotic use in 
community-dwelling elderly patients. Am J Geriatr Pharmacother 2008 Oct;6(4):198-204. 
73 Schneider LS et al. Effectiveness of atypical antipsychotic drugs in patients with chronic schizophrenia. 
N Engl J Med  2005;353(12):1209-23. 
74 Arana GW. An overview of side-effects casued by typical antipsychotics. J Clin Psychiatry 
2000;61(Suppl 8):5-11. 
75 Masand PS. Side-effects of antipsychotics in the elderly. J Clin Psychiatry 2000;61(Suppl 8):43-9. 
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only considered the side-effects related to involuntary muscle movements. It explored the 

risk of involuntary muscle movements (described as extrapyramidal symptoms [EPS]), 

associated with the use of FGAs and SGAs.  

 

2.4 PATHOPHYSIOLOGY OF EPS 

Claxton et al. have described EPS as a drug-induced movement disorder 

(DMID).80 The mechanism of action of different drugs which causes DMIDs has not been 

clearly delineated in any past study. However, the clinical manifestations of DMIDs are 

mediated from the subcortical regions of the brain including the basal ganglia and 

thalamus. The corticospinal pyramidal system has been found not to be responsible for 

elicitation of DMIDs. 81 

The blockade of mesolimbic and nigrostriatal dopamine receptors to the extent of 

65% and 80% is necessary for the onset of action of antipsychotics and causation of EPS, 

respectively.82 An experiment with positron emission tomography on FGAs has revealed 

that a blockade of dopamine D2 receptors to an extent less than 70% is not sufficient for 

causing EPS. An occupancy level between 70% and 80% increases the likelihood of 

                                                                                                                                                 
76 Correll CU et al. Lower risk for tardive dyskinesia associated with second-generation antipsychotics. A 
systematic review of 1-year studies. Am J Psychiatry 2004; 161(3):414-25. 
77 Mehta S et al. Risk of serious cardiac events in older adults using antipsychotic agents. Am J Geriatr 
Pharmacother 2011 Apr;9(2):120-32.  
78 Mehta S et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-matched 
retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
79 Mehta S et al. Risk of cerebrovascular adverse events in older adults using antipsychotic agents: a 
propensity-matched retrospective cohort study. J Clin Psychiatry 2010 Jun;71(6):689-98. 
80 Claxton KL et al. Drug-induced movement disorders. J Pharm Pract 2007;20(6):415-29. 
81 Claxton KL et al. Drug-induced movement disorders. J Pharm Pract 2007;20(6):415-29. 
82 Seeman P. Atypical antipsychotics: mechanism of action. Can J Psychiatry 2002;47(1):27-38. 
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causing EPS and that above 80% is associated with severe EPS. Such findings are 

supported by the results of another study which found that an 80% loss of nigrostriatal 

dompamine receptors results in elicitation of symptoms related to Parkinson’s disease.83 

 

2.5 IMPACT OF ANTIPSYCHOTIC-INDUCED EPS ON HEALTH O UTCOMES 

In general, antipsychotic-induced EPS have been found to have minimal effect on 

patient mortality, except in rare situations such as laryngeal spasm and status dystonicus. 

However, EPS have the potential to worsen the medication adherence and quality of life 

of patients. This may result in deterioration of health outcomes in the form of increased 

hospitalization and subsequent relapse rates of psychiatric episodes.84 Additionally, EPS 

have been found to interfere with the normal social functioning of the patients and play a 

vital role in their interpersonal communication and activities of daily living.85  

 

2.6 VARIANTS OF EPS SYNDROMES AND ASSOCIATED 

EPIDEMIOLOGICAL MEASURES 

Antipsychotic-induced EPS can be broadly classified into acute and tardive 

syndromes. Typically, acute syndromes develop within a few hours after taking an 

                                                 
83 Farde L and Nyberg S. Dosing determination for novel antipsychotics: a PET-based approach. Int J 
Psychiatry Clin Pract 1998;2(Suppl 1):S39-S42. 
84 Claxton KL et al. Drug-induced movement disorders. J Pharm Pract 2007;20(6):415-29. 
85 Perkins DO. Predictors of noncompliance in patients with schizophrenia. J Clin Psychiatry 
2002;63(12):1121-8. 
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antipsychotic agent. Such syndromes include several subtypes such as acute dystonia, 

akathisia and Parkinsonism. On the other hand, the late onset syndromes collectively 

form the categories of tardive dyskinesia and tardive dystonia. These syndromes have 

been found to be manifested after prolonged antipsychotic treatment.86 Table 2.1 

summarizes the different aspects of EPS such as their respective onset of symptoms, 

treatment options and measurement scales.87 

 

 

 

 

 

 

 

 

 

 

                                                 
86 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf 2005;28(3):191-208. 
87 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf 2005;28(3):191-208. 
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Table 2.1 Overview of different types of antipsychotic-induced EPS and associated 
treatment options.88 

 

Type of movement 
disorder 

Signs and 
symptoms 

Time to onset Therapies Measurement 
scale 

Akathisia              Feeling of 
motoric 
restlessness 

From hours to 
days 

Propanolol 

Benzodiazepines 

ESRS 

BAS 

Dystonia Muscular 
contraction in 
a sustained 
fashion 

From hours to 
days 

Parenterally 
administered 
anticholinergics 

ESRS 

SAS 

Parkinsonism Bradykinesia, 
rigidity, 
tremor 

Weeks Anticholinergics 

Amantadine 

ESRS 

SAS 

Tardive dyskinesia Characteristics 
of choreiform 
movements 

Three months to 
several years 

Atypical 
antipsychotics 

Tocopherol 

ESRS 

AIMS 

Tardive dystonia Late onset 
dystonias 

Three months to 
several years 

Clozapine ESRS 

SAS 

AIMS = Abnormal Involuntary Rating Scale; BAS = Barnes Akathisia Scale; ESRS 
= Extrapyramidal Symptom Rating Scale; SAS = Simpson Angus Scale. 

 

2.6.1 ACUTE DYSTONIA 

The manifestation of dystonia takes place in the form of a sustained posture due to 

muscular contraction. Acute dystonias are observable in different parts of the body such 

                                                 
88 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
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as the neck, eyes, throat, and tongue. Such a movement disorder is uncomfortable (if not 

painful) to a majority of patients within a few hours to a few weeks after the initial 

antipsychotic dose.89 The risk of acute dystonia has been observed to be highest in young 

men.90 In general, butyrophenone antipsychotics (e.g., haloperidol) show more risk than 

phenothiazine antipsychotics (e.g., chlorpromazine) towards development of this type of 

EPS.91  A thorough literature review done by past researchers has shown the prevalence 

of acute dystonia to be 12% and 25% among clozapine and chlorpromazine users, 

respectively.92 Later a 10-year retrospective cohort study showed that patients on SGAs 

had lower odds (OR = 0.12, 95% CI = 0.08 to 0.19) of developing acute dystonic 

reactions compared to those on FGAs.93 

 

2.6.2 ACUTE AKATHISIA  

Assessment of akathisia is based on the subjective judgment of an antipsychotic 

user. It is expressed by the patient as a feeling of motor restlessness occurring within a 

few days to weeks of initiation of antipsychotic therapy.94 In a majority of patients, such 

a disorder has been found to be present in the legs and is manifested in the form of 

                                                 
89 Ayd F. A survey of drug-induced extrapyramidal reactions. JAMA 1961;175:1054-60. 
90 Wirshing WC. Movement disorders associated with neuroleptic treatment. J Clin Psychiatry 
2001;62(Suppl. 21):15-8. 
91 Spina E et al. Prevalence of acute dystonic reactions associated with neuroleptic treatment with and 
without anticholinergic prophylaxis. Int Clin Psychopharmacol 1993;8(1):21-4. 
92 Wahlbeck K et al. Evidence of clozapine’s effectiveness in schizophrenia: a systematic review and meta-
analysis of randomized trials. Am J Psychiatry 1999;156(7):990-9. 
93 Ciranni MA et al. Comparing acute toxicity of first- and second-generation antipsychotic drugs: a 10-
year, retrospective cohort study. J Clin Psychiatry 2009 Jan;70(1):122-9. Epub 2009 Jan 13. 
94 Wirshing WC. Movement disorders associated with neuroleptic treatment. J Clin Psychiatry 
2001;62(Suppl 21):15-8. 
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anxiety, nervousness and tension. Clinicians often mistake such a form of movement 

disorder as psychotic agitation and encourage the patients to use high- dose 

antipsychotics, thereby unknowingly worsening the condition. The reported rates of 

akathisia vary between 20% and 30%.95 A published study showed that the point 

prevalences of such a movement disorder related to the use of clozapine, risperidone, and 

FGAs were 7.3%, 13% and 23.8%, respectively.96 Risperidone has been found to be 

associated with a higher risk of akathisia when administered in doses > 6 mg daily.  

Overall, the risk factors associated with akathisia include advanced age, mental 

retardation, iron deficiency, high neuroleptic dose, being female, presence of affective 

disorder and rise in neuroleptic dose. 97,98,99 

 

2.6.3 ANTIPSYCHOTIC-INDUCED PARKINSONISM  

Among all the types of drugs reported to exacerbate Parkinsonism, dopamine 

receptor blocking agents, such as antipsychotics, have the highest risk of causing such a 

movement disorder. In general, antipsychotics account for approximately 70%-80% of 

reported cases of drug-induced Parkinsonism. The use of FGAs has been found to be 

                                                 
95 Sachdev P. The epidemiology of drug-induced akathisia: Part II. chronic, tardive, and withdrawal 
akathisias. Schizophr Bull 1995;21(3):451-61. 
96 Miller CH et al. The prevalence of acute extrapyramidal signs and symptoms in patients treated with 
clozapine, risperidone and conventional antipsychotics. J Clin Psychiatry 1998;59(2):69-75. 
97 Miller CH et al. The prevalence of acute extrapyramidal signs and symptoms in patients treated with 
clozapine, risperidone and conventional antipsychotics. J Clin Psychiatry 1998;59(2):69-75. 
98 Sachdev P. The epidemiology of drug-induced akathisia: Part II. Chronic, tardive, and withdrawal 
akathisias. Schizophr Bull 1995;21(3):451-61. 
99 Kuloglu M et al. Serum iron levels in schizophrenic patients with or without akathisia. Eur 
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associated with the prevalence of Parkinsonism ranging from 20%-66%.100,101  However, 

past studies have reported the prevalence measure of Parkinsonism to be much lower 

among SGA users. A previously published study has shown the prevalence of 

Parkinsonism among users of clozapine, risperidone and FGAs as 4.9%, 17.4% and 

35.7%, respectively.102 The risk of antipsychotic-induced Parkinsonism has been 

observed to be highest in elderly patients. The clinical manifestation of such a disorder 

occurs in the same way as Parkinson’s disease with the combined characteristics of 

rigidity, bradykinesia and tremor. Like akathisia, antipsychotic-induced Parkinsonism 

occurs within the first few weeks of initiation of antipsychotic therapy.103 Primary risk 

factors associated with antipsychotic-induced Parkinsonism include advanced age, being 

female, dementia and acquired immune deficiency syndrome (AIDS).104  

 

2.6.4 TARDIVE DYSKINESIA  

Tardive dyskinesia, characterized by repetitive, jerky and irregular movements of 

short amplitude, may be observed in patients several years after initiation of antipsychotic 

therapy. This involuntary movement occurs due to malfunctioning of the muscles located 

                                                 
100 Janno S et al. Prevalence of neuroleptic-induced movement disorders in chronic schizophrenia 
inpatients. Am J Psychiatry 2004;161(1):160-3. 
101 Halliday J et al. Nithsdale Schizophrenia Surveys 23: movement disorders: 20 year review. Br J 
Psychiatry. 2002;181:422-7. 
102 Miller CH et al. The prevalence of acute extrapyramidal signs and symptoms in patients treated with 
clozapine, risperidone and conventional antipsychotics. J Clin Psychiatry 1998;59(2):69-75. 
103 Wirshing WC. Movement disorders associated with neuroleptic treatment. J Clin Psychiatry 
2001;62(Suppl 21):15-8. 
104 Wirshing WC. Movement disorders associated with neuroleptic treatment. J Clin Psychiatry 
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in the areas of the lower face such as lips, jaws and tongue as well as the distal 

extremities. Observable characteristics of such a movement disorder include lip 

smacking, tongue protrusion and grimacing. Patients showing symptoms of tardive 

dyskinesia can rarely recognize the problems in the initial stage. In the majority of 

reported cases of tardive dyskinesia, symptoms were first detected by family members or 

practicing clinicians.105  

Chakos et al. found that the incidence of tardive dyskinesia among first-episode 

patients with schizophrenia increases with the increase in duration of antipsychotic 

therapy. Cumulative incidence measures found in such patients at the end of 1 year, 2 

years and 4 years were 4.8%, 7.2% and 15.6%, respectively.106 Interestingly, 

antipsychotic drug dose was found to show a weak association with the risk of tardive 

dyskinesia. For example, an increase of approximately 100mg equivalent of 

chlorpromazine was related to an increase in risk of tardive dyskinesia by about 5%.107 

Another study by Go et al. shows that an exposure to a daily neuroleptic dose of 700mg 

chlorpromazine equivalent for 5 years was associated with a 20% risk of tardive 

dyskinesia in schizophrenic patients.108  
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Studies conducted by Kane et al. and Yassa et al. have shown that 20%-30% of 

patients treated with FGAs have the tendency to show signs of tardive dyskinesia.109, 110 

Findings of studies done with young populations have shown that each year of exposure 

to antipsychotics may result in the development of tardive dyskinesia in 5% of the 

psychiatric patients. 111 The incidence and prevalence of tardive dyskinesia have been 

documented in the geropsychiatric population using either SGAs or FGAs. The risk of 

tardive dyskinesia has been found to be five times higher in the geriatric population than 

young patients.112 Previous research points out that the common risk factors for this type 

of movement disorder include advanced age, being female, and the presence of diabetes 

mellitus.113,114  

 

2.6.5 TARDIVE DYSTONIA  

Tardive dystonia shows characteristics of dystonic movements in a tardive fashion 

(as explained above). In some studies, tardive dystonia has been indicated to be distinct 

from tardive dyskinesia. However, some clinicians choose to describe tardive dystonia 

and tardive dyskinesia as one category of movement disorder. Past studies have shown 

                                                 
109 Kane JM and Smith JM. Tardive dyskinesia: prevalence and risk factors, 1959-1979. Arch Gen 
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Schizophr Bull 1992;18(4):701-15. 
111 Woerner MG et al. The prevalence of tardive dyskinesia. Eur Neuropsychopharmacol 1991;11(1):34-42. 
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different prevalence measures of tardive dystonia in patients receiving antipsychotics. For 

example, Yassa et al. and Raja in their respective studies have found that about 2%-4% of 

patients on FGAs tend to develop tardive dystonia.115,116 However, another study done by 

Sethi et al. has shown the prevalence of tardive dystonia to be about 20% among inpatient 

veterans treated with antipsychotics.117 

 

2.7 METHODOLOGIES USED FOR MEASUREMENT AND DIAGNOSI S OF 

EPS 

Past studies have used various operational definitions and measurement tools for 

assessing EPS.118,119 A comprehensive literature review done by Pierre revealed several 

studies which collectively defined EPS as a movement disorder having categories such as 

akathisia, tremor, and hypertonia.120 Such a variety of terminologies used for assessment 

of EPS can raise the possibility of misdiagnosis of EPS which may even result in a 

particular type of EPS going undetected. For example, a patient experiencing restlessness 

may be assumed to be showing symptoms of agitation or anxiety when in reality, the 

patient has akathisia. Also, a subject experiencing dyskinsia may not report it because of 
                                                 
115 Yassa R et al. Prevalence of tardive dystonia. Acta Psychiatr Scand 1986;73(6):629-33. 
116 Raja M. Tardive dystonia: Prevalence, risk factors and comparison with tardive dyskinesia in a 
population of 200 acute psychiatric inpatients. Eur Arch Psychiatry Clin Neurosci 1995;245(3):145-51. 
117 Sethi KD et al. Prevalence of dystonia in veterans on chronic antipsychotic therapy. Mov Disord 
1990;5(4):319-321. 
118 Morgenstern H and Glazer WM. Identifying risk factors for tardive dyskinesia among long-term 
outpatients maintained with neuroleptic medications: results of the Yale Tardive Dyskinesia Study. Arch 
Gen Psychiatry 1993;50(9):723-33. 
119 Schooler NR and Kane JM. Research diagnoses for tardive dyskinesia. Arch Gen Psychiatry 
1982;39(4):486-7. 
120 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf  2005;28(3):191-208. 
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unawareness about this adverse effect. In a similar fashion, clinicians unknowingly using 

rating scales not designed for measuring tardive dyskinesia may fail to recognize tardive 

dyskinesia in routine clinical practice.121 

In order to validate the method of assessment of EPS, a number of rating scales 

have been developed. Despite validation (with respect to measurement of a particular 

type of EPS) of such scales, researchers have been inconsistent in using the same scales 

for measuring a particular type of movement disorder in different studies. For example, 

some trials have used the Barnes Akathisia Scale (BAS),122 Simpson Angus Scale 

(SAS),123 and Abnormal Involuntary Movement Scale (AIMS)124 for measurement of 

akathisia, Parkinsonism and tardive dyskinesia, respectively. However, other clinical 

trials have used the Extrapyramidal Rating Scale (ERS)125 for measurement of dystonia, 

akathisia, Parkinsonism and tardive dyskinesia. Such scales are comprised of different 

items and may produce different severity ratings.  

Notably, such scales are used for quantification of severity of movement disorders 

and should not be used as diagnostic tools. This is because minor differences in 

definitions followed by researchers may result in differential diagnosis of a particular 

movement disorder. Various operational definitions of the variants of EPS have been 
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suggested by past researchers.126,127,128 For example, Schooler and Kane have defined 

tardive dyskinesia (at each visit) ‘as (a) cumulative antipsychotic exposure ≥ 3 months 

and (b) an AIMS score ≥ 3 on one or more body part(s), or a score ≥ 2 on at least two 

body parts.’129 On the other hand, Morgenstern and Glazer have defined tardive 

dyskinesia (at the start and end of each visit) ‘as (a) a total AIMS score ≥ 3 on both 

applications at two successive visits and (b) a score of ≥ 2 on at least one anatomic AIMS 

item on both applications at the same two visits.’130  

 

2.8 STUDIES SHOWING EPS ASSOCIATED WITH THE USE OF SGAs 

 Although SGAs have been shown to have less association with EPS than FGAs, 

the risk of EPS related to SGAs is not zero. A study by Pierre includes findings of 

previous clinical trials shedding light on the association of EPS risk with the usage of 

different types of SGAs. The following section highlights the different clinical trials 

which were discussed in the study by Pierre.131 
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2.8.1 ASSOCIATION BETWEEN RISK OF ACUTE EPS AND CLOZAPINE 

  Although the use of clozapine was forbidden in Europe, the U.S. market still 

approved its use on the basis of the results of a clinical trial which was published in 

1988.132 In this trial, clozapine was compared with the active comparator chlorpromazine 

for treating refractory schizophrenia over a time horizon of 6 weeks. Patients in the 

chlorpromazine arm were administered benztropine (an anticholinergic) to minimize EPS 

risk and to ensure blindness of the study. The severity level of EPS was measured by 

means of a pre-validated measure – the Simpson Angus Scale (SAS) – referred to in 

Table 2.1. Despite the use of benztropine in the cholorpromazine arm, the patients who 

were given clozapine had less severe acute EPS, though the level of severity of EPS in 

both patient groups was low at the end of the study. However, the percentages of patients 

in each treatment arm developing EPS were not stated.  

Another double-blind trial conducted with non-refractory patients compared 

clozapine with chlorpromazine for a time period of 4 weeks.133 The results of this study 

also showed acute EPS to be less prominent in the clozapine arm. The relative 

percentages of acute EPS were reported to be 12% in the clozapine arm and 25% in the 

cholorpromazine arm. The SAS was used to assess the level of EPS severity. None of the 

patient groups were on prophylactic anticholinergics. Lastly, results of a meta-analysis 

(conducted by Wahlbeck et al. over sixteen studies) found that the users of clozapine 
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were significantly less susceptible to developing EPS than those on the FGA 

comparators.134  

 

2.8.2 ASSOCIATION BETWEEN RISK OF TARDIVE SYNDROMES  AND 

CLOZAPINE 

Previous case reports135,136,137 and an open-label study138  have assessed the nature 

of association between clozapine and the risk of tardive dyskinesia. In general, clozapine 

is the recommended line of therapy for refractory patients and those with severe tardive 

dyskinesia. As clozapine therapy may be beneficial for reducing EPS risk, initiation of 

clozapine therapy followed by development of EPS syndromes should be interpreted with 

caution. In order to elucidate the causal factor(s) of EPS risk, further understanding of 

prior antipsychotic exposure is necessary. A number of studies have shown that clozapine 

has the potential to mitigate the risk of antipsychotic-induced tardive dyskinesia. Tardive 

dyskinesia,139,140,141,142,143,144 as well as tardive dystonia,145,146,147,148  have been found to 
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improve after patients were switched from EPS-inducing agents to clozapine therapy. 

Interestingly, several reports have stated that patients may show an increase in symptoms 

of tardive dyskinesia and tardive dystonia after discontinuation or reduction in clozapine 

dose.149,150,151,152 Such findings substantiate the claim that clozapine has not only 

demonstrated benefits in terms of reducing the risk of tardive dyskinesia, but also may 

suppress both tardive dyskinesia and tardive dystonia. 

 

2.8.3 ASSOCIATION BETWEEN RISK OF ACUTE EPS AND RISPERIDONE 

A multicenter clinical trial conducted in North America provides information 

regarding how acute EPS is associated with risperidone use. Results pertinent to this 

study were published in two separate papers.153,154 One of the published studies by 

Chounaird et al. discusses the double-blinded study which compared risperidone 
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administered in dosages of 2, 6, 10 and 16mg/day with haloperidol 20mg/day and 

placebo over a time horizon of 8 weeks. The authors reported that risperidone at a dosage 

of 10mg/day caused more Parkinsonism problems than placebo. Similar results were 

obtained in patients in the haloperidol treatment arm.155 The dose-response curve showed 

a linear relationship between risperidone dosage and Parkinsonism. The proportion of 

subjects prescribed anticholinergics for treating EPS increased as the risperidone dose 

increased and was comparable with placebo for the different levels of risperidone doses. 

Interestingly, patients on risperidone doses 2, 6 and 10mg/day were administered less 

anticholinergic medication than subjects on haloperidol.  

In the second published study, Marder and Meibach found that risperidone at 

dosages of 2 and 6mg/day caused EPS which was comparable to placebo.156 However, 

patients prescribed risperidone 16mg/day and haloperidol 20mg/day experienced more 

EPS (and were given more anticholinergics) than subjects taking placebo. Detailed 

information related to EPS was provided from the combined data of the two trials. The 

combined study found that 1.7% and 2.4% of patients in the risperidone and haloperidol 

arms, respectively had dystonic reactions.157 The level of Parkinsonism was less 

pronounced in subjects given risperidone 2, 6 and 10mg/day than haloperidol. 

Consistently, haloperidol treated subjects were found to require more anticholinergics 

than subjects on risperidone at doses of 1, 6 and 10mg/day. Hence, these results suggest 
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that the risk of acute EPS was dose-related and high doses of risperidone were associated 

with less EPS risk than comparable doses of haloperidol. In general, the risk of EPS 

increases as the dose of risperidone is increased beyond 6mg/day. 

 

2.8.4 ASSOCIATION BETWEEN RISK OF TARDIVE SYNDROMES  AND 

RISPERIDONE 

Many studies have shown that patients on FGAs may experience tardive 

dyskinesia and tardive dystonia.158,159,160 As observed with clozapine (described above), 

conditions related to tardive syndromes have been found to improve or resolve as patients 

on FGAs switched to risperidone.161,162,163  

A clinical trial conducted in a Canadian setting compared risperidone with 

haloperidol and placebo. This trial showed that patients on risperidone, across three arms 

with doses 6, 10 and 16 mg/day, showed lower dyskinesia scores than those on 

haloperidol or placebo. Upon further investigation (based on formal research guidelines), 

it was found that risperidone has the potential of showing an ‘antidyskinetic’ effect 

(manifested by improvement in dyskinesia scores) which was not observed in patients on 

                                                 
158 Addington DE et al. Risperidone and tardive dyskinesia: a case report. J Clin Psychiatry 
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haloperidol or placebo. Such a finding supports the assertion that risperidone, like 

clozapine, may have the benefit of suppressing tardive dyskinesia.164 The results of this 

trial were in conformity with those of other studies which have shown that rates of 

treatment-emergent tardive syndromes are low when patients are on risperidone. A meta-

analysis of double-blind trials with risperidone as one of the treatment arms reported that 

0.22% of all the patients receiving risperidone developed tardive dyskinesia over a time 

horizon of 12 weeks.165 Jeste et al. conducted a long-term prospective survey of geriatric 

subjects. The study showed a low risk of tardive dyskinesia among such a high-risk pool 

of patients. This longitudinal study included patients diagnosed with different psychiatric 

problems and divided among two matched treatment groups – risperidone [mean (SD) 

age = 66.2 (12.6) years] and haloperidol [mean (SD) age = 66.1 (11.9) years]; each group 

of subjects was administered a mean dose of 1mg/day of the respective prescribed 

medication. The cumulative incidences of tardive dyskinesia reported after 9 months 

were 5% and 30% in the risperidone and haloperidol cohorts, respectively. Furthermore, 

emergent tardive dyskinesia was found to remain constant after 3 months in the 

risperidone group, while those on haloperidol showed a linear increase in tardive 

dyskinesia rate for 9 months.166 
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2.8.5 ASSOCIATION BETWEEN RISK OF ACUTE EPS AND OLANZAPINE 

Molecular structural analysis confirms that olanzapine, as a chemical moiety, 

bears close similarity with clozapine. In vitro studies have shown that olanzapine has a 

high degree of antimuscarinic activity similar to clozapine, thereby raising the possibility 

of low risk of extrapyramidal toxicity.167 Tran et al. performed a combined analysis of 

three double-blinded RCTs conducted for 6 weeks comparing olanzapine (mean dose = 

12.8mg/day) with haloperidol (mean dose = 12.7mg/day) in a population of > 2500 

subjects. Acute EPS was documented in terms of various measures such as reported 

adverse events, categorical EPS diagnoses, and rates of anticholinergic administration.168 

Measurements pertinent to the different types of adverse events showed that subjects in 

the olanzapine arm experienced fewer cases of dystonia (1.4% vs. 6.3%), Parkinsonism 

(9.4% vs. 28.4%), akathisia (7.0% vs. 21.5%) or other forms of EPS (18% vs. 46.5%) 

than those in the haloperidol arm. While using other operational definitions of EPS, 

similar comparative results between olanzapine and haloperidol were obtained in terms of 

number of subjects experiencing Parkinsonism (14.3% vs. 39.8%), akathisia (13.0% vs. 

40.2%) and those requiring anticholinergics as an adjunctive therapy (15.5% vs. 47.0%). 

Interestingly, follow-up analysis pointed out that those subjects in the olanzapine arm 

showed improvement in Parkinsonism and akathisia whereas haloperidol-treated subjects 

were found to experience more severe EPS-related symptoms. Another open-label study 

comparing haloperidol (12.7mg/day) with olanzapine (11.4mg/day) demonstrated that as 

                                                 
167 Tran PV et al. Extrapyramidal symptoms and tolerability of olanzapine versus haloperidol in the acute 
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168 Tran PV et al. Extrapyramidal symptoms and tolerability of olanzapine versus haloperidol in the acute 
treatment of schizophrenia. J Clin Psychiatry 1997;58(5):205-11. 
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patients switched to olanzapine therapy, there was an improvement in akathisia scores by 

82%, Parkinsonism scores by 87% and a significant reduction in utilization of 

anticholinergics as an adjunctive therapy.169 All of these findings substantiate the 

improved EPS profile associated with olanzapine as compared to haloperidol. 

 

2.8.6 ASSOCIATION BETWEEN RISK OF TARDIVE SYNDROMES  AND 

OLANZAPINE 

Published findings from controlled trials have shown that olanzapine is associated 

with a lower risk of tardive dyskinesia than haloperidol. Tollefson et al. discussed three 

comparative long-term maintenance studies on olanzapine and haloperidol with mean 

doses of 14.4mg/day and 14.7mg/day, respectively.170 Patients with a history of 

dyskinesia and/or patients diagnosed with dyskinesia at the study baseline were excluded 

from the study. Based on three different operational definitions of emergent tardive 

dyskinesia, the three trials showed that olanzapine-induced dyskinesia and haloperidol-

induced dyskinesia had variations in ranges from 1.0%-7.1% and 4.6%-16.2%, 

respectively. Overall, the risk of tardive dyskinesia over time was significantly lower for 

olanzapine compared to haloperidol therapy.  

                                                 
169 Coste e Silva JA et al. Olanzapine as alternative therapy for patients with haloperidol-induced 
extrapyramidal symptoms: results of a multicenter, collaborative trial in Latin America. J Clin 
Psychopharmacol 2001;21(4):375-81. 
170 Tollefson GD et al. Blind, controlled long-term study of the comparative incidence of treatment-
emergent tardive dyskinesia with olanzapine or haloperidol. Am J Psychiatry 1997;154(9):1248-54. 
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An expanded analysis, including several long-term double-blinded studies 

conducted with three arms of therapies (olanzapine, haloperidol and placebo), showed 

that the 1-year risks of tardive dyskinesia were 2.6% and 8.0% for olanzapine and 

haloperidol, respectively. Follow-up analyses of subjects responding to the treatment and 

not meeting the tardive dyskinesia criteria (described above as the inclusion criteria for 

trial subjects) revealed that the 1-year tardive dyskinesia risks were 0.5% and 7.5% for 

the olanzapine and haloperidol arms, respectively.171 

 

2.8.7 ASSOCIATION BETWEEN RISK OF ACUTE EPS AND QUETIAPINE 

In 1997, quetiapine was launched in the U.S. market as the fourth SGA. Arvanitis 

and Miller performed the dose-finding trial comparing quetiapine (administered at a dose 

of 750mg/day) with haloperidol and placebo.172 The trial findings showed that the EPS-

related adverse events in the three arms of treatment were 6.2% (quetiapine), 18% 

(placebo), and 37% (haloperidol). The different types of EPS rates across the three 

treatment arms were dystonia (placebo 2%, quetiapine 0.8%, haloperidol 2%), 

Parkinsonism (placebo 10%, quetiapine 5%, haloperidol 29%) and akathisia (placebo 8%, 

quetiapine 1.1%, haloperidol 15%). However, no statistically significant change (as 

compared to baseline) in the mean EPS rating scores was observed among groups of 

                                                 
171 Beasley CM et al. Randomized double-blind comparison of the incidence of tardive dyskinesia in 
patients with schizophrenia during long-term treatment with olanzapine or haloperidol. Br J Psychiatry 
1999;174:23-30. 
172 Arvanitis LA and Miller BG. Multiple fixed doses of “Seroquel” (quetiapine) in patients with acute 
exacerbation of schizophrenia: a comparison with haloperidol or placebo: The Seroquel Trial 13 Study 
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subjects who were prescribed these three therapies. The dose-response curve plotted with 

different approved doses of quetiapine did not clearly distinguish the threshold indicating 

the onset of EPS.  

In another study, Small et al. compared the two dose ranges (≤750 mg/day and 

≤250mg/day) of quetiapine with placebo.173 There were no significant differences in the 

rates of EPS change between each of the two doses and the placebo. Such a finding 

pointed out a low EPS risk associated with quetiapine. Generally, the low EPS toxicity of 

quetiapine is shown by its atypical antipsychotic property, manifested in terms of its rapid 

dissociation from the D2 receptor.174,175  

 

2.8.8 ASSOCIATION BETWEEN RISK OF DEVELOPING TARDIV E 

SYNDROMES AND QUETIAPINE 

Like other SGAs, studies on quetiapine have shown that patients with tardive 

dyskinesia tend to have had prior exposure to antipsychotics176,177 and that the symptoms 

improved after the patients were switched to quetiapine therapy.178,179,180,181  There is a 

                                                 
173 Small JG et al. Quetiapine in patients with schizophrenia: a high- and low-dose double-blind comparison 
with placebo. Seroquel Study Group. Arch Gen Psychiatry 1997;54(6):549-57. 
174 Kapur S et al. A positron emission tomography study of quetiapine in schizophrenia: a preliminary 
finding of an antipsychotic effect with only transiently high dopamine D2 receptor occupancy. Arch Gen 
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175 Kapur S and Seeman P. Does fast association from dopamine d(2) receptor explain the action of atypical 
antipsychotics? A new hypothesis. Am J Psychiatry 2001;158(3):360-9. 
176 Ghaemi SN and Ko JY. Quetiapine-related tardive dyskinesia [letter]. Am J Psychiatry 
2001;158(10):1737. 
177 Ghelber D and Belmaker RH. Tardive dyskinesia with quetiapine. Am J Psychiatry 1999;156(5):796-7. 
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dearth of literature pertinent to controlled studies showing association of quetipaine with 

dyskinesia. However, results of short-term studies have pointed out that quetiapine users 

show an improvement in tardive dyskinesia scores when compared against those on 

placebo.182,183  

 

2.8.9 ASSOCIATION BETWEEN RISK OF DEVELOPING ACUTE 

EPS/TARDIVE SYNDROMES AND ZIPRASIDONE 

A thorough literature search done by Pierre revealed that several short-term 

studies have indicated that ziprasidone is associated with a lower risk of acute EPS as 

compared to placebo.184 A long-term study compared ziprasidone (80-160 mg/day with a 

mean dose of 116 mg/day) with haloperidol (5-15 mg/day with a mean dose of 8.6 

mg/day) over a time horizon of 28 weeks.185 Proportions of patients experiencing 

different types of acute EPS, such as akathisia (ziprasidone 14%, haloperidol 16%), 

hypertonia (ziprasidone 2%, haloperidol 7%), tremor (ziprasidone 6%, haloperidol 10%) 

and Parkinsonism (ziprasidone 1%, haloperidol 5%), were found to be less in the 

                                                                                                                                                 
179 Alptekin et al. Quetiapine-induced improvement of tardive dyskinesia in three patients with 
schizophrenia. Int Clin Psychopharmacol 2002;17(5):263-4. 
180 Farah A. Reduction of tardive dyskinesia with quetiapine. Schizophr Res 2001;47(2-3):309-10. 
181 Vesely C et al. Remission of severe tardive dyskinesia in a schizophrenic patient treated with the 
atypical antipsychotic substance quetiapine. Int Clin Psychopharmacol 2000;15(1):57-60. 
182 Arvanitis LA et al. Multiple fixed doses of “Seroquel” (quetiapine) in patients with acute exacerbation 
of schizophrenia: a comparison with haloperidol or placebo: The Seroquel Trial 13 Study Group. Biol 
Psychiatry 1997;42(4):233-46. 
183 Small JG et al. Quetiapine in patients with schizophrenia: a high- and low-dose double-blind comparison 
with placebo. Seroquel Study Group. Arch Gen Psychiatry 1997;54(6):549-57. 
184 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf 2005;28(3):191-208. 
185 Hirsch SR et al. A 28-week comparison of ziprasidone and haloperidol in outpatients with stable 
schizophrenia. J Clin Psychiatry 2002;63(6):516-23. 
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ziprasidone treatment arm than in the haloperidol arm. After treatment, subjects on 

haloperidol reported an increase in akathisia and Parkinsonism ratings while those on 

ziprasidone reported a decrease in Parkinsonism ratings. Interestingly, even after 

treatment, akathisia scores were found to remain unchanged in the ziprasidone group.  

Little research has been conducted to date exploring if patients show tardive 

syndromes while on ziprasidone. At the time of publication of the review article by 

Pierre, there was one published case report discussing the association of ziprasidone with 

risk of tardive dyskinesia.186 This trial, conducted over 28 weeks, showed a decrease in 

tardive dyskinesia ratings reported by patients in the ziprasidone group and an increase in 

those ratings reported by patients in the haloperidol group. With only one published 

article and lack of substantial evidence, the author (Pierre) of the review article suggests 

that additional clinical research is warranted to determine the rate of tardive dyskinesia 

while patients are on ziprasidone therapy.187  

 

2.8.10 ASSOCIATION BETWEEN RISK OF DEVELOPMENT OF A CUTE 

EPS/TARDIVE SYNDROMES AND ARIPIPRAZOLE 

The latest SGA to be released in the antipsychotic market is aripiprazole.188 The 

mechanism of action of this drug has been found to be different than other SGAs. Unlike 

                                                 
186 Rosenquist KJ et al. Tardive and ziprasidone [letter]. Am J Psychiatry 2002;159(8):1436. 
187 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
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other SGAs, which are D2 receptor antagonists, aripiprazole is a partial D2 agonist. 

Detailed study of the mode of action of aripiprazole shows that it exhibits potential D2 

antagonism in the nigrostriatal region which is responsible for causing EPS.  

There is one published study which compares aripiprazole with haloperidol and 

placebo.189 The trial was conducted for 8 weeks and compared aripiprazole administered 

in doses of 15mg/day and 30mg/day with haloperidol administered in a dose of 

10mg/day. The relative percentages of the variants of EPS were found to be: (1) akathisia 

(placebo 11%, aripiprazole 8-12%, haloperidol 23%); (2) hypertonia (placebo 5%, 

aripiprazole 2-8%, haloperidol 3%); and (3) tremor (placebo 3%, aripiprazole 2-3%, 

haloperidol 7%). The changes in EPS scores (indicating level of severity) for subjects in 

the aripiprazole treatment arm were found to be comparable with those on placebo. 

Marder et al. reported the results of a series of five different phase II and III studies, 

conducted for 4 to 6 weeks, comparing aripiprazole with haloperidol and placebo.190 The 

findings of the trials showed that the rates of EPS observed in patients treated with 

aripiprazole, haloperidol and placebo were 21.1%, 43.5% and 19.4%, respectively. The 

changes in EPS ratings for subjects on aripiprazole were comparable to those obtained 

from subjects on placebo. Interestingly, the changes in EPS ratings observed in the 

aripiprazole group were not associated with its dose. The percentages of patients on 

aripiprazole, haloperidol and placebo, requiring anticholinergics were 18.7, 42.0 and 

14.8, respectively. Subjects on aripiprazole and haloperidol showed more symptoms of 

                                                 
189 Kane JM et al. Efficacy and safety of aripiprazole and haloperidol versus placebo in patients with 
schizophrenia and schizoaffective disorder. J Clin Psychiatry 2002;63(9):763-71. 
190 Marder SR et al. Aripiprazole in the treatment of schizophrenia: safety and tolerability in short-term, 
placebo-controlled trials. Schizophr Res 2003;61(2-3):123-36. 
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worsening akathisia than those on placebo, although the level of worsening was not 

clinically relevant. 

There is little documented evidence regarding the association of tardive 

dyskinesia with aripiprazole. In the short trial (comparing aripiprazole to haloperidol and 

placebo) conducted by Kane et al., mild decreases in mean scores of tardive dyskinesia 

were found in subjects on aripiprazole.191 However, similar results were found in the 

same trial patients on haloperidol. Marder et al. observed an improvement in tardive 

dyskinesia scores while comparing aripiprazole with placebo.192 The review article by 

Pierre concluded that additional research is necessary to elucidate the association of risk 

of tardive dyskinesia with aripiprazole.193  

 

2.9 ISSUES TO BE CONSIDERED IN EVALUATING SGA-INDUCED TARDIVE 

DYSKINESIA 

Based on various operational definitions, tardive dyskinesia may require 3 months 

to develop after a patient experiences antipsychotic exposure.194 After development, the 

symptoms gradually wax and wane rather than completely remitting or manifesting 

                                                 
191 Kane JM et al. Efficacy and safety of aripiprazole and haloperidol versus placebo in patients with 
schizophrenia and schizoaffective disorder. J Clin Psychiatry 2002;63(9):763-71. 
192 Marder SR et al. Aripiprazole in the treatment of schizophrenia: safety and tolerability in short-term 
placebo-controlled trials. Schizophr Res 2003;61(2-3):123-36. 
193 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf  2005;28(3):191-208. 
194 Schooler NR and Kane JM. Research diagnoses for tardive dyskineisa. Arch Gen Psychiatry 
1982;39(4):486-7. 



 
 

45 

themselves, in terms of deterioration in a patient’s movements.195 Due to this fluctuating 

pattern, during short-term trials, tardive dyskinesia may appear to be in a worsening or 

improving stage even after pharmacological intervention. Therefore, results relevant to 

changes in tardive dyskinesia ratings obtained in short-term clinical trials may not be 

attributable to changes in antipsychotic exposures.196  

A number of additional factors should be considered while interpreting 

associations between SGAs and tardive dyskinesia.  Past literature points out that tardive 

dyskinesia can also be associated with the utilization of non-antipsychotic drugs such as 

cocaine,197 lithium,198 anticonvulsants,199 oral contraceptives,200 and tricyclic/serotonergic 

antidepressants.201,202,203 Hence, careful consideration of prior exposure of subjects (in 

clinical trials) to such drugs should be made while elucidating the association between 

SGAs and risk of tardive dyskinesia. Furthermore, it has been found that spontaneous and 

withdrawal dyskinesias interfere with the monitoring of tardive dyskinesia during short-

term trials. Typically, withdrawal dyskinesia has been found to worsen upon 

discontinuation of antipsychotic therapy. Moreover, the symptoms observed in 
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spontaneous dyskinesia can closely resemble those related to tardive dyskinesia. But such 

a scenario was observed in subjects diagnosed with schizophrenia long before the advent 

of antipsychotics. In general, commencement of clinical trials is preceded by a wash-out 

period. However, due to ethical reasons this wash-out period rarely lasts long enough to 

mask the effect of prior antipsychotic exposure and hence, the emergence of withdrawal 

dyskinesia may occur.  

Therefore, the change in tardive dyskinesia ratings observed in short-term studies 

cannot be solely attributed to initiation of a new drug, withdrawal of an existing therapy 

or other potential causes of tardive dyskinesia. From a methodological point of view, in 

order to find the potential factors associated with tardive dyskinesia, it is recommended 

that a prospective longitudinal study be conducted. For elucidation of between-drug 

differences in levels of severities of movement disorders, results of point prevalence 

studies should be interpreted cautiously. Also, both placebo and active-controlled studies 

are required for evaluation of withdrawal dyskinesias (manifested in the placebo arm) and 

comparison of effects between antipsychotic treatments.204 
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2.10 CRITIQUE OF STUDIES EXAMINING EPS AS SIDE-EFFECTS 

ASSOCIATED WITH ANTIPSYCHOTICS 

In the past, multiple RCTs sponsored by pharmaceutical manufacturers have 

shown SGAs to be a promising class of therapies for treating psychiatric disorders. As 

indicated earlier in this chapter, SGAs demonstrate advantages over FGAs in terms of 

improved tolerance and less risk of movement disorders such as EPS.205,206,207,208,209  

Drugs in the FGA class include (but are not limited to) chlorpromazine, fluphenazine, 

haloperidol, loxapine, perphenazine, thioridazine, and mesoridazine. On the other hand, 

the SGA class of therapies includes (but is not limited to) risperidone, ziprasidone, 

quetiapine, clozapine, olanzapine, and aripiprazole.  

Interestingly, contrasting findings have been obtained in later studies which 

showed no significant difference in EPS rates between SGAs and FGAs.210 A plausible 

reason for such discrepancies in results could be explained in terms of choice of the 

comparator group (in earlier studies) as haloperidol – a high potency antipsychotic often 

used in high doses in the absence of prophylactic anticholinergics. A meta-analysis of 
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short-term studies supports such an explanation and emphasizes that the results obtained 

from previous RCTs need further investigation because the comparator groups studied in 

those trials included high-dose FGAs.211 

An incidence analysis conducted by Correll et al. showed that the estimated 

annual incidence rates of tardive dyskinesia associated with the use of haloperidol and 

SGAs were 5.4% and 0.8%, respectively; haloperidol was associated with a 4.6% greater 

attributable risk of tardive dyskinesia.212 Such a result is in conformity with the CATIE 

Schizophrenia Trial which reported that more patients with tardive dyskinesia were on 

FGAs than those without any symptoms of tardive dyskinesia. Findings from the CATIE 

Schizophrenia Trial indicated that there were no significant differences in the respective 

proportions of patients showing symptoms of Parkinsonism, akathisia or abnormal 

movements across each of the arms (olanzapine, quetiapine, risperidone, perphenazine 

and ziprasidone).213  More subjects in the perphenazine arm discontinued the treatment 

because they experienced EPS. Follow-up analyses of the subjects who discontinued 

perphenzaine showed that they had a better EPS profile when treated with olanzapine 

than risperidone. Miller et al. compared the incidence measures of EPS between patients 

with schizophrenia taking SGAs and perphenazine.214 The results of the study showed no 

significant differences in incidences of various movement disorders such as 
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Parkinsonism, dystonia, akathisia or tardive dyskinesia between SGAs and perphenazine 

or within the SGA class of therapies. This study had several strengths as it relied on a 

large sample size, head-to-head comparison of different antipsychotic agents, and 

independence from industry sponsorship.  

However, like other studies it was not free from limitations. For example, the 

authors conducted the data analyses based on a short exposure window of each drug. The 

subjects had a short exposure time due to a high rate of medication switches. The mean 

durations of exposure for olanzapine, quetiapine, risperidone, perphenazine, and 

ziprasidone were 9.2 months, 4.6 months, 4.8 months, 5.6 months and 3.5 months, 

respectively. Nevertheless, the duration of exposure was found to be similar to what was 

reported in previous studies conducted with SGAs. For example, a systematic review 

conducted by Correll et al. mentioned that the average duration of a similar trial was 8.8 

months.215 Miller et al. accounted for the duration of exposure while analyzing the data 

and it was assumed that the results pertinent to Parkinsonism and akathisia were not 

biased due to a short exposure time, because such disorders manifest themselves early in 

treatment. Lastly, the authors admitted that in their study, similar to other RCTs studying 

antipsychotics, the training (of personnel) required for using psychopathology scales to 

evaluate EPS and tardive dyskinesia was not adequate. However, due to the double-
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blinded nature of the study design, such a flaw was expected to influence all the treatment 

groups in an equal fashion and hence have minimal effect on the study results.216 

Leucht et al. conducted a meta-analysis contrasting EPS profiles of risperidone, 

olanzapine, sertindole and quetiapine with haloperidol as the comparator group.217 This 

study found that EPS risk was less for risperidone and olanzapine, about the same for 

sertindole and slightly lower for quetiapine compared to haloperidol. Interestingly, 

risperidone was found to demonstrate a slightly less favorable EPS-profile than other 

SGAs. However, the limitations of this study should be considered. Although the sample 

sizes reported for all the drugs were high, only two studies conducted with sertindole 

were included in the meta-analysis. Inclusion of additional studies pertinent to large 

clinical trials (also called pragmatic trials) may change the findings of this meta-

analysis.218 Finally, this study was restricted to a few SGAs and was not applicable to the 

entire class of SGAs. Consideration of other SGAs may alter the results of this meta-

analysis. Additionally, the assumptions of parametric tests were not examined while 

assessing the study endpoints (or the outcome measure), defined in terms of mean 

changes of psychopathology scores.219  
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Although RCTs show the risk of EPS to be lower in SGAs than in FGAs, there is 

still a need for research to assess the absolute frequency of EPS for each SGA and the 

relative frequency of EPS between different SGAs. This is because a number of 

limitations have been identified in the RCTs focusing on the studies of EPS within the 

SGA class.220 Firstly, results from different RCTs cannot be used to compare the rates of 

EPS among different agents studied in the RCTs. Such comparisons need further scrutiny 

as the trials are randomized within each RCT and not between different RCTs. Secondly, 

the study design of RCTs relies on power calculations required to find a significant effect 

size pertinent to the efficacy of the SGAs. Some readers may interpret the efficacy 

findings in terms of absence of any side-effects and may infer non-significant results as 

no difference in side-effects between the agents. Thirdly, RCTs often do not measure 

side-effects in an appropriate manner resulting in measurement bias. For example, 

akathisia may be mistaken as agitation and remain undetected by expert clinicians. Such a 

problem can be overcome by using validated rating scales and blinded examinations of 

the study endpoints. Nevertheless, difficulty in gathering trial participants usually makes 

the samples inadequate for assessing side-effects, thereby hampering the generalizability 

of the study results.  

Novick et al. conducted a 36-month prospective observational study to assess the 

incidence of EPS among patients with schizophrenia. Patient information from the 

European Schizophrenia Outpatient Health Outcomes Study was examined according to 

the baseline antipsychotic drug exposure. About 60% of the subjects were found to show 
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EPS at baseline. Frequency and time of onset of EPS were evaluated by means of 

Kaplan-Meier survival plots. Factors responsible for development of EPS were assessed 

using the Cox proportional hazards model.221 The survival plots showed that the 

cumulative EPS incidence among patients with schizophrenia ranged from 7.7% 

(olanzapine users) to 32.8% (depot FGA users). Users of depot and oral FGAs, 

risperidone and amisulpride were found to be at higher risk of experiencing EPS than 

olanzapine users.  

Similar findings were obtained in a previous study which ascertained that SGAs 

demonstrate different EPS profiles when a within-class comparison was made. As an 

extension of this finding, the authors explained that the patients on risperidone were more 

likely to use adjunctive medications (such as anticholinergics) to overcome EPS than 

those on olanzapine.222 Likewise, another randomized study reported that the patients 

experiencing acute dystonia or Parkinsonism were less likely to take anticholinergic 

medications when switched to olanzapine than those on risperidone.223 

The Cox regression model developed by Novick et al. indicated that high baseline 

clinical severity was associated with EPS risk. The authors assumed that clinically severe 

patients were more likely to take high-dose antipsychotics and the high dose of the 

medication might act as a risk factor for EPS. Two additional studies cited in this paper 
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also highlighted that baseline illness severity could be a predictor of EPS among first-

episode psychotic patients.224,225  

Novick et al. indicated that their study had several limitations. As the research 

used an observational study design, there could be a chance of selection bias affecting the 

results. It is likely that patients with a history of EPS were prescribed antipsychotic 

agents with improved EPS profiles. Furthermore, there is a possibility that patients switch 

medications or have multiple treatments between different assessment points. Due to this 

issue, measurement of EPS rates at different time points may show less difference 

between the study cohorts. Lastly, the authors state that the assessment of EPS was not 

based on objective measures obtained from any pre-validated instrument (such as SAS) 

but relied on subjective clinical judgment.226 Such a potential flaw was relevant to this 

research as the study was unblinded. 

 

2.11 RELATIONSHIP OF RISK OF EPS WITH DEMOGRAPHICS OF 

ANTIPSYCHOTIC USERS 

A thorough literature review was conducted to study the number of EPS cases 

among antipsychotic users of different age groups and belonging to different races. A 
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published article points out that there is a relationship between various types of EPS and 

age. Among antipsychotic users, elderly females have a high risk of developing tardive 

dyskinesia. On the other hand, dystonic abnormalities and antipsychotic-induced 

Parkinsonism are pronounced in young males and the elderly, respectively.227 

Past literature has shown that over the years, the use of antipsychotics, as a form 

of maintenance pharmacotherapy, has increased in children and adolescents.228,229 Claims 

analysis conducted with the Maryland Medicaid database shows an increase in 

antipsychotic users by approximately 2-fold in 1996 as compared to 1990.230 Similarly, 

the utilization pattern of antipsychotics studied in three Medicaid programs and one 

private managed care organization indicated an increase of 1.5-3 times in antipsychotic 

prescription prevalence from 1996 to 2001.231  Cooper et al. have shown that in the U.S. 

the prescribing pattern of antipsychotics has increased from 8.6 per 1000 children in 1996 

to 39.4 per 1000 children in 2002.232 Evaluation of the 1996-2007 National Ambulatory 

Medical Care Surveys database has shown that the number of office-based medical 

provider visits related to prescribing of antipsychotics increased from 4.5% (1996-1999) 
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to 11.2% (2004-2007).233 Such an increase has also been found to be related to an 

increase in the number of prescriptions related to SGAs with the primary reason being 

improved tolerability and decreased risk of motor disorders associated with SGAs as 

compared to FGAs.234,235 A number of studies have been conducted on SGA utilization in 

the child and adolescent populations.236,237,238,239  However, there is a paucity of findings 

highlighting whether the number of reported cases of side-effects of SGAs, such as 

movement disorders, has increased among children and adolescents. Interestingly, past 

research points out that the risk of any untoward effect (such as EPS) can be more 

pronounced in children than in adults irrespective of treatment with either FGAs or 

SGAs.240,241 Case reports obtained from existing literature suggest that children on 

risperidone frequently develop symptoms of tardive dyskinesia. Despite such evidence, 
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researchers are still unclear about the prevalence measures of neuroleptic malignant 

syndromes in children.242 

Wonodi et al. chose to address the research question related to the assessment of 

prevalence of tardive dyskinesia among children treated with SGAs. The motor side-

effects associated with SGAs were examined in a group of pediatric psychiatric patients 

in the Greater Baltimore Metropolitan area. Children (5-18 years old) receiving SGAs (n 

= 118) for 6 months or longer were compared with antipsychotic-naïve patients (n = 80) 

matched with respect to age, gender and diagnosis. Antipsychotic-naïve patients included 

subjects who had no exposure to antipsychotics but had a history of treatment with 

psychotropic medications such as antidepressants, mood stabilizers and psychostimulants. 

Fisher’s exact test showed that about 9% (n = 11) of the children on antipsychotics 

experienced dyskinesia when compared to none in the naïve group (p<0.01). A similar 

test conducted with antipsychotic users indicated that 15% (9/62) of Black children 

experienced dyskinesia when compared with 4% (2/52) of European-American children 

(p<0.01), suggesting ethnicity to be a risk factor for dyskinesia when children are treated 

with SGAs.243  

In their study, Wonodi et al. pointed out some limitations which should be 

considered while interpreting the results. Due to the cross-sectional nature of this study, 

no causal relationship could be inferred from SGA exposure and subsequent development 

                                                 
242 Wonodi I et al. Tardive dyskinesia in children treated with atypical antipsychotic medications. Mov 
Disord 2007 Sep 15;22(12):1777-82. 
243 Wonodi I et al. Tardive dyskinesia in children treated with atypical antipsychotic medications. Mov 
Disord 2007 Sep 15;22(12):1777-82. 



 
 

57 

of tardive dyskinesia. The significant association between development of tardive 

dyskinesia and SGA exposure can also be attributed to immaturity of neuromotor 

function or exposure to any psychotropic drugs apart from SGAs. Due to the limited size 

of the database, it was not possible to evaluate the separate roles of SGAs or other 

psychotropic drugs in the development of tardive dyskinesia in children. Lastly, due to 

the small sample size the authors suggest that the prevalence estimates of tardive 

dyskinesia obtained in this study should not be extrapolated to a national level.244  

While antipsychotic-induced EPS risk has been evaluated in the child, adolescent 

and adult populations, little research has been conducted to evaluate antipsychotic-

induced EPS risk in the elderly population. Previous researchers have indicated that EPS 

contribute towards falls and fractures which form a major public health concern when 

assessed in terms of medical and economic consequences.245,246 An article mentions that 

falls are the leading cause of accidental death and the seventh highest cause of death in 

the elderly population.247 Furthermore, 90% of hip fractures caused due to falls in the 

elderly population can result in reduced quality of life and premature death.248 In light of 

the importance of studying the economic and humanistic outcomes associated with falls 

and fractures in the elderly population, more research is warranted to study EPS risk in 

this population.  
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Researchers have asserted that falls and fall-related injuries (such as fractures) can 

be due to age-related changes, such as gait and muscle impairment. Gait and muscle 

impairment are typically higher in the elderly than the non-elderly population (including 

children/adolescents and adults).249 To our knowledge, no study has assessed the risk of 

antipsychotic-induced falls and fractures in the children/adolescent and adult populations. 

It is not clear if any differential antipsychotic-induced EPS risk in the elderly population 

(as compared to the non-elderly population) contributes to the high risk of antipsychotic-

induced falls and fractures among the elderly people. We found that past studies have 

compared EPS risk between (i) children and adolescents250,251 and (ii) children and 

adults.252 Little is known about differences in EPS risk among children, adolescents, 

adults and the elderly. Comparison of antipsychotic-induced EPS risk between: (i) the 

elderly and children/adolescents, and (ii) the elderly and adults will help clinicians assess 

the importance of treating higher risk (if any) of antipsychotic-induced EPS and hence, 

avoid falls and fractures in the ageing population. 

A comprehensive literature review identified two studies which showed how 

anticholinergic usage by antipsychotic users varied across different races. In these 

studies, the use of anticholinergics was treated as a proxy measure for treatment of EPS.  

Hong and Bishop studied the utilization pattern of anticholinergics in children and 
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adolescents who were on antipsychotic therapy.253 Patients between 5 and 18 years of age 

who had started antipsychotic therapy between January 2005 and September 2008 were 

identified from the existing prescription and medical records. Evaluation of the 

demographic characteristics showed that the use of anticholinergics was highest among 

Blacks (72%, 110/152) compared to Whites (18.4%, 28/152), Hispanics (6%, 9/152), 

Asians (1.3%, 2/152) and other (2%, 3/152) antipsychotic users. A similar study 

(discussed in the Background section) conducted by Ren et al. on patients with 

schizophrenia identified from outpatient clinics in the Veterans Healthcare 

Administration showed the utilization of anticholinergics to be highest in the Black 

population who were initiated on olanzapine (47.8%) and risperidone (44.1%) therapies 

compared to Whites (olanzapine - 31.1%, risperidone - 41.9% ), Hispanics (olanzapine - 

3.6%,  risperidone - 3.7%) and subjects belonging to other races (olanzapine - 17.3%, 

risperidone - 10.2%).254  

 

2.12 THERAPEUTIC APPROACHES TO TREAT ANTIPSYCHOTIC- INDUCED 

MOVEMENT DISORDERS 

Under circumstances when there are no therapeutic alternatives available for 

treating psychiatric conditions, reduction in duration and dose of antipsychotic therapy is 

generally recommended in order to avoid the side-effects of movement disorders. 
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Surprisingly, past research has shown that when subjects are on FGAs, drug holidays are 

ineffective for reducing the risk of tardive dyskinesia and, in certain cases, may be found 

to increase the risk.255,256  

Studies have shown that except for risperidone, the antipsychotic threshold does 

not lie within approved standard dose ranges of SGAs.257,258,259 Even if a clinician is 

aware of the antipsychotic threshold, whether increasing the doses beyond the approved 

ranges will be considered to be therapeutically appropriate for refractory patients is still 

debatable. Interestingly, despite a paucity of empirical data, the use of high-dose SGAs 

has been found to be increasing in clinical practice.260 Such a trend has the potential to 

increase the possibility of finding an increase in the rate of acute EPS. Under such 

circumstances, reduction in doses of SGAs can further contribute to a diminished risk of 

acute EPS. Additionally, despite a past study pointing out that acute EPS is a risk factor 

for tardive dyskinesia, it is not scientifically justified to assume that high-dose SGAs 

carry substantial risk of tardive dyskinesia. Furthermore, no study has determined 

whether high-dose FGAs have a higher risk of tardive dyskinesia.261  
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A possible alternative to limiting antipsychotic exposure for prevention of tardive 

dyskinesia is the use of adjunctive therapies. A popular preventative strategy has been the 

use of tocopherol (Vitamin E). The mechanism of action of tochopherol is hypothesized 

to be manifested in terms of its free radical scavenging and antioxidative properties. 

However, to date RCTs have not been conducted to evaluate the potential of tocopherol 

in preventing tardive dyskinesia. The existing tocopherol trials involve subjects with 

conditions of tardive dyskinesia at baseline.262 Interestingly, a meta-analysis of such trials 

showed that tocopherol-treated subjects had shown less worsening of tardive dyskinesia 

than those in the placebo arm.263 Overall, there has been lack of supportive evidence 

substantiating the efficacy of tocopherol in preventing tardive dyskinesia.264 

 

2.12.1 RECOMMENDED THERAPY FOR ACUTE EPS 

For nearly 40 years, the primary treatment option for acute EPS while on FGAs 

has been use of anticholinergics in a prophylactic fashion. Intra-muscular medications 

such as benztropine or diphenhydramine are used to treat acute dystonias. However, it is 

important to remember that the half-life of antipsychotics often exceed that of 

anticholinergic antidotes.265 Hence, it may be useful to have an excess dose of 
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anticholinergics for proper prophylactic action. Parkinsonism is usually treated with 

standing doses of oral anticholinergics.266 The treatment choice for akathisia is β-blockers 

such as propanolol.267 On the other hand, it has been found that while patients are on 

SGAs, the use of anticholinergics is not necessary. In situations where acute EPS is 

diagnosed while patients are on SGAs, a reduction in dose is recommended.268  

 

2.12.2 RECOMMENDED THERAPY FOR TARDIVE SYNDROMES 

As SGAs are associated with a lower risk of tardive dyskinesia, a research study 

examining such agents is recommended for patients on FGAs who experience tardive 

dyskinesia. But such an approach may be associated with the risk of loss of antipsychotic 

efficacy. Previous studies have suggested that in a clinical trial setting with subjects 

showing signs of tardive dystonia, a clozapine trial may be necessary based on its 

preferential efficacy in treating this syndrome.269,270 However, there could be a possibility 

of malpractice if tardive dyskinesia is not detected in a patient or if the patient is not 

switched to an SGA if it occurs.271,272 Thus, it is necessary to regularly monitor tardive 
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dyskinesia in patients on antipsychotics, considering that its onset can be insidious and it 

requires proper diagnostic tools for detection.273  

Several adjunctive therapies exist for treating tardive dyskinesia, although 

definitive studies are still lacking in the literature.274 A review paper275 and a meta-

analysis276 based on the Cochrane Collaboration discuss the efficacy of such 

interventions. Dopaminergic drugs including dopamine depleters such as reserpine, 

tetrabenazine, and alpha-methyl-para-tyrosine appear to be effective in about 50% of 

patients diagnosed with tardive dyskinesia. But such agents may have difficult-to-tolerate 

adverse effects.277   

Double-blind studies with dopamine agonists have been found to show negative 

results.278 However, a Cochrane meta-analysis conducted on three small studies has 

shown levodopa to be effective.279 Interestingly, pro-dopaminergic drugs have shown 

unsatisfactory tolerance profiles because of their potential to cause nausea and exacerbate 

psychosis.280  
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The anticholinergic drug class, the mainstay of acute EPS therapy, has 

demonstrated little efficacy against tardive dyskinesia and has the potential to worsen 

it.281,282 Research suggests that anticholinergic discontinuation can be helpful for 

improving the symptoms of tardive dyskinesia, although there remains a risk of acute 

EPS emerging. High-dose anticholinergic medication such as trihexyphenidyl can be 

therapeutically effective for treatment of tardive dystonia. Additionally, gamma amino 

butyric acid receptor agonists have the potential for treating tardive dyskinesia.283 

Approximately 43% of all the double-blind studies have shown that the benzodiazepines 

can improve the symptoms related to tardive dyskinesia.284 A Cochrane meta-analysis has 

shown results in favor of valproic acid (sodium valproate).285 Overall, such findings 

indicate that adjunctive therapies may be helpful; however, currently, benefit-risk ratios 

suggest that adjunctive treatments are not favorable enough to make them worthwhile 

interventions for treating the different variants of EPS.  Therefore, larger, carefully 

designed studies are necessary to elucidate the efficacy of such medications with more 

certainty.286  

Tocopherol has been a widely studied treatment option for tardive dyskinesia. The 

findings obtained from clinical trials on tocopherol are mixed. There have been 16 
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double-blind, placebo-controlled trials conducted with tocopherol administered at a dose 

of 1200-1600mg/day to patients receiving antipsychotics who have symptoms of tardive 

dyskinesia. All such trials had relatively small sample sizes (N<40). However, the study 

designs of such trials were strong in terms of internal validity due to the presence of a 

placebo control and the crossover design allowed within subject comparison of treatment 

efficacy. A majority of the trials found that tocopherol given at a dose of 1200-

1600mg/day was beneficial as compared to placebo.287,288,289,290,291,292,293,294 for patients 

showing symptoms of tardive dyskinesia less than 5 years.295,296,297 Such a finding that 

longstanding tardive dyskinesia is less likely to respond to an antioxidant supports the 

hypothesis that the mechanism of action of tocopherol is mediated by prevention of 

oxidative neurodegeneration (caused as an oxidative injury). However, the improvement 

in symptoms of tardive dyskinesia has been observed to be modest; the change in tardive 

dyskinesia ratings was from 24% to 43%. Furthermore, the duration of the trials was 

short, being limited to a few weeks. 
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Some clinical trials conducted with tocopherols which have yielded results not 

supporting its benefits. Five small trials with crossover designs have produced negative 

findings.298,299,300,301,302 However, the duration of one trial was too short (2 weeks) to have 

shown an effect.303 The existing literature points out that the largest tocopherol trial 

conducted to date was a multicenter trial with 158 patients being followed up for 1 

year.304 The trial subjects had tardive dyskinesia, which was measured in terms of two 

consecutive ratings including electromechanical measures of dyskinesia. Subjects 

excluded from the trial were those who had tardive dyskinesia for more than 10 years. 

Approximately 70% of the trial participants who completed the one-year follow-up 

assessment showed no significant differences in measures of tardive dyskinesia or acute 

EPS when comparisons were conducted between tocopherol and placebo groups.  

A plausible reason for differences in findings obtained from different tocopherol 

trials (described above) could be due to differences in the study cohorts.305 For example, 

about one-third (36%) of the patients studied in the multicenter clinical trial (described in 

the previous paragraph) had received risperidone or olanzapine, whereas most of the 

previous studies were performed before the SGAs came to the market. Moreover, there is 

                                                 
298 Egan MF et al. Treatment of tardive dyskinesia with vitamin E. Am J Psychiatry 1992;149(6):773-7. 
299 Shriqui CL et al. Vitamin E in the treatment of tardive dyskinesia: a double-blind placbo-controlled 
study. Am J Psychiatry 1992;149(3):391-3. 
300 Lam LC et al. Vitamin E in the treatment of tardive dyskinesia:a replication study. J Nerv Ment Dis 
1994;182(2):113-4. 
301 Dorevitch A et al. Treatment of long-term tardive dyskinesia with vitamin E. Biol Psychiatry 
1997;41(1):114-6. 
302 Schmidt M et al. Treatment of tardive dyskinesia with vitamin E. Eur Psychiatry1991;6:210-7. 
303 Schmidt M et al. Treatment of tardive dyskinesia with vitamin E. Eur Psychiatry1991;6:210-7. 
304 Adler R et al. Vitamin E treatment for tardive dyskinesia. Arch Gen Psychiatry 1999;56(9):836-41. 
305 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf  2005;28(3):191-208. 
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a possibility that patients switched antipsychotics while the study was being conducted. 

The authors also point out that since there was an increase in SGA prescribing, patients 

with tardive dyskinesia symptoms may have been switched to SGA therapy (or had their 

FGA dose reduced) and hence, may have been excluded from the tocopherol trials. 

Therefore, it is possible that the tocopherol trials were conducted with patients having 

more refractory tardive dyskinesia symptoms. Furthermore, many subjects might 

discontinue their anticholinergic medications which might have a therapeutic effect. 

Despite such arguments, the cohort examined resembled current population 

characteristics and it can be inferred that tocopherol may have its therapeutic effect 

diminished as the use of SGAs increases.306 

Overall, the existing literature shows that the majority of the small clinical trials 

suggest that tocopherol may be beneficial while a large clinical trial conducted for a long 

period of time indicated no beneficial effect associated with tocopherol at 1-year follow-

up.307 In order to explain the findings of all the tocopherol studies, several meta-analyses 

have been conducted. Before the completion of the large clinical trial (discussed above), 

such meta-analyses showed that tocopherol provides modest benefit in terms of treatment 

of tardive dyskinesia as compared to placebo.308,309 Surprisingly, the most recent meta-

analysis, which included the large clinical study, provided no evidence related to 

                                                 
306 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf  2005;28(3):191-208. 
307 Adler R et al. Vitamin E treatment for tardive dyskinesia. Arch Gen Psychiatry 1999;56(9):836-41. 
308 Barak Y et al. Vitamin E (alpha-tocopherol) in the treatment of tardive dyskinesia: a statistical meta-
analysis. Ann Clin Psychiatry 1998;10(3):101-5. 
309 Soars KV and McGrath JJ. Vitamin E for neuroleptic-induced tardive dyskinesia. Cochrane Database 
Syst Rev 2000;2:CD000209. 
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improvement of tardive dyskinesia associated with the use of tocopherol.310 Thus, based 

on the most recent meta-analysis, tocopherol seems to lack any therapeutic effect against 

tardive dyskinesia although certain subpopulations who have experienced mild tardive 

dyskinesia after being on FGAs may benefit from tocopherol. It has been found that 

tocopherol given at a dosage of 1600mg/day is well tolerated and shows little risk of 

adverse effects.311  

In addition to tocopherol, other antioxidant compounds such as selegiline and 

coenzyme Q have been found to be useful for treating tardive dyskinesia. Interestingly, a 

small 6-week trial with a crossover design found that subjects administered melatonin 

10mg/day showed a decrease in tardive dyskinesia ratings by 24% as compared to the 

placebo group.312 The authors of this research have pointed out that melatonin is 

approximately 10 times more effective than tocopherol in terms of antioxidant property. 

However, further detailed research is warranted to support the beneficial effect of 

melatonin.  

 

2.13 SUMMARY 

In summary, it can be said that although SGAs offer benefits over FGAs in terms 

of movement disorders, several caveats have been observed. Firstly, the risk of EPS 

                                                 
310 Soars KV and McGrath JJ. Vitamin E for neuroleptic-induced tardive dyskinesia. Cochrane Database 
Syst Rev 2001;4:CD000209. 
311 Pierre JM. Extrapyramidal symptoms with atypical antipsychotics: incidence, prevention and 
management. Drug Saf  2005;28(3):191-208. 
312 Shamir E et al. Melatonin treatment for tardive dyskinesia: a double-blind, placebo-controlled, cross-
over study. Arch Gen Psychiatry 2001;58:1049-52. 
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associated with SGAs is not entirely zero. Secondly, previous findings indicating 

superiority of SGAs were based on comparison with high-doses of FGAs. Thirdly, doses 

of SGAs (except risperidone) are increasing in clinical practice, thereby increasing the 

possibility of narrowing the advantage of less EPS with frequent use of high-dose SGAs. 

The extant literature has shown no findings of comparative effectiveness assessment of 

EPS risk between SGA and FGA users based on analysis of retrospective observational 

studies. In this research, we aim to analyze the Medical Expenditure Panel Survey 

database to address the objectives indicated in Section 2.14.  

 

2.14  OBJECTIVES 

The objectives of this research are: 

1. to describe selected demographic and clinical characteristics of antipsychotic users in 

the MEPS database; 

2. to evaluate the differences in selected demographic and clinical characteristics 

between SGA and FGA users; 

3. to determine what factors are associated with utilization of SGAs among 

antipsychotic users; 

4. to compare the EPS risk between SGA and FGA users, after controlling for selected 

baseline covariates and risk factors related to EPS risk, using a propensity-matched 

technique;  
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5. to assess the presence of  unobserved confounders in the relationship between 

antipsychotic exposure and EPS risk; and 

6. to compare the EPS risk between SGA and FGA users, after controlling for a 

functional form of the estimates of receiving SGAs, selected predictors of utilization 

of SGAs and risk factors related to EPS risk, using an instrumental variable analysis 

(if residual confounding exists). 

 

2.15 HYPOTHESES 

For objective 2 

H02a: There is no significant association between age category and antipsychotic 

type (SGA/FGA). 

 

H02b: There is no significant association between gender and antipsychotic type 

(SGA/FGA). 

 

H02c(i/ii) : There is no significant association between race/ethnicity and 

antipsychotic type (SGA/FGA). 

 

H02d: There is no significant association between region of residence (northeast, 

mid-west, south and west) and antipsychotic type (SGA/FGA). 
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H02e: There is no significant association between Metropolitan Statistical Area 

(MSA) residence status and antipsychotic type (SGA/FGA). 

 

 H02f: There is no significant association between income level and antipsychotic 

type (SGA/FGA). 

 

 H02g: There is no significant association between insurance type and antipsychotic 

type (SGA/FGA). 

 

H02h: There is no significant difference in perceived general health status between 

SGA and FGA users. 

H02i: There is no significant difference in perceived mental health status between 

SGA and FGA users. 

 

H02j: There is no significant association between level of education and 

antipsychotic type (SGA/FGA). 

 

For objective 3 

H03a: There is no significant relationship between age category and likelihood of 

SGA use among antipsychotic users after controlling for gender, race, ethnicity, 

income level, region of residence, MSA residency status, insurance status, perceived 

general health status, perceived mental health status, and level of education. 
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H03b: There is no significant relationship between gender and likelihood of SGA use 

among antipsychotic users after controlling for age category, race, ethnicity, income 

level, region of residence, MSA residency status, insurance status, perceived general 

health status, perceived mental health status, and level of education. 

 

H03c(i/ii) : There is no significant relationship between race/ethnicity and likelihood 

of SGA use among antipsychotic users after controlling for age category, gender, 

income level, region of residence, MSA residency status, insurance status, perceived 

general health status, perceived mental health status, and level of education. 

 

H03d: There is no significant relationship between region of residence and likelihood 

of SGA use among antipsychotic users after controlling for age category, gender, 

race, ethnicity, income level, MSA residency status, insurance status, perceived 

general health status, perceived mental health status, and level of education. 

 

H03e: There is no significant relationship between MSA residency status and 

likelihood of SGA use among antipsychotic users after controlling for age category, 

gender, race, ethnicity, income level, region of residence, insurance status, perceived 

general health status, perceived mental health status, and level of education. 

 

H03f: There is no significant relationship between income level and likelihood of 

SGA use among antipsychotic users after controlling for age category, gender, 
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race/ethnicity, region of residence, MSA residency status, insurance status, perceived 

general health status, perceived mental health status, and level of education. 

 

H03g: There is no significant relationship between insurance type and likelihood of 

SGA use among antipsychotic users after controlling for age category, gender, race, 

ethnicity, income level, region of residence, MSA residency status, perceived general 

health status, perceived mental health status, and level of education. 

 

H03h: There is no significant relationship between perceived general health status 

and likelihood of SGA use among antipsychotic users after controlling for age 

category, gender, race, ethnicity, income level, region of residence, MSA residency 

status, insurance status, perceived mental health status, and level of education. 

 

H03i: There is no significant relationship between perceived mental health status 

and likelihood of SGA use among antipsychotic users after controlling for age 

category, gender, race, ethnicity, income level, region of residence, MSA residency 

status, insurance status, perceived general health status, and level of education. 

 

H03j: There is no significant relationship between level of education and likelihood 

of SGA use among antipsychotic users after controlling for age category, gender, 

race, ethnicity, income level, region of residence, MSA residency status, insurance 

status, perceived general health status, and perceived mental health status. 
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For objective 4 

H04: There is no significant difference in EPS risk between SGA and FGA users after 

controlling for selected baseline covariates derived from the Andersen Behavioral 

Model, propensity scores, illness severity (as measured by outpatient visits, 

emergency room visits, inpatient visits, office-based medical provider visits, home-

health visits, number of prescriptions purchased for any condition on an annual basis), 

presence of EPS history, and use of co-medications (causing/preventing EPS) prior to 

first antipsychotic use. 

 

For objective 5 

H05: There is/are no unmeasured confounder/s in the relationship between 

antipsychotic exposure and EPS risk. 

 

For objective 6 (tested if H05 is rejected) 

H06: There is no significant difference in EPS risk between SGA and FGA users 

after controlling for a functional form of the estimate of SGA utilization (predicted by 

the instrument variable), selected baseline covariates derived from the Andersen 

Behavioral Model, illness severity (as measured by outpatient visits, emergency room 

visits, inpatient visits, office-based medical provider visits, home-health visits, 

number of prescriptions purchased on an annual basis for any condition), presence of 
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EPS history, and use of co-medications (causing/preventing EPS) prior to first 

antipsychotic use. 
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CHAPTER THREE – METHODS 

This chapter describes the methodologies that were used to address the study 

objectives. Overall, the chapter has been divided into four sections. The first section 

describes the study design, the study sample and the operational definitions of the 

exposure and outcome measures to be used in this research. The second section provides 

the rationale for choosing MEPS as the database of choice. This section also contains a 

brief overview of some available pharmacy/medical claims and administrative datasets 

with focus on their respective limitations which made them less suitable for use in this 

research. The third section contains a comprehensive description of the MEPS database. 

Detailed information presented in this section includes: (i) a history of MEPS [with 

explanation of how MEPS is related to the National Health Interview Survey (NHIS)]; 

(ii) the data collection procedure; (iii) different components of MEPS; (iv) conceptual 

issues regarding “in-scope,” “out-of-scope,” “key” and “non key” persons; and (v) the 

sampling procedure followed for collecting patient-relevant data. The last section 

describes the propensity score matching technique and the instrumental variable analysis 

adopted for addressing the research objectives. This research was approved by The 

University of Texas Institutional Review Board under the “Expedited” status. 

 

3.1 DESCRIPTION OF STUDY DESIGN AND STUDY SAMPLE 

A retrospective cohort design with an intention-to-treat (ITT) analysis (where the 

patients included in the cohort were assumed to take the medications without switching 
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or dropping out) was chosen to examine the relationship between antipsychotic treatment 

and EPS risk. First-time antipsychotic users (as identified in the MEPS database) during 

the time frame 2002 to 2009 were included in the cohort. All of the subjects included in 

the cohort were followed up over time to determine if they experienced EPS. 

 

3.2 AVAILABLE DATASETS AND CHOICE OF THE RELEVANT D ATASET  

For the purpose of this research, a national-level prospective longitudinal database 

was preferred. However, due to time and financial limitations, a prospective study was 

deemed unfeasible for this research. Instead, a secondary database was found to fit the 

scope of the study.  

Yeh previously described databases which are potentially suitable for research of 

this nature.313 A summary of his description follows in this section. In general, for health 

services research, databases such as those obtained from Medicare, Medicaid, the 

Department of Defense, the Veterans Administration (VA), national surveys, and hospital 

records could be used. However, the MEPS database was chosen after considering the 

strengths and limitations associated with the available databases.  

Medicare datasets generally contain information about patients who are U.S. 

citizens over 64 years old. Typically, in this type of database, measures related to 

economic and clinical outcomes of treatments are collected in a longitudinal fashion. 

                                                 
313 Yeh JY. Cost-effectiveness analyses of anti-resorptive agents for management of glucocorticoid-induced 
osteoporosis and fractures: empirical estimates from the 1996-2004 MEPS data and longitudinal projection 
from Markov modeling. Dissertation. The University of Texas at Austin. 
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However, a potential limitation of such a database is that the patient population primarily 

includes subjects over 64 years of age. Since this research aims to evaluate EPS risk in all 

age groups, Medicare was not chosen.  

 Medicaid datasets may contain economic and clinical information about patients. 

However, such information is only pertinent to the low-income population. Furthermore, 

economic and clinical data for such a patient population is state-specific. As this research 

addresses evaluation of EPS risk at a national level, the Medicaid datasets were 

considered to be inappropriate for the study. 

The VA database also contains useful clinical and economic information collected 

in a longitudinal fashion. Such a database is accessible only after obtaining permission 

from the VA regional offices. Additionally, a majority of the subjects studied in the VA 

database are men. Since we aim to include the variable “gender” in the regression models 

assessing EPS risk difference, the VA database did not fit the scope of our research.  

 Different types of claims databases obtained from hospitals, commercial insurers 

or other healthcare settings could have served as important sources of patient 

information. However, these datasets typically contain information which is specific to 

limited populations. For example, subjects (e.g., the elderly and frail population) included 

in the hospital databases have multiple co-morbidities which are typically absent in the 

general population. Lastly, due to cost concerns for obtaining such databases, they were 

not used in this study. 
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The MEPS database has information about non-institutionalized U.S. citizens and 

contains economic, healthcare utilization and humanistic outcomes data for both males 

and females. The subjects included in MEPS belong to different age groups. This 

database is publicly available and can be accessed without cost. Although this database is 

rich in information about health services received by patients and their associated costs, it 

does not serve as a source of laboratory data for the subjects. Moreover, as the data 

collection process is conducted over a period of 2.5 years for each group of subjects, 

estimates obtained from this database cannot be interpreted over a long period of time. 

However, due to good external validity and richness in information, the MEPS dataset 

was found to be fitting for the scope of this research. 

 

3.3 OVERVIEW OF THE MEPS DATABASE  

The MEPS database is developed from an interview-based health survey 

conducted on a national scale by the Agency for Healthcare Research and Quality 

(AHRQ) and the National Center for Health Statistics.314 Before MEPS was first 

conducted, a similar interview-based health survey data collection had been conducted by 

the Agency for Health Care Policy and Research (currently known as the AHRQ). These 

surveys were the National Medical Care Expenditure Survey (NMCES, conducted in 

1977) and the National Medical Expenditure Survey (NMES, conducted in 1987). Similar 

to MEPS, both NMCES and NMES contained information about cost and utilization of 

                                                 
314 Agency for Healthcare Research and Quality: National Healthcare Report, 2008. Available at 
http://www.ahrq.gov/qual/nhdr08/methods/meps.htm [Accessed on May 23, 2012]. 
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health services by the U.S. citizens. The information contained in the MEPS database was 

collected with the aim of appropriately reflecting the changes which occurred with time 

in the health service utilization and associated expenditures. Overall, MEPS provides 

information about the demographics, health services provided, access to healthcare, costs 

of medical services, different types of payment plans and insurance coverage of the non-

institutionalized U.S. citizens.315  

Data collection is conducted using multiple sampling techniques such as 

stratification and clustering.316 The sampling process is disproportionate and in general, 

Hispanics and Blacks are oversampled. The sampling unit in MEPS is a U.S. household. 

The households are sampled from the sampling frame of all the households who were a 

part of the NHIS, conducted the previous year. In MEPS, a household is first selected and 

then data are collected from the members of the selected household.  

Overall, the design efficiencies of MEPS are based on the recommendations 

provided by the DHHS Integration Plan (1995). The primary focus of the DHHS surveys 

was to reduce respondent burden and encourage analytical operations in health services 

research. To achieve these goals, the MEPS database provides linkages to the NHIS, from 

which the MEPS Household Component (HC) is sampled. Importantly, MEPS 

supplements valuable information to the NHIS on variables related to health expenditures 

                                                 
315 Cohen SB. Sample design of the 1997 Medical Expenditure Panel Survey Household Component. 2000. 
AHRQ Pub. No. 01-0001:MEPS Methodology Report 11:1-18. 
316 Agency for Healthcare Research and Quality: National Healthcare Report, 2008. Available at 
http://www.ahrq.gov/qual/nhdr08/methods/meps.htm [Accessed on May 23, 2012]. 
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and links these variables with utilization and payment information collected from 

healthcare providers, employers and insurance plans.317 

(In Section 3.3.1, different variables in the MEPS database are described with respect to 

information which was available for the year 2002 from the official website of the 

AHRQ).  

 

3.3.1 SURVEY COMPONENTS OF THE MEPS DATABASE 

The four survey components of the MEPS database are the Household 

Component (HC), Medical Provider Component (MPC), Insurance Component (IC) and 

the Nursing Home Component (NHC).318,319 The HC is the core of the MEPS database. 

The information collected from the MPC is used for editing and imputing the HC data. 

The IC contains data on national, state and employer-based health insurance plans. The 

NHC sample (1996) supplements MEPS with additional information regarding nursing 

home residents. Together all four components yield comprehensive information about 

healthcare utilization and associated expenditures from which national estimates can be 

made.  

 

                                                 
317 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
318Cohen SB. Sample design of the 1997 Medical Expenditure Panel Survey Household Component. 2000. 
AHRQ Pub. No. 01-0001:MEPS Methodology Report 11:1-18. 
319 Medical Expenditure Panel Survey: Data Overview. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/data_overview.jsp [Accessed on May 23, 2012]. 



 
 

82 

3.3.1.1 HOUSEHOLD COMPONENT (HC) 

The HC contains the survey data relevant to demographics, health insurance 

coverage, utilization of health services, sources of payments, health conditions and 

satisfaction with care. The HC contains different analytic files including the full-year 

consolidated files, the medical conditions files and the event files. The full-year 

consolidated files contain information about variables such as demographics, payment 

sources, insurance status and satisfaction with care. The medical conditions files contain 

information about the conditions reported by the household responders. Lastly, the event 

files provide information about the medical events which took place for treatment of the 

conditions reported by the household responders. 

Data are collected for the HC by means of 5 rounds of computer-assisted in-

person (CAPI) interviews with an overlapping panel design. Each selected individual in a 

panel participates in five interview-based surveys conducted over a period of 2.5 years. 

For example, individuals in Panel 13 participated in 2 complete rounds of interviews in 

2008 (Rounds 1 and 2) and 2009 (Rounds 4 and 5) and an interview round (Round 3) 

which spans from 2008 to 2009 (see Figure 3.1).320  

                                                 
320 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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  Figure 3.1. Overview of the data collection procedure followed in MEPS.321 

Some items (in the interview-based questionnaire) assessing medical use, health 

status, hospital admissions, purchase of medications and medication use are repeated in 

successive interviews.322 The survey administration variables contain information 

pertinent to the composition of the sampled household and families, person-level status 

codes and reporting unit-level (explained later in this section) status codes. All HC 

                                                 
321 Agency for Healthcare Research and Quality. MEPS-HC Panel Design and Data collection procedure. 
Available at http://meps.ahrq.gov/mepsweb/survey_comp/hc_data_collection.jsp [Accessed January 13, 
2012]. 
322 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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information is collected by means of: (i) variables derived from CAPI programs; (ii) 

variables formed through complex algorithms; (iii) variables derived from one or 

multiple questions in the survey; and (iv) variables formed from multiple questions using 

complex algorithms. The information on medical events as reported by HC participants is 

validated by means of data collected from the hospitals, pharmacies, and physicians 

identified by HC participants and included in the MPC of the database.323  

To facilitate understanding of the sampling units in the HC, the conceptual issues 

about dwelling unit (DU), reporting unit (RU) and families (FAM) are illustrated as 

follows324: 

(a) DU: The operational definition of a DU is similar to that used in the NHIS. The 

sampling frame of the NHIS includes all “primary sampling units (PSUs), single 

counties or groups of adjacent counties (or equivalent jurisdictions) and/or 

metropolitan areas” in the U.S. Such PSUs are stratified into dwelling units from 

which the households are sampled for the NHIS. One person per household is 

randomly selected to participate in the NHIS.325 The HC of MEPS for a particular 

year contains information about a subsample of the subjects who participated in 

                                                 
323 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
324 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
325 Center for Disease Control and Prevention. NHIS Survey Description. Available at 
www.cdc.gov/nchs/data/nhis/srvydesc.pdf [Accessed on May 28, 2012]. 
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the NHIS conducted the previous year.326 The dwelling unit identification number 

(DUID) is a random 5-digit number which is assigned after a subject is sampled 

for participation in MEPS.  All subjects in a DU are assigned a unique person 

number (PID). The person-level ID (PID) and DU-level ID (DUID) are combined 

to form the DUPERSID which enables identification of a particular subject 

sampled for MEPS. 

(b) RU: An RU is a person or a group of persons in a sampled DU who are related to 

each other by means of some form of family association (such as blood, marriage, 

foster care or adoption). During data collection, each RU is interviewed separately 

for MEPS. If several subjects choose to live together, irrespective of the legal 

status of their association, they are treated as a single family unit. For example, a 

married daughter and her husband living with her parents in the same DU form a 

single RU. 

(c) FAM: A FAM is defined as a group of subjects “living together and related to 

each other by blood, marriage, foster care or self-identified as a single unit plus 

students who live away from home for college.” The family identifier and the DU 

identifier in combination are used to uniquely identify a person’s family 

affiliation. In general, FAM-level analyses are conducted after students who live 

away from home are linked to their respective RUs.  

 

                                                 
326 Center for Disease Control and Prevention. NHIS Survey Description. Available at 
www.cdc.gov/nchs/data/nhis/srvydesc.pdf [Accessed on May 28, 2012]. 
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3.3.1.2 MEDICAL PROVIDER COMPONENT (MPC) 

The MPC was primarily constructed to edit and impute the data obtained in the 

HC. The MPC contains longitudinal data on patient visits to hospitals, physicians, home 

health agencies and pharmacies as indicated by the household respondents.327 Medical 

and financial information related to various healthcare services used by the HC 

responders is stored in the MPC files obtained from the providers. Data for the MPC are 

collected by means of telephone and mail interview methods. All information included in 

the MPC was collected after obtaining consent from the respondents. The primary 

purpose of collecting information for the MPC was to reduce error arising from survey 

non-response in the HC.  

Information is collected on variables such as: (1) charges, payments (with relevant 

reason if differences were observed between them); (2) types of diagnoses as indicated by 

ICD-9 CM (the International Classification of Disease, ninth edition, Clinical 

Modification) and DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, 

fourth edition) codes; (3) types of physician procedures as described by CPT-4 (Current 

Procedural Terminology, fourth edition) codes; (4) inpatient stays as illustrated by DRG 

(diagnosis-related) codes; and (5) medications (as indicated by National Drug Codes 

                                                 
327 Agency for Healthcare Research and Quality. MEPS-MPC Sample Design and Data Collection Process. 
Available at http://meps.ahrq.gov/mepsweb/survey_comp/mpc_data_collection.jsp [Accessed February 1, 
2012]. 
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which specify the manufacturer, form/strengths and package size of the prescribed 

medicine) which have been prescribed to the survey respondents.328,329 

 

3.3.1.3 INSURANCE COMPONENT (IC) 

The IC consists of payment information about responders collected from 

employers, unions and insurance companies.330 The sampling frames considered while 

collecting data for the IC include: (a) employers and insurance providers as indicated by 

the HC responders; (b) the list of private sector business establishments indicated in the 

Bureau of the Census; (c) the Census of Governments from the Bureau of the Census; 

and (d) an Internal Revenue Service list of the self-employed. Information obtained from 

sampling frame (a) is linked back to data obtained from the HC. On the other hand, 

information from sampling frames (b), (c) and (d) are used for providing national and 

state estimates of private insurance provided to American workers. Typically, 

information for the MEPS IC is collected by surveying through prescreening telephone 

interviews, mailed questionnaires and telephone follow-ups of the non-responders.  

 

                                                 
328 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
329 Agency for Healthcare Research and Quality. MEPS-MPC Sample Design and Data Collection Process. 
Available at http://meps.ahrq.gov/mepsweb/survey_comp/mpc_data_collection.jsp [Accessed on Feb 1, 
2012]. 
330 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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3.3.1.4 NURSING HOME COMPONENT (NHC)  

The Nursing Home Component (NHC) is a survey of nursing homes constructed 

by means of a sampling technique independent of the data collection procedure followed 

for other components of MEPS.331 The NHC contains information about nursing home 

residents on several variables such as demographics, health/functional status, residence 

history, expenditures for and utilization of services, facility characteristics, sources of 

payment and health status. Additional information is collected from the nursing home 

administrators on services provided, ownership, and certification status. Data on variables 

such as income, assets, and family relationships were collected from close family 

members or any subject knowledgeable about such aspects and residing in the 

community. The sampling procedure for NHC follows a two-stage stratified probability 

design where facilities are selected in the first stage and residents are sampled from each 

of the selected facilities in the second stage. The first-stage sampling frame consisted of 

nursing facilities listed in the National Health Provider Inventory. All information 

pertinent to the NHC is collected in three rounds of personal interviews over a period of 

1.5 years using the CAPI system. However, community data is collected with the help of 

telephone-based interview or computer assisted telephone interviewing technology. 

 

 

                                                 
331 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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3.3.2 SOURCES OF DIFFERENT VARIABLES  

In general, the source of the variables is indicated in the “Variable-Source 

Crosswalk” section.332 Four different approaches are followed for indicating the source of 

each variable: (i) variables derived from CAPI technology or sampling process; (ii) 

variables obtained from complex algorithms for the purpose of re-enumeration and 

labeled in the “RE Section”; (iii) variables constructed from multiple items in the 

questionnaire have those numbers indicated in the “Source” column; and (iv) variables 

evaluated from multiple items by means of complex algorithms and labeled as 

“Constructed” in the “Source” column. 

 

3.3.3 DIFFERENT CATEGORIES DESCRIBING PERSON STATUS  

 The MEPS database has multiple variables describing the status of sampled 

subjects while they participated in the survey.333 The categories illustrating the status of a 

survey participant are “in-scope,” “out-of-scope,” “key,” “non-key,” “eligible” or 

“ineligible.” To be included in the pool of participants for evaluation of person-level 

estimates (described in Section 3.6.1), a subject selected for the survey needs to be a non-

institutionalized U.S. citizen for the year in which the survey was conducted.  

                                                 
332 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
333 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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3.3.3.1 IN-SCOPE PERSON  

 During a particular round of the MEPS interview, a person is considered in-scope 

if s/he is a member of the civilian non-institutionalized population in the U.S. The in-

scope status of a person is indicated by the round-specific variables INSCOP31 (for 

rounds 3 and 1), INSCOP42 (for rounds 4 and 2) and INSCOP53 (for rounds 5 and 3), 

where for the year 2002, the variable INSCOPxy indicates the in-scope status of subjects 

in Panels 6 or 7 interviewed in rounds x or y, respectively. In addition to such round-

specific variables, the variable INSCOP02 provides information on an annual basis. The 

variable INSCOP02 contains similar information (as provided by INSCOP31, INSCOP42 

and INSCOP53) for rounds 5/3 that covers the year 2002.334 

 

3.3.3.2 KEY PERSON  

The terminology “keyness” is used to indicate a subject’s chance of being 

selected, from the sampling frame of NHIS, to be interviewed for MEPS. A person can be 

classified in the category of “key” if s/he can be linked from MEPS to the sample pool of 

the NHIS households designated to be included in MEPS. In general, a key person is a 

member of a household selected for the NHIS interview or becomes part of a household 

(selected for NHIS) after being “out-of-scope” for a certain period of time (example: 

newborns or people returning from the military). 

                                                 
334 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012] 
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A non-key person is a subject who is a member of a household, considered 

eligible but not selected for the NHIS, and who later became a part of a MEPS RU. 

Typically, the data collected from non-key persons are used for family-level analyses. 

They contribute towards family-level weights only for the period of time they remain a 

member of the family responding to the MEPS interview-based survey. However, a non-

key person does not receive any person-level weight and does not contribute towards 

person-level estimates assessed on a national level. Additionally, once a non-key person 

leaves a MEPS RU, without any key person maintaining in-scope status, s/he is not 

followed in subsequent interviews.  

In the MEPS database, the variable “KEYNESS” is used to indicate a person’s 

status of keyness. Importantly, the keyness status of a subject remains constant 

throughout. In other words, if a person is indicated as a key person, s/he will remain a key 

person throughout.335 

 

3.3.4 DISPOSITION STATUS 

For the year 2002, the round-specific variables PSTAT31, PSTAT42, PSTAT53 

indicate the status of eligibility and response of a subject.336 This variable points out if a 

                                                 
335 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012] 
336 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
 



 
 

92 

person is continuing to participate in the data collection or has discontinued responding to 

the interview-based MEPS. By means of this variable, it is possible to identify subjects 

(during a reference period) who are newborns, institutionalized or moved to the military 

service. The different types of codes which are used to indicate the reasons of continuing 

(or discontinuing) to follow-up for subsequent rounds of interview are as follows: 

11 – A person who is included in an original RU but does not serve as full-time active 

military personnel. 

12 – A person who is included in an original RU but serves as full-time military 

personnel due to which s/he remains out-of-scope for the entire reference period. 

13 – A person who is related to an RU sampled for MEPS but remains away from family 

as a full-time student. 

14 – A full-time member of the military during an interview round who remains out-of-

scope for some portion of the reference period and in-scope for the remaining of the 

reference period as s/he joins an RU. 

22 – Is specific for Round 3 only and is applicable to a person who leaves a health care 

institution and rejoins the community. 

23 – Is specific for Round 3 only and is applicable to a person who leaves a health care 

institution and joins a community where s/he dies.  

31– A person who is part of the original RU and dies during the reference period. 
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32 – A person who has been institutionalized during the reference period. 

33 – A person who became a member of a non-healthcare institution during the reference 

period. 

34 – A person (not a student) who left the original RU to another country. 

35 – A person who left the original RU and joined the military service on a full-time 

basis. 

41 – A person who left the original RU and joined another RU within the U.S. 

42 – A person who joins an RU and does not serve as full-time military personnel or a 

person who joins an RU and does serve as full-time military personnel during the 

round of interview 

44 – A person who leaves an RU and becomes a part of an existing RU and is not 

classified both as military personnel and in-scope during the round of interview. 

51– A newborn during the reference period. 

Under certain circumstances, a person’s eligibility could change since the NHIS 

interview was conducted. In general, to reassess the eligibility status of an individual, a 

re-enumeration of household membership is conducted at the beginning of each round of 

interview.  
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3.3.5 REFERENCE PERIOD  

The reference period is defined as the period of time for which information is 

provided by a sampled subject in each round of interview.337 Typically, the reference 

period dates are determined for each subject interviewed (based on his/her disposition 

status) by means of the CAPI technology. In MEPS, the beginning of round-specific 

reference period dates is indicated for each interviewed subject. For example, in 2002, the 

starting dates of the reference periods for different panels were indicated by variables 

BEGRFM31, BEGRFD31, BEGRFY31, BEGRFM42, BEGRFD42, BEGRFY42, 

BEGRFM53, BEGRFD53, and BEGRFY53. 

In 2002, the reference periods for Round 1 of Panel 7 began on January 1, 2002 

and ended with the Round 1 interview. However, subjects who joined an RU after 

January 1, 2002 have the beginning of their reference periods on the day of joining the 

RU. Similarly, the end date for a reference period in the year 2002 is specified for each 

respondent. These variables are ENDRFM31, ENDRFD31, ENDRFY31, ENDRFM42, 

ENDRFD42, ENDRFY42, ENDRFM53, ENDRFD53, and ENDRFY53. 

Typically, the end dates of the reference period coincide with the date of the 

interview. However, if a person chooses to leave the country, join the military or become 

institutionalized before that round of the interview, the end date of the reference period is 

before the date when the person would be interviewed. Importantly, if a subject opts to 

                                                 
337 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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leave an RU and still can be classified as a key or in-scope person while joining a new 

RU, s/he is interviewed in the new RU and the reference period dates are counted in the 

same fashion (as described above) with respect to the new RU. 

 

3.3.6 REFERENCE PERSON  

A reference person is operationalized as the household member of age 16 or more 

owning or renting a home.338 If more than one person is found to be fitting this 

description, typically the household respondent identifies the appropriate person. Under 

circumstances where the respondent fails to identify the person appropriate for this 

definition, the data collector inquires about the head of the household and s/he is 

considered to be the reference person in the RU. Information pertinent to reference 

person can be found in the re-enumeration section of the CAPI questionnaire. For the 

year 2002, REFPRS02 is the variable indicating the reference person residing in an RU as 

of December 31, 2002 (or the last round of interview in which the person participated in 

MEPS); similar round-specific variables are REFPRS31, REFPRS42 and REFPRS53. 

 

 

 

                                                 
338 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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3.3.7 RESPONDENT IDENTIFIERS  

The person who answers the interview questions for an RU is the respondent 

identifier.339 The variable RESP02 contains the respondent identifier as of December 31, 

2002 (or the last round of interview in which the person participated in MEPS); similar 

round-specific variables are RESP31, RESP42 and RESP53. This variable is useful for 

identifying one respondent for each RU. If the interview was completed by different 

respondents in multiple sessions, only the first respondent is identified in the database. In 

general, there are two types of respondents considered in MEPS. These are an RU 

member or a non-RU member serving as a proxy. For the year 2002, the variable 

PROXY02 identifies the type of respondent as of December 31, 2002 (or the last round of 

interview in which the person participated in MEPS); similar round-specific variables are 

PROXY31, PROXY42 and PROXY53.  

 

3.3.8 VARIABLES INDICATING GEOGRAPHIC REGION  

The variable REGION02 indicates a particular Census region of a sampled RU as 

of December 31, 2002 (or the last round of interview in which the person participated in 

MEPS); similar round-specific variables are REGION31, REGION42 and REGION53.340 

These variables indicating region are coded to form categories indicating different 

                                                 
339 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
340 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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Census regions. On the other hand, for the same year, the variable MSA points out if the 

sampled RU is located in a metropolitan statistical area. The variable MSA02 indicates 

MSA status as of December 31, 2002 (or the last round of interview in which the person 

participated in MEPS); similar round-specific variables are MSA31, MSA42 and 

MSA53. 

Further information about the demographic and clinical variables studied in this 

research is provided in Section 3.5 and Table 3.1. 

 

3.4 DEFINITION OF EXPOSURE AND OUTCOME 

Exposure to antipsychotic treatment was assessed from the event file (Prescribed 

Medicines) included in the household component (HC) of MEPS (information about the 

Prescribed Medicines files is provided in Section 3.4.1.1). The FGA cohort included 

users of loxapine, triflupromazine, chlorprothixene, prochlorperazine, promazine, 

trifluoperazine, molindone, acetophenazine, mesoridazine, carbamazepine, paliperidone, 

pimozide, perphenazine-amitriptyline, fluphenazine, haloperidol, chlorpromazine, 

thioridazine, thiothexene, and perphenazine. The SGA cohort included users of clozapine, 

olanzapine, risperidone, quetiapine, ziprasidone and aripiprazole. The initial list of 

medications included in the SGA and FGA cohorts was chosen from three published 

articles.341,342,343 These SGAs/FGAs and additional antipsychotics (monotherapies) were 

                                                 
341 Mehta S et al. Risk of cerebrovascular adverse events in older adults using antipsychotic agents: a 
propensity-matched retrospective cohort study. J Clin Psychiatry 2010 Jun;71(6):689-98. 
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identified by means of Multum Lexicon Codes (describing the medication class) in the 

prescribed medicines files located in the HC of the MEPS database.344,345,346,347  

 The study outcome (the presence/absence of EPS) was identified from the 

medical conditions file located in the HC of the MEPS database in terms of the 

appropriate International Classification of Diseases, Ninth Revision, Clinical 

Modification [ICD-9-CM] codes. The ICD-9-CM codes were chosen based on the 

clinical classification of medical conditions conducted by the AHRQ.348,349,350,351  The 

ICD-9 CM code selected for EPS was “333.”   

The time of first exposure to an antipsychotic was assessed by the variables 

PURCHRD, LINKIDX and RXRECIDX (located in the Prescribed Medicines file) 

indicating the round in which the antipsychotic was obtained/purchased. The time of EPS 

occurrence was assessed by the variable CONDRN (located in the Medical Conditions 

file) indicating the round number in which a condition was first reported. An 

                                                                                                                                                 
342 Mehta S et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
343 Mehta S et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
344 Mehta S et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
345 Mehta S et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
346 Mehta S et al. Risk of cerebrovascular adverse events in older adults using antipsychotic agents: a 
propensity-matched retrospective cohort study. J Clin Psychiatry 2010 Jun;71(6):689-98. 
347 Agency for Healthcare Research and Quality. Survey Background. Available at 
http://meps.ahrq.gov/mepsweb/about_meps/survey_back.jsp. [Accessed January 31, 2012]. 
348 Mehta S et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
349 Mehta S et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
350 Mehta S et al.. Risk of cerebrovascular adverse events in older adults using antipsychotic agents: a 
propensity-matched retrospective cohort study. J Clin Psychiatry 2010 Jun;71(6):689-98. 
351 Agency for Healthcare Research and Quality. Survey Background. Available at 
http://meps.ahrq.gov/mepsweb/about_meps/survey_back.jsp. [Accessed January 31, 2012]. 
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antipsychotic user was assumed to experience antipsychotic-induced EPS if the round in 

which the condition was first reported was 1 or more rounds after the round in which the 

antipsychotic was first reported to be obtained/purchased. Subjects who reported 

experiencing EPS syndromes in rounds before the antipsychotic was first purchased were 

categorized as having a history of EPS. 

 

3.5 ABM VARIABLES (IN THE MEPS DATABASE) ASSESSING SGA 

UTILIZATION 

In this dissertation project, the ABM was used to assess the utilization of SGAs 

among antipsychotic users. The ABM variables pertinent to this project were derived 

from the MEPS database. The dependent measure chosen for the ABM is dichotomous – 

utilization of SGAs (coded 1) and FGAs (coded 0). Predisposing factors include socio-

demographic variables such as gender, age, race, ethnicity, and region. The enabling 

factors which have a direct effect on health service utilization are income, metropolitan 

location and insurance. The need factors playing a role in assessment of antipsychotic 

utilization are presence of major psychiatric conditions, and perceived physical and 

mental status.352,353  

Among the predisposing factors, age was expressed as a categorical variable. The 

variable age was categorized as “children/adolescents,” “adults” and “elderly” with 
                                                 
352 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav 1995 Mar;36(1):1-10. 
353 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users among community 
dwelling elderly, 1996-2004. Curr Med Res Opin 2008 Mar;24(3):709-16. 
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“elderly” as the reference category. Based on a thorough literature review (as presented in 

Chapter 2), we consider “advanced age” to be an important factor to assess while 

evaluating EPS risk. To our knowledge, only one study has examined the predictors of 

SGA utilization in the community-dwelling elderly population.354 Little is known about 

the relationship of age groups and the likelihood of SGA utilization (and hence, EPS risk) 

among the community-dwelling population. In order to address the gap in the literature 

and shed further light on EPS risk (and utilization of SGAs) across age groups, we chose 

the elderly population as the reference group. Gender was assessed as a dichotomous 

variable with male as the reference category. Race was categorized as Blacks, Other 

(American Indian, Asian, Hawaiian), and Whites (reference). Ethnicity was categorized 

as Hispanic and Non-Hispanic (reference). The categories of region were west, midwest, 

south and northeast (reference).  

The enabling factors in the ABM were: (i) family income categorized as high and 

low (reference) (based on 200% of the Federal Poverty Level (FPL); family incomes ≥ 

200% of the FPL were categorized in the “high” group while family incomes < 200% of 

the FPL were categorized in the “low” group)355,356357; (ii) residency was categorized as 

“MSA” (Metropolitan Statistical Area) and “Non-MSA” (reference); and (iii) insurance 

coverage was categorized as having “Public insurance only”, “Private insurance only, 
                                                 
354 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users among community 
dwelling elderly, 1996-2004. Curr Med Res Opin 2008 Mar;24(3):709-16. 
355 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users among community 
dwelling elderly, 1996-2004. Curr Med Res Opin 2008 Mar;24(3):709-16. 
356 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
357 The Henry J. Kaiser Family Foundation. Where are states today ? Available at 
www.kff.org/medicaid/upload/7993-02.pdf. [Accessed April 5, 2013]. 
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“Both” and “None” (reference). The need factors include perceived general health status, 

perceived mental health status and presence of major psychiatric conditions.  

The major mental conditions included in this study were anxiety, schizophrenia, 

bipolar disorder and dementia. A dummy variable coded as 1 and 0 assessed the presence 

and absence of any of these mental conditions. Relevant diagnostic codes pertinent to 

these psychiatric conditions were derived from the ICD-9-CM codes obtained from 

previous studies.358,359,360,361 To ensure confidentiality of data, the ICD-9-CM codes are 

truncated to 3 digits in the MEPS database. The mental conditions used in this study were 

selected based on those used in a previous research by Jano et al.362 The mental 

conditions with their corresponding ICD-9-CM codes are: (i) schizophrenia (295), (ii) 

bipolar disorder (296), (iii) anxiety (300) and (iv) dementia (290, 294, 331). A pilot 

analysis conducted on this variable showed that a major portion (~95%) of the 

antipsychotic cohort reported obtaining the medications for conditions other than 

schizophrenia, bipolar disorder, anxiety, or dementia. Such a finding is counter-intuitive 

and could be an artifact. In a particular round, a subject may report purchasing (and 

hence, assumed to be taking antipsychotics) multiple times, each time for treating 

different conditions. The cohort studied in this research included subjects who were first-

                                                 
358 Luo RD et al. National prescribing patterns in the management of extrapyramidal symptoms among 
patients with schizophrenia. Int J Psychiatry Med 2002;32(3):261-9. 
359 Daumit GL et al. Outpatient prescriptions for atypical antipsychotics for Blacks, Hispanics, and whites 
in the United States. Arch Gen Psychiatry 2003 Feb;60(2):121-8. 
360 Liperoti R et al. The use of atypical antipsychotics in nursing homes. J Clin Psychiatry 2003 
Sep;64(9):1106-12. 
361 Briesacher BA et al. The quality of antipsychotic drug prescribing in nursing homes. Arch Intern Med 
2005 Jun 13;165(11):1280-5. 
362 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users in community-
dwelling elderly, 1996-2004. Curr Med Res Opin 2008;24(3):709-16. 
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time users of antipsychotics. These subjects were identified from the earliest round in 

which they first reported purchasing the antipsychotic. There is a possibility that the 

subjects did not recall the on-label condition of the antipsychotic when they were first 

interviewed. It is also possible that the antipsychotic users did not wish to report different 

types of on-label condtions for which the medication was purchased. Because an 

intention-to-treat analysis was used in this study, the order in which antipsychotic users 

reported the different conditions during subsequent interview rounds was not assessed. 

Future research may shed further light regarding the role social beliefs play in 

determining the intention to report the on-label conditions for which SGAs are utilized by 

antipsychotic users. Our result can be partly explained by the findings obtained in a 

previous study showing a high proportion (86.3%) of SGA users using the antipsychotic 

for off-label conditions.363 Also, heavy marketing of SGAs for treating off-label 

conditions could be a possible reason explaining the low proportion of subjects first 

reporting on-label conditions for which the antipsychotic was obtained.364 Due to 

questionable descriptive results associated with this variable, it was not included as one 

of the “need factors” in the Andersen Behavioral Model studying the predictors of SGA 

utilization among antipsychotic users in this intention-to-treat analysis. 

Other need factors - “perceived general health status” and “perceived mental 

health status” were measured by means of single items (self-reported) on a scale of 1 

                                                 
363 Kamble P et al. Off-label use of second-generation antipsychotic agents among elderly nursing home 
residents. Psychiatr Serv 2010 Feb;61(2):130-6.  
364 Fountoulakis KN et al. Off-label indications for atypical antipsyhotics: a systematic review. Ann Gen 
Hosp Psychiatry 2004;3(1):4. 
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(excellent), 2 (very good), 3 (good), 4 (fair), and 5 (poor). The items measuring perceived 

general health status and perceived mental health status are indicated in the “Condition 

Enumeration” questionnaire section.365 The item used for measuring perceived general 

health status asked subjects participating in the interview, “In general compared to other 

people of (PERSON)’s age, would you say that (PERSON)’s health is excellent, very 

good, good, fair, or poor?” Similarly, the item measuring mental health status asked 

subjects participating in the interview, “In general, would you say that (PERSON)’s 

mental health is excellent, very good, good, fair, or poor?” The operational definitions 

used in this study are presented in Table 3.1. 

 

 

 

 

 

 

 

 

                                                 
365 Condition Enumeration Section. Available at 
http://meps.ahrq.gov/mepsweb/survey_comp/survey_results_ques_sections.jsp?Section=CE&Year1=2002
&Submit22=Submit [Accessed July 18, 2012]. 
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Table 3.1. Operational definitions of different variables used in this research. 

Variables Operational definitions and coding of the variables 
Primary Dependent Variable 
EPS presence No (= 0) and Yes (= 1) (see Section 3.4 for operational definition) 
Dependent Variable and Primary Independent Variable 
Likelihood of SGA 
utilization  

FGA (= 0) and SGA (= 1) (see Section 3.4 for operational definition) 

Covariates 
Age Children/adolescents (0-17 years = 1), Adults (18-64 years = 2), and Elderly (65-

85 years = 3) 
Gender Male (= 1) and Female (= 2) 
Race White (= 1), Black (= 2) and Other (= 3); other includes American Indian, Asian, 

Native Hawaiian, Multiple Races 
Ethnicity Hispanic (= 1) and Non-Hispanic (= 0) 
Geographic region Northeast (= 1), Midwest (= 2), South (= 3) and West (= 4) 
MSA residency 
status 

Non-MSA (= 0) and MSA (= 1) 

Income level Low (< 200% of FPL = 0) and High (≥200% of FPL = 1); FPL = Federal Poverty 
Level 

Insurance status Public Insurance Only (= 1), Private Insurance Only (= 2), Both (= 3) and None 
(= 0) 

Perceived general 
health status 

Score indicating perceived general health status measured on a scale 1 
(excellent), 2 (very good), 3 (good), 4 (fair) and 5 (poor) 

Perceived mental 
health status 

Score indicating mental health status measured on a scale 1 (excellent), 2 (very 
good), 3 (good), 4 (fair) and 5 (poor) 

Level of education Elementary Grades (1-8 years of education = 1), High School Grades (9-11 years 
of education = 2), Completed High School (12 years of education = 3); 1-4 years 
of College (13-16 years of education = 4), 5 or more years of college (17 years of 
education = 5) 

Co-medications 
preventing EPS 

Yes [use of any medication(s) indicated in Table 3.3 = 1] and No [= 0] 

Co-medications 
causing EPS 

Yes [use of any medication(s) indicated in Table 3.4 = 1] and No [= 0] 

Presence of EPS 
history 

Yes [occurrence of EPS before the first antipsychotic was obtained/purchased = 
1] and No [= 0] 

Delay in obtaining 
prescribed 
medicines 

Yes (= 0) and No (= 1); delay assumed to occur for SGAs due to prior 
authorization requirements and no delay assumed to occur for FGAs because of 
no prior authorization requirements 

Presence of major 
mental conditions 

No (= 0) and Yes (= 1); the “Yes” category includes subjects with schizophrenia, 
bipolar disorder, anxiety, and dementia 

Illness severity 
Outpatient visit for 
any diagnosis on 
an annual basis 

Yes (= 1) and No (= 0); frequency distribution of the number of outpatient visits 
was found to be skewed with about 90% of antipsychotic users having no visits 
(indicated in Appendix A) 
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Variables Operational definitions of the variables 
Emergency room 
visit for any 
diagnosis on an 
annual basis 

Yes (= 1) and No (= 0); frequency distribution of the number of emergency room 
visits was found to be skewed with about 90% of antipsychotic users having no 
visits (indicated in Appendix C) 

Inpatient visit for 
any diagnosis on 
an annual basis 

Yes (= 1) and No (= 0); frequency distribution of the number of inpatient visits 
was found to be skewed with about 90% of antipsychotic users having no visits 
(indicated in Appendix D) 

Home-health  
visit for any 
diagnosis on an 
annual basis 

Yes (= 1) and No (= 0); frequency distribution of the number of home-health 
visits was found to be skewed with about 90% of antipsychotic users having no 
visits (indicated in Appendix E) 

Prescriptions 
purchased for any 
medication on an 
annual basis 

Number of prescriptions purchased on an annual basis (1,2,3,…); frequency 
distribution of number of prescriptions purchased is indicated in Appendix F 

MSA = Metropolitan Statistical Area 

 

3.6 DIFFERENT TYPES OF WEIGHTED ESTIMATES IN MEPS 

In this dissertation project, only person-level weights have been used for making 

national estimates. For additional information to readers, a brief description about 

“family-level weight” has been provided in Section 3.6.2. 

 

3.6.1 PERSON-LEVEL WEIGHT  

In the MEPS database, person-specific weights are assigned on an annual basis.366 

For the year 2002, the person-level weight was developed in three stages. In the first 

stage, a person-level weight for Panel 7 was created on the basis of adjustment for non-
                                                 
366 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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response observed with time and post stratification after controlling for six different 

variables including race/ethnicity, age, poverty status, region and MSA status. The 

person-level weights for Panel 6 were evaluated in a similar fashion. A composite weight 

was then computed considering the person-level weights of each of the subjects in Panel 

6 and Panel 7. Such an evaluation was done by multiplying the panel weights by a factor 

which reflects the relative sample sizes of each of the panels.  

 

3.6.2 FAMILY-LEVEL WEIGHT  

According to MEPS, a family is defined as two or more persons residing in the 

same household during the entire reference period.367 Additionally, people living as 

domestic partners and college students living away from parents are categorized as a 

family. A family is eligible to receive a family-level weight when all key, in-scope 

members responded to the interview-based survey and the family had a reference person 

maintaining keyness. Additionally, a family consisting of a single subject is eligible to 

receive a family-level weight if s/he remains in-scope and maintains keyness during the 

reference period. Importantly, such subjects can be included or excluded (at the 

researcher’s discretion) while conducting family-level analyses. 

 

 
                                                 
367 MEPS HC-070: 2002 Full Year Consolidated Data File. Available at 
http://meps.ahrq.gov/mepsweb/data_stats/download_data_files_detail.jsp?cboPufNumber=HC-070 
[Accessed on Jan 20, 2012]. 
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3.7 SAMPLE SIZE CALCULATION 

Khoza previously described the sample size calculation of a cohort study.368 The 

sample size in a cohort study can be determined on the basis of five parameters: (i) 

probability of Type I error or alpha (α); (ii) probability of Type II error or beta (β); (iii) 

minimum effect size (d); (iv) expected incidence rate of the outcome in the control group 

(p); and (v) ratio (K) of the number of treated and control subjects.369,370 

In this dissertation project, α has been chosen as 0.05. The maximum value of β is 

selected as 0.2 which indicates a minimum accepted level of power as 0.8. The expected 

incidence rate of EPS in the FGA cohort, p, is 20%. This value of p has been chosen as 

the average of the proportions of subjects with EPS observed in the FGA cohort reported 

in two previous studies.371,372 The expected ratio (K) of subjects in the FGA and SGA 

cohorts in the MEPS database for years 2002 to 2008 is 1:5. The formula used for 

determining the sample size of the cohort was adopted from previous research and is 

indicated below: 

                                                 
368 Khoza S. Use of antidepressant agents and incidence of Type 2 diabetes mellitus: A methodological 
comparison. Dissertation. The University of Texas at Austin. 
369 Strom BL and Kimmel SE. Textbook of pharmacoepidemiology. Chichester, West Sussex, England; 
Hoboken, New Jersey: John and Wiley Sons; 2006. 
370 Schlesselman JJ. Sample size requirements in cohort and case-control studies of disease. Am J 
Epidemiol 1974 Jun;99(6):381-4. 
371 Novick D et al. Incidence of extrapyramidal symptoms and tardive dyskinesia in schizophrenia: thirty-
six-month results from the European Schizophrenia Outpatient Health Outcomes Study. J Clin 
Psychopharmacol 2010 Oct;30(5):531-40. 
372 Miller DD et al. Extrapyramidal side-effects of antipsychotics in a randomized trial. Br J Psychiatry 
2008 Oct;193(4):279-88. 
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where  Z1- α/2  and Z1- β  indicate the normal deviates corresponding to the α and β 

values and the other symbols have the usual meanings as indicated above. R is the 

minimum relative risk to be detected between the SGA and FGA cohorts and has been 

assumed as 0.2. The parameter U is defined as  

 

With the values of the above parameters, the number of subjects needed in the FGA 

cohort is 256. The number of subjects needed in the SGA cohort is 1280. 

 

3.8 DATA ANALYSIS 

Descriptive analyses were conducted to evaluate the patient demographic and 

clinical characteristics for the SGA and FGA cohorts. Comparative analyses were 

conducted to evaluate the differences in patient characteristics between the SGA and 

FGA cohorts. Multivariable logistic regression was conducted to evaluate the factors 

(derived from the ABM) associated with antipsychotic (SGA) usage among antipsychotic 

users. Both the propensity score-matched technique and instrumental variable analyses 
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were conducted to minimize the selection bias in estimation of the antipsychotic 

treatment association with EPS risk. The factors derived from the ABM and additional 

risk factors associated with EPS risk were used while conducting propensity score-

matched analysis. All the analyses were conducted using SAS 9.2 (SAS Institute Inc., 

North Carolina).  

 

3.9 HYPOTHESES, STUDY VARIABLES AND STATISTICAL ANA LYSES 

All the study hypotheses, the independent and dependent variables related to the 

comparative, logistic regression, propensity score-based logistic regression and 

instrumental variable analyses have been summarized in Table 3.2 
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       Table 3.2. Hypotheses, study variables and statistical analyses to be used. 

Hypothesis Dependent 
Variable 

Main Independent Variable Statistical    
Analysis 

H02a: There is no significant 

association between age 

category and antipsychotic 

type (SGA/FGA). 

Age Category Antipsychotic Type (SGA, 
FGA) 

Chi-square  

H02b: There is no significant 

association between gender 

and antipsychotic type 

(SGA/FGA). 

    Gender Antipsychotic Type (SGA, 
FGA) 

Chi-square  

H02c(i/ii) : There is no 

significant association 

between race/ethnicity and 

antipsychotic type 

(SGA/FGA). 

  (i)Race 

(ii) Ethnicity 

Antipsychotic Type (SGA, 
FGA) 

Chi-square  

H02d: There is no significant 

association between region of 

residence and antipsychotic 

type (SGA/FGA). 

Region of 
residence 

 

 

 

 

Antipsychotic Type (SGA, 
FGA) 

 

 

 

 

Chi-square  
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Hypothesis Dependent 
Variable 

 

Main Independent 
Variable 

 

Statistical 
Analysis 

 

H02e: There is no significant 

association between 

Metropolitan Statistical Area 

(MSA) residency status and 

antipsychotic type  

(SGA/FGA). 

MSA residency 
status 

Antipsychotic Type (SGA, 
FGA) 

Chi-square  

H02f: There is no significant 

association between income 

level and antipsychotic type 

(SGA/FGA). 

Income level Antipsychotic Type (SGA, 
FGA) 

Chi-square 

H02g: There is no significant 

association between insurance 

status and antipsychotic type 

(SGA/FGA). 

Insurance status Antipsychotic Type (SGA, 
FGA) 

Chi-square 

H02h/i: There is no significant 

no difference in (h) perceived 

general health status and (i) 

perceived mental health status 

score between SGA and FGA  

(h) Perceived 
general health 

(i) Perceived 
mental health 

status 

 

 

Antipsychotic Type (SGA, 
FGA) 

 

 

 

Bivariate 
regression 

(model 
having one 
independent 
and one 
dependent 
variable) 
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Hypothesis 

users.   

H02j: There is no significant  

difference in level of 

education between SGA and 

FGA users. 

H03a: There is no significant 

relationship between age 

category and likelihood of 

SGA use among antipsychotic 

users after controlling for 

other baseline covariates* 

(identified in the ABM). 

H03b: There is no significant 

relationship between gender 

and likelihood of SGA use 

among antipsychotic users 

after controlling for other 

baseline covariates* 

(identified in the ABM).  

Dependent 
Variable 

 
 
 
 

Level of 

education 

 

 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

 

 

 

 

 

 
 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

Main Independent 
Variable 

 

 
 

Antipsychotic Type (SGA, 
FGA) 

 

 

 

Age category 

 

 

 

 

 

 

 

 

 

Gender 

 

Statistical 
Analysis 

 

Chi-square 
analysis 

 

 

Multivariable 
logistic 
regression 

 

 

 

 

 

 

 
 

 
Multivariable 
logistic 
regression 
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Hypothesis 

H03c(i/ii) : There is no 

significant relationship 

between race/ethnicity and 

likelihood of SGA use among 

antipsychotic users after 

controlling for other baseline 

covariates* (identified in the 

ABM).  

H03d: There is no significant 

relationship between region 

of residence and likelihood of 

SGA use among antipsychotic 

users after controlling for 

other baseline covariates* 

(identified in the ABM).  

Dependent 
Variable 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

 

 

 

 

 
Likelihood of 

SGA use among 
antipsychotic 

users 
 

Main Independent 
Variable 

(i) Race 

  (ii) Ethnicity 

 

 

 

 

    

 

 
Region of residence 

 

 

Statistical 
Analysis 

Multivariable 
logistic 
regression 

 

 

 

 

 

 

Multivariable 
logistic 
regression 

 

H03e: There is no significant 

relationship between MSA 

residency status and 

likelihood of SGA use among 

antipsychotic users after 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

 

 

MSA residency status 

     

 

 

 

Multivariable 
logistic 
regression 
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controlling for other baseline 

covariates* (identified in the 

ABM). 

Hypothesis 

H03f: There is no significant 

relationship between income 

level and likelihood of SGA 

use among antipsychotic 

users after controlling for 

other baseline covariates* 

(identified in the ABM). 

 H03g: There is no significant 

relationship between 

insurance status and 

likelihood of SGA use among 

antipsychotic users after 

controlling for other baseline 

covariates* (identified in the 

ABM). 

 

 

H03h: There is no significant 

relationship between 

 

 

 

 

 
Dependent 
Variable 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

 

 

 

 

 

 

 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

 

 

 

 

 

 

Likelihood of 

SGA use among 

 

 

 

Main Independent 
Variable 

Income level 

 

 

 

 

 

 

 

 

 

Insurance status 
 

 

 

 

 

 

 

 

 

 

Perceived general health 
status 

 

 

 

Statistical 
Analysis 

Multivariable 
logistic 
regression 

 

 

 

 

Multivariable 
logistic 
regression 

 

 

 

 

 

 

 

 

Multivariable 
logistic 
regression 
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perceived general health 

status and likelihood of SGA 

use among antipsychotic 

users after controlling for 

other baseline covariates* 

(identified in the ABM). 

 Hypothesis 

H03i: There is no significant 

relationship between 

perceived mental health status 

and likelihood of SGA use 

among antipsychotic users 

after controlling for other 

baseline covariates* 

(identified in the ABM). 

H03j: There is no significant 

relationship between level of 

education and likelihood of 

SGA use among antipsychotic 

users after controlling for 

other baseline covariates* 

antipsychotic 

users 

 

 

 

 

Dependent 
Variable 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

 

 

 

 

 

 

Likelihood of 
SGA use among 

antipsychotic 
users 

 

 

 

 

 

 

 

 

 

 

 

Main Independent 
Variable 

Perceived mental health 
status 

 

 

 

 

 

 

 

 

Level of education 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical 
Analysis 

Multivariable 
logistic 
regression 

 

 

 

 

 

 

Multivariable 
logistic 
regression 
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(identified in the ABM). 

Hypothesis 

H04: There is no significant 

difference in the EPS risk 

between SGA and FGA users 

after controlling for selected 

baseline covariates derived 

from the ABM*, propensity 

scores, illness severity (as 

measured by outpatient visits, 

emergency room visits, 

inpatient visits, office-based 

medical provider visits, 

home-health visits, number of 

prescriptions purchased) 

presence of EPS history, and 

use of co-medications 

(causing/preventing EPS) 

prior to first antipsychotic 

use. 

 

 

Dependent 
Variable 

Likelihood of 
EPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Main Independent 
Variable 

Antipsychotic type 

(SGA/FGA) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Statistical 
Analysis 

Propensity 
score-based 
logistic 
regression 
analysis 
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Hypothesis 

H05: There is/are no 

unmeasured confounder/s 

present in the relationship 

between antipsychotic 

treatment and EPS risk. 

H06: There is no significant 

difference in the EPS risk 

between SGA and FGA users 

after controlling for a 

functional form of the 

estimate of SGA utilization 

(predicted by the  

instrument variable), selected 

baseline covariates derived 

from the ABM*, illness 

severity (outpatient visits, 

emergency room visits, 

inpatient visits, office-based 

medical provider visits, home-

health visits, number of 

prescriptions  

Dependent 
Variable 

EPS risk 
 
 
 
 
 
 
 
 
 

Likelihood of 
EPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Main Independent 
Variable 

Antipsychotic Type (SGA, 
FGA) 

 

 

 

 

Antipsychotic Type (SGA, 
FGA) 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical 
Analysis 

2-Stage 
Regression 

 

 

 

Instrumental 
variable 
analysisusing 
2-SLS 
model, probit 
model, 2-
stage logistic 
regression 
model and 3-
stage model 

 

 

 

 

 



 
 

128 

purchased), presence of EPS 

history, and use of co-

medications 

(causing/preventing EPS) 

prior to first antipsychotic use. 

(to be tested if H05 is 

rejected) 

 

 

 

 

 

 

* Includes variables (except the main independent variable) age category, gender, race, 
ethnicity,     region   of residence, MSA residency status, income level, insurance status, 
perceived general health status, perceived mental status, and level of education. 

-EPS = Extrapyramidal symptoms; ABM = Andersen Behavioral Model; SLS = Stage least                           
squares;  SGA = Second-generation antipsychotic; FGA = First-generation antipsychotic; MSA = 
Metropolitan  Statistical Area. 
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3.10  PROPENSITY SCORE ANALYSIS 

Propensity score (PS) analysis is a popular technique used for controlling bias in 

observational studies.373 Compared to RCTs, observational studies typically provide an 

advantage in estimating the treatment effect in “real-world” settings.374 However, a 

potential limitation of observational studies is the lack of randomized treatment 

assignment. If randomization is not conducted, the groups formed may differ in terms of 

both observed and unobserved characteristics. These between-group differences can 

result in selection bias while evaluating the treatment effect. The PS technique allows 

reduction in bias due to systematic differences observed in the measures of covariates 

between the treatment and control groups. PS analysis allows summarization of the entire 

set of observed covariates in terms of a single score called the propensity score.375 The PS 

can be operationally defined as “the probability of being assigned to a treatment given the 

set of baseline covariates.”376  

 

3.10.1 DIFFERENT APPROACHES TO PROPENSITY SCORE ANALYSIS 

Statistical techniques such as matching, stratification and regression adjustment 

are commonly used PS approaches to estimating the treatment effect in non-randomized 

                                                 
373 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health 2006 Nov-Dec;9(6):377-85. 
374 Dasgupta A et al. Evaluating equivalence and non-inferiority trials. Am J Health Syst Pharm 2010 Aug 
15;67(16):1337-43. 
375 Rubin DB. Estimating causal effects from large data sets using propensity scores. Ann Intern Med 1997 
Oct 15;127(8 Pt 2):757-63. 
376 Khoza S et al. Comparison of multivariable-adjusted logistic regression model with propensity score 
techniques using pharmacy claims data. Journal of Pharmaceutical Health Services Research 
2011;2(4):233-42. 
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studies.377 Matching refers to the process of removing the effect of the covariates (prior to 

estimation of the treatment effect) by choosing pairs of subjects (one from the treatment 

group and one from the comparison group) having similar PSs. Stratification allows 

adjustment of covariates (prior to estimation of the treatment effect) by estimating the 

treatment effect within each stratum and then combining the stratum-specific treatment 

effect measures.378,379 Regression adjustment is a method of assessing treatment effect by 

means of inclusion of the PS as a factor in the treatment/outcome model.380 Previous 

authors have pointed out that matching and stratification are often the preferred 

methodological tools for controlling confounding. This is because regression adjustment 

often has the drawback of yielding biased estimates if the PS is not correctly 

measured381,382  

As discussed previously, the objective of the PS technique is to minimize 

selection bias and provide an unbiased estimate of the treatment effect. Khoza et al. 

compared a multivariable-adjusted model and different PS techniques while estimating 

the effect of antidepressant exposure on increase in risk of type 2 diabetes mellitus. Using 

pharmacy claims data, the researchers used several PS techniques such as PS-matched, 

                                                 
377 Khoza S et al. Comparison of multivariable-adjusted logistic regression model with propensity score 
techniques using pharmacy claims data. Journal of Pharmaceutical Health Services Research 
2011;2(4):233-42. 
378 Rosenbaum PR, Rubin DB. Reducing bias in observational studies using subclassification on the 
propensity score. J Am Stat Assoc 1984;79(387):516-24. 
379 D’Agostino RB, Jr. Propensity score methods for bias reduction in the comparison of a treatment to a 
non-randomized control group. Stat Med 1998;17(19):2265-81. 
380 D’Agostino RB, Jr. Propensity score methods for bias reduction in the comparison of a treatment to a 
non-randomized control group. Stat Med 1998;17(19):2265-81. 
381 D’Agostino RB, Jr. Propensity score methods for bias reduction in the comparison of a treatment to a 
non-randomized control group. Stat Med 1998;17(19):2265-81. 
382 Weitzan S et al. Principles for modeling propensity scores in medical research: a systematic literature 
review. Pharmacoepidemiol Drug Saf  2004 Dec;13(12):841-53. 
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PS-stratified and PS-adjusted logistic regression models. The researchers found that the 

PS-matched model yielded a less biased estimate than the multivariable-adjusted model, 

PS-stratified, and PS-adjusted regression models. Because of this advantage, we chose to 

use the PS-matched technique for estimating the association of antipsychotic exposure 

with EPS risk.383,384,385  

 

3.10.2 BIAS ASSOCIATED WITH PS-MATCHED TECHNIQUES  

The PS technique of matching cases to controls can be associated with two types 

of methodological flaws: incomplete matching and inexact matching.386 If a researcher 

aims to maximize the number of exact matches, some of the cases may be excluded and 

incomplete matching occurs. On the other hand, in an effort to maximize the number of 

matched cases, inexact matching may ensue. Due to incomplete and inexact matching 

problems, bias due to confounding may be introduced.  

In general, incomplete matches are formed due to missing data or disjointed 

ranges in the PSs computed for the treatment and control groups. The data on covariates 

should be complete in order to avoid the problem of incomplete matching. If covariate 

                                                 
383 Khoza S et al. Comparison of multivariable-adjusted logistic regression model with propensity score 
techniques using pharmacy claims data. Journal of Pharmaceutical Health Services Research 
2011;2(4):233-42. 
384 Mehta S  et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
385 Mehta S et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
386 Parson LS. Reducing bias in a propensity score matched pair sample using greedy matching technique. 
Available at http://www2.sas.com/proceedings/sugi26/p214-216.pdf. [Accessed January 13, 2012]. 
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data are missing, the case is not considered during PS calculation thereby resulting in 

incomplete matching. Additionally, the case and control groups may have a disjointed 

range of PSs. For example, suppose the minimum and maximum PSs in the control group 

are 0.1 and 0.7 and those in the case group are 0.2 and 0.8 respectively. Incomplete 

matching may ensue as cases cannot be appropriately matched (due to unavailability of 

controls) on the basis of PSs which are between 0.1 and 0.2 or between 0.7 and 0.8.  

 

3.10.3 DIFFERENT TYPES OF PS MATCHING TECHNIQUES 

After the researcher has estimated the PS, a matching technique has to be chosen. 

A paper published by Baser and a methodological paper published by the SAS Users 

Group International (SUGI) point out six different types of approaches which can be 

adopted for matching the treatment and control groups.387,388 These are: (i) stratified 

matching, (ii) nearest neighbor and 2-to-1 matching, (iii) radius matching, (iv) kernel 

matching, (v) Mahalanobis metric matching and (vi) the Greedy N→M digit match 

technique. Each of these approaches is described below. 

 

 

 

                                                 
387 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health 2006 Nov-Dec;9(6):377-85. 
388 Parson LS. Reducing bias in a propensity score matched pair sample using greedy matching technique. 
Available at http://www2.sas.com/proceedings/sugi26/p214-216.pdf. [Accessed January 13, 2012]. 
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3.10.3.1 STRATIFIED MATCHING   

In this methodological approach, the range of PSs is divided into several intervals 

in such a manner that within each interval the treated and control subjects, on average, 

have the same PS.389,390 The difference in outcome measures between the treated and 

control subjects is evaluated for each interval. A measure of average treatment effect is 

obtained as an average of the outcome measure differences calculated for each interval, 

weighted by the distribution of treated subjects across the different intervals. Published 

articles have indicated that stratification of the PS distribution into five classes is 

adequate for controlling 95% of bias caused by different covariates.391,392  

 

3.10.3.2 NEAREST NEIGHBOR AND 2-TO-1 MATCHING 

In this approach, the treatment and control subjects are randomly ordered. The 

first treatment subject is selected and then it is matched with one (or two for a 2-to-1 

matching) control subject having the closest PS.393 Typically, multiple controls are 

chosen for a single case when the number of cases is limited. Matching a case with 

                                                 
389 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health 2006 Nov-Dec;9(6):377-85. 
390 Dehejia R and Wahba S. Causal effects in non-experimental studies: re-evaluation of the evaluation of 
training programs. J Am Stat Assoc 1999;94(448):1043-62. 
391 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health2006 Nov-Dec;9(6):377-85. 
392 Dehejia R and Wahba S. Causal effects in non-experimental studies: re-evaluation of the evaluation of 
training programs. J Am Stat Assoc 1999;94(448):1043-62. 
393 LaLonde RJ. Evaluating the econometric evaluations of training programs. Am Econ Rev 
1986;76(4):604-20. 
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multiple controls provides sufficient statistical power to the study.394 However, such a 

technique suffers from the drawback of having the risk of imprecise matching if the 

closest neighbor has a substantially different PS.395  

 

3.10.3.3 RADIUS MATCHING 

In this method, the treated subject is matched only with all control units whose 

PSs are within a predefined range around the PS of the treated subject.396 An advantage 

of using this approach is that it allows use of more comparison subjects (whose PSs fall 

within the predefined range around the PS of the treated subject) if better matches can be 

obtained, and fewer comparison subjects if inexact matching occurs. A drawback 

associated with radius matching technique is that it is difficult to decide a priori on the 

radius that is appropriate for matching.397  

 

3.10.3.4 KERNEL MATCHING 

 In general, the different approaches to the propensity score-matched techniques 

use a portion of the pool of control subjects for the matching procedure. In Kernel 

                                                 
394 Fletcher RH and Fletcher SW. Clinical epidemiology: The essentials. 4th ed. Lippincott Williams & 
Wilkins, Baltimore, 2008, paperback, 96pp, ISBN: 978-0-7817-5215-2. 
395 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health 2006 Nov-Dec;9(6):377-85. 
396 Dehejia RH and Wahba S. Propensity score matching methods for nonexperimental causal studies. Rev 
Econ Stat 2002;84(1):151-61. 
397 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health 2006 Nov-Dec;9(6):377-85. 
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matching, a mathematically transformed form of the differences in propensity scores 

between each treated subject and all the control subjects is considered during matching 

process. Kernel matching is a non-parametric technique that estimates the outcome 

(called the matched outcome) of each treated subject by a weighted average of the 

outcomes of all the control subjects.398 Each weight bears an inverse relationship with the 

difference in the PSs between each of the subjects in the treated and control groups.399 An 

advantage of using this technique is that a low variance is obtained as all the subjects in 

the control group are included while evaluating the weights.400 However, if large 

differences exist between the PSs of some of the subjects in the control group and the PS 

of a treated subject, then inexact matches may be formed. To avoid the problem of 

inexact matching, an appropriate kernel function and a bandwidth parameter should be 

chosen before matching is done.  

 

3.10.3.5 MAHALANOBIS METRIC MATCHING  

The Mahalanobis metric matching uses a mathematically transformed form of the 

differences in covariate measures (between the treated and control groups) for matching 

purposes. Mahalanobis metric matching is a technique used for bias reduction in 

                                                 
398 Caliendo M and Kopeinig S. Some practical guidance for the implementation of propensity score 
matching. IZA Discussion Paper No. 1588 May 2005. 
399 Short PM et al. Medical expenditures of adult cancer survivors aged < 65 years in the United States. 
Cancer 2011 Jun 15;117(12):2791-800.  
400 Dehejia RH and Wahba S. Propensity score matching methods for nonexperimental causal studies. Rev 
Econ Stat 2002;84(1):151-61. 
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observational studies on the basis of Mahalanobis distance.401 This technique relies on 

random ordering of subjects and then evaluation of the distance between the first 

observation in the treatment group with all the controls. The distance (d) between the jth 

subject in the control group and the ith subject in the treatment group is numerically 

expressed as d(i,j) = (u-v)T C -1 (u-v) where u and v are the measures of the matching 

variables (including PS) for the ith subject in the treatment group and the jth subject in the 

control group, and C indicates the covariance matrix of all the matching variables in the 

entire set of control subjects.402  

Typically, each of the above-mentioned methods (discussed in Sections 3.10.3.1, 

3.10.3.2, 3.10.3.3, 3.10.3.4) can be used in two ways – without replacement or with 

replacement of control subjects in each subsequent attempt to match control subjects with 

cases (in order to obtain better matches). In order to minimize the problem of inexact 

matching, the caliper-matching method can be used. The caliper method suggests the use 

of a common support region (expressed as one-fourth of the standard error of the 

estimated PS); control observations whose PSs fall outside the region defined by the 

caliper should not be considered while forming matches with a treated subject.403  

 

 

 
                                                 
401 Rubin DB. Bias reduction using Mahalanobis metric matching. Biometrics 1980;36:293-98. 
402 D’Agostino RB, Jr. Tutorial in biostatistics: propensity score methods for bias reduction in comparison 
of a treatment to a non-randomized control group. Stat Med 1998;2281(19):2265-81. 
403 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health2006 Nov-Dec;9(6):377-85. 
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3.10.3.6 GREEDY DIGIT MATCH TECHNIQUE 

In the Greedy digit matching technique, the algorithm makes the “best” match 

first followed by the “next-best” match.404 Such a process continues in a hierarchical 

sequence until no matches can be found. A “best” match is operationalized as a pair of 

subjects (one each from the treated and control groups) who match with the highest 

number of digits on the PS. The algorithm proceeds in such a way that the matches are 

formed from the highest to lowest match on the PS. In the Greedy N→M (N>M) 

matching technique, an attempt is first made to match a control with a case on N digits of 

the PS. If no match is made on N digits of the PS, another attempt to match is conducted 

with (N-1) digits of the PS. Such an iterative process is continued until cases are matched 

with controls on M digits of the PS. 

Interestingly, it was found that the Greedy 5→1 digit match technique increased 

the number of matched-pairs and improved the goodness of matched sample (evaluated in 

terms of difference in any measure of central tendency between the treated and control 

groups) as compared to the 3-digit and 4-digit match techniques.405 However, the 

goodness of matched pairs (evaluated as the absolute difference in the PS of the matched 

pairs) decreased in the 5→1 digit match technique (with improvement in completeness of 

matching) as compared to the 3-digit and 4-digit match techniques. If multiple control 

subjects were found to match a particular case, one control subject was randomly selected 

                                                 
404 Parson LS. Reducing bias in a propensity score matched pair sample using greedy matching technique. 
Available at http://www2.sas.com/proceedings/sugi26/p214-216.pdf. [Accessed January 13, 2012]. 
 
405 Parson LS. Reducing bias in a propensity score matched pair sample using greedy matching technique. 
Available at http://www2.sas.com/proceedings/sugi26/p214-216.pdf. [Accessed January 13, 2012]. 
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for the purpose of matching. A previously published methodological paper describes the 

3-digit and 4-digit case-control matches on the PS.406 It was found that the 3-digit match 

was able to identify more matches and there was a reduction in chance of bias due to 

incomplete matching. On the other hand, the 4-digit match was able to form fewer 

matches but a better matched sample as compared to the 3-digit match, thereby reducing 

the bias due to inexact matching observed in the 3-digit match. 

 

3.11 EVALUATION OF MATCHED-PAIRS 

A paper published by SUGI has pointed out that evaluation of goodness of 

matched-pairs/matched-sample and completeness of match should be based on the 

researcher’s discretion. Additionally, a researcher should further investigate if there are 

any procedural techniques for producing better matches. If the number of control subjects 

is large, then the iterative process of matching can be initiated on a higher number of PS 

digits.407  

The author of the SUGI paper conducted a pilot study where the Greedy 6→1 

digit match technique was used in addition to the Greedy 5→1 digit match technique. 

The Greedy 6→1 digit match technique was used with the aim of increasing the number 

of better-matched pairs as compared to the Greedy 5→1 digit match technique. The 

findings of the study showed that the Greedy 5→1 digit match technique was best suited 
                                                 
406 Parson LS. Reducing bias in a propensity score matched pair sample using greedy matching technique. 
Available at http://www2.sas.com/proceedings/sugi26/p214-216.pdf. [Accessed January 13, 2012]. 
407 Parson LS. Reducing bias in a propensity score matched pair sample using greedy matching technique. 
Available at http://www2.sas.com/proceedings/sugi26/p214-216.pdf. [Accessed January 13, 2012]. 
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for the data. This was because: (1) it was possible to match 85% of the cases with a 

control with no further matching being possible; (2) the p-value comparing the PSs of the 

cases to those of the controls was found not significant; and (3) the absolute difference in 

PS of the matched pairs did not improve for the Greedy 6→1 digit match technique as 

compared to Greedy 5→1 digit match technique. It equaled 0.00043 in both the 

approaches.408  

 

3.12 COHORT MATCHING 

In this dissertation project, the approach to cohort matching for PS analysis has 

been adopted from previous research studying the association of antipsychotic treatment 

and development of cardiac events, falls and fractures and cerbrovascular adverse events. 

In their research, Mehta et al. performed a comprehensive literature review and sought 

expert opinion from clinicians while selecting more than 60 covariates in the PS 

model.409,410,411,412 In this dissertation project, the PSs were evaluated on the basis of 

                                                 
408 Parson LS. Reducing bias in a propensity score matched pair sample using greedy matching technique. 
Available at http://www2.sas.com/proceedings/sugi26/p214-216.pdf. [Accessed January 13, 2012]. 
409 Mehta S et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
410 Mehta et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-matched 
retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
411 Mehta et al. Risk of cerebrovascular adverse events in older adults using antipsychotic agents: a 
propensity-matched retrospective cohort study. J Clin Psychiatry 2010;71(6):689-98. 
412 Brookhart MA et al. Variable selection for propensity score models. Am J Epidemiol 
2006;163(12):1149-56. 
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factors which are assumed to be associated with both exposure and outcome. Such an 

approach is in conformity with the opinions of previous researchers.413  

The predisposing/enabling/need factors adopted from the ABM are considered to 

be associated with SGA utilization among antipsychotic users. Factors assumed to be 

associated with EPS risk include illness severity, co-medications (causing/preventing 

EPS) obtained/purchased, dose of antipsychotic, and presence of EPS history.  

A detailed description of the predisposing, enabling and need factors in the ABM, 

as identified in the MEPS database, is provided in Section 3.5. Illness severity was 

evaluated in terms of the number of (i) prescribed medicines obtained, (ii) office-based 

medical provider visits, (iii) inpatient visits, (iv) home-health visits, (v) emergency room 

visits and (vi) outpatient visits. Elderly people who are at risk of EPS (and hence 

impaired mobility) may seek treatment in outpatient414 and home-health settings.415  

Based on these two studies, we chose ‘outpatient visit’ and ‘home-health visit’ as factors 

measuring illness severity related to EPS in our study population. However, to our 

knowledge, no study has examined if ‘office-based medical provider visit’ and ‘inpatient 

visit’ can be associated with EPS risk. In order to address the gap in the literature, we 

explored these variables as factors measuring illness severity associated with EPS.  

                                                 
413 Johnson ML et al. Good research practices for comparative effectiveness research: analytic methods to 
improve causal inference from non-randomized studies of treatment effects using secondary data sources: 
the ISPOR good research practices for retrospective database analysis task force report-Part III. Value 
Health 2009;12(8):1062-73. 
414 Krebs DE et al. Functional vs. strength training in disabled elderly outpatients. Am J Phys Med Rehabil 
2007 Feb;86(2):93-103. 
415 Whitney SL et al. Improvements in balance in older adults engaged in a specialized home care falls 
prevention program. J Geriatr Phys Ther 2013 Jan;36(1):3-12. 
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As described in Chapter 2, EPS can contribute towards falls and fractures.416,417 

Mehta et al. found the use of prescription medicines to be associated with risk of falls and 

fractures.418 Although EPS has been found to be associated with falls and fractures, the 

relationship between prescription utilization and EPS risk is not clear. In order to study 

this relationship, we included ‘number of prescriptions’ as a factor measuring illness 

severity associated with EPS risk. Mehta et al. also found ‘provider speciality’ to be 

associated with risk of falls and fractures. To explore the possibility of association of 

‘provider speciality’ with EPS risk, we studied ‘emergency room visit’ as another illness 

severity factor related to EPS.  

A list of agents used to prevent EPS is shown in Table 3.3, and a list of agents 

(other than antipsychotics) that cause EPS is shown in Table 3.4. Names of the individual 

medications were derived from the variable “RXNAME” found in the prescribed 

medicines files of the HC. In order to compare the risk associated with different 

antipsychotics, the dose of each antipsychotic was treated as a “chlorpromazine 

equivalent” (or CPZ equivalent).419 Table 3.5 shows the formulae used to calculate 

chlorpromazine equivalents. Although the MEPS database contained information about 

the dose of a drug, CPZ equivalents could not be calculated for all the drugs due to a 

paucity of information on CPZ formulae for different drugs. While conducting the 

                                                 
416 Naidoo U et al. Hyperprolactinemia and bone mineral density: the potential impact of antipsychotic 
agents. Psychoneuroendocrinology 2003 Apr;28 Suppl 2:97-108. 
417 Akyol AD. Falls in the elderly: What can de done ? Int Nurs Rev 2007 Jun;54(2):191-6. 
418 Mehta S et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
419 Andreasen NC et al. Antipsychotic dose equivalents and dose-years: A standardized method for 
comparing exposure to different drugs. Biol Psychiatry 2010;67(3):255-62. 
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multivariable regression analyses, a row-wise deletion procedure was followed due to 

missing values on the variable indicating CPZ equivalents of different drugs. This 

procedure resulted in a reduced sample size. In order to avoid the problem of a reduced 

sample size, the variable “dose of drug” expressed as CPZ equivalents was not 

considered as a covariate in the propensity score and instrumental variable analyses.   
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    Table 3.3. Agents used to prevent EPS.420,421,422,423,424,425,426,427,428 

Class of therapy preventing EPS                          Agents 

Anticholinergic agents 

 

 

Non-anticholinergics 

 

β-blockers 

 

 

Benzodiazepines 

 

Dopaminergic drugs 

 

Miscellaneous agents 

trihexyphenidyl, benztropine, biperiden, 
procyclidine hydrochloride 

 

 

amantidine 

 

propanolol, betaxolol, metoprolol, pindolol and 

nadolol 

 
 
diazepam and lorazepam 
 

 
reserpine, tetrabenazine, alpha-methyl 
tyrosine, levodopa 
 

 
valproic acid, tocopherol, selegiline and 
coenzyme Q 

 

                                                 
420 Pierra JM. Extrapyramidal symptoms with atypical antipsychotics: Incidence, prevention and management. Drug 
Saf 2005;28(3):191-208. 
421 Egan MF et al. Treatment of tardive dyskinesia. Schizophr Bull 1997;23(4):583-09. 
422 Soares KV and McGrath JJ. The treatment of tardive dyskinesia: a systematic review and meta-analysis. 
Schizophr Res 1999;39(1):1-16. 
423 Jeste DV and Wyatt RJ. Therapeutic strategies against tardive dyskinesia; two decades of experience. Arch Gen 
Psychiatry 1982;39(7):803-16. 
424 Newton JE et al. Effects of repeated drug holidays on serum haloperidol concentrations, psychiatric symptoms 
and movement disorders in schizophrenic patients. J Clin Psychiatry 1989;50(4):132-5. 
425 Simpson GM. The treatment of tardive dyskinesia and tardive dystonia. J Clin Psychiatry 2000;61 suppl4:39-44. 
426 Remington G and Kapur S. D2 and 5-HT2 receptor effects of antipsychotics: bridging basic and clinical findings 
using PET. J Clin Psychiatry 1999;60:15-9. 
427 Wirshing WC. Movement disorders associated with neuroleptic treatment. J Clin Psychiatry 2001;62 Suppl. 
21:15-8. 
428 Miller CH and Fleischhacker WW. Managing antipsychotic induced acute and chronic akathisia. Drug Saf 2000; 
22(1):73-81. 
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Table 3.4. Agents (other than antipsychotics) causing EPS.429 

          Type of EPS Class of agents  

Acute and Tardive Akathisia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

antiemetics (e.g., droperidol, metoclopramide, procholorperazine, promethazine) 

 

antiepileptics (e.g., carbamazepine) 

 

psychotropics (e.g., lithium, and neuroleptics such as  haloperidol, phenothiazines, thioxanthenes) 

 

reserpine 

 

selective serotonin-reuptake inhibitors  

 

tricyclic antidepressants 

 

 

                                                 
429 Claxton KL et al. Drug-induced movement disorders. J Pharm Pract 2007;20(6):415-29. 
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Type of EPS 

Tardive Dyskinesia 

 

 

Acute and Tardive Dystonia 

 

 

 

Parkinsonism 

 

 

 

 

 

 

 

 

 

Class of agents 

antiemetics (e.g., metocloproamide, prochlorperazine) 

psychotropics (e.g., neuroleptics such as haloperidol, phenothiazines and thioxanthenes)  

 

antiemetics (e.g., droperidol, metoclopramide, prochlorperazine, promethazine) 

 

psychotropics (e.g., amoxapine and neuropletics such as haloperidol, phenothiazines) and 

thioxanthenes 

antiemetics (e.g., droperidol, metoclopramide, procholorperazine, promethazine) 

antiepileptics (e.g., valproate) 

cardiovascular agents (e.g., α-methyldopa, reserpine)  

 

psychotropics (e.g., amoxapine, neuroleptics such as haloperidol, phenothiazines, thioxanthenes) 

 

vestibular sedatives (e.g., cinnarizine, flunarizine)  

miscellaneous (e.g., pimozide, tetrabenazine) 
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Table 3.5. Formulae for evaluating chlorpromazine (CPZ) equivalents using power   
transformation.430 
          Class of medications          Formulae  

 

Second-generation antipsychotics 

Aripiprazole 

Clozapine 

Olanzapine 

Quetiapine 

Risperidone 

Ziprasidone 

 

First-generation antipsychotics 

Chlorpromazine 

Fluphenazine 

Haloperidol 

Perphenazine 

Thioridazine 

Thiothixene 

Trifluoperazine 

Fluphenazine decanoate (mg/2-3 
week) 

Haloperidol decanoate (mg/4 week) 

 

 

y = 0.255x0.700 

y = 2.027x0.863 

y = 0.086x0.870 

y = 2.806x0.0.852 

y = 0.019x0.924 

y = 2.805x0.628 

 

 

y = x 

y = 0.011x1.112 

y = 0.013x1.082 

y = 0.071x0.994 

y = 0.989x0.973 

y = 0.057x0.967 

y = 0.066x0.939 

y = 0.163x0.843 

y = 0.635x0.872 

 

         y = CPZ equivalent of an antipsychotic,  x = CPZ dose 

                                                 
430 Andreasen NC et al. Antipsychotic dose equivalents and dose-years: A standardized method for 
comparing exposure to different drugs. Biol Psychiatry 2010;67(3):255-62. 
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A logistic regression model was constructed with treatment status as the 

dependent variable and factors in the ABM as predictors. The predicted probabilities 

obtained from this logistic regression model served as the PSs to be used for matching 

purposes. The SGA and FGA cohorts were matched on the basis of the PSs following the 

Greedy 5→1 digit match algorithm (described in Section 3.10.3.6). Previous researchers 

have pointed out that population weights are of no relevance in the context of matched 

samples.431 Typically, a matched cohort contains subjects (from each treatment arm) 

paired on the basis of similar baseline covariates. However, with the use of population 

weights, a patient (i) in a matched pair (i/j ) is made to represent a pool of subjects (to 

address any bias introduced due to over/under sampling in the MEPS database) included 

in the sampling frame of MEPS. It is unlikely that such a pool of subjects being 

represented by patient (i) would have baseline covariates statistically equal to those of the 

other patient (j) in the matched pair. Due to this reason, if the weighted sample is 

considered while evaluating the risk of outcome across the treatment arms, the chance of 

selection bias is high due to difference in baseline covariates of the subjects (on a 

weighted basis) included in each treatment arm. Hence, the results of the matching were 

reported in the unweighted form.  

Differences between the FGA and SGA cohorts with respect to all baseline 

characteristics (used for calculating PS) were assessed before and after matching. Before 

matching, categorical and continuous variables were compared using the chi-square and 

                                                 
431 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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student’s t-tests respectively. After matching, categorical and continuous variables were 

compared using McNemar/McNemar-Bowker tests and paired t-tests, respectively. The 

goodness-of-matched pairs was evaluated by calculating the percent reduction in bias of 

the covariate measures before and after matching.432,433,434 The percentage reduction in 

bias was measured as [1-(Di/ Dj )] x100% where Di and Dj are the absolute differences in 

the covariates observed between the SGA and FGA groups after and before matching, 

respectively.435,436 For continuous covariates, the difference in measures between the 

SGA and FGA cohorts was expressed as437: 

d= 100 [Mean(SGA) – Mean(FGA)]/[{s
2
(SGA) + s2

(FGA)}/2] 0.5 

where Mean(SGA) = Mean of the covariate in the SGA cohort; 

Mean(FGA) = Mean of the covariate in the FGA cohort; 

s2
(SGA) = Variance of the covariate in the SGA cohort; 

s2
(FGA) = Variance of the covariate in the FGA cohort; 

                                                 
432 Mehta S et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
433 Mehta S et al. Risk of falls and fractures in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Drugs Aging 2010 Oct 1;27(10):815-29. 
434 Mehta S. Risk of cerebrovascular adverse events in older adults using antipsychotic agents: a 
propensity-matched retrospective cohort study. J Clin Psychiatry. 2010 Jun;71(6):689-98. 
435 Khoza S et al. Comparison of multivariable-adjusted logistic regression model with propensity score 
techniques using pharmacy claims data. Journal of Pharmaceutical Health Services Research 
2011;2(4):233-42. 
436 Mehta S et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
437 Khoza S et al. Comparison of multivariable-adjusted logistic regression model with propensity score 
techniques using pharmacy claims data. Journal of Pharmaceutical Health Services Research 
2011;2(4):233-42. 
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Similarly, for categorical covariates the difference in measures between the SGA 

and FGA cohorts was expressed as438:  

d = 100 [P(SGA) – P(FGA)]/[{P (SGA) (1-P(SGA)) + P(FGA) (1 – P(FGA))}/2] 0.5 

where P(SGA) = proportion of the covariate in the SGA cohort; 

                                                 P(FGA) = proportion of the covariate in the FGA cohort. 

Lastly, the EPS risk due to antipsychotic exposure was evaluated using the 

STRATA option of PROC LOGISTIC to account for the matched sample design.439 The 

logistic regression model had EPS presence (yes/no) as the dependent variable and the 

independent variables included the treatment variable (SGA/FGA), propensity scores, 

selected factors (including those significantly different between SGA and FGA cohorts 

after matching) of the ABM, illness severity, use of co-medications (causing/preventing 

EPS), and presence of EPS history.  

 

3.13 INSTRUMENTAL VARIABLE ANALYSIS 

In this dissertation project, it is possible that the exposure (antipsychotic 

treatment) – outcome (EPS risk) relationship may be influenced by different undetected 

factors such as confounding by indication and disease severity. These undetected factors 

                                                 
438 Khoza S et al. Comparison of multivariable-adjusted logistic regression model with propensity score 
techniques using pharmacy claims data. Journal of Pharmaceutical Health Services Research 
2011;2(4):233-42. 
439 Mehta S  et al. Risk of serious cardiac events  in older adults using antipsychotic agents: a propensity-
matched retrospective cohort study. Am J Geriatr Pharmacother 2011 Apr;9(2):120-32. 
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may not be accurately reflected by proxy variables in the MEPS database. In their 

published research, Brookhart et al. state that the PS methodology may not perform well 

if there are unobserved covariates associated with both exposure and outcome measures. 

An alternative approach to study the treatment-outcome relationship in the presence of 

both observed and unobserved variables is the instrumental variable analysis (IVA).440  

In this study, as an extension to the PS analyses, the IVA was considered to 

account for any unmeasured confounding existing in the exposure-outcome relationship.  

Instrumental variable analysis (IVA) is a popular methodological approach adopted in 

econometrics.441 Although this methodology has been proposed in health services 

research, little is known about the usefulness of IVA when applied to large database 

studies.442,443,444  

 

3.13.1 DESCRIPTION OF IVA 

There are multiple ways in which the IV can be operationalized. Typically, an 

instrument is defined as an observed variable Z which predicts the treatment D and bears 

                                                 
440 Brookhart A et al. Instrumental variable methods in comparative safety and effectiveness research. 
Pharmacoepidemiol Drug Saf 2010 Jun;19(6):537-54. 
441 Judge G et al. The Theory and Practice of Econometrics, 2nd ed. John Wiley & Sons, Incorporated, New 
Jersey, 1985, hardcover. 
442 McClellan M et al. Does more intensive treatment of acute myocardial infarction in the elderly reduce 
mortality? Analysis using instrumental variables. JAMA 1994;272(11):859-66. 
443 Earle CC et al. Effectiveness of chemotherapy for advanced lung cancer in elderly: instrumental variable 
and propensity analysis. J Clin Oncol 2001;19(4):1064-1070. 
444 Stukel TA et al. Analysis of observational studies in the presence of treatment selection bias: effects of 
invasive cardiac management on AMI survival using propensity score and instrumental variable methods. 
JAMA 2007;297(3):278-85. 
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no independent direct relationship with the outcome Y.445 In addition to mathematical 

modeling, there are methodological approaches to assess IVs by means of graphical 

techniques.446  

An IV should be: (i) uncorrelated with the outcome measure, except through the 

effect of treatment (referred as the main assumption and interpreted as the validity of the 

IV); 447,448 (ii) highly predictive of the treatment (interpreted as the strength of an IV); and 

(iii) uncorrelated with observed confounders existing in the exposure-outcome 

relationship.449,450,451 For example, a previous study examining the relationship between 

hospital admission and mortality found that “physician specialization” can be used as a 

suitable instrument. In that study, the researchers assumed that “physician specialization” 

is associated with mortality only through the effect of hospital admission on mortality.452  

Rassen et al. have discussed different statistical approaches to conduct IVA. 

These approaches are based on the assumption of homogeneity of the treatment effect on 

                                                 
445 Brookhart MA et al. Evaluating the validity of an instrumental variable study of neuroleptics: can 
between-physician differences in prescribing patterns be used to estimate treatment effects? Med Care 
2007;45( 10 Supl 2):S116-22. 
446 Pearl J. Casualty: Models, Reasoning and Inference. New York,NY: Cambridge University Press; 2000. 
447 Pirracchio R et al. Benefits of ICU admission in critically ill patients: whether instrumental variable 
methods or propensity scores should be used. BMC Med Res Methodol 2011;11:32. 
448 Rassen JA et al. Instrumental variables II: instrumental variable application-in 25 variations, the 
physician prescribing preference generally was strong and reduced covariate imbalance. J Clin Epidemiol 
2009 Dec;62(12):1233-41. 
449 Pirracchio R et al. Benefits of ICU admission in critically ill patients: whether instrumental variable 
methods or propensity scores should be used. BMC Med Res Methodol 2011;11:32. 
450 Brookhart MA et al. Evaluating short-term drug effects using a physician-specific prescribing 
preference as an instrumental variable. Epidemiology 2006;17(3):268-275. 
451 Hernan MA and Robins JM. Instruments for causal inference: an epidemiologists’s dream? 
Epidemiology 2006;17(4):360-72. 
452 Pirracchio R et al. Benefits of ICU admission in critically ill patients: whether instrumental variable 
methods or propensity scores should be used. BMC Med Res Methodol 2011;11:32. 
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a patient cohort.453  However, there are techniques to conduct the IVA controlling for 

heterogeneity in the treatment effect on a patient cohort.454  

Overall, IVA can be represented as a family of equations termed as structural 

equation models. Typically, the first equation evaluates the treatment assignment 

mechanism, where the dependent variable, “treatment assignment,” is expressed as a 

functional form of observed covariate(s) and the instrument(s). The second equation 

evaluates the outcome in terms of the estimated value of the treatment (or some 

functional form of treatment) and the observed confounders.455 

In order to have unbiased estimates from the IVA, the choice of a valid IV is 

crucial.456 Rassen et al. explains that the IV validity cannot be tested explicitly. This is 

because the relationship between an IV and the outcome can be mediated through 

different unobserved confounders.457 The choice of an IV relies on the assumption that 

the postulated relationship between the IV and the treatment/outcome is reasonable. Data 

can be used to examine the plausibility of the assumptions related to an IV.458 For 

example, stratification of a patient population by means of a valid instrument 

                                                 
453 Rassen JA et al. Instrumental variable analysis for estimation of treatment effects with dichotomous 
outcomes. Am J Epidemiol 2009 Feb 1;169(3):273-84. 
454 Angrist JD et al. Identification of causal effects using instrumental variables. J Am Stat Assoc 
1996;94(434):444-55. 
455

 Rassen JA et al. Instrumental variables II: instrumental variable application-in 25 variations, the 
physician prescribing preference generally was strong and reduced covariate imbalance.  J Clin Epidemiol 
2009 Dec;62(12):1233-41. 
456 Wooldridge JM. Introductory Econometrics: A Modern Approach. 3rd ed. Mason,OH. Thomson/South-
Western; 2006. 
457 Rassen JA et al. Instrumental variable analysis for estimation of treatment effects with dichotomous 
outcomes. Am J Epidemiol 2009 Feb 1;169(3):273-84. 
458 Pirracchio R et al. Benefits of ICU admission in critically ill patients: whether instrumental variable 
methods or propensity scores should be used. BMC Med Res Methodol 2011;11:32. 
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(dichotomous) ensures more balance in covariates than is achieved by means of 

stratification of the patient population in terms of the different levels of treatment status. 

Importantly, if a valid IV is not available, past researchers have encouraged considering a 

change in the study design and making modifications to the operational definition of an 

IV, in order to have a better IV, and hence more covariate balance between the different 

levels of the IV.459  

Researchers have noted that “for an IV to be relatively strong: IV estimation 

should be scaling up an estimate derived by substituting the IV for actual treatment in an 

outcome model by a factor inversely proportional to IV strength.”460 Therefore, any 

residual confounding associated with the estimate will be inflated if the instrument is 

weak. Past literature has pointed out that unlike the validity of an IV, the strength of an 

IV is measurable.461,462,463,464 In a non-randomized study, if a proper choice of an IV is 

not made, the IV can bear a strong relationship with the confounded exposure. Under 

such circumstances, the choice of the IV would not be valid, as it can be associated with 

                                                 
459 Rassen JA et al. Instrumental variable analysis for estimation of treatment effects with dichotomous 
outcomes. Am J Epidemiol 2009 Feb 1;169(3):273-84. 
460 Rassen JA et al. Instrumental variables II: instrumental variable application-in 25 variations, the 
physician prescribing preference generally was strong and reduced covariate imbalance.  J Clin Epidemiol 
2009 Dec;62(12):1233-41. 
461 Johnston KM et al. Use of instrumental variables in the analysis of generalized linear models in the 
presence of unmeasured confounding with applications to epidemiological research. Stat Med 
2008;27(9):1539-56. 
462 Spiegelman D et al. Easy SAS calculations for risk or prevalence ratios and differences. Am J Epidemiol 
2005;162(3):199-200. 
463 Amemiya T. Qualitative response models: a survey. J Econ Lit 1981;19(4):1483-536. 
464 Agresti A. Categorical data analysis. New York, NY: John Wiley & Sons, Inc;1990. 
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the study outcome through the unobserved confounder paths which entailed the selection 

of an IV.465 

 

3.13.2  EXAMINING THE PRESENCE OF ENDOGENEITY IN TH E 

RELATIONSHIP BETWEEN ANTIPSYCHOTIC EXPOSURE AND EPS  RISK 

Before an IV is selected, a researcher should examine the presence of endogeneity 

(or unobserved confounders) in the relationship between the dependent and independent 

variables. In this dissertation project, EPS presence (yes/no) was treated as the dependent 

variable and utilization of antipsychotics (SGA/FGA), baseline measures including the 

variables in the ABM predicting SGA usage among antipsychotic users (described in 

Section 3.5), illness severity, use of co-medications (causing/preventing EPS), and 

presence of EPS history, were assessed as the independent variables.  

The relationship between the dependent variable, Y and the main independent 

variable D, the instrumental variable Z and the vector of exogenous variables X is 

expressed by 2 simultaneous equations: 

*
0 1 2i i i iD Z X vα α α= + + +  ………………… (i) 

0 1i i iXY Dβ β γ ε= + + +  …………………… (ii) 

 

                                                 
465 Carroll RJ et al. Measurement error in nonlinear models. Boca Raton FL: Chapman & Hall, Inc;1998. 
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where D•  is a latent variable and we observe Di = 1 if  Di
•  > 0, and 0 otherwise and vi and 

εi are the residuals in equations (i) and (ii), respectively. 

A series of statistical tests are conducted on equations (i) and (ii) to test the 

presence of endogeneity in the relationship between antipsychotic treatment and EPS 

risk. These tests are outlined as follows: 

 (a) The predicted values of Di are estimated from equation (i) to obtain the 

predicted values of the residuals vi. 

 (b) The predicted values of the residual vi are included in equation (ii) and the 

significance of the coefficient was assessed. A significant coefficient of the variable vi 

indicates that the treatment variable is endogenous.466  

The variable PMDLAY42 (found in the full-year consolidated data file in the HC) 

was chosen as the IV. This variable evaluates “delay in receiving prescription 

medicines.” It is dichotomous in nature with “1” indicating that the patient experienced a 

delay in obtaining the prescribed medicine and “2” indicating that the patient received the 

treatment without delay. The dummy variable adopted for the instrument Z was coded 

“1” indicating that the patient received the treatment without delay and “0” otherwise. 

Such a variable was selected as the IV on the premise that the physicians may require 

prior authorization to limit access to certain antipsychotics which are expensive.467 We 

                                                 
466 Wooldridge JM. Introductory Econometrics: A Modern Approach. 3rd ed. Mason,OH. Thomson/South-
Western; 2006. 
467 Brown CM et al. Development of the burden of prior authorization of psychotherapeutics (BoPAP) scale 
to assess the effects of prior authorization among Texas Medicaid providers. Adm Policy Ment Health 2009 
Jul;36(4):278-87. 
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assume that there is no direct relationship between delay in receiving an antipsychotic 

and EPS risk.  

In general, the SGAs being newly introduced in the market are more expensive 

than FGAs. However, as discussed in the Chapters 1 and 2, the SGAs demonstrate higher 

clinical effectiveness than FGAs. It is expected that the prior authorization might be 

required before a patient purchases any SGA. Therefore, access to an SGA might depend 

on whether the patient receives an SGA without delay. We postulated the relationship 

between the instrument and treatment (i.e., prescribing of SGAs is more likely to require 

prior authorization which leads to a delay). The plausibility of our postulate is addressed 

in a later section describing tests of the strength of the instrument.  

The assumptions of the independence of the IV with the outcome variable and the 

observed covariates can be tested separately. Furthermore, a researcher can conduct 

additional analyses to determine the strength of the IV and the residual imbalance in the 

treatment/outcome model with the IV.  

 

3.13.3   INDEPENDENCE BETWEEN THE IV AND THE OUTCOM E 

VARIABLE 

The association between the IV and the outcome variable can be examined using 

a chi-square test where a significant result for the IV indicates violation of the assumption 
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of independence of the IV with the outcome variable (or no relationship between the IV 

and the outcome variable).468 

 

3.13.4 INDEPENDENCE BETWEEN THE IV AND THE OBSERVED 

COVARIATES    

The association between the IV and observed covariates can be examined using a 

logistic regression with the IV as the dependent variable and each of the observed 

covariates as the independent variables.469 A significant coefficient for any of the 

observed covariates indicates a violation of the assumption of independence of the IV 

with the observed covariates. The variable(s) found to have significant association with 

the IV are not included in the simultaneous equations evaluating association between 

antipsychotic exposure and EPS risk. 

 

3.13.5 EXAMINING THE IV STRENGTH  

If evidence supports the presence of endogeneity of the treatment status in the 

exposure/outcome relationship [as indicated in equations (i) and (ii)], the next step is to 

evaluate the strength of the IV. Assessment of the IV strength is conducted by computing 

                                                 
468 Brookhart MA et al. Evaluating the validity of an instrumental variable study of neuroleptics: can 
between-physician differences in prescribing patterns be used to estimate treatment effects? Med Care 
2007;45(10 Suppl 2):S116-22. 
469 Brookhart MA et al. Evaluating the validity of an instrumental variable study of neuroleptics: can 
between-physician differences in prescribing patterns be used to estimate treatment effects? Med Care 
2007;45(10 Suppl 2):S116-22. 
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the G-statistic from the first-stage regression model which expresses treatment choice as 

a function of the IV and the observed covariates. The G-statistic is evaluated on the basis 

of the null hypothesis that the coefficient of the IV in the first-stage regression model is 

zero.470 Additionally, the partial r2 is computed. The partial r2 is expressed as the square 

of the partial correlation between the instrument and the treatment, after adjusting for the 

observed covariates. The partial r2 provides a measure of the proportion of variance 

which can be explained by the addition of the IV in the model. Typically, a large partial 

r2 value indicates that the IV explains the variation observed in treatment choice.471 The 

methodological approach as discussed by Bhatti et al. was adopted to evaluate the partial 

r2 measure for logistic regression.472 

 

3.13.6 EVALUATING RESIDUAL IMBALANCE 

Residual imbalance is evaluated by a summary measure expressed as a percentage 

change in the Mahalanobis distance.473,474 This summary measure is equal to (MDIV – 

MDTS)/MDTS where MDIV and MDTS indicate the Mahalanobis distances while using the 

instrumental variable and treatment variable, respectively. In general, if a researcher 

                                                 
470 Bound J et al. Problems with instrumental variable estimation when the correlation between the 
instruments and the endogenous explanatory variable is weak. J Am Stat Assoc 1995;90(430):443-50. 
471 Rassen JA et al. Instrumental variables II: instrumental variable application-in 25 variations, the 
physician prescribing preference generally was strong and reduced covariate imbalance. J Clin Epidemiol 
2009 Dec;62(12):1233-41. 
472 Bhatti IP et al. A logistic regression analysis of ischemic heart disease risk. Journal of Applied Sciences 
2006;6(4):785-88. 
473 Mahalanobis PC. On the generalized distance is statistics. Proc Natl Inst Sci India 1936;2(1):49-55. 
474 Stata Procedure for calculating the Mahalanobis distance. Available at 
http://personalpages.manchester.ac.uk/staff/uk/staff/mark.lunt [Accessed February 13, 2012]. 
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considers a dichotomous confounding variable, the Mahalanobis distance for the 

treatment status (dichotomous) is expressed as the standardized difference in mean 

prevalence of a risk factor between the two treatment groups. The same expression (the 

mathematical expression is provided in Section 3.10.3.5) applies to the Mahalanobis 

distance for an IV (dichotomous). However, with addition of several variables in the 

model, the Mahalanobis distance changes with adjustment of observed covariance among 

the measured covariates in order to avoid “double-counting” correlated variables.475 

 

3.14 APPROACHES TO IVA WITH DICHOTOMOUS TREATMENT A ND 

OUTCOME 

Rassen et al. discussed the different types of IVAs while evaluating the 

treatment/outcome relationship.476 The authors of this article pointed out that both linear 

and non-linear models can be used where both the treatment and outcome variables are 

dichotomous.  

 

 

                                                 
475 Rassen JA et al. Instrumental variables II: instrumental variable application-in 25 variations, the 
physician prescribing preference generally was strong and reduced covariate imbalance. J Clin Epidemiol 
2009 Dec;62(12):1233-41. 
476 Rassen JA et al. Instrumental variable analysis for estimation of treatment effects with dichotomous 
outcomes. Am J Epidemiol. 2009 Feb 1;169(3):273-84.  
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3.14.1 LINEAR STRUCTURAL EQUATION MODELS AND 2-STAG E LEAST 

SQUARES 

A frequently used methodological approach to IV analysis is the use of 2 

simultaneous linear models. The 2 simultaneous models are expressed as  

*
0 1 2i i i iD Z X vα α α= + + + ………………(iii)  

                        0 1 ˆi i iXY pβ β γ ε= + + + …………………(iv) 

where the symbols have their usual meanings as indicated in Section 3.13.2.  In these two 

equations, vi and εi are assumed to have a bivariate normal distribution, which is an 

extension of the assumption made in a linear model. If unmeasured confounders exist in 

the relationship between D and Y, then vi and εi will be correlated. Due to the presence of 

unobserved confounders (included in vi) estimate β1 (interpreted as a causal risk 

difference) can be biased.477  

On the other hand, if Z is uncorrelated with unmeasured confounders, then the 2-

stage least squares (2-SLS) method can consistently estimate β1 after X has been 

controlled for in equation (i). Unbiased estimation of β1 can be done by means of 

sequential application of 2 ordinary least squares (OLS) regressions in which the 

predicted values of Di from (i) are entered in (ii) in the form of pi. The use of predicted 

values of pi instead of Di helps remove bias caused by unmeasured confounding.478,479  

                                                 
477 Rassen JA et al. Instrumental variable analysis for estimation of treatment effects with dichotomous 
outcomes. Am J Epidemiol. 2009 Feb 1;169(3):273-84.  
478 Greene WH. Econometric Analysis. 5th ed. Upper Saddle River, NJ: Prentice Hall; 2003. 
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However, past researchers have suggested that the use of 2-SLS could be 

inappropriate when dichotomous exposures and outcomes are assessed. In such a 

scenario, the predicted values from (i) can be outside the 0-1 range. Furthermore, the 

bivariate normal distribution assumption related to vi and εi can be violated. But 

methodological papers have indicated that such problems are likely to be theoretical 

rather than practical and that the 2-SLS estimates are unbiased although the standard 

errors could be incorrect.480,481 Different types of non-linear models can be used to obtain 

an unbiased estimate of the exposure on outcome, both being dichotomous in nature. 

Such non-linear models include 2-stage logistic regression, probit structural equation and 

3-stage models. 

 

3.14.2 A 2-STAGE LOGISTIC REGRESSION 

In order to evaluate exposure and outcome measures which are dichotomous, a 

conventional approach can be the use of 2 sequential logistic regressions similar to 2-

SLS.  By means of maximum likelihood estimation, the first equation is used to predict 

treatment choice as a function of covariates and an instrument. The second stage equation 

allows prediction of outcome by means of covariates and the estimates of treatment 

obtained from the first stage. 
                                                                                                                                                 
479 Wooldridge JM. Introductory Econometrics: A Modern Approach. 3rd ed. Mason,OH. Thomson/South-
Western; 2006. 
480 Johnston KM et al. Use of instrumental variables in the analysis of generalized linear models in the 
presence of unmeasured confounding with applications to epidemiological research. Stat Med 
2008;27(9):1539-56. 
481 Angrist JD. Estimations of limited dependent variable models with dummy endogenous regressors: 
simple strategies for empirical practice: J Bus Econ Stat 2001;19(1):2-16. 



 
 

162 

However, such an approach can have methodological flaws. As a requirement, the 

first model needs to be correctly specified for the second model to yield unbiased 

estimates. Furthermore, previous researchers have not provided any operational definition 

related to bivariate logistic distribution of errors.482 Interestingly, Carroll et al. and 

Rosner et al. noted that even with a valid IV, a 2-stage logistic regression model does not 

guarantee unbiased estimates, although in practice the amount of bias might be 

small.483,484  

 

3.14.3 PROBIT STRUCTURAL EQUATION MODELS 

Probit structural equation models have been frequently used in the economic 

literature where 2-SLS is not methodologically appropriate.485,486 Such models allow 

modeling probabilities and hence, the predicted values pertinent to the choice of 

treatment and outcome are restricted within the range of 0 to 1. The family of probit 

structural equation models can be expressed as  

*
0 1 2i i i iD Z X vα α α= + + + …………….(v) 

*
0 1i i iY X Dβ β γ ε= + + + ……………....(vi) 

                                                 
482 Angrist JD et al. Identification of causal effects using instrumental variables. J Am Stat Assoc 
1996;94(434):444-55. 
483 Carroll RJ et al. Measurement error in nonlinear models. Boca Raton FL: Chapman & Hall, Inc;1998. 
484 Rosner B et al. Correction of logistic regression relative risk estimates and confidence intervals for 
measurement error; the case of multiple covariates measured with error. Am J Epidemiol 1990;132(4):734-
45. 
485 Greene WH. Econometric Analysis. 5th ed. Upper Saddle River NJ: Prentice Hall; 2003. 
486 Wooldridge JM. Introductory Econometrics: A Modern Approach. 3rd ed. Mason,OH. Thomson/South-
Western; 2006. 
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which is simply a bivariate probit model, and implemented in most software packages.  

Here, we observe 1iY =  if * 0iY > , 0 otherwise, and 1iD =  if * 0iD > , 0 otherwise and other 

symbols have their usual meanings as described in Section 3.13.2. 

The coefficients in equations (v) and (vi) when multiplied by 1.6 can 

approximately equal the coefficients obtained in the same models expressed as logistic 

regression equations.487,488 

 

3.14.4 A 3-STAGE MODEL 

According to Rassen et al., misspecification of the first-stage model (for 

estimation of treatment choice) can be avoided if the first OLS model in the 2-SLS is 

replaced by a logistic regression model.489 However, a potential problem with such an 

approach can be that if the first-stage logistic model is incorrectly specified, there is a 

possibility that the second-stage estimates are inconsistent. On the other hand, the 2-SLS 

method can still yield unbiased estimates even when the first-stage model is misspecified. 

A plausible solution to that problem is adopting a 3-stage approach where the continuous 

                                                 
487 Amemiya T. Qualitative response models: a survey. J Econ Lit 1981;19(4):1483-1536. 
488 Agresti A. Categorical data analysis. New York, NY: John Wiley & Sons, Inc;1990. 
489 Rassen JA et al. Instrumental variable analysis for estimation of treatment effects with dichotomous 
outcomes. Am J Epidemiol. 2009 Feb 1;169(3):273-84.  
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probability predicted from the logistic regression is included as an instrument in 2-SLS 

re-estimation.490  

However, the 2-SLS approach in non-linear models has been criticized by Terza 

et al.491 The authors have suggested that a 2-stage residual inclusion (2-SRI) model can 

be used. Typically, in the 2-SRI approach, the residuals obtained in the first-stage 

regression are included as additional regressors in the second-stage regression. The 

residuals are calculated by subtracting the predicted probabilities (obtained from the non-

linear models) from the actual treatment status of each of the subjects. However, unlike 

the 2-SLS approach, the endogenous variable is not replaced in the second-stage 

regression. The 2-SRI approach is approach is similar to the methodology suggested by 

Hausman to examine the endogeneity in the linear relationship between two variables.492 

In summary, there are four different approaches to IVA while evaluating the 

relationship between a dichotomous treatment and a dichotomous outcome. These are the 

2-SLS model, 2-stage logistic regression model, 2-stage probit regression model and 3-

stage model. The 2-SLS is the linear model where the predicted values of the treatment 

status obtained in the first-stage regression are used to estimate EPS risk  (between SGA 

and FGA cohorts) in the second-stage regression. The 2-stage logistic regression model 

and the 2-stage probit regression model are the non-linear models considered to obtain 

the residuals in the first-stage regression. The predicted values of these residuals in the 

                                                 
490 Angrist JD. Estimations of limited dependent variable models with dummy endogenous regressors: 
simple strategies for empirical practice: J Bus Econ Stat 2001;19(1):2-16. 
491 Terza JV et al. Two-stage residual inclusion estimation; addressing endogeneity in health econometric 
modeling. J Health Econ 2008;27(3):531-43. 
492 Hausman JA. Specification Tests in Economterics. Econometrica 1978;46:1251-71. 
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first-stage regression are included in the second-stage regression to estimate EPS risk. 

Lastly, the 3-stage model is a combination of linear and non-linear models where the 

first-stage model is a logistic regression model and last two models are linear regression 

models. In the 3-stage model, the probability values in the first-stage logistic regression 

model are used as an instrument in the subsequent 2-SLS models.  
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CHAPTER FOUR – RESULTS 

This chapter provides a description of the study results including the findings 

relevant to the descriptive, comparative, propensity score-matched and instrumental 

variable analyses. MEPS data from 2002 to 2009 were analyzed for this study. The data 

analytic files (the full-year consolidated files, the prescribed medicines files, and the 

medical conditions files) were extracted for Panels 6 and 7 (year 2002), Panels 7 and 8 

(year 2003), Panels 8 and 9 (year 2004), Panels 9 and 10 (year 2005), Panels 10 and 11 

(year 2006), Panels 11 and 12 (year 2007), Panels 12 and 13 (year 2008), and Panels 13 

and 14 (year 2009). Data obtained from all 5 interview rounds were evaluated for Panels 

6 to 13. Data obtained through Round 3 (in the year 2009) were assessed for Panel 14. 

This chapter has been broadly divided into four sections presenting findings of the: (i) 

descriptive analyses (of measures reported by each panel at the end of the Round 5); (ii) 

comparative analyses (of measures reported by each panel at the end of the Round 5); 

(iii) logistic regression analysis conducted to evaluate the predictors of antipsychotic use; 

(iv) propensity score-matched analyses; and (v) instrumental variable analyses. 

 

4.1 DESCRIPTIVE FINDINGS 

The descriptive findings show that between 2002 and 2009, 882 subjects were 

first-time   antipsychotic users (identified by the earliest round in which the antipsychotic 

was first reported to be purchased) in an intention-to-treat (ITT) analysis. Among the 

first-time antipsychotic users (N = 882), 555 (63%) subjects used SGAs and 327 (37%) 
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subjects used FGAs. About 7.6% of all the antipsychotic users reported experiencing EPS 

(N = 67). Table 4.1 summarizes the descriptive findings of the study sample. These 882 

first-time users of an FGA or an SGA represented approximately 4 million (weighted 

frequency) subjects nationally. None of the subjects in this cohort reported using a 

combination of an FGA and SGA. Weighted analysis showed that a majority of these 

first-time antipsychotic users were males (52.7%), whites (77.2%), non-Hispanics 

(89.6%), lived in MSAs (81.3%), and a plurality had public insurance only (43.5%) and 

resided in the south (35.7%). On average, the measures of perceived general health status 

[N (Weighted) = 3,975,962; N (Unweighted) = 835; Mean ± SD = 1.48 ± 0.02] and 

perceived mental health status [N (Weighted) = 3,975,962; N (Unweighted) = 835; Mean 

± SD = 1.67 ± 0.02] of all the antipsychotic users between 2002 and 2009 were between 

excellent (indicated by a score of 1) and very good (indicated by a score of 2). The 

descriptive measures of the categorical and continuous variables were obtained using 

PROC SURVEYFREQ and PROC SURVEYMEANS procedures, respectively. These 

measures are relevant to SGA (N = 524) and FGA (N = 311) users with person-weights.  
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Table 4.1. Descriptive measures (on a weighted basis) of 
demographic characteristics of first-time antipsychotic users (as 
identified from MEPS) in an intention-to-treat analysis (N = 
3,975,962). 
Variables Weighted 

estimates 
Unweighted 
frequency 

Percent 
(based on 
weighted 
estimates) 

Age in years 
- Children/adolescents 
   (0-17 years) 
- Adults 
  (18-64 years) 
- Elderly 
  (65-85 years) 
 
Total 
 
Gender 
- Male 
- Female 

Total 

 
Race 
- White 
- Black 
- Other (American 
Indian, Asian, Native 
Hawaiian) 

 
Total 

 
Ethnicity  
- Hispanic 
- Non-Hispanic 
 
Total  
 
Region 
- Northeast 
- Midwest 
- South 
- West 
 
Total  

 
750,107 

 
2,595,172 

 
443,920 

 
 

3,789,199 
 
 

2,093,535 
1,882,426 

 
3,975,961 

 

3,069,783 
674,422 
231,756  

 
 
 

3,975,961 

 

415,228 
3,560,734 

 
3,975,962 

 
 

861,455 
843,033 

1,352,860 
731,852 

 
3,789,200 

 
188 

 
531 

 
92 

 

811 
 
 

432 
403 

 
835 

 

588 
191 
56              

  
 
 

835 

 

150 
685 

 
835 

 
 

164 
167 
316 
164 

811 

 
19.8 

 
68.4 

 
11.8 

 
 
 

100.0 
 
 

52.7 
47.3 

 
100.0 

 

77.2 
16.9 
5.9 

 
 
 

100.0 

 

10.4 
89.6 

 
100.0 

 
 

22.7 
22.3 
35.7 
19.3 

 
100.0 
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Variables 
 
 
 
MSA residency status 
- MSA 
- Non-MSA 

Total 
 
 
Income level 
- Low ( <200% of FPL) 
- High ( ≥ 200% of 
FPL) 
 
Total 
 
Level of education 
-  Elementary grades  
   (1-8 years) 
 
-  High school grades 
    (9-11 years) 
 
-  Completed high 

school 
    (12 years) 
 
- 1-4 years of college 
  (13-16 years) 
 
- 5 or more years of  
college 
  (17 years) 
 
Total 
 
Insurance Type  
- Public program only 

 
- Private plan only 

 
- Both 

 
- None 

Weighted 
estimates 

 

 

3,081,426 
707,771 

3,789,197 

 

1,679,039 
1,948,145 

 
3,627,184 

 
 

833,561 
 
 

621,599 
 
 

1,187,555 
 
 
 

1,059,104 
 
 

130,460 

 

 
3,832,279 

 
 

1,488,413 
 

1,106,788 
 

372,525 
 

450,197 

Unweighted 
frequency 

 
 

649 
162 

811 

 
 

444 
309 

 

753 
 
 

206 
 
 

150 
 
 

235 
 
 
 

179 
 
 

21 
 

 
791 

 
 

410 
 

184 
 

70 
 

105 

Percent 
(based on 
weighted 
estimates) 

 
81.3 
18.7 

100.0 

 

46.3 
53.7 

 

100.0 

 
21.7 

 
 

16.2 
 
 

31.0 
 
 
 

27.7 
 
 

3.4 
 

 
100.0 

 

43.5 
 

32.3 
 

10.9 
 

13.3 
 



 
 

170 

Total 3,417,923 769 100.0 

- The weighted (unweighted) estimates of some variables do not sum to 3,975,962 (882) due 
to  under-reporting of data by antipsychotic users (with person weights) on those variables. 

       - MSA = Metropolitan Statistical Area; FPL = Federal Poverty Level 

 

4.2 COMPARATIVE ANALYSES 

Chi-square and bivariate regression analyses were conducted to evaluate the differences 

in categorical and continuous covariates (as dependent variables) between the SGA and 

FGA cohorts (as the independent variable). The results pertinent to Objective 2 

(Hypotheses: H02a - H02j) have been summarized in Tables 4.2 through 4.11. All the chi-

square analyses were conducted using the PROC SURVEYFREQ procedure. Hence, the 

frequency (percentage) reported for each level of the independent and dependent 

variables were related to the antipsychotic users who have person weights.  
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H02a: There is no significant association between age category and antipsychotic type 

(SGA/FGA). 

Table 4.2. Chi-square analysis (on a weighted basis) examining the relationship 
between age category and antipsychotic type (SGA/FGA). 

 

 Age category FGA users 
N 

(row %)  
[column %]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
 
Children/adolescents 

(0-17 years) 
 
 
 

Adults 
(18-64 years) 

 
 
 

Elderly  
(65-85 years) 

 
 

Total 
(Row %) 

 

 
 

232,345 
(30.9) 
[18.3] 

 
 

854,405 
(32.9) 
[67.3] 

 
 

182,535 
(41.1) 
[14.4] 

 
1,269,285 

(33.5) 

 
 

517,762 
 (69.1) 
 [20.5] 

 
 

1,740,767 
(67.1) 
[69.1] 

 
 

261,385 
(58.9) 
[10.4] 

 
2,519,914 

(66.5) 

 
 

750,107 

[19.8] 

 
2,595,172 

[68.4] 
 
 

443,920 

[11.8] 
 

3,789,199 
(100.0) 

 

-The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of 

 information on that variable. 
Rao-Scott Chi-square = 3.9; d.f. = (Number of rows -1) X (Number of columns -1) = 2; 
p = 0.13.  

 

Chi-square analysis showed that age category is not significantly (Rao-Scott Chi-square = 

3.9; d.f. = 2; p = 0.13) associated with antipsychotic type. Hence, H02a was not 

rejected.  
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H02b: There is no significant association between gender and antipsychotic type 

(SGA/FGA). 

Table 4.3. Chi-square analysis (on a weighted basis) examining the relationship 
between gender and antipsychotic type (SGA/FGA). 

 

Gender FGA users 
N 

(row %)  
[column %]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
 
Male 
 
 
 
  
Female 
 
 
 
 
Total  
(Row %) 

 
 

708,808 
(33.8) 
[51.5] 

 
 

667,634 
(35.5) 
[48.5] 

 
 

1,376,442 
(34.6) 

 
 
 

 
 

1,384,727 
(66.2) 
[53.3] 

 
 

1,214,792 
(64.5) 
[46.7] 

 
 

2,599,519 
(65.4) 

 
 

2,093,535 
 

[52.7] 
 
 

1,882,426 
 

[47.3] 
 
 

3,975,961 
(100.0) 

-The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of  

information on that variable. 
  Rao-Scott Chi-square = 0.2; d.f. = (Number of rows -1) X (Number of columns -1) = 1; 
p = 0.63. 

 

Chi-square analysis showed that gender is not significantly (Rao-Scott Chi-square = 0.2; 

d.f. = 1; p = 0.63) associated with antipsychotic type. Hence, H02b was not rejected. 
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H02c(i): There is no significant association between race and antipsychotic type 

(SGA/FGA). 

Table 4.4A. Chi-square analysis (on a weighted basis) examining the relationship 
between race and antipsychotic type (SGA/FGA). 

 

Race FGA users 
N 

(row %)  
[column %]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
 
White 
 
 
 
Black 
 
 
 
Other 
(American 
Indian, 
Asian, Native 
Hawaiian) 
  
 
Total 
(Row %) 
 
 

 
 

1,123,355 
(36.6) 
[81.6] 

 
197,388 
(29.2) 
[14.3] 

 
55,700 
(24.1) 
[4.1] 

 
 
 

1,376,443 
(34.6) 

 

 
 

1,946,428 
(63.4) 
[74.8] 

 
477,034 
(70.8) 
[18.4] 

 

176,056 
(75.9) 
[6.8] 

 
 
 

2,599,518 
(65.4) 

 
 

 
 

3,069,783 

[77.2] 
 

674.422 
 

[16.9] 

 
231,756 

 
[5.9] 

 
 

 
3,975,961 
(100.0) 

 

-The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of  

information on that variable. 
Rao-Scott Chi-square = 6.7; d.f. = (Number of rows -1) X (Number of columns -1) = 2; 
p = 0.03.  

 

Chi-square analysis showed that race is significantly (Rao-Scott Chi-square = 6.7; d.f. = 

2; p = 0.03) associated with antipsychotic type. Hence, H02c(i) was rejected. Whites 
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comprised a greater proportion of the FGA group (81.6%) compared to the SGA group 

(74.8%) while Blacks and Other races comprised smaller proportions of the FGA group 

than the SGA group. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

175 

H02c(ii): There is no significant association between ethnicity and antipsychotic type 

(SGA/FGA). 

Table 4.4B. Chi-square analysis (on a weighted basis) examining the relationship 
between ethnicity and antipsychotic type (SGA/FGA). 

 

Ethnicity  FGA users 
N 

(row %)  
[column %]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
 
Hispanic 
 
 
 
  
Non-
Hispanic 
 
 
 
Total  
(Row %) 

 
 

177,225 
(42.6) 
[12.8] 

 
 

1,199,217 
(33.6) 
[87.1] 

 
 

1,376,442 
(34.6) 

 
 
 

 
 

238,003 
(57.4) 
[9.1] 

 
 

2,361,517 
(66.4) 
[90.8] 

 
 

2,599,520 
(65.4) 

 
 

415,228 
 

[10.4] 
 
 

3,560,734 
 

[89.6] 
 
 

3,975,962 
(100.0) 

Rao-Scott Chi-square = 5.1; d.f. = (Number of rows -1) X (Number of columns -1) = 1;  
p = 0.02.  

 

Chi-square analysis showed that ethnicity is significantly associated with antipsychotic 

type. Hence H02c(ii) was rejected. Hispanics comprised a slightly greater proportion of 

the FGA group (12.8%) compared to the SGA group (9.1%) while non-Hispanics 

comprised a slightly smaller proportion of the FGA group (87.1%) than the SGA group 

(90.8%). 



 
 

176 

H02d: There is no significant association between region of residence (northeast, mid-

west, south and west) and antipsychotic type (SGA/FGA). 

Table 4.5. Chi-square analysis (on a weighted basis) examining the relationship 
between region of residence and antipsychotic type (SGA/FGA). 

 

Region FGA users 
N 

(row %)  
[column%]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
 
Northeast 
 
 
 
Midwest 
 
 

South 
 
 
 
West 
 
 
 
 
Total 
(Row %) 
 
 

 
 

283,741 
(32.9) 
[22.3] 

 
290,137 
(34.4) 
[22.8] 

 
436,660 
(32.3) 
[34.4] 

 
258,747 
(35.3) 
[20.3] 

 
 

1,269,285 
(33.5) 

 

 
 

577,714 
(67.1) 
[23.0] 

 
552,896 
(65.6) 
[22.0] 

 
916,200 
(67.7) 
[36.3] 

 
473,105 
(64.7) 
[18.7] 

 
 

2,519,915 
(66.5) 

 
 

861,455 

[22.7] 
 

843,033 
 

[22.3] 
 

1,352,860 
 

[35.7] 
 

731,852 
 

[19.3] 

 
3,789,200 
(100.0) 

 

- The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of  

information on that variable. 
Rao-Scott Chi-square = 0.6; d.f. = (Number of rows -1) X (Number of columns -1) = 3; 
p = 0.85.  
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Chi-square analysis showed that region of residence is not significantly (Rao-Scott Chi-

square = 0.6; d.f. =3; p = 0.85) associated with antipsychotic type. Hence, H02d was not 

rejected. 
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H02e: There is no significant association between MSA residency status and 

antipsychotic type (SGA/FGA). 

Table 4.6. Chi-square analysis (on a weighted basis) examining the relationship 
between MSA residency status and antipsychotic type (SGA/FGA). 

 

MSA 
residency 
status 

FGA users 
N 

(row %)  
[column %]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
MSA 
 
 
 
 
Non-MSA 
 
 
 
Total 
(Row %) 
 
 

 
988,190 
(32.1) 
[77.8] 

 
 

281,096 
(39.7) 
[22.2] 

 
1,269,286 

(33.5) 

 
2,093,236 

(67.9) 
[83.0] 

 
 

426,675 
(60.3) 
[17.0] 

 
2,519,911 

(66.5) 

 
3,081,426 

 
[81.3] 

 
 

707,771 

[18.7] 

 
3,789,197 
(100.0) 

-The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of information on that variable. 
-MSA: Metropolitan Statistical Area 
Rao-Scott Chi-square = 4.5; d.f. = (Number of rows -1) X (Number of columns -1) = 1; 
p = 0.03.  
 

Chi-square analysis showed that MSA residency status is significantly (Rao-Scott Chi-

square = 4.5; d.f. = 1; p = 0.03) associated with antipsychotic type. Hence, H02e was 

rejected. MSA residents comprised a slightly lower proportion of the FGA group 

(77.8%) compared to the SGA group (83.0%) while Non-MSA residents comprised a 

slightly higher proportion of the FGA group (22.2%) than the SGA group (17.0%). 
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 H02f: There is no significant association between income level and antipsychotic type 

(SGA/FGA). 

Table 4.7. Chi-square analysis (on a weighted basis) examining the relationship 
between income level and antipsychotic type (SGA/FGA). 

 

Income level FGA users 
N 

(row %)  
[column %]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
Low 
( <200% of 
FPL) 
 
 
High 
(≥200% of 
FPL) 
 
Total 
(Row %) 

 
492,713 
(29.3) 
[47.9] 

 
 

534,952 
(27.4) 
[52.1] 

 
1,027,665 

(28.3) 

 
1,186,326 

(70.7)  
[45.6] 

 
 

1,413,193 
(72.6) 
[54.4] 

 
2,599,519 

(71.7) 

 
1,679,039 

 
[46.3] 

 
 

1,948,145 
 

[53.7] 
 

3,627,184 
(100.0) 

- The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of 

-  information on that variable. 
- FPL = Federal Poverty Level 
   Rao-Scott Chi-square = 0.32; d.f. = (Number of rows -1) X (Number of columns -1) = 
1; p = 0.53.  
 

Chi-square analysis showed that income level is not significantly (Rao-Scott Chi-square 

= 0.32; d.f. = 1; p = 0.53) associated with antipsychotic type. Hence, H02f was not 

rejected.  
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H02g: There is no significant association between insurance status and antipsychotic type 

(SGA/FGA). 

Table 4.8. Chi-square analysis (on a weighted basis) examining the relationship 
between insurance type and antipsychotic type (SGA/FGA). 

 

Insurance 
type 

FGA users 
N 

(row %)  
[column%]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
 
Public 
program 
only 
 
 
 
Private plan 
only 
 
 

 
Both 
 
 
 
None 
 
 
 
 
Total 
(Row %) 
 
 

 
 

519,009 
(34.8) 
[44.7] 

 
 
 

357,988 
(32.3) 
[30.1] 

 
 

136,846 
(36.7) 
[11.7] 

 
146,535 
(32.5) 
[13.5] 

 
 

1,160,378 
(33.9) 

 

 
 

969,404 
(65.2) 
[43.0] 

 
 
 

748,800 
(67.7) 
[33.1] 

 

 
235,679 
(63.3) 
[10.4] 

 
303,662 
(67.5) 
[13.5] 

 
 

2,257,545 
(66.1) 

 
 

1,488,413 

[43.5] 
 
 
 

1,106,788 

[32.3] 
 
 

372,525 

[10.9] 

 
450,197 

 
[13.3] 

 
 

3,417,923 
(100.0) 

 

- The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of  

information on that variable. 
Rao-Scott Chi-square = 1.58; d.f. = (Number of rows -1) X (Number of columns -1) = 3; 
p = 0.66.  



 
 

181 

 

Chi-square analysis showed that insurance type is not significantly (Rao-Scott Chi-square 

= 1.58; d.f. = 3; p = 0.66) associated with antipsychotic type. Hence, H02g was not 

rejected. 
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H02h: There is no significant difference in perceived general health status between SGA 

and FGA users. 

Table 4.9. Bivariate regression analysis (on a weighted basis) examining difference 
in perceived general health status between SGA and FGA users (N = 3,975,962). 

 

Parameter Estimate 
(β) 
 

Standard           
error  

t-value p-value 

 
 
Intercept 
 
 
SGA 
utilization 
(Yes/No) 

 
 

1.45 
 
 

0.04 

 
 

0.019 
 
 

0.021 

 
 

73.79 
 
 

2.21 

 
 

<0.0001 
 
 

0.0281 
 
 

 - Number of clusters = 452 ; Actual number of strata = 144; Degrees of freedom (d.f.)  = Number of clusters-Actual 
number of strata. 

 -The d.f. for the t-test is 308. 

- Perceived general health status measured on a scale 1 (excellent), 2 (very good), 3 (good), 4 (fair), and 5 
(poor) 

 

Bivariate regression analysis showed that perceived general health status is significantly [β 

= 0.04, t(308) = 2.21, p = 0.0281] different between SGA [Weighted frequency = 

2,599,520; Mean (SD) = 1.49 (0.02)] and FGA [Weighted frequency = 1,376,442; Mean 

(SD) = 1.45 (0.03)] users; the use of SGAs was associated with a statistically significant 

increase in perceived general health status score of 0.04 units indicating deterioration in 

perceived general health status. Hence H02h was rejected. However, the difference in 
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means (0.04) may not be practically important. A difference of 0.5 in health status score 

can be of practical significance493  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

493 Redelmeier DA et al. Assessing the minimal important difference in symptoms: a comparison of two 
techniques. J Clin Epidemiol 1996 Nov;49(11):1215-9. 
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H02i: There is no significant difference in perceived mental health status between SGA 

and FGA users. 

Table 4.10. Bivariate regression analysis (on a weighted basis) examining difference 
in perceived mental health status between SGA and FGA users (N = 3,975,962). 

 

Parameter Estimate 
(β) 
 

Standard           
error  

t-value p-value 

 
 
Intercept 
 
 
SGA 
utilization 
(Yes/No) 

 
 

1.62 
 
 

0.08 

 
 

0.014 
 
 

0.017 

 
 

114.64 
 
 

5.07 

 
 

<0.0001 
 
 

<0.0001 
 
 

 - Number of clusters = 452 ; Number of strata = 144; Degrees of freedom (d.f.) = Number of clusters-Number of strata. 

 -The d.f. for the t-test is 308.  

- Perceived mental health status measured on a scale 1 (excellent), 2 (very good), 3 (good), 4 (fair), and 5 
(poor) 

 

Bivariate regression analysis showed that perceived mental health status also was 

significantly [β = 0.08, t(308) = 5.07, p < 0.0001] different between SGA [N = 2,599,520; 

Mean (SD) = 1.70 (0.02)] and FGA [N = 1,376,442; Mean (SD) = 1.62 (0.03)] users; the 

use of SGAs was associated with a statistically significant increase in perceived mental 

health status score of 0.08 indicating deterioration in perceived mental health status. 

Hence H02i was rejected. However, the small difference in means (0.08) may not be 
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practically important. A difference of 0.5 in health status score can be of practical 

significance494   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                 
494 Redelmeier DA et al. Assessing the minimal important difference in symptoms: a comparison of two 
techniques. J Clin Epidemiol 1996 Nov;49(11):1215-9. 
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H02j: There is no significant association between level of education and antipsychotic 

type (SGA/FGA). 

Table 4.11. Chi-square analysis (on a weighted basis) examining the relationship 
between level of education and antipsychotic type (SGA/FGA). 

 

Level of 
education 

FGA users 
N 

(row %)  
[column%]  

SGA users 
N 

(row %)  
[column %]  

 

Total 
 
 

[column %]  

 
Elementary 
grades  
(1-8 years) 
 
 
High school 
grades 
(9-11 years) 
 
Completed 
high school 
(12 years) 
 
1-4 years of 
college 
(13-16 years) 
 
 
5 or more 
years of  
college 
(17 years) 
 
 
Total 
 
 

 
283,347 
(33.4) 
[21.5] 

 
 

238,610 
(38.4) 
[18.0] 

 
435,462 
(36.6) 
[33.0] 

 
290,767 
(27.4) 
[22.0] 

 

73,055 
(56.0) 
[5.5] 

 
 

1,321,241 
(34.4) 

 
550,214 
(66.6) 
[21.9] 

 
 

382,989 
(62.6) 
[15.2] 

 
752,093 
(63.4) 
[30.0] 

 
768,337 
(72.6) 
[30.6] 

 
 

57,405 
(44.0) 
[2.3] 

 

 
2,511,038 

(65.6) 

 
833,561 

[21.7] 
 
 

621,599 
 

[16.2] 
 

1,187,555 

[30.1] 
 

1,059,104 
 

[27.6] 

 

130,460 
 

[3.4] 
 
 

3,832,279 
(100.0) 

 

 
-The weighted estimates of each of the categories of a variable do not sum to 3,975,962 due to under-
reporting of information on that variable. 
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Rao-Scott Chi-square = 14.4; d.f. = (Number of rows -1) X (Number of columns -1) = 
4; p = 0.005.  

 

Chi-square analysis showed that level of education was significantly (Rao-Scott Chi-

square = 14.4; d.f. = 4; p = 0.005) associated with antipsychotic type. Hence, H02j was 

rejected. The subjects in the elementary grades comprised a slightly lower proportion of 

the FGA group (21.5%) than the SGA group (21.9%). The subjects in the high school 

grades comprised a slightly greater proportion of the FGA group (18.0%) than the SGA 

group (15.2%). The subjects who completed high school comprised a slightly greater 

proportion of the FGA group (33.0%) than the SGA group (30.0%). The subjects who 

completed 1-4 years of college comprised a lower proportion of the FGA group (22.0%) 

than the SGA group (30.6%). The subjects who completed 5 or more years of college 

comprised a slightly higher proportion of the FGA group (5.5%) than the SGA group 

(2.3%). Overall, SGA users were found to be more educated than FGA users. 

 

4.3 LOGISTIC REGRESSION  

A logistic regression analysis was conducted to evaluate the factors predicting the 

use of SGAs among antipsychotic users. All of the independent variables in the logistic 

regression model were derived from the ABM (described in Section 3.5). The logistic 

regression model was run using the PROC SURVEYLOGISTIC procedure. The results 

of the logistic regression, pertinent to Objective 3 (Hypotheses: H03a – H03j), have been 

summarized in Table 4.12. 
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 Table 4.12. Results of the logistic regression model (on a weighted basis) predicting SGA utilization among  
antipsychotic users (N = 3,139,623). 

Variables Estimate Std. 
error  

Wald Chi-
square 

p-value Odds 
ratio  

                    95 % CI 
  Lower limit                Upper limit  

 
Intercept 
 
Age in years 
[Elderly (> 64 years) 
= reference group] 

  - Children/adolescents 
   (0-17 years) 
- Adults  
  (18-64 years) 
 
 
Gender (Male = 
reference group) 
- Female 

 
Race (White = 
reference group) 
- Black 
- Other (American 
Indian, Asian, Native 
Hawaiian) 
 
Ethnicity (Non 
Hispanic = reference 
group) 
-Hispanic 
 

 
0.21 

 
 
 

0.70 
 

0.36 
 
 
 
 

-0.15 

 
 

0.70 
0.81 

 
 
 
 
 

-0.52 

 
0.53 

 
 
 
 

0.35 
 

0.27 
 
 
 
 

0.16 

 
 

0.21 
0.31 

 
 
 
 
 

0.22 

 
0.15 

 
 
 

4.08 
 

1.80 
 
 
 
 

0.84 

 
 

11.0 
6.8 

 
 
 
 
 

5.30 

 
0.69 

 
 
 

0.04 
 

0.17 
 
 
 
 

0.35 
 
 
 

0.0009 
0.008 

 
 
 
 
 

0.02 

 
 
 
 
 

2.01 
 

1.44 
 
 
 
 

0.85 
 
 
 

2.02 
2.26 

 
 
 

 
 

0.59 

 
 
 
 
 
 

1.02 
 

0.84 
 
 
 
 

0.61 
 
 
 

1.33 
1.23 

 
 
 
 
 

0.38 

 
 
 
 
 
 

3.97 
 

2.46 
 
 
 
 

1.18 
 
 
 

3.05 
4.17 

 

 
 
 
 

0.92 
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Variables 
 
 
Region (Northeast = 
reference group) 
- Midwest 
- South 
- West 

 
MSA residency status 
(No = reference group) 
- Yes 
 
 
Income level 
[Low ( <200% of FPL) 
= reference group] 
- High (≥200% of FPL) 
 
 
Level of Education 
[Elementary school (1-8 
yrs) 
= reference group] 
-  High school grades 
    (9-11 years) 
 
-  Completed high 

school 
    (12 years) 
 
- 1-4 years of college 
  (13-16 years) 

Estimate 
 
 
 
 

-0.11 
0.16 
-0.11 

 
 
 

0.33 
 
 
 

 

0.15 

 
 
 
 
 

0.22 
 
 

0.29 
 
 

0.71 

Std. 
error  

 

 
0.21 
0.19 
0.27 

 
 
 

0.19 
 
 
 
 
 

0.18 
 
 
 

 
 

0.27 
 
 

0.30 
 
 

0.32 

Wald Chi-
square 

 

 

0.26 
0.77 
0.16 

 
 
 

3.08 
 
 
 
 
 

0.70 
 
 
 
 
 

0.64 
 
 

0.96 
 

 
4.80 

p-value 
 
 
 
 

0.60 
0.38 
0.68 

 
 
 

0.07 
 
 
 
 
 

0.40 
 
 
 

 

0.42 
 
 

0.32 
 
 

0.02 

Odds 
ratio  

 
 
 

0.89 
1.18 
0.89 

 
 
 

1.40 
 

 
 

 
1.16 

 
 
 

 
 

1.25 
 
 

1.34 
 

 
2.04 

 

Lower limit (of 
95% CI) 

 
 
 

0.58 
0.81 
0.51 

 
 
 

0.96 
 
 

 
 

0.81 
 
 
 
 
 

 
0.72 

 
 

0.74 
 
 

1.07 

Upper limit (of 95% 
CI)  

 
 
 

1.37 
1.71 
1.54 

 
 
 

2.02 
 
 

 
 

1.68 
 
 
 

 
 

2.16 
 
 

2.43 
 

 
3.89 
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Vriables 
 
- 5 or more years of  
college 
  (17 years) 
 
Insurance type 
(None =reference group) 
- Public program only 

 
- Private plan   only 

 
- Both 
 
 
Perceived general health 
status 
 

Perceived mental health 
status 

  

Estimate 

 

-0.93 
 
 
 
 

-0.006 
 

0.04 

-0.15 

 
 

-0.21 
 
 

0.03 

Std. 
error  

 
0.50 

 
 
 

0.39 

0.27 
 

0.29 

 
 

0.23 

 
 

0.21 

Wald Chi-
square 

 
3.43 

 
 
 
 

0.0002 

0.02 

0.26 

 
 

0.84 

 

0.02 

p-value 

 

0.06 
 

 
 

0.98 
 

0.86 
 

0.60 
 
 

0.35 

 

0.87 

Odds 
ratio 

 

0.39 
 

 
 

0.99 
 

1.04 
 

0.86 

 

0.80 

 

1.03 
 

Lower limit (of 
95% CI)  

 
0.14 

 

 
 

0.45 
 

0.61 
 

0.48 
 

 
0.51 

 

0.67 

Upper limit (of 95% 
CI) 

 
1.05 

 

 

2.15 
 

1.78 
 

1.53 
 
 

1.27 

 

1.58 

Model Statistics: Wald Chi-square = 80.6, df (Number of covariates) = 20; p < 0.0001; c-statistic = 0.62. 

Predisposing factors include ‘age in years’, ‘gender’, ‘race’, ‘ethnicity’, and ‘region.’ 

Enabling factors include ‘MSA residency status’, ‘income level’, ‘level of education’ and ‘insurance type.’ 

Need factors include ‘perceived general health status’ and ‘perceived mental health status.’ 
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The multivariable logistic regression model was found to be statistically 

significant (Wald Chi-square = 80.6, df = 20; p < 0.0001). Among all the predisposing 

factors, age, race and ethnicity were found to be significant factors predicting SGA 

utilization among antipsychotic users. Hence, H03a and H03c(i/ii) were rejected. 

Children and adolescents among the antipsychotic users were 101% more likely (OR = 

2.01, 95% CI = [1.02, 3.97]) to use SGAs than the users belonging to the elderly group, 

after controlling for other factors in the model. Among the different races the Black and 

“Other” group were 102% more likely (OR = 2.02, 95% CI = [1.33, 3.05]) and 126% 

more likely (OR = 2.26, 95% CI = [1.23, 4.17]), respectively to use SGAs than the users 

belonginging to the “White” group, after controlling for other factors in the model. 

Hispanics were 41% less likely (OR = 0.59, 95% CI = [0.38, 0.92]) to use SGAs than 

non-Hispanics, after controlling for other factors in the model. Among all the enabling 

factors, level of education was found to be a significant factor predicting SGA utilization 

among antipsychotic users. Hence, H03j was rejected. The group of antipsychotic users 

with 1-4 years of college were 104% (OR = 2.04, 95% CI = [1.07, 3.89]) more likely to 

use SGAs compared to the elementary school group, after controlling for other factors in 

the model. None of the need factors of the ABM were found to be statistically associated 

with SGA utilization. 
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4.4 LOGISTIC REGRESSION-BASED PROPENSITY SCORE-MATCHED ANALYSIS  

4.4.1 COMAPRISON OF COVARIATES BEFORE AND AFTER MAT CHING ON 

PROPENSITY SCORES 

The factors included in the ABM were used to obtain propensity scores (PSs) (on 

an unweighted basis)495 for each of the subjects in the SGA and FGA cohorts, using a 

logistic regession model. The frequencies and percentages of the categorical covariates 

before and after matching are presented in Table 4.13; the means and standard deviations 

of the continuous covariates before and after matching are reported in Table 4.14. The 

descriptive statistics reported in Tables 4.13 and 4.14 are applicable to those 

antipsycthotic users [SGA (N = 513) and FGA (N = 300)] who had propensity scores 

derived from the factors included in the ABM. (The logistic regression model did not 

yield propensity scores for antipsychotic users who had a missing response on any 

variable in the ABM).  

Authors of a previous study stated that population weights have no relevance in 

matched samples.496 Therefore, the frequencies (percentages), and means (standard 

deviations) of covariates in (i) the entire matched antipsychotic (SGA + FGA) cohort (N 

= 434) and (ii) each of the matched SGA (N = 217) and FGA (N = 217) cohorts, were 

reported in an unweighted form.  

                                                 
495 Short PF et al. Medical expenditures of adult cancer survivors aged < 65 years in the United States. 
Cancer 2011 Jun 15;117(12):2791-800. 
496 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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Table 4.13. Frequencies (and percentages) of the categorical variables (on an unweighted 
basis) included in the logistic regression model calculating propensity score. 

 

Variables       Entire Cohort              
Before         After      

Matching Matching 
NECB (%)        NECA (%) 

SGA Cohort                       
Before                 After 

Matching        Matching 
 NSCB (%)         NSCA(%)  

FGA Cohort                              
Before        After 

Matching     Matching 
    NFCB (%)      NFCA(%)              

Age in years 
 - 
Children/adolescents 
   (0-17 years) 
- Adults  
  (18-64 years) 
- Elderly  
  (65-85 years) 
 
Gender 
- Male 
- Female 
 
Race 
- White 
- Black 
- Other 
 
Ethnicity 
- Hispanic 
- Non-Hispanic 
 
Region 
- Northeast 
- Midwest 
- South 
- West 
 
MSA residency 
status 
- MSA  
- Non-MSA 
 
Income level 
- Low 
- High 
 
 

 
 

167 (20.5) 
 

552 (67.9) 
 

94 (11.6) 
 
 
 

428 (52.7) 
385 (47.3) 

 
563 (69.3) 
194 (23.8) 
56 (6.9) 

 

142 (17.4) 
671 (82.6) 

 
 

157 (19.5) 
169 (20.7) 
317 (38.9) 
170 (20.9) 

 
 

650 (79.9) 
163 (21.1) 

 
385 (41.7) 
428 (58.3) 

 

 
 

84 (19.3) 
 

291 (67.0) 
 

59 (13.7) 
 

 

209 (48.1) 
225 (51.9) 

 

340 (78.4) 
70 (16.1) 
24 (5.5) 

 
 

83 (19.1) 
351 (80.9) 

 
 

102 (23.6) 
91 (21.0) 
144 (33.1) 
97 (22.3) 

 
 
 

328 (75.5) 
106 (24.5) 

 
177 (40.8) 
257 (59.2) 

 

 
 

112 (21.8) 
 

344 (67.0) 
 

57 ((11.2) 
 

 

276 (53.8) 
237 (46.2) 

 
 

338 (66.0) 
133 (25.9) 
42 (8.1) 

 
 

86 (16.7) 
427 (83.3) 

 
 

93 (18.2) 
107 (20.8) 
207 (40.4) 
106 (20.6) 

 
 
 

420 (81.8) 
93 (18.2) 

 
215 (41.9) 
298 (58.1) 

 
 

 
 

42 (19.3) 
 

146 (67.3) 
 

29 (13.4) 

 
 

101 (46.6) 
116 (53.4) 

 
 

168 (77.5) 
36 (16.6) 
13 (5.9) 

 
 

40 (18.4) 
177 (81.6) 

 
 

53 (24.5) 
45 (20.7) 
69 (31.8) 
50 (23.0) 

 
 
 

65 (76.0) 
 52 (24.0) 

 
88 (40.6) 
129 (59.4) 

 
 

 
 

55 (18.3) 
 

208 (69.3) 
 

37 (12.4) 

 
  
 

152(50.7) 
148(49.3) 

 
 

225 (75.1) 
61 (20.3) 
14 (4.6) 

 
 

56 (18.6) 
244 (81.4) 

 
 

64 (21.6) 
62 (20.6) 
110 (36.5) 
64 (21.3) 

 
 
 

230 (76.6) 
  70 (23.4) 

 
170 (40.9) 
130 (59.1) 

 
 

 
 

42 (19.3) 
 

145 (66.8) 
 

30 (13.9) 
 

 

108 (49.8) 
109 (50.2) 

 
 

172 (79.3) 
34 (15.6) 
11 (5.1) 

 
 

43 (19.8) 
174 (80.2) 

 
 

49 (22.7) 
46 (21.2) 
75 (34.5) 
47 (21.6) 

 

 
163 (75.1) 
   54(24.9) 

 
89 (41.0) 
128 (59.0) 
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Variables 
 
 
 
 
 
Level of education 
- Elementary grades 
   (1 – 8 years) 
-  High school grades 
    (9-11 years) 
-  Completed high 

school 
    (12 years) 
- 1-4 years of college 
    (13-16 years) 
- 5 or more years of   

college 
   (17 years) 
 
 
Insurance type  
- Public program only

 
- Private plan   only 
 
- Both 
 
- None 
 

Entire 
Cohort 
Before 

Matching  
 NECB (%) 

 
210 (26.0) 

 
154 (18.9) 

 
244 (30.0) 

 
 

184 (22.6) 
 

21 (2.5) 
 
 
 
 
 

72 (8.8) 

430 (52.9) 
 

189 (23.2) 
 

122 (15.1) 

Entire 
Cohort 
After 

Matching  
  NECA (%) 

 
126 (29.1) 

 
63 (14.5) 

 
143 (33.0) 

 
 

84 (19.3) 

18 (4.1) 
 
 
 
 
 

40 (9.2) 

224 (56.1) 
 

110 (25.3) 
 

60 (9.4) 

SGA 
Cohort 
Before 

Matching  
   NSCB (%)  

 
 

135 (26.5) 
 

98 (19.1) 
 

145 (28.2) 
 
 

125 (24.3) 
 

10 (1.9) 
 
 
 
 
 

43 (8.4) 

277 (54.0) 
 

118 (23.0) 
 

75 (14.6) 
 

SGA 
Cohort 
After 

Matching  
  NSCA (%) 

 
64 (29.4) 

 
28 (13.0) 

 
76 (35.0) 

 
 

41 (18.9) 
 

8 (3.7) 
 
 
 
 
 

19 (8.7) 

112 (51.6) 
 

57 (26.3) 
 

29 (13.4) 

FGA 
Cohort 
Before 

Matching  
NFCB (%) 

 
75 (25.2) 

 
56 (18.6) 

 
99 (33.0) 

 
 

59 (19.6) 
 

11 (3.6) 
 
 
 
 
 

29 (9.7) 

153 (51.0) 
 

71 (23.6) 
 

47 (15.7) 

FGA 
Cohort 
After 

Matching  
NFCA (%) 

 
62 (28.6) 

 
35 (16.1) 

 
67 (30.9) 

 
 

43 (19.8) 
 

10 (4.6) 
 
 

 
 
 

21 (9.6) 
 

112 (51.6) 
 

53 (24.4) 
 

31 (14.4) 

-MSA = Metropolitan Statistical Area. 

- All measures (Ns, %s) in Table 4.13 have been reported on an unweighted basis. 

- Sample size of the entire (SGA + FGA) cohort before matching is 813; 

- Sample size of the SGA cohort before matching is 513; 

- Sample size of the FGA cohort before matching is 300; 

- Sample size of the entire (SGA + FGA) cohort after matching is 434; 

- Sample size of the SGA cohort after matching is 217; 

- Sample size of the FGA cohort after matching is 217. 

- NECB = Sample size related to a covariate in the entire antipsychotic cohort before matching; NECA = Sample size 
related to a covariate in the entire antipsychotic cohort after matching; NSCB = Sample size related to a covariate in 
the SGA cohort before matching; NSCA = Sample size related to a covariate in the SGA cohort after matching; 
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NFCB = Sample size related to a covariate in the FGA cohort before matching; NFCA = Sample size related to a 
covariate in the FGA cohort after matching. 

- Since population weights are of no relevance in a matched sample,497 comparison of the frequencies 
(percentages) before and after matching was conducted on an unweighted basis. 

 

Table 4.14. Means (and standard deviations) of the continuous variables (on an 
unweighted basis) included in the logistic regression model calculating propensity score. 

 

Variables             Entire Cohort          
Before                    After 

Matching              Matching 
Mean (SD)            Mean (SD) 

                SGA Cohort        
Before                    After 

Matching              Matching 
Mean (SD)            Mean (SD) 

      FGA Cohort       
 Before            After 

Matching      Matching 
 Mean (SD)      Mean (SD 

Perceived 
general 
health 
status 
 
Mental 
health 
status 
 
PS 

1.42 (0.52) 
 
 
 
 

1.59 (0.52) 
 
 
 

0.69 (0.09) 
 

1.49 (0.51) 
 
 
 
 

1.63 (0.52) 
 
 
 

0.66 (0.09) 
 
 

1.40 (0.52) 
 
 
 
 

1.58 (0.51) 
 
 
 

0.71 (0.09) 
 
 
 
 

1.51 (0.52) 
 
 
 
 

1.64 (0.51) 
 
 
 

0.66 (0.09) 

1.46 (0.52) 
 
 
 
 

1.62 (0.55) 
 
 
 

0.66 (0.09) 
 
 
 

1.47 
(0.49) 

 
 
 

1.62 
(0.54) 

 
 

0.66 
(0.09)  

 
 
 

-PS = Propensity Score. 

- All measures (Means, SDs) in Table 4.14 have been reported on an unweighted basis. 

- Sample size of the entire (SGA + FGA) cohort before matching is 813; 

- Sample size of the SGA cohort before matching is 513; 

- Sample size of the FGA cohort before matching is 300; 

- Sample size of the entire (SGA + FGA) cohort after matching is 434; 

- Sample size of the SGA cohort after matching is 217; 

- Sample size of the FGA cohort after matching is 217. 

                                                 
497 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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- Since population weights are of no relevance in a matched sample,498 comparison of the means (standard 
deviations) before and after matching was conducted on an unweighted basis. 

 

The percentages of the categorical variables (indicated in Table 4.13) showed a 

relatively stable pattern of distribution before and after matching for the entire 

antipsychotic (SGA + FGA) cohort, and each of the SGA and FGA cohorts. The absolute 

values of the difference in percentages of all the categorical covariates between the 

unmatched and matched samples were found to be < 12%. Similarly, the distribution of 

the means of the continuous covariates (indicated in Table 4.14) showed a stable pattern 

before and after matching. The absolute values of the difference in the means of the 

continuous variables between the unmatched and matched samples were found to be < 

0.12 in the entire antipsychotic (SGA + FGA) cohort, and each of the SGA and FGA 

cohorts.  

Our study also reported the unweighted frequencies (of the antipsychotic cohort 

with person weights) related to continuous covariates in Section 4.1 and categorical 

covariates in Table 4.1 The unweighted frequencies (percentages) related to some 

covariates reported in Table 4.13 were equal to, or less than, or greater than the 

unweighted frequencies (percentages) related to the same covariate reported in Table 4.1. 

The explanation of these differences has been provided in the following paragraph. 

The unweighted frequencies (percentages) related to a covariate (for example, 

“other” category of the “Race” variable) are the same in Tables 4.13 and 4.1 when the 

                                                 
498 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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number of antipsychotic users (having no missing values for that covariate) with a 

propensity score was same as the number of antipsychotic users (having no missing 

values for that covariate) with a person weight. The unweighted frequencies 

(percentages) related to a covariate (for example, “adults” category of the “Age” 

variable) are greater in Table 4.13 than in Table 4.1 when the number of antipsychotic 

users (having no missing values for that covariate) with a propensity score was greater 

than the number of antipsychotic users (having no missing values for that covariate) with 

a person weight. The unweighted frequencies (percentages) related to a covariate (such as 

“Hispanics” category of the “Ethnicity” variable) are less in Table 4.13 than in Table 4.1 

when the number of antipsychotic users (having no missing values for that covariate) 

with a propensity score was less than the number of antipsychotic users (related to that 

covariate) with a person weight. 

 

4.4.2. REDUCTION IN BIAS IN THE COVARIATE MEASURES DUE TO 

MATCHING 

While evaluating the reduction in bias achieved due to matching, the measures of 

frequencies (percentages), and means (standard deviations) related to different covariates 

in the (i) entire unmatched antipsychotic (SGA + FGA) cohort (N = 813) and (ii) each of 

the unmatched SGA (N = 513) and FGA (N = 300) cohorts, were also reported in an 

unweighted form. This is because during the Greedy 5→1 digit match technique, the (i) 

entire matched antipsychotic (SGA + FGA) cohort and (ii) each of the matched SGA and 



 
 

198 

FGA cohorts were derived from the respective unmatched cohorts assessed on an 

unweighted basis (where each of the unmatched cohorts included antipsychotic users 

with a propensity score).  

The percentage reductions in bias after matching were reported for both the 

categorical and continuous covariates (studied in the ABM). The biases before and after 

matching (interpreted as the standardized difference in Section 3.12) and the percentage 

reductions in bias are summarized in Table 4.15. 
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Table 4.15. Bias (before and after matching) and  
percentage   reduction in bias of covariate measures 
after PS matching. 

Variables Bias before 
matching 

(Unmatched 
sample) 

Bias 
after 

matchin
g 

(Matche
d 

sample) 

Percentage 
reduction 
in absolute 

value of 
bias 

Age in years 
 -Children/adolescents 
   (0-17 years) 
- Adults  
  (18-64 years) 
 
Gender 
- Female 
 
Race 
- Black 
- Other 
 
Ethnicity 
- Hispanic 
 
Region 
- Midwest 
- South 
- West 
 
Residency status 
- MSA  
 
Income level 
- High 
 
Level of education 
-  High school grades 
    (9-11 years) 
-  Completed high 

school 
    (12 years) 
- 1-4 years of college 
    (13-16 years) 
- 5 or more years of   

college (17 years) 

 
8.7 

 
-4.9 

 
 
 

-6.2 
 
 

13.3 
      249.4 

 
 

-4.9 
 
 

0.4 
7.6 

       -1.7 
 
 

12.8 
 
 

-2.0 
 
 

1.3 
 

      -10.4 
 
 

       11.4 
 

      -10.4 
 

 
0.0 

 
1.0 

 
 
 

6.4 
 
 

2.7 
3.5 

 
 

-3.5 
 
 

-1.2 
-5.7 
 3.3 

 
 

 2.1 
 
 

0.8 
 
 

-8.8 
 

8.7 
 
 

-2.2 
 

-4.5 
 

 
100.0 

 
79.6 

 
 
 

-3.2 
 
 

79.6 
98.6 

 
 

28.6 
 
 

-200.0 
25.0 
-94.1 

 
 

83.6 
 
 

60.0 
 
 

-576.9 
 

16.3 
 
 

80.7 
 

56.7 
 



 
 

200 

Variables 
 
 
 
 
Insurance type 
-Public program only 
 
- Private plan   only 

 
- Both 

 

Bias before 
matching 

(Unmatched 
sample) 

 
 

-4.2 
 

6.0 
 

-1.4 

Bias after 
matching 
(Matched 
sample) 

 
 

-3.1 
 

0.0 
 

4.3 

Percentage 
reduction 
in absolute 

value of 
bias 

 
26.1 

 
100.0 

 
-207.1 

 
 

Perceived general 
health status 
 
Perceived mental 
health status 
 
 

-9.4 
 
 

-6.2 
 
 
 
 
 
 

3.2 
 
 

0.0 

66.0 

 
100.0 

- Percentage reduction in bias was assessed only for the covariates used to calculate the 
                      propensity score 
             - Absolute values of the bias measures (before and after matching) were used in  
  calculating percentage reduction in bias. 
                  -  Negative perecentage reduction in bias indicates an increase in bias after matching   

- MSA = Metropolitan Statistical Area 
- PS = Propensity score 
- Since population weights are of no relevance in a matched sample,499 comparison of bias 
before and after  matching was conducted on an unweighted basis.  

- The change in bias for the reference categories were not indicated in Table 4.15 as 
reference categories were not assessed as covariates in the logistic regression model 
calculating propensity scores. 

 
 Both positive and negative perecentage reduction in bias was observed for the 

different covariates. The percentage reduction in bias ranged from -576.9 (for the 

category “high school grades” of the variable “level of education”) to 100.0 (for the the 

                                                 
499 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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categories- “children/adolescents” of the variable “age in years”, “private plan only” of 

the variable “insurance status”,  and the variable “perceived mental health status”).  

 

4.4.3 DISTRIBUTION OF PSs IN THE SGA AND FGA COHORTS BEFORE AND 

AFTER MATCHING 

The distributions of PSs in the SGA and FGA cohorts are shown in Figures 4.1 

through 4.4. The differences in the unweighted frequencies for the entire antipsychotic 

(SGA + FGA) cohort and each of the SGA and FGA cohorts as indicated in Figures 4.1 

through 4.4 with the respective unweighted frequencies as indicated in Section 4.1 have 

been explained before in Section 4.4.1. A slight difference in means of PSs was observed 

between the SGA [Mean (SD) = 0.71 (0.09)] and FGA [Mean (SD) = 0.66 (0.09)] cohorts 

before matching. However, after matching the means of the PSs in the SGA cohort and 

FGA cohort were found to be the same [Mean (SD) = 0.66 (0.09)]. 
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Figure 4.1. Distribution of PSs in the SGA cohort (on an unweighted basis) before matching 

- N = 513; Mean = 0.71; SD = 0.09; Median = 0.71. 

- SGA = Second-generation antipsychotic; PS = Propensity score.   

- Since population weights are of no relevance in a matched sample,500 propensity score was 
calculated on an unweighted basis in the SGA cohort before matching. 
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Figure 4.2. Distribution of PSs in the FGA cohort (on an unweighted basis) before matching 

- N = 300; Mean = 0.66; SD = 0.09; Median = 0.66. 

- FGA = First-generation antipsychotic; PS = Propensity score.   

- Since population weights are of no relevance in a matched sample,501 propensity score was 
calculated on an unweighted basis in the FGA cohort before matching. 
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Figure 4.3. Distribution of PSs in the SGA cohort (on an unweighted basis) after matching 

- N = 217; Mean = 0.66; SD = 0.09; Median = 0.66. 

- SGA = Second-generation antipsychotic; PS = Propensity score.   

- Since population weights are of no relevance in a matched sample,502 propensity score was reported 
on an unweighted basis in the SGA cohort after matching. 
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Figure 4.4. Distribution of PSs in the FGA cohort (on an unweighted basis) after matching 

- N = 217; Mean = 0.66; SD = 0.09; Median = 0.66. 

- FGA = First-generation antipsychotic; PS = Propensity score.   

- Since population weights are of no relevance in a matched sample,503 propensity score was reported 
on an unweighted basis in the FGA cohort after matching. 

-  
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4.4.4. FACTORS IN THE ABM REMAINING SIGNIFICANT AFT ER 

MATCHING 

A series of unweighted comparative analyses were conducted on the matched 

sample to determine whether any of the factors still had significant differences between 

the FGA and SGA groups (p<0.05) even after matching. In the matched cohort, none of 

the factors had significant differences and hence, were not included in the logistic 

regression model evaluating EPS risk. Detailed information about the unweighted 

comparative analyses conducted on the matched sample can be found in Tables 4.16 

through 4.26. 

A McNemar-Bowker analysis showed no significant relationship (p = 0.464) between age 

category and antipsychotic type (Table 4.16). After matching, 13.8% of FGA users and 

13.4% of SGA users were elderly. Other age category percentages were also similar for 

the FGA and SGA groups. 
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Table 4.16. McNemar-Bowker analysis (on an unweighted basis) examining the 
relationship between antipsychotic (SGA/FGA) type and age category. 

 

Antipsychotic 
Type 

 SGA Group 
N 

(row %) 
[column %] 

  

 

Age Category 
Children/adolescent 

users 
(0-17 years) 

Adult 
users 
(18-64 
years) 

Elderly 
users 
(65-85 
years) 

Total 

 
Children/adolescent 

users 
(0-17 years) 

 
12 

(28.6%) 
[28.5%] 

 
28 

(66.7%) 
[19.2] 

 
2 

(4.7%) 
[6.9%] 

 
42 

(100.
0%) 
[19.4
%] 

Adult users 
(18-64 years) 

 
24 

(16.6%) 
[57.1%] 

 
102 

(70.3%) 
[69.8%] 

 
19 

(13.1%) 
[65.5%] 

 
145 

(100.
0%) 
[66.8
%] 

FGA Group 

Elderly users 
(65-85 years) 

 
6 

(20.0%) 
[14.3%] 

 
16 

(53.3%) 
[11.0%] 

 
8 

(26.7%) 
[27.5%] 

 
30 

(100.
0%) 
[13.8
%] 

Total  42 
(19.4%) 
[100.0%] 

146 
(67.3%) 
[100.0%] 

29 
(13.4%) 
[100.0%] 

217 
(100.
0%) 
[100.
0%] 

McNemar-Bowker Test p = 0.464. 

- The McNemar-Bowker test was conducted between the SGA and FGA users included as matched pairs. The 
sample size assessed in the McNemar-Bowker analysis indicates the number of matched pairs (N = 217) which 
is half the sample size of the entire matched cohort (N = 434). 
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- Since population weights are of no relevance in a matched sample,504 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 
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A McNemar analysis showed no significant relationship (p = 0.555) between gender and 

antipsychotic type (Table 4.17). After matching, 50.2% of FGA users and 53.5% of SGA 

users were females. Percentages for males were also similar for the FGA and SGA groups. 

 

Table 4.17. McNemar analysis (on an unweighted basis) examining the relationship 
between antipsychotic (SGA/FGA) type and gender. 

 

Antipsychotic 
Type 

 SGA Group 
N 

(row %) 
[column %] 

 

 Sex Males Females Total 

 
Males 

 
53 

(49.1%) 
[52.5%] 

 
55 

(50.9%) 
[47.4%] 

 
108 

(100.0%) 
[49.8%] 

FGA Group 

 
Females 

 
48 

(44.0%) 
[47.5%] 

 
61 

(56.0%) 
[52.6%] 

 
109 

(100.0%) 
[50.2%] 

Total  101 
(46.5%) 
[100.0%] 

116 
(53.5%) 
[100.0%] 

217 
(100.0%) 
[100.0%] 

McNemar Test p = 0.555. 

- The McNemar test was conducted between the SGA and FGA users included as matched pairs. The sample 
size assessed in the McNemar analysis indicates the number of matched pairs (N = 217) which is half the 
sample size of the entire matched cohort (N = 434). 

- Since population weights are of no relevance in a matched sample,505 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 
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A McNemar-Bowker analysis showed no significant relationship (p = 0.877) between race 

and antipsychotic type (Table 4.18). After matching, 15.7% of FGA users and 16.6% of 

SGA users were Blacks. Other racial category percentages were also similar for the FGA 

and SGA groups. 

 

Table 4.18. McNemar-Bowker analysis (on an unweighted basis) examining the 
relationship between antipsychotic (SGA/FGA) type and race. 

 

Antipsychotic 
Type 

 SGA Group 
N 

(row %) 
[column %] 

 

 
Race White Black 

 
Other 

 
Total 

 
White 

 
155 

(90.1%) 
[92.3%] 

 
12 

(7.0%) 
[33.3%] 

 
5 

(2.9%) 
[38.5%] 

 
172 

(100.0%) 
[79.2%] 

Black 
10 

(29.4%) 
[6.0%] 

18 
(52.9%) 
[50.0%] 

 
6 

(17.6%) 
[46.2%] 

 

34 
(100.0%) 
[15.7%] 

FGA Group 

Other 
3 

(27.3%) 
[1.7%] 

6 
(54.5%) 
[16.7%] 

2 
(18.2%) 
[15.3%] 

11 
(100.0%) 
[5.1%] 

Total  168 
(77.4%) 
[100.0%] 

36 
(16.6%) 
[100.0%] 

13 
(6.0%) 

[100.0%] 

217 
(100.0%) 
[100.0%] 

McNemar-Bowker Test p = 0.877. 

- The McNemar-Bowker test was conducted between the SGA and FGA users included as matched pairs. 
The sample size assessed in the McNemar analysis indicates the number of matched pairs (N = 217) which 
is half the sample size of the entire matched cohort (N = 434). 
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- Since population weights are of no relevance in a matched sample,506 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 
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A McNemar analysis showed no significant relationship (p = 0.81) between ethnicity and 

antipsychotic type (Table 4.19). After matching, 19.8% of FGA users and 18.4% of SGA 

users were Hispanics. Non-Hispanic category percentages were also similar for the FGA 

and SGA groups. 

 

Table 4.19. McNemar analysis (on an unweighted basis) examining the relationship 
between antipsychotic (SGA/FGA) type and ethnicity. 

 

Antipsychotic 
Type 

 SGA Group 
N 

(row %) 
[column %] 

 

 Ethnicity Hispanic Non-Hispanic Total 

Hispanic 
7 

(16.3%) 
[17.5%] 

36 
(83.7%) 
[20.3%] 

43 
(100.0%) 
[19.8%] 

FGA Group 

Non-Hispanic 
33 

(19.0%) 
[82.5%] 

141 
(81.0%) 
[79.7%] 

174 
(100.0%) 
[80.2%] 

Total  40 
(18.4%) 
[100.0%] 

177 
(81.6%) 
[100.0%] 

217 
(100.0%) 
[100.0%] 

McNemar Test p = 0.81. 

- The McNemar test was conducted between the SGA and FGA users included as matched pairs. The sample 
size assessed in the McNemar analysis indicates the number of matched pairs (N = 217) which is half the 
sample size of the entire matched cohort (N = 434). 

- Since population weights are of no relevance in a matched sample,507 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 

 

 

                                                 
507 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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A McNemar-Bowker analysis showed no significant relationship (p = 0.61) between 

region of residence and antipsychotic type (Table 4.20). After matching, 22.5% of FGA 

users and 24.5% of SGA users resided in the Northeast. Other geographic region category 

percentages were also similar for the FGA and SGA groups. 

 

Table 4.20. McNemar-Bowker analysis (on an unweighted basis) examining the 
relationship between antipsychotic (SGA/FGA) type and region of residence. 

Antipsychotic 
Type 

 SGA Group 
N 

(row %) 
[column %] 

 

 Region of 
residence Northeast Midwest South West Total 

Northeast 
15 

(30.8%) 
[28.3%] 

8 
(16.3%) 
[17.7%] 

12 
(24.4%) 
[17.3%] 

14 
(28.5%) 
[28.0%] 

49 
(100.0%) 
[22.5%] 

Midwest 
9 

(19.5%) 
[16.9%] 

11 
(23.9%) 
[24.4%] 

18 
(39.1%) 
[26.1%] 

8 
(17.5%) 
[16.0%] 

46 
(100.0%) 
[21.2%] 

South 
17 

(22.6%) 
[32.0%] 

13 
(17.4%) 
[28.8%] 

29 
(38.6%) 
[42.0%] 

16 
(21.4%) 
[32.0%] 

75 
(100.0%) 
[34.5%] 

FGA Group 

West 
12 

(25.5%) 
[22.8%] 

13 
(27.6%) 
[29.1%] 

10 
(21.3%) 
[14.6%] 

12 
(25.5%) 
[24.0%] 

47 
(100.0%) 
[21.6%] 

Total  53 
(24.5%) 
[100.0%] 

45 
(20.7%) 
[100.0%] 

69 
(31.8%) 
[100.0%] 

50 
(23.0%) 
[100.0%] 

217 
(100.0%) 
[100.0%] 

McNemar-Bowker Test p = 0.61. 

- The McNemar-Bowker test was conducted between the SGA and FGA users included as matched pairs. 
The sample size assessed in the McNemar analysis indicates the number of matched pairs (N = 217) which 
is half the sample size of the entire matched cohort (N = 434). 
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- Since population weights are of no relevance in a matched sample,508 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
508 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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A McNemar analysis showed no significant relationship (p = 0.908) between MSA 

residency status and antipsychotic type (Table 4.21). After matching, 75.1% of FGA users 

and 76.0% of SGA users were in MSAs. Non-MSA category percentages were also 

similar for the FGA and SGA groups. 

 

Table 4.21. McNemar analysis (on an unweighted basis) examining the relationship 
between antipsychotic (SGA/FGA) type and MSA residency status. 

 

Antipsychotic 
Type 

 SGA Group 
N 

(row %) 
[column %] 

 

 MSA 
residency 

status 
Non-MSA MSA Total 

Non-MSA 
16 

(29.6%) 
[30.8%] 

38 
(70.4%) 
[23.0%] 

54 
(100.0%) 
[24.9%] 

FGA Group 

MSA 
36 

(22.1%) 
[69.2%] 

127 
(77.9%) 
[77.0%] 

163 
(100.0%) 
[75.1%] 

Total  52 
(24.0%) 
[100.0%] 

165 
(76.0%) 
[100.0%] 

217 
(100.0%) 
[100.0%] 

McNemar Test p = 0.908. 

- The McNemar test was conducted between the SGA and FGA users included as matched pairs. The sample 
size assessed in the McNemar analysis indicates the number of matched pairs (N = 217) which is half the 
sample size of the entire matched cohort (N = 434). 

- Since population weights are of no relevance in a matched sample,509 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 

 

                                                 
509 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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A McNemar analysis showed no significant relationship (p = 0.920) between income level 

and antipsychotic type (Table 4.22). After matching, 41.1% of FGA users and 40.6% of 

SGA users were in the high-income group. Low-income category percentages were also 

similar for the FGA and SGA groups. 

 

Table 4.22. McNemar analysis (on an unweighted basis) examining the relationship 
between antipsychotic (SGA/FGA) type and income level. 

 

Antipsychotic 
Type 

 SGA Group 
N 

(row %) 
[column %] 

 

 Income level Low High Total 
Low 

(< 200% of 
FPL) 

77 
(60.1%) 
[59.6%] 

51 
(39.9%) 
[57.9%] 

128 
(100.0%) 
[58.9%] 

FGA Group 
High 

(≥200% of 
FPL) 

52 
(58.4%) 
[40.4%] 

37 
(41.6%) 
[42.1%] 

89 
(100.0%) 
[41.1%] 

Total  129 
(59.4%) 
[100.0%] 

88 
(40.6%) 
[100.0%] 

217 
(100.0%) 
[100.0%] 

McNemar Test p = 0.920. 

- FPL = Federal Poverty Level 

- The McNemar test was conducted between the SGA and FGA users included as matched pairs. The sample 
size assessed in the McNemar analysis indicates the number of matched pairs (N = 217) which is half the 
sample size of the entire matched cohort (N = 434). 

- Since population weights are of no relevance in a matched sample,510 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 

 

                                                 
510 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 



 
 

217 

A McNemar-Bowker analysis showed no significant relationship (p = 0.08) between 

insurance type and antipsychotic type (Table 4.23). After matching, 9.7% of FGA users 

and 8.8% of SGA users had public insurance program only. Other insurance type 

percentages were also similar for the FGA and SGA groups. 
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Table 4.23. McNemar-Bowker analysis (on an unweighted basis) examining the relationship between 
antipsychotic (SGA/FGA) type and insurance type. 

 

Antipsychotic 
Type 

 SGA Group 
                      N 

                     (row %) 
[column %]  

   

 Insurance 
type 

Public 
program 

only 

Private 
plan only 

Both None 
 
 

Total 

Public 
program 

only 

2 
(9.5%) 
[10.5%] 

17 
(81.0%) 
[15.2%] 

1 
(4.8%) 
[1.8%] 

1 
(4.8%) 
[3.4%] 

21 
(100.0%) 
[9.7%] 

Private 
plan only 

8 
(7.1%) 
[42.1%] 

54 
(48.2%) 
[48.2%] 

34 
(30.4%) 
[59.6%] 

16 
(14.3%) 
[55.2%] 

112 
(100.0%) 
[51.6%] 

Both 4 
(7.5%) 
[21.1%] 

23 
(43.4%) 
[20.5%] 

17 
(32.1%) 
[29.8%] 

9 
(17.0%) 
[31.0%] 

53 
(100.0%) 
[24.4%] 

FGA Group 

None 
 
 

5 
(16.1%) 
[26.3%] 

18 
(58.1%) 
[16.1%] 

5 
(16.1%) 
[8.8%] 

3 
(9.7%) 
[10.3%] 

31 
(100.0%) 
[14.3%] 

 
 

Total 
 

19 
(8.8%) 

[100.0%] 

112 
(51.6%) 
[100.0%] 

57 
(26.3%) 
[100.0%] 

29 
(13.4%) 
[100.0%] 

217 
(100.0%) 
[100.0%] 

                   McNemar-Bowker Test p = 0.08. 

       - The McNemar-Bowker test was conducted between the SGA and FGA users included as matched pairs. The sample size assessed in the 
McNemar analysis indicates the number of matched pairs (N = 217) which is half the sample size of the entire matched cohort (N = 434). 
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- Since population weights are of no relevance in a matched sample,511 comparison of covariate measures between SGA and FGA cohorts was  
done on an unweighted basis. 

 

                                                 
511 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults with major chronic conditions. J Ment Health 
Policy Econ 2009;12(2):87-95. 
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FGA users [Mean (SD) = 1.474 (0.495)] reported a slightly better perceived general health 

status score than SGA users [Mean (SD) = 1.510 (0.520)]; however, this difference [Mean 

(SD) = 0.036 (0.687); df = 216; p = 0.4302] in mean scores was not significant (Table 

4.24). 

Table 4.24. Paired t-test analysis (on an unweighted basis) examining the 
relationship between antipsychotic (SGA/FGA) type and perceived general health 
status score. 

 

Parameter Mean 
 
 

Standard           
error  

df p-value 95% CI of mean 
Lower Limit              Upper Limit  

 
 

Difference 
in scores 

 
 
 

 
 

0.036 
 
 
 

 
 

0.687 
 
 
 

 
 

216 

 
 

0.4302 
 
 

 
 

-0.0551 
 
 
 

 
 

0.1288 

- Perceived general health status measured on a scale 1 (excellent), 2 (very good), 3 (good), 4 (fair), and 5 
(poor) 

- The paired t-test test was conducted between the SGA and FGA users included as pairs. The sample size 
assessed in the paired t-test indicates the number of matched pairs (N = 217) which is half the sample 
size of the entire matched cohort (N = 434). 

- Since population weights are of no relevance in a matched sample,512 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 

 

 

 

                                                 
512 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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FGA users [Mean (SD) = 1.629 (0.546)] reported a slightly better perceived mental 

health status score than SGA users [Mean (SD) = 1.644 (0.510)]; however, this difference 

[Mean (SD) = 0.015 (0.6856); df = 216; p = 0.7542] in mean scores was not significant 

(Table 4.25). 

Table 4.25. Paired t-test analysis (on an unweighted basis) examining the 
relationship between antipsychotic (SGA/FGA) type and perceived mental health 
status score. 

 

Parameter Mean 
 
 

Standard           
error  

df p-value 95% CI of mean 
Lower Limit              Upper Limit  

 
 

Difference 
in scores 

 
 
 

 
 

0.015 
 
 
 

 
 

0.6856 
 
 
 

 
 

216 

 
 

0.7542 
 
 

 
 

-0.0771 
 
 
 

 
 

0.1063 

  - Perceived mental health status measured on a scale 1 (excellent), 2 (very good), 3 (good), 4 (fair), and 5   
(poor) 

- The paired t-test test was conducted between the SGA and FGA users included as pairs. The sample size 
assessed in the paired t-test indicates the number of matched pairs (N = 217) which is half the sample 
size of the entire matched cohort (N = 434). 

- Since population weights are of no relevance in a matched sample,513 comparison of covariate measures 
between SGA and FGA cohorts was done on an unweighted basis. 

 

 

 

 
                                                 
513 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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A McNemar-Bowker analysis showed no significant relationship (p = 0.25) between level 

of education and antipsychotic type (Table 4.26). After matching, 30.9% of FGA users 

and 35.0% of SGA users completed a high school education. Percentages for other levels 

of education were also similar for the FGA and SGA groups. 
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Table 4.26. McNemar-Bowker analysis (on an unweighted basis) examining the relationship between 
antipsychotic (SGA/FGA) use and level of education. 

Antipsychotic 
Type 

  SGA Group 
N 

(row %) 
[column %] 

 

    

 

Level of 
education 

Elementary 
grades 

(1-8 years) 

High 
school 
grades 
(9-11 
years) 

Completed 
high 

school 
(12 years) 

1-4 years 
of 

college 
(13-16 
years) 

 

5 or 
more 
years 

of 
college 

(17 
years) 

 Total 
 
 
 
 
 
 

Elementary 
grades 

(1-8 years) 

20 
(32.3%) 
[31.3%] 

7 
(11.3%) 
[25.0%] 

27 
(43.5%) 
[35.5%] 

6 
(9.7%) 
[14.6%] 

2 
(3.2%) 
[25.0%] 

62 
(100.0%) 
[28.6%] 

High school 
grades 

(9-11 years) 

11 
(31.4%) 
[17.2%] 

6 
(17.2%) 
[21.4%] 

13 
(37.1%) 
[17.1%] 

4 
(11.4%) 
[9.8%] 

1 
(2.9%) 
[12.5%] 

35 
(100.0%) 
[16.1%] 

Completed 
high 

school 
(12 years) 

18 
(26.9%) 
[28.1%] 

10 
(14.9%) 
[35.7%] 

21 
(31.3%) 
[27.6%] 

18 
(26.9%) 
[43.9%] 

0 
(0.0%) 
[0.0%] 

67 
(100.0%) 
[30.9%] 

1-4 years of 
college 
(13-16 
years) 

 
 

11 
(25.6%) 
[17.2%] 

5 
(11.6%) 
[17.9%] 

12 
(27.9%) 
[15.8%] 

13 
(30.2%) 
[31.7%] 

2 
(4.7%) 
[25.0%] 

43 
(100.0%) 
[19.8%] 

 

FGA Group 
 
 

5 or more 
years of 

4 
(40.0%) 

0 
(0.0%) 

3 
(30.0%) 

0 
(0.0%) 

3 
(30.0%) 

10 
(100.0%) 
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 college 
(17 years) 

[6.2%] [0.0%] [4.0%] [0.0%] [37.5%] [4.6%] 

 Total 64 
(29.5%) 
[100.0%] 

28 
(12.9%) 
[100.0%] 

76 
(35.0%) 
[100.0%] 

41 
(18.9%) 
[100.0%] 

8 
(3.7%) 

[100.0%] 

217 
(100.0%) 
[100.0%] 

McNemar-Bowker Test p = 0.25. 

- The McNemar-Bowker test was conducted between the SGA and FGA users included as matched pairs. The sample size assessed in the 
McNemar-Bowker analysis indicates the number of matched pairs (N = 217) which is half the sample size of the entire matched cohort (N 
= 434). 

- Since population weights are of no relevance in a matched sample,514 comparison of covariate measures between SGA and FGA cohorts 
was done on an unweighted basis. 

                                                 
514 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults with major chronic conditions. J Ment Health 
Policy Econ 2009;12(2):87-95. 
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4.4.5. PROPENSITY SCORE-BASED LOGISTIC REGRESSION EVALUATING 

EPS RISK 

No significant differences were found for any of the ABM variables between the 

SGA and FGA cohorts in the matched sample. Hence, none of the ABM variables were 

considered while modeling EPS risk. The final propensity score-based logistic regression 

model included EPS presence/absence (as the dependent variable) and a number of 

factors associated with EPS risk (as independent variables). These factors 

included.presence of EPS history, use of EPS causative therapies (before antipsychotic 

utilization) and ue of EPS preventive therapies (before antipsychotic utilization), 

outpatient visits, home-health visits, inpatient visits, office-based medical provider visits, 

and number of prescriptions dispensed. Based on the literature review all of these factors 

were tested as risk factors of EPS. We did not consider these factors as a part of the 

Andersen Behavioral Model due to lack of research supporting the association of these 

factors with SGA utilization among antipsychotic users. 

A majority (97%, 210/217) of the SGA cohort and about half (47%, 103/217) of 

the FGA cohort in the matched sample were found to have a history of EPS. About half 

of the SGA cohort (44.7%, 97/217) and less than one-fifth of the FGA cohort (17.0%, 

37/217) in the matched sample used EPS causative agents. A little less than half of the 

SGA cohort (44.2%, 96/217) and about one-third of the FGA cohort (38.7% 84/217) in 

the matched sample used EPS preventive therapy.  
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The frequency distributions of the annual number of office-based medical 

provider visits, emergency room visits, inpatient visits, home-health visits, outpatient 

visits and number of prescriptions dispensed in the matched cohort are shown in 

Appendices A to F. A plurality of the matched antipsychotic (SGA + FGA) cohort was 

found to have no office-based medical provider visits (43.7%), and a majority had no 

emergency room visits (91.8%), inpatient visits (90.5%), home-health visits (96.5%) or 

outpatient visits (93.4%). It is possible that a majority of the antipsychotic users had 

conditions which were treated with prescription medicines and the phycians did not refer 

these patients to emergency room, inpatient, home-health, or outpatient facilities. 

Therefore, the variables indicating the number of office-based medical provider visits, 

emergency room visits, inpatient visits, home-health visits and outpatient visits were 

dichotomized as 0 (no visit) and 1 (at least 1 visit). These dichotomized variables were 

included in the propensity score-based logistic regression analysis modeling EPS risk. 

Several bivariate logistic regression models were used to evaluate the association 

between EPS presence/absence and each of the independent variables. In these bivariate 

logistic regressions, the variables “having EPS history,” “propensity scores” and “having 

emergency room visits” showed very high or low odds ratios (with wide confidence 

intervals) associated with EPS risk. The categorical variables assessed in these bivariate 

logistic regression analyses included “having EPS history” and “having emergency room 

visit.” For categorical variables, the confidence intervals for their odds ratios can be wide 

if the sample sizes are small. The wide confidence interval associated with the continuous 

variable “propensity scores” could be due to the reason that the matched sample design 
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was not considered in the bivariate logistic regression analysis. Therefore, the subjects of 

the matched cohorts assessed in the logistic regression analysis were correlated with each 

other with respect to propensity score. The variables “having EPS history” [OR > 999.99, 

95% CI = (<0.001, >999.99)] and “propensity scores” [OR = 184.72, 95% CI = (0.013, 

>999.99)] showed high odds ratios associated with EPS risk. However, the variable 

“having emergency room visits” [OR < 0.001, 95% CI = (<0.001, >999.99)] showed a 

low odds ratio associated with EPS risk. 

The high odds ratio observed between the variable “having EPS history” and EPS 

risk is expected. We found that all subjects who experienced EPS within the study period 

had a history of EPS. Therefore, the variable “having EPS history” perfectly predicted 

EPS risk. Furthermore, we found that all the subjects who experienced EPS never had an 

emergency room visit. It is possible that these subjects had conditions which did not 

require emergency room visits. Lastly, the reason why the variable “propensity scores” 

was found to have high association with EPS risk is unknown and needs further 

investigation. Future researchers may consider different covariates for deriving the 

propensity scores and assess if such a finding still holds true.These variables perfectly 

predicted EPS (or no EPS) risk and were dropped from the group of independent 

variables in the the final multivariate logistic regression model. 

The results related to the associations of the variables (and the respective 

significance levels and confidence intervals) with EPS risk are shown in Table 4.27.  
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Table 4.27. Results of logistic regression analysis using propensity score-matched FGA and SGA cohorts (on an 
unweighted basis) indicating factors associated with EPS risk (N = 242). 

 

Variables Estimate Std. 
error  

Wald Chi-
square 

p-value Odds 
ratio  

95 % CI 
Lower              Upper 
limit                   limit  

 
Use of 
antipsychotics (FGA 
= reference 
category) 
- SGA 
 
Number of 
prescriptions 
 
 
Had  OB visits 
(No = reference 
category) 
- Yes 
 
Had  IP visits 
(No = reference 
category) 
- Yes 
 
Had OP visits 
(No = reference 
category) 
 

 
 
 
 
 

0.57 
 
 

-0.47 

 
 
 
 
 

-0.14 
 
 
 
 

-0.35 
 
 
 
 

 
 
 
 
 

0.65 
 
 

0.38 

 
 
 
 
 

0.63 
 
 
 
 

1.27 
 
 
 
 
 

 
 
 
 
 

0.76 
 
 

1.53 

 
 
 
 
 

0.05 
 
 
 
 

0.07 
 
 
 
 
 

 
 
 
 
 

0.38 
 
 

0.21 

 
 
 
 
 

0.81 
 
 
 
 

0.78 
 
 
 
 
 

 
 
 
 
 

1.77 
 
 

0.62 

 
 
 
 
 

0.86 
 
 
 
 

0.70 
 
 
 
 
 

 
 
 
 
 

0.49 
 
 

0.30 

 
 
 
 
 

0.24 
 
 
 
 

0.05 
 
 
 
 
 

 
 
 
 
 

6.40 
 
 

1.30 

 

 

 
 

3.0 
 
 
 
 

8.50 
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Variables 
 
 
 
- Yes 
 
Had HH visits 
(No = reference 
category) 
- Yes 
 
Use of agents 
preventing EPS (No = 
reference category) 
-Yes 
 
Use of agents causing 
EPS 
(No = reference 
category) 
-Yes 

Estimate 
 
 
 

-0.65 
 
 
 
 

2.81 
 
 
 
 

-2.28 
 
 
 
 
 

-2.53 
 

Std. 
error 

 
 

1.42 
 
 
 
 

1.28 
 
 
 
 

1.07 
 
 
 
 
 

1.09 
 
 
 
 
 

Wald Chi-
square 

 
 

0.21 
 
 
 
 

4.80 
 
 
 
 

4.49 
 
 
 
 
 

5.30 
 

p-value 
 
 
 

0.64 
 
 
 
 

0.02 
 
 
 
 

0.03 
 
 
 
 

0.02 

 

Odds 
ratio 

 
 

0.52 
 
 
 
 

16.66 
 
 
 
 

0.10 
 
 
 

 
0.08 

 

Lower 
limit (of 
95% CI) 

 
0.03 

 
 
 
 

1.30 
 
 
 
 

0.01 
 
 
 
 

0.01 
 
 
 

Upper limit 
(of 95% CI) 

 
 

8.40 
 
 
 
 

206.90 
 
 

 

0.84 
 
 

 
 

0.67 
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OP = Outpatient; IP = Inpatient room; OB = Office-based medical provider; HH = Home-Health. 
- Since population weights are of no relevance in a matched sample,515 comparison of EPS risk between SGA and FGA cohorts was conducted 
on an unweighted basis. 

- Sample size of the antipsychotic (SGA + FGA) cohort (N = 318) considered in the logistic regression model does not equal to the sample size 
of the matched cohort (N = 434) because 116 antipsychotic subjects did not report having any condition during the time period for which 
factors measuring illness severity (included in the logistic regression model) were evalauted. Out of 318 subjects (215 SGA users and 103 FGA 
users), 76 subjects (53 SGA users and 23 FGA users) had missing value for the variable ‘use of agents causing EPS.’ A total of 242 (162 SGA 
users and 80 FGA users) antipsychotic subjects reported values for all the covariates and were assessed in the logistic regression analysis. 

 
Model Statistics: Wald Chi-square = 15.23, df (Number of covariates) = 8, p = 0.054;   

 
- The unweighted sample size (N = 242) related to the logistic regression model was less than the unweighted matched cohort (N = 434) due to 
underreporting of measures pertinent to the independent variables included in the propensity score-matched logistic regression model. 
 

 

 

 

 

 

 

                                                 
515 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults with major chronic conditions. J Ment Health 
Policy Econ 2009;12(2):87-95. 
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The multivariable logistic regression model was found not to be statistically 

significant (Wald Chi-square = 15.23, p = 0.054). EPS risk was found not to differ [OR = 

1.77, 95% CI = (0.49, 6.40)] between FGA and SGA users. Hence H04 was not rejected. 

Among the risk factors, “home-health visits” (yes/no), “use of agents preventing EPS” 

(yes/no) and “use of agents causing EPS” (yes/no) were found to be significantly related 

to EPS risk among antipsychotic users. The antipsychotic users who had home-health 

visits were 1566% more likely to experience EPS (OR = 16.66, 95% CI = [1.30, 206.9]) 

than those who did not have a home health visit, after controlling for other factors in the 

model. The antipsychotic users who had used EPS preventive therapies were 90% less 

likely to experience EPS than those who did not use EPS preventive therapies (OR = 

0.10, 95% CI = [0.01, 0.84]), after controlling for other factors in the model. The 

antipsychotic users who had used EPS causative therapies were 92% less likely to 

experience EPS than those who did not use EPS causative therapies (OR = 0.08, 95% CI 

= [0.01, 0.67]), after controlling for other factors in the model. The wide confidence 

intervals associated with the variables ‘use of SGAs’, ‘having outpatient visit’, ‘having 

inpatient visit’ and ‘having home-health visit’ could be due to small sizes. 

 

4.5 INSTRUMENTAL VARIABLE ANALYSES 

  The purpose of the instrumental variable analyses (IVAs) was to account for the 

effect of any unobserved variables which may confound the relationship between the 

treatment (antipsychotic exposure) and outcome (EPS risk) variables. Before conducting 
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the different types of IVAs (as described in Section 3.14), the strength of the IV was 

determined in terms of partial r2.  

  The partial r2 reflects the correlation between two variables after adjusting for 

other variables. Previous authors516 have shown that the partial r2 associated with a 

predictor variable in a model is numerically equal to  

[(W – 2K)/2LL(0)]
0.5 

where W (Wald chi-square of the predictor) = 1.23; 

LL (0) (Log likelihood of the model with the intercept only) = 1767139.1; 

K (d.f. of the predictor) = 1; 

In this study, the partial r2 between the instrument and the treatment was found to be low 

(0.0002). Hence, the instrument selected for this research “delay in obtaining prescribed 

medicines” was found to be weakly correlated with the treatment variable.  

           Past researchers have asserted that the traditional Hausman’s test is invalid if the 

selected instrument is weak.517 Therefore, in this dissertation project, it was not possible 

to assess the presence of unobsereved confounders between the treatment and outcome 

relationship; thus, H05 was not tested. With no statistical results supporting the presence 

of bias due to unobserved confounders between the treatment and outcome relationship, 

the different approaches to IVAs were not conducted; thus, H06 was not tested.  

                                                 
516 Bhatti IP et al. A logistic regression analysis of ischemic heart disease risk. Journal of Applied Sciences 
2006;6(4):785-88. 
517 Hahn J. The Hausman’s test and weak instruments. Journal of Economterics 2011;160(2):289-99. 



 
 

233 

CHAPTER FIVE – DISCUSSION AND CONCLUSIONS 
 

This chapter summarizes the study results, relates the results to the findings of 

previous studies and discusses the implications of the results. The chapter has been 

divided into ten sections. The first section provides a brief overview of the study purpose. 

The second section reports the results of the study hypotheses tests (as described in Table 

3.2). The explanations of the results pertaining to the study objectives (outlined in 

Section 2.14) are provided in sections three, four, five, six and seven of this chapter. The 

overall implications of this study are discussed in the eighth section. Lastly, the 

strengths/limitations and the conclusions of the study are explained in the ninth and tenth 

sections, respectively.  

 

5.1 OVERVIEW OF THE STUDY PURPOSE 

The purpose of the dissertation project was to conduct a comparative 

effectiveness evaluation of the risk of extrapyramidal symptoms (EPS) between first-

generation antipsychotic (FGA) and second-generation antipsychotic (SGA) users. A 

primary comparative effectiveness research study was conducted using the retrospective 

observational Medical Expenditure Panel Survey database (with information from 2002 

to 2009). The study analyses were five-fold. Firstly, the demographic and clinical 

characteristics of the antipsychotic cohort were evaluated. Secondly, multiple 

comparative analyses were conducted to determine if demographic and clinical 

characteristics differed between the FGA and SGA cohorts. Thirdly, a pre-validated 
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conceptual framework was used to assess the predictors of SGA utilization among 

antipsychotic users. Fourthly, a propensity score-matching (PSM) analysis was conducted 

to assess the EPS risk difference between the FGA and SGA cohorts, accounting for  

selection bias which may confound the treatment-outcome relationship.  

 

5.2 SUMMARY OF THE RESULTS RELATED TO THE HYPOTHESE S 

Table 5.1 lists the hypotheses, independent/dependent variables and results of the 

hypotheses tests. Comparative analyses indicated that there were significant differences 

between the FGA and SGA cohorts with respect to race, ethnicity, MSA residency status, 

perceived general health status, perceived mental health staus and level of education. 

Multivariable logistic regression analyses showed that age, race, ethnicity and level of 

education were significant predictors of SGA use. Propensity score matching (PSM) 

analysis showed that there was no difference in EPS risk between the FGA and SGA 

cohorts after adjusting for the baseline factors associated with antipsychotic use and risk 

factors associated with EPS risk. Lastly, the presence of unmeasured confounders of the 

treatment/outcome relationship could not be determined by means of the selected 

instrument (“delay in obtaining prescribed medicines”) due to the weak association of the 

treatment with the instrument. Therefore, none of the approaches (linear and non-linear as 

described in Section 3.14) to instrumental variable analyses were conducted. 
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Table 5.1. Hypotheses, variables and test result. 
 

Hypothesis Dependent variable Independent 
variable 

Test 
Result 

 
H02a: There is no significant association 
between age category and antipsychotic 
type (SGA/FGA). 
 

 
Age category 

 
Antipsychotic 
Type (SGA, 

FGA) 

 
Failed 

to 
reject 

 
H02b: There is no significant association 
between gender and antipsychotic type 
(SGA/FGA). 
 

 
Gender 

 
Antipsychotic 
Type (SGA, 

FGA) 

 
Failed 

to 
reject 

 
H02c(i/ii): There is no significant 
association between race/ethnicity and 
antipsychotic type (SGA/FGA). 

 
(i)Race 

(ii) Ethnicity 

 
Antipsychotic 
Type (SGA, 

FGA) 

 
(i) 

Reject 
(ii) 

Reject 
 
H02d: There is no significant association 
between region of residence and 
antipsychotic type (SGA/FGA). 
 
H02e: There is no significant association 
between MSA residency status and 
antipsychotic type (SGA/FGA). 
 
 
H02f: There is no significant association 
between income level and antipsychotic 
type (SGA/FGA). 
 
H02g: There is no significant association 
between insurance type and antipsychotic 
type (SGA/FGA). 
 
H02h: There is no significant difference in 
perceived general health status between 
SGA and FGA users. 
 
H02i: There is no significant difference in 
mental health status between SGA and 
FGA users. 
 
 
 
 

 
Region of residence 

 
 
 

MSA residency status 
 
 
 
 

Income level 
 
 
 

Insurance type 
 
 
 

Perceived general health status 
 
 
 

Perceived mental health status 
 
 
 
 

 
 

 
Antipsychotic 
Type (SGA, 

FGA) 
 

Antipsychotic 
Type (SGA, 

FGA) 
 
 

Antipsychotic 
Type (SGA, 

FGA) 
 

Antipsychotic 
Type (SGA, 

FGA) 
 

Antipsychotic 
Type (SGA, 

FGA) 
 

Antipsychotic 
Type (SGA, 

FGA) 
 
 
 
 

 
Failed 
to 
reject 
 
Reject 
 
 
 
 
Failed 
to 
reject 
 
Failed 
to 
reject 
 
Reject 
 
 
 
Reject 
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Hypothesis 
 
 
H02j: There is no significant association 
between level of education and 
antipsychotic type (SGA/FGA). 
 
 
H03a: There is no significant relationship 
between age category and likelihood of 
SGA use among antipsychotic users after 
controlling for other baseline covariates 
(identified in the ABM). 
 
H03b: There is no significant relationship 
between gender and likelihood of SGA 
use among antipsychotic users after 
controlling for other baseline covariates 
(identified in the ABM). 
 
H03c(i/ii): There is no significant 
relationship between race/ethnicity and 
likelihood of SGA use among 
antipsychotic users after controlling for 
other baseline covariates (identified in the 
ABM). 
 

Dependent variable 
 
 

Level of education 
 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 

Independent 
variable 

 
Antipsychotic 
Type (SGA, 

FGA) 
 
 

Age category 
 
 
 
 
 

Gender 
 
 
 
 
 

(i) Race 
(ii) Ethnicity 

 
 
 

 

Test 
result 
 
Reject 
 
 
 
 
Reject 
 
 
 
 
 
Failed 
to 
reject 
 
 
 
(i) 
Reject 
(ii) 
Reject 

 
H03d: There is no significant relationship 
between region of residence and 
likelihood of SGA use among 
antipsychotic users after controlling for 
other baseline covariates (identified in the 
ABM). 
 
H03e: There is no significant relationship 
between MSA residency status and 
likelihood of SGA use among 
antipsychotic users after controlling for 
other baseline covariates (identified in the 
ABM). 
 
H03f: There is no significant relationship 
between income level and likelihood of 
SGA use among antipsychotic users after 
controlling for other baseline covariates 
(identified in the ABM). 
 

 
Likelihood of SGA use among 

antipsychotic users 
 
 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 

 
Region of 
residence 

 
 
 
 
 

MSA residency 
status 

 
 
 
 
 

Income level 
 
 
 
 
 

 
Failed 
to 
reject 
 
 
 
 
Failed 
to 
reject 
 
 
 
 
Failed 
to 
reject 
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Hypothesis 
 
 
H03g: There is no significant relationship 
between insurance type and likelihood of 
SGA use among antipsychotic users after 
controlling for other baseline covariates 
(identified in the ABM). 
 
 
H03h: There is no significant relationship 
between perceived general health status 
and likelihood of SGA use among 
antipsychotic 
users after controlling for other baseline 
covariates (identified in the ABM). 
 
H03i: There is no significant relationship 
between perceived mental health status 
and likelihood of SGA use among 
antipsychotic users after controlling for 
other baseline covariates (identified in the 
ABM). 
 
 
H03j: There is no significant relationship 
between level of education and likelihood 
of SGA use among antipsychotic users 
after controlling for other baseline 
covariates (identified in the ABM). 
   
 
H04: There is no significant difference in 
the EPS risk between SGA and FGA users 
after controlling for selected baseline 
covariates (associated with SGA 
utilization), propensity scores, dose, 
illness severity, and use of co-medications 
(causing/preventing EPS) before first 
antipsychotic was taken and presence of 
EPS history. 
 
H05: There is/are no unmeasured 
confounder(s) present in the relationship 
between antipsychotic therapy and EPS 
risk. 
 
 

Dependent variable 
 
 
Likelihood of SGA use among 

antipsychotic users 
 
 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 
 
 

Likelihood of SGA use among 
antipsychotic users 

 
 
 
 
 

Likelihood of EPS 
 
 
 
 
 
 
 
 
 

Likelihood of EPS 
 

 
 
 
 

Independent 
variable 

 
Insurance type 

 
 
 
 
 
 

Perceived 

general health 

status 

 
 

Perceived 
mental health 

status 
 
 
 
 
 

Level of 
education 

 
 
 

 
Antipsychotic 
Type (SGA, 

FGA) 
 
 
 
 
 

 

Antipsychotic 
Type (SGA, 

FGA) 
 
 

Test 
result 
 
Failed 
to 
reject 
 
 
 
 
Failed 
to 
reject 
 
 
 
 
Failed 
to 
reject 
 
 
 
 
 
Reject 

 
 
 
 
 
Failed 
to 
reject 
 
 
 
 
 

 
 
Not 
testabl
e 
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Hypothesis 
 
 
H06: There is no significant difference in 
the risk of EPS risk between SGA and 
FGA users after controlling for the 
estimate of SGA treatment status 
(estimated by the instrument variable), 
selected observed covariates (associated 
with SGA utilization), dose, illness 
severity, and use of co-medications 
(causing/preventing EPS) before first 
antipsychotic was taken and presence of 
EPS history. 

Dependent variable 
 

 
Likelihood of EPS 

 
 
 
 
 
 
 

Independent 
variable 

 
Antipsychotic 
Type (SGA, 

FGA) 
 
 
 
 
 

Test 
result 
 
Not 
testabl
e 
 
 
 
 
 

-MSA = Metropolitan statistical area 
- FGA = First-generation antipsychotic 
- SGA = Second-generation antipsychotic 
- ABM = Andersen Behavioral Model 
- EPS = Extrapyramidal symptoms 
 

5.3 EXPLANATION OF THE DESCRIPTIVE FINDINGS 

This study showed that there were 882 first-time antipsychotic users (from 2002 

to 2009) identified from the MEPS database. Among 882 antipsychotic users, 434 

subjects formed the matched cohort. Out of these 434 subjects, 242 subjects (162 SGA 

users and 80 FGA users) were assessed in the logistic regression model evaluating EPS 

risk. This was lower than the target sample size based on the a priori power analysis 

calculations (256 subjects for the FGA group and 1,280 subjects for the SGA group) as 

described in Section 3.7. In the initial sample calculations, we assumed a relative EPS 

risk between the SGA and FGA cohorts of 0.2. However, the calculated relative risk 

(approximated as an odds ratio) was found to be 1.77 (obtained from Table 4.27). A post-

hoc power analysis using the calculated relative risk (1.77), an assumed EPS incidence 

rate of 20% (because it was not possible to calculate the rate of new EPS cases with time 
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or the actual incidence rate due to the study design), the ratio of the number of FGA and 

SGA users as 1:2, and all other factors remaining the same as in the a priori power 

analysis yielded a target sample size of 360 subjects (120 FGA users and 240 SGA 

users). Thus, the actual sample sizes (based on availability of subjects in the MEPS 

database) were close to the target sample sizes based on the post-hoc power analysis 

compared to the a priori power analysis; however, the actual sample sizes were still lower 

than desired. Although the analyses yielded some significant relationships, other 

significant relationships may have been found with a larger sample size. 

Descriptive analysis showed that 7.6% of the antipsychotic users (assessed in this 

study) experienced EPS. Past studies show that EPS prevalence can range from 2%-

20%.518,519,520 In these three studies, researchers assessed the tardive variant of EPS. 

However, our research included subjects who experienced both acute and tardive variants 

of EPS. In our study, about 53% of the antipsychotic users were males. This finding was 

close to the result obtained by Wang and Farley. Using the MEPS database (2004-2005), 

the researchers found that 57% of the antipsychotic users were males.521 However, Jano 

et al. using MEPS (1996-2004) found a greater percentage (69.7%) of females using 

antipsychotics in an elderly population.522 We conducted a subgroup analysis and found 

                                                 
518 Yassa R et al. Prevalence of tardive dystonia. Acta Psychiatr Scand 1986;73(6):629-33. 
519 Raja M. Tardive dystonia: Prevalence, risk factors and comparison with tardive dyskinesia in a 
population of 200 acute psychiatric inpatients. Eur Arch Psychiatry Clin Neurosci 1995;245(3):145-51. 
520 Sethi KD et al. Prevalence of dystonia in veterans on chronic antipsychotic therapy. Mov Disord 
1990;5(4):319-321. 
521 Wang CC and Farley JF. Patterns and predictors of antipsychotic medication useamong the U.S. 
population: Findings from the Medical Expenditure Panel Survey. Res Social Adm Pharm 2009 Sep 17. 
[Epub ahead of print] 
522 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users in community-
dwelling elderly, 1996-2004. Curr Med Res Opin 2008;24(3):709-16. 
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that a majority of the elderly population using antipsychotics were females (59.4%, 

52/92). These results suggest that although males may use antipsychotics more than 

females overall, such a finding may not be true in an elderly population. Our study found 

that about 35% of the antipsychotic users resided in the South and about 80% of them 

lived in MSAs. These results were similar to the findings obtained by Wang and Farley 

who conducted their research with MEPS on the overall cohort of antipsychotic users 

(2004-2005).523  

Surprisingly, the mean perceived general health status and perceived mental 

health status scores obtained in this study were found to be different from those reported 

in two previous studies.524,525 In our study, the mean scores of perceived general health 

status and perceived mental health status were between 1 (excellent) and 2 (very good). 

But the previous studies reported the mean scores of perceived physical and mental 

health status to be between 3 (good) and 5 (poor). The authors of those two studies 

examined the elderly population using the MEPS database. The difference in measures of 

the general and mental health states could be attributed to the large proportion (88%) of 

non-elderly antipsychotic users in our study who reported being in a relatively healthy 

state. 

 

                                                 
523 Wang CC and Farley JF. Patterns and predictors of antipsychotic medication useamong the U.S. 
population: Findings from the Medical Expenditure Panel Survey. Res Social Adm Pharm 2009 Sep 17. 
[Epub ahead of print] 
524 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users in community-
dwelling elderly, 1996-2004. Curr Med Res Opin 2008;24(3):709-16. 
525 Aparasu RR et al. Hospitalization risk associated with typical and atypical antipsychotic use in 
community-dwelling elderly patients. Am J Geriatr Pharmacother 2008;6(4):198-204. 
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5.4 EXPLANATION OF THE COMPARATIVE FINDINGS 

The SGA and FGA cohorts were found to be significantly (p<0.05) different from 

each other with respect to race and ethnicity. SGA users accounted for higher proportions 

of the white, black and other racial groups than FGA users, pointing out a relatively high 

utilization level of SGAs in all the racial groups. Similar findings of high SGA utilization 

were found in both the Hispanic and Non-Hispanic ethnic groups. Such results can be 

elucidated in light of the explanation provided by Fountoulakis et al. The authors asserted 

that the utilization of SGAs has become widespread due to heavy marketing of this class 

of therapy for treating various off-label conditions such as depression and obsessive-

compulsive disorder.526 

The proportions of all the antipsychotic users were found to be higher in MSAs 

compared to non-MSAs. This result is similar to that obtained by Wang and Farley.527 

Such a finding can be explained in light of the high proportion (~ 80%) of the U.S. 

population (2004-2005) residing in MSAs.528 The mean measures of perceived general 

health status and perceived mental health status were found to be better in the FGA 

cohort than the SGA cohort. However, the differences may be too small to have any 

practical significance for a decision-making body (such as a pharmacy and therapeutics 

                                                 
526 Fountoulakis KN et al. Off-label indications for atypical antipsyhotics: a systematic review. Ann Gen 
Hosp Psychiatry 2004;3(1):4. 
527 Wang CC and Farley JF. Patterns and predictors of antipsychotic medication useamong the U.S. 
population: Findings from the Medical Expenditure Panel Survey. Res Social Adm Pharm 2009 Sep 17. 
[Epub ahead of print] 
528 Wang CC and Farley JF. Patterns and predictors of antipsychotic medication useamong the U.S. 
population: Findings from the Medical Expenditure Panel Survey. Res Social Adm Pharm 2009 Sep 17. 
[Epub ahead of print] 
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committee) when considering formulary decisions for FGAs and SGAs.529 The minimally 

important difference in a humanistic outcome experienced by a subject after treatment of 

a condition depends on the condition and the scale of the instrument used to measure the 

outcome. Future researchers may evaluate a minimally important difference (between 

SGA and FGA users) in perceived general health status and perceived mental health 

status by using disease-specific quality of life instruments. 

 

5.5 EXPLANATION OF THE FACTORS PREDICTING SGA UTILI ZATION 

The multivariable logistic regression model evaluating the factors associated with 

SGA utilization showed that the “children/adolescents” category of the age variable was a 

significant positive predictor of SGA utilization among antipsychotic users. The 

children/adolescents were more likely to utilize SGAs than the elderly group. This could 

be due to high therapeutic benefit and safety shown by SGAs in the child/adolescent 

population.530 However, we agree with past researchers that there is limited data 

supporting such an assumption and more clinical research is warranted to assess the 

efficacy and safety profile of SGAs in the child/adolescent population.531,532  

                                                 
529 Newcombe PA et al. Parent cough-specific quality of life: Development and validation of a short form. J 
Allergy Clin Immunol 2012 Nov 10.  
530 Wang CC and Farley JF. Patterns and predictors of antipsychotic medication useamong the U.S. 
population: Findings from the Medical Expenditure Panel Survey. Res Social Adm Pharm 2009 Sep 17. 
[Epub ahead of print] 
531 Patel NC et al. Trends in the use of typical and atypical antipsychotics in children and adolescents. J Am 
Acad Child Adolesc Psychiatry 2005 Jun;44(6):548-56. 
532 Findling RL and McNamara NK. Atypical antipsychotics in the treatment of children and adolescents: 
clinical applications. J Clin Psychiatry 2004;65 Suppl 6:30-44. 
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In the current study, “Black” and “Other” categories of the race variable were 

significant positive predictors of SGA use among antipsychotic users. Several previous 

studies on antipsychotic use also found racial disparity in SGA treatment.533,534,535,536,537 

However, unlike our study the past studies showed that Blacks were less likely than 

whites to receive SGAs. We identified studies evaluating disparity in antipsychotic 

treatment among subjects insured in one type of health plan (Medicaid).538,539 However, 

our study sample included publicly or privately insured subjects. It is possible that our 

study sample included Blacks who had more prescription coverage than the Black 

populations studied in past studies. We also found another MEPS study showing no 

statistical difference in the likelihood of SGA utilization between Hispanic and Non-

Hispanic groups among elderly antipsychotic users.540 We conducted a sub-analysis on 

the elderly population of the antipsychotic cohort studied in our research and found 

similar results showing  no statistical difference in the likelihood of SGA utilization (OR 

= 0.88, 95% CI = [0.59, 1.33]) between Blacks and Whites. Lastly, differences in 

additional variables such as geographic regions of residence and clinical factors between 

                                                 
533 Kuno E and Rothbard AB. Racial disparities in antipsychotic prescription patterns for patients with 
schizophrenia. Am J Psychiatry 2002;159(4):567-72. 
534 Kreyenbuhl J et al. Racial disparity in the pharmacological management of schizophrenia. Schizophr 
Bull 2003;29(2):183-93. 
535 Opolka JL et al. Ethnic differences in use of antipsychotic medication among Texas Medicaid clients 
with schizophrenia. J Clin Psychiatry 2003;64(6):635-9. 
536 Herbeck DM et al. Variations in use of second-generation antipsychotic medication by race among adult 
psychiatric patients. Psychiatr Serv 2004;55(6):677-84. 
537 Daumit GL et al. Outpatient prescriptions for atypical antipsychotics for Blacks, Hispanics, and Whites 
in the United States. Arch Gen Psychiatry 2003;60(2):121-8. 
538 Kuno E and Rothbard AB. Racial disparities in antipsychotic prescription patterns for patients with 
schizophrenia. Am J Psychiatry 2002;159(4):567-72. 
539 Opolka JL et al. Ethnic differences in use of antipsychotic medication among Texas Medicaid clients 
with schizophrenia. J Clin Psychiatry 2003;64(6):635-9. 
540 E et al. Determinants of atypical antipsychotic use among antipsychotic users in community-dwelling 
elderly, 1996-2004. Curr Med Res Opin 2008;24(3):709-16. 
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our study population and those assessed in past research may explain the differences in 

likelihoods of SGA utilization between Blacks and Whites. 

Our study also found that the “Hispanic” category of the ethnicity variable was a 

negative predictor of SGA utilization among antipsychotic users. However, Wang and 

Farley in their study using the MEPS database (2004-2005) found no ethnic difference in 

SGA utilization among antipsychotic users.541 Our study period (2002-2009) was longer 

than the study period assessed by Wang and Farley. It is possible that non-Hispanics, 

constituting a major part of the antipsychotic population studied in our reearch, had more 

access to SGAs with time. However, we could not test this assumption in this study. The 

MEPS database considered in our research (2002-2009) has under-reporting of the day, 

month and year when the prescription was dispensed. Future researchers may consider a 

different database and include an interaction term (between ‘time of dispensing since 

market entry of an antipsychotic’ and ‘ethnicity’) as an enabling factor (of the Andersen 

Behavioral Model) to account for differential influence of ethnicity on SGA utilization 

across time.542 Lastly, the reason why antipsychotic users with 1-4 years of college 

education were more likely to utilize SGAs as compared to antipsychotic users having 

elementary school education is unknown and needs further investigation. 

None of the need factors (‘perceived general health status’ and ‘pereceived mental 

health status’ studied in this research as a component of the Andersen Behavioral Model) 

                                                 
541 Wang CC and Farley JF. Patterns and predictors of antipsychotic medication useamong the U.S. 
population: Findings from the Medical Expenditure Panel Survey. Res Social Adm Pharm 2009 Sep 17. 
[Epub ahead of print] 
542 Jano E et al. Determinants of atypical antipsychotic use among antipsychotic users in community-
dwelling elderly, 1996-2004. Curr Med Res Opin 2008;24(3):709-16. 
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were found to be significantly associated with SGA utilization. Such a finding could be 

an artifact and might be attributed to the self-reported nature of the information in the 

MEPS database.  

The MEPS database does not contain information about the prescribing patterns 

of physicians. Therefore, it is not possible to determine if “perceived need” of the patients 

(studied in this research) was considered by physicians while prescribing antipsychotics. 

Future researchers may consider a modification of the present Andersen Behavioral 

Model by assessing the factor “evaluated need” as a component of “need factors.”543 The 

factor “evaluated need” may help researchers determine if the type and level of health 

services provided by physicians addressed the unmet healthcare needs (interpreted as 

‘perceived need’) of the antipsychotic users. 

 

5.6 EXPLANATION OF THE FINDINGS OF THE PROPENSITY S CORE-

BASED LOGISTIC REGRESSION ANALYSIS 

The distribution of the PSs before matching indicated that the SGA and FGA 

cohorts differed from each other in the probabilities of receiving an SGA. However, the 

distributions of the PSs after matching showed that the SGA and FGA cohorts were 

similar to each other in terms of the likelihoods of receiving an SGA. The absolute values 

of bias (interpreted as the standardized difference) in measures of means (for continuous 

                                                 
543 Andersen RM. Revisiting the behavioral model and access to medical care: Does it matter? J Health Soc 
Behav 1995 Mar;36(1):1-10. 
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covariates) and percentages (for categorical covariates) of some of the covariates (such as 

the “female” category of gender, “Midwest” category of region of residence and “West” 

category of region of residence) were found to be high after matching the SGA and FGA 

cohorts. It is also possible that in our study the the Greedy 5→1 digit matching technique 

yielded some inexact SGA/FGA matches. Future researchers may consider another 

database and evaluate a modification of the Andersen Behaviora Model for calculation of 

propensity score. The matching process on the basis of the propensity score calculated 

from a modified Andersen Behvaioral Model may yield more exact matches. 

Furthermore, a sensitivity analysis conducted with higher order digit match techniques 

could explain how different approaches to matching are related to change in bias 

associated with each covariate before and after matching. 

Slight differences in the distributions of the PSs of the SGA (Figures 4.1 and 4.3) 

and FGA (Figures 4.2 and 4.4) cohorts were observed before and after matching. During 

calculation of the PSs, 27 members of the FGA cohort (N = 327) were not considered 

because of missing values on one or more of the covariates (derived from the Andersen 

Behavioral Model). A row-wise deletion procedure was followed and a reduced sample 

size (N = 300) of the FGA cohort was used for calculation of the PSs. The Greedy 5→1 

digit matching procedure was able to select 72%, (217/300) of the subjects from the 

unmatched FGA cohort (N = 300) while forming the matched cohort (N = 434).  

In a similar fashion, due to missing values of one or more covariates, a row-wise 

deletion procedure was followed during calculation of PSs for each subject in the SGA 
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cohort (N = 555). This approach formed a reduced sample size of the SGA cohort (N = 

513) from which the PSs could be calculated. The Greedy 5→1 digit matching technique 

was able to select 42% (217/513) of the subjects from the unmatched SGA cohort while 

forming the matched cohort (N = 434). 

The propensity score-based logistic regression analysis showed that the use of 

EPS causative agents was associated with less EPS risk. This result is unexpected and 

could be due to misspecification of the propensity score model (i.e., exclusion of 

important variables from the model). Variables such as the “dose of drug” (in terms of 

chlorpromazine equivalent) and “duration of therapy” were under-reported in MEPS and 

hence, not included in the model while studying the association of “use of causative 

therapies” with EPS risk. Inclusion of these two variables may have produced expected 

results showing a positive association between use of EPS causative therapies and EPS 

risk.  

 The positive association between “home-health visits” and EPS risk can be partly 

explained in light of the findings obtained from a recent study by Whitney et al.544 In 

their research, the authors included elderly subjects who sought a home-health 

intervention program to treat impaired balance or gait function. It is possible that the 

elderly subjects in our study sought home-health services because they were at risk of 

EPS (and hence impaired balance). However, due to paucity of data on level of 

utilization, it was not possible to evaluate the benefit of home-health services in reducing 

                                                 
544 Whitney SL et al. Improvements in balance in older adults engaged in a specialized home care falls 
prevention program. J Geriatr Phys Ther 2013 Jan;36(1):3-12. 
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EPS risk. Furthermore, due to limited published information, we could not determine if 

the non-elderly population sought home-health intervention programs for treating 

impaired gait or balance function. Additional research is warranted to determine if home-

health intervention can serve as a variable indicating illness severity while evaluating 

EPS as an outcome measure in the non-elderly population. Lastly, we acknowledge that 

results obtained from the logistic regression model (pertinent to the propensity score 

analysis evaluating EPS risk), conducted on an unweighted matched sample may not be 

representative of or generalizeable to the U.S. population. 

In this study, a propensity score-matching technique was used to control for the 

selection bias present in the treatment/outcome relationship. Johnson et al. have asserted 

that a researcher should be cautious about omitted variable bias while conducting 

propensity score analysis.545 In the present study, the variables in the propensity score 

model were derived from a pre-validated conceptual framework and from published 

literature (as discussed in Chapter 2 of this dissertation report). However, we acknolwdge 

that the model used in this study is not free from omitted variable bias and that the study 

findings should be interpreted cautiously after taking into account that important 

variables (such as dose and duration of therapy) are absent in the propensity score-based 

logistic regression model. In order to address the problem of residual confounding (due to 

omitted variables), future researchers may choose to evaluate the antipsychotic 

                                                 
545 Johnson ML et al. Good research practices for comparative effectiveness research: analytic methods to 
improve causal inference from non-randomized studies of treatment effects using secondary data sources: 
the ISPOR good research practices for retrospective database analysis task force report-Part III. Value 
Health 2009;12(8):1062-73. 
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exposure/EPS risk by applying inverse propensity score estimators as have been 

described in previous research.546 

 A logistic regression-based approach was adopted for deriving the PSs. However, 

previous researchers have discussed the use of other methodologies such as probit 

models, neural networks, and regression trees while conducting propensity score 

analyses.547,548 Future researchers can adopt these additional approaches as a possible 

means to conduct sensitivity analyses of the results obtained from propensity score-based 

logistic regression techniques. Findings obtained from such sensitivity analyses may shed 

light on some of the unexpected findings obtained in the PSM approach adopted in this 

dissertation project. 

Seeger et al. used two (full and reduced) propensity score models and evaluated 

the omitted variable bias in their study design.549 Although the reduced model had better 

discrimination ability than the full model, it did not show any significant treatment effect. 

On the other hand, the full model was able to show a significant treatment effect and the 

results obtained from the full model were comparable to those found in previous clinical 

trials. Another possible approach to account for the omitted variable bias is to adopt the 

                                                 
546 Robins JM et al. Estimation of regression coefficients when some regressors are not always observed.  J 
Am Stat Assoc 1994;89:846-66. 
547 Baser O. Too much ado about propensity score models? Comparing methods of propensity score 
matching. Value Health 2006 Nov-Dec;9(6):377-85. 
548 Glynn RJ et al. Indications for propensity scores and review of their use in pharmacoepidemiology. 
Basic Clin Pharmacol Toxicol 2006;98(3):253-9. 
549 Seeger JD et al. Use of propensity score technique to account for exposure-related covariates: an 
example and lesson. Med Care 2007;45(Suppl 10):S143-8. 
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methodology suggested by Strumer et al. who suggested the use of data on variables 

obtained from validation samples to calibrate the propensity score estimates.550 

 

5.7 EXPLANATION OF THE FINDINGS OF THE INSTRUMENTAL  VARIABLE 

ANALYSIS 

The instrument selected in this study, “delay in obtaining prescribed medicines” 

showed a weak association with the treatment variable. Such a weak association could be 

due to the reason that a majority of the SGAs (during the study period 2002-2009) were 

included in the preferred drug list of a health plan (in which the patient was enrolled), and 

hence available to the patient without delay. A limitation of this analysis is that prior 

authorization requirements of health plans were not assessed. 

Past researchers have asserted that the traditional Hausman’s test (examining the 

presence of unmeasured confounding in the treatment/outcome relationship) is invalid in 

the preence of a weak instrument. Therefore, it was not possible to test the presence of 

unmeasured confounders of the treatment/outcome relationship in this dissertation 

project. With no evidence supporting the presence of unmeasured confounders of the 

treatment/outcome relationship, the instrumental variable analyses were not conducted. 

                                                 
550 Sturmer T et al. Adjusting effect estimates for unmeasured confounding with validation data using 
propensity score calibration. Am J Epidemiol 2005;162(3):279-89. 
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An empirical paper describes the methodology to test the presence of unmeasured 

confounding of the treatment/outcome relationship with a weak instrument using the 

modified Hausman’s test.551 However, we chose not to follow this approach. Even if the 

presence of unmeasured confounders of the treatment/outcome relationship had been 

supported by the modified Hausman’s test, the treatment estimates predicting the 

outcome in all the models would have been biased due to the weak nature of the 

instrument. Past researchers have provided a detailed description of how bias in treatment 

effect increases if a weak instrument is considered.552 

 

5.8 STRENGTHS AND LIMITATIONS OF THE STUDY 

The primary strength of our study lies in the approach in which health service 

utilization and EPS risk were evaluated among antipsychotic users. The study used a pre-

validated conceptual framework to address patient characteristics associated with SGA 

utilization among antipsychotic users. The conceptual framework allowed the evaluation 

of patient health-related behavior in terms of patient characteristics. In addition to patient 

characteristics (related to their health behavior), the study also addressed the risk factors 

associated with EPS among antipsychotic users.  

Our study used an observational retrospective database and accounted for 

selection bias in the treatment/outcome relationship by means of propensity score-
                                                 
551 Hahn J. The Hausman’s test and weak instruments. Journal of Economterics 2011;160(2):289-99. 
552 Rassen JA et al. Instrumental variables I: instrumental variables exploit natural variation in 
nonexperimental data  
to estimate causal relationships. J Clin Epidemiol 2009 Dec;62(12):1226-32. Epub 2009 Apr 8. 
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matching analysis. Findings of the propensity score-matching analysis showed a 

reduction in bias for a majority of the covariates (75%, 15/20) associated with SGA 

utilization. Such results are encouraging as they point out the success of matching and 

raise the possibility of having unbiased estimates of factors associated with EPS risk. 

Lastly, an intention-to-treat analysis (ITT) was used in evaluating the association between 

different factors and EPS risk. A study design with an ITT analysis favors the null 

hypothesis.553 Therefore, a conservative approach was used in analyzing the 

treatment/outcome relationship. 

However, like other studies, this research is not free from limitations. Firstly, the 

findings obtained from the MEPS database may not hold true for groups receiving 

antipsychotics but not represented in MEPS (those who are homeless, institutionalized, or 

incarcerated). Secondly, the study period of each subject included in the MEPS database 

was restricted to a maximum of 2 to 2.5 years. An antipsychotic user may experience 

tardive syndromes (months/years after antipsychotic exposure) beyond the time period of 

the MEPS database. Due to the limited time window assessed in MEPS, such a subject 

would appear to experience no EPS. Thirdly, we could not evaluate the association 

between time-varying covariates and EPS risk. This was because the time of exposure 

(antipsychotic) was defined in terms of the interview round in which the MEPS 

participant reported taking an antipsychotic. Typically, the time length of each interview 

round varies for different individuals. Operationalization of the variable  “duration of 

therapy” in terms of days/months would have helped us assess the effect of any time-

                                                 
553 Jones B et al. Trials to assess equivalence: the importance of rigorous methods. BMJ 1996;313:36-9. 
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varying covariate on (or, any temporal relationship of a covariate with) EPS risk. Due to 

a paucity of valid measures of “duration of therapy” in terms of days, months and years 

of exposure, we could not determine if the covariates associated with EPS risk were time-

variant. 

Fourthly, this study did not have a wash-out period. Therefore, it would be 

unreasonable to assume that the antipsychotic users were new initiators of FGAs or SGAs 

and to interpret the results of the Andersen Behavioral Model and propensity score-

matching analysis in terms of cause-effect relationships. However, it is expected that if a 

wash-out period had been used, the sample size might have been reduced. With even 

smaller sample sizes for the SGA and FGA cohorts, the power of the study would be 

reduced further and the potential for bias would be increased.  

Fifthly, the propensity score model used in this research could be misspecified 

due to omitted variables. An important variable not included in the PS model which could 

be associated with antipsychotic utilization is the policy intervention (related to the 

“black box” warning) issued by the FDA’s Public Health Advisory Board, mandating 

careful use of antipsychotics to avoid the risk of death associated with the use of both 

FGAs and SGAs.554 Furthermore, another important variable not included in the 

propensity score model is “duration of therapy.” Due to limited information (in the 

Prescribed Medicines file) on variables indicating the start and end dates of a therapy 

episode, “duration of therapy” could not be assessed as a factor associated with EPS risk. 

                                                 
554 Wang PS et al. Risk of death in elderly users of conventional vs. atypical antipsychotic medications. N 
Engl J Med 2005 Dec 1;353(22):2335-41. 
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Lastly, “dose of antipsychotic” expressed in terms of cholorpromazine equivalent (CPZ), 

could be a potential factor associated with EPS risk.555 But due to little published 

information on CPZ values of all the antipsychotics, “dose of antipsychotic” was not 

included as an independent variable in the logistic regression model evaluating EPS risk.  

We acknowledge that a possible approach to overcome the problem of missing 

values on different variables (“dose” and “duration of therapy”) present in the MEPS 

database, could have been statistically imputing the missing values of these variables. To 

our knowledge, only one study conducted with the MEPS database has statistically 

imputed missing values of variables.556 The authors reported that only 10% of the values 

for the variables used in their research were missing. Howevever, in our study, the 

percentages of missing values of the “dose” and “duration of therapy” variables were 

high (~ 95%); therefore, we determined that imputation of the missing values was not 

appropriate and these two variables were dropped from the logistic regression model 

evaluating EPS risk. It is possible that the rest of the variables included in the propensity 

score model could have been imputed using the approach followed by previous 

researchers.557 However, their study combined two databases -  MEPS and NHIS 

(National Health Interview Survey). The missing value of a variable due to under-

reporting by a subject included in the MEPS database was imputed with the value of that 

                                                 
555 Andreasen NC et al. Antipsychotic dose equivalents and dose-years: A standardized method for 
comparing exposure to different drugs. Biol Psychiatry 2010;67(3):255-62. 
556 Le Cook B et al. Comparing methods of racial and ethnic disparities measurement across different 
settings of mental health care. Health Serv Res 2010 Jun;45(3):825-47. 
557 Le Cook B et al. Comparing methods of racial and ethnic disparities measurement across different 
settings of mental health care. Health Serv Res 2010 Jun;45(3):825-47. 
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variable reported by the same subject included in the NHIS database. As the scope of our 

study was restricted to the MEPS database only, we did not follow the methodology used 

by previous authors to impute the missing values of the variables studied in propensity 

score-matching analysis. Furthermore, we chose not to impute the missing values of a 

variable pertinent to a subject with the values of the same variable reported by other 

members in the cohort due to two reasons. Firstly, such an approach raises the possibility 

of having same values of a variable in both the SGA and FGA cohorts. Secondly, we 

acknowledge that covariate measures of subjects in the FGA (or SGA) cohort may be 

used to impute the missing covariate measures of subjects in the same cohort. Although 

this technique may yield complete matches, it raises the possibility of inexact matching of 

SGA and FGA subjects. Hence, we assume that statistical imputation can compromise the 

purpose of matching and bias the assessment of success of matching (measured as 

percentage reduction in bias) by propensity scores. 

 

5.9 IMPLICATIONS OF SELECTED STUDY FINDINGS  

Our findings may have important implications for clinicans and health service 

researchers. We found that all patients who had EPS history experienced antipsychotic-

induced EPS. Clinicans may be watchful for patients who have an EPS history because 

these patients are likely to experience antipsychotic-induced EPS. Our research also 

showed that there is no significant difference in EPS risk between SGA and FGA users. 

However, clinicans may choose to evaluate other side-effects (in addition to EPS) of 
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antipsychotics while making treatment decisions. Evaluation of economic, clinical and 

humanistic outcomes associated with treatment of antipsychotic-related side-effects can 

provide clinicans the rationale for selecting one class of antipsychotics over the other.  

Our results may be helpful for designing the benefit structure of a health plan. 

While pooling beneficiaries under a health plan, the administrators of a health plan 

should consider the factors associated with EPS risk. The consideration of risk and 

prognostic factors (positively and negatively) associated with EPS risk may be useful for 

health insurers in establishing coverage provisions (including formulary tier placement of 

FGAs and SGAs), a consideration which may help in controlling future healthcare costs 

associated with EPS treatment. 

 

5.10 FUTURE RESEARCH 

As an extension to our current study, future research opportunities include 

assessing success of propensity score-matching by means of differenr forms of the 

Greedy N→M matching technique and assessment of unobserved confounding between 

antipsychotic treatment and EPS risk by means of a strong instrument. In addition to 

those research opportunities, future researchers may evaluate the treatment/outcome 

relationship in patient populations where the treatment effect is not homogenous. In this 

study, we assumed the treatment effect to be homogenous among the subjects included in 

both the SGA and FGA cohorts. Due to a paucity of data on variables including “dose” 

and “duration of therapy,” it was not possible to evaluate the cumulative exposure of the 
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drugs (interpreted as a product of dose and duration of therapy). As an extension of the 

current study, future researchers may focus on a different database to evaluate the 

cumulative exposure and assess how the treatment effect varies with duration of therapy. 

The methodological approach to evaluate the heterogeneity in treatment effect has been 

discussed elsewhere.558 Furthermore, future researchers may use an administrative 

database to differentiate how time to EPS occurrence differs between SGA and FGA 

cohorts. Lastly, our study did not evaluate the cost of treating antipsychotic-induced EPS. 

Further research done on the direct and indirect costs associated with EPS risk may shed 

light on approaches to decrease the overall resources required to treat EPS. 

 

5.11 CONCLUSIONS 

The current study showed that the use of antipsychotics varied across different 

levels of each of the predisposing and enabling factors predicting its utilization. Age, 

race, ethnicity and education were four major factors predicting antipsychotic utilization. 

The propensity score-matching analysis showed no difference in EPS risk between the 

SGA and FGA users. Health policy makers may assess risk factors of EPS (as indicated 

in our study) and identify appropriate health services to be provided to antipsychotic 

                                                 
558 Basu A et al. Use of instrumental variables in the presence of heterogeneity and self-selection: an 
application to treatments of breast cancer patients. Health Econ 2007 Nov;16(11):1133-57. 
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users at risk of experiencing EPS. Such an approach to treatment allocation may prove 

helpful for avoiding unnecessary costs associated with EPS treatment. 
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Appendix A. Frequency distribution of number of outpatient visits (on an annual basis) for 
any diagnosis. 

 

 

Number of outpatient visits 

 

- Second-generation antipsychotic (SGA) cohort: N = 215; Mean (SD) = 0.6 (4.3); Median = 0; Minimum = 
0; Max = 55. 

- First-generation antipsychotic (FGA) cohort: N = 103; Mean (SD) = 0.8 (5.3); Median = 0; Minimum = 0; 
Max = 52. 

- Antipsychotic (SGA + FGA) cohort: N = 318; Mean (SD) = 0.6 (4.6); Median = 0; Minimum = 0; Max = 
55. 

- Sample size of antipsychotic (SGA + FGA) cohort (N = 318) does not equal to sample size of the matched 
cohort (N = 434) because 116 antipsychotic subjects did not report having any condition during the time 
period for which ‘number of outpatient visits’ was calculated. 

- Since population weights are of no relevance in a matched sample,559 all measures were reported on an 
unweighted basis. 

 

                                                 
559 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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Appendix B. Frequency distribution of number of office-based medical provider visits (on 
an annual basis) for any diagnosis. 

 

 

Number of office-based medical provider visits 

 

- Second-generation antipsychotic (SGA) cohort: N = 215; Mean (SD) = 5.5 (14.8); Median = 1; Minimum 
= 0; Max = 144. 

- First-generation antipsychotic (FGA) cohort: N = 103; Mean (SD) = 4.2 (7.6); Median = 1; Minimum = 0; 
Max = 40. 

- Antipsychotic (SGA + FGA) cohort: N = 318; Mean (SD) = 5.1 (12.9); Median = 1; Minimum = 0; Max = 
144. 

- Sample size of antipsychotic (SGA + FGA) cohort (N = 318) does not equal to sample size of the matched 
cohort (N = 434) because 116 antipsychotic subjects did not report having any condition during the time 
period for which ‘number of office-based medical provider visits’ was calculated. 

- Since population weights are of no relevance in a matched sample,560 all measures were reported on an 
unweighted basis. 

 

 

                                                 
560 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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Appendix C. Frequency distribution of number of emergency room visits (on an annual 
basis) for any  diagnosis. 

 

 

Number of emergency room visits 

 

- Second-generation antipsychotic (SGA) cohort: N = 215; Mean (SD) = 0.1 (0.4); Median = 0; Minimum = 
0; Max = 3. 

- First-generation antipsychotic (FGA) cohort: N = 103; Mean (SD) = 0.1 (0.4); Median = 0; Minimum = 0; 
Max = 2. 

- Antipsychotic (SGA + FGA) cohort: N = 318; Mean (SD) = 0.1 (0.4); Median = 0; Minimum = 0; Max = 
3. 

- Sample size of antipsychotic (SGA + FGA) cohort (N = 318) does not equal to sample size of the matched 
cohort (N = 434) because 116 antipsychotic subjects did not report having any condition during the time 
period for which ‘number of emergency room visits’ was calculated. 

- Since population weights are of no relevance in a matched sample,561 all measures were reported on an 
unweighted basis. 

 
                                                 
561 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 



 
 

262 

Appendix D. Frequency distribution of number of inpatient visits (on an annual basis) for 
any diagnosis. 

 

 

Number of inpatient visits 

 

- Second-generation antipsychotic (SGA) cohort: N = 215; Mean (SD) = 0.1 (0.4); Median = 0; Minimum = 
0; Max = 3. 

- First-generation antipsychotic (FGA) cohort: N = 103; Mean (SD) = 0.1 (0.5) ; Median = 0; Minimum = 
0; Max = 3. 

- Antipsychotic (SGA + FGA) cohort: N = 318; Mean (SD) = 0.1 (0.4); Median = 0; Minimum = 0; Max = 
3. 

- Sample size of antipsychotic (SGA + FGA) cohort (N = 318) does not equal to sample size of the matched 
cohort (N = 434) because 116 antipsychotic subjects did not report having any condition during the time 
period for which ‘number of inpatient visits’ was calculated. 

- Since population weights are of no relevance in a matched sample,562 all measures were reported on an 
unweighted basis. 

 

                                                 
562 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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Appendix E. Frequency distribution of number of home-health visits (on an annual basis) 
for any diagnosis. 

 

 

Number of home-health visits 

- Second-generation antipsychotic (SGA) cohort: N = 215; Mean (SD) =0.1 (0.9) ; Median = 0; Minimum = 
0; Max = 10. 

- First-generation antipsychotic (FGA) cohort: N = 103; Mean (SD) = 0.2 (1.3); Median = 0; Minimum =0 ; 
Max = 11. 

- Antipsychotic (SGA + FGA) cohort: N = 318; Mean (SD) = 0.1 (1.0); Median = 0; Minimum = 0; Max = 
11. 

- Sample size of antipsychotic (SGA + FGA) cohort (N = 318) does not equal to sample size of the matched 
cohort (N = 434) because 116 antipsychotic subjects did not report having any condition during the time 
period for which ‘number of home-health visits’ was calculated. 

- Since population weights are of no relevance in a matched sample,563 all measures were reported on an 
unweighted basis. 

 

 

                                                 
563 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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Appendix F. Frequency distribution of number of prescriptions purchased (on an annual 
basis) for any  diagnosis. 

 

 

Number of prescriptions purchased 

 

- Second-generation antipsychotic (SGA) cohort: N = 215; Mean (SD) = 2.9 (2.3); Median = 2; Minimum = 
1; Max = 14. 

- First-generation antipsychotic (FGA) cohort: N = 103; Mean (SD) = 2.5 (2.3); Median = 2; Minimum = 1; 
Max = 12. 

- Antipsychotic (SGA + FGA) cohort: N = 318; Mean (SD) = 2.8 (2.3); Median = 2; Minimum = 1; Max = 
14. 

- Sample size of antipsychotic (SGA + FGA) cohort (N = 318) does not equal to sample size of the matched 
cohort (N = 434) because 116 antipsychotic subjects did not report having any condition during the time 
period for which ‘number of prescriptions’ was calculated. 

- Since population weights are of no relevance in a matched sample,564 all measures were reported on an 
unweighted basis. 

 

                                                 
564 Lurie IZ et al. Differences in medical care expenditures for adults with depression compared to adults 
with major chronic conditions. J Ment Health Policy Econ 2009;12(2):87-95. 
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