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ABSTRACT 

Purposes: The purpose of this study was to estimate the incidence rate of epilepsy in 

2009 among various patient populations of Arizona seniors enrolled in Medicaid.  

Additionally, this study aimed to assess the incremental and relative economic and 

healthcare resource burden of new-onset epilepsy compared with those without newly 

diagnosed epilepsy. 

Methods: Arizona Medicaid claims data years 2008 through 2010 were used for this 

analysis.  Patients who were at least 65 years of age as of January 1, 2009 and were 

continuously enrolled in any coverage group pertaining to Arizona Medicaid for at least 

12 months during 2008 and 2009 were considered eligible for the 2009 cohort; patients 

who were continuously enrolled during 2008 but not at all during 2009 were excluded.  In 

addition to meeting the criteria for the 2009 cohort, incident cases of 2009 must also have 

epilepsy-related healthcare claims, a one-year clean period during which they cannot 

have any epilepsy-related healthcare claim, and that their first epilepsy-related healthcare 

claim in 2009 cannot have with a diagnosis code of 345.x1.  The outcome variables 

assessed included incidence rate of being diagnosed with epilepsy, total monthly 

healthcare costs, total monthly inpatient costs, total monthly outpatient costs, total 

monthly prescription costs, incidence rate of inpatient stay, and incidence rate of 

physician visits.   
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Results: The incidence rate of epilepsy in 2009 for this population was 7.9 per 1,000.  

Patients with epilepsy-related disease-based risk factors and of younger age had 

significantly greater incidence rate compared with their counterparts.  In general, total 

monthly healthcare costs and incidence rate of inpatient stay were approximately three 

times greater in patients with newly diagnosed epilepsy compared with their counterpart 

(p < 0.001); incremental total monthly healthcare costs in patients with newly diagnosed 

epilepsy reached 2,077 US dollars. 

Conclusion: The Arizona Medicaid population appeared to have higher incidence rate 

compared with the US Medicare and the general US population.  Additionally, Arizona 

Medicaid beneficiaries with newly diagnosed epilepsy had significantly greater 

healthcare costs and resource utilization compared with those without epilepsy.
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CHAPTER 1: INTRODUCTION 

1.1 Statement of the Problem 

 Epilepsy, defined as having at least two unprovoked seizure episodes (Leppik & 

Birnbaum, 2010), is the third most prevalent neurological condition that affects the 

elderly after stroke and dementia-related diseases (Werhahn, 2009).  The age-adjusted 

prevalence rate in the general population has been estimated to range between 2.2 and 

41.0 per 1,000 persons annually (Kelvin, Hesdorffer, Bagiella, & et al., 2007; Koul, 

Razdan, & Motta, 1988; Lavados, Germain, Morales, Campero, & Lavados, 1992; Lee, 

Jung, Lee, & et al., 2012; Melcon, Kochen, & Vergara, 2007; Osuntokun, Schoenberg, & 

Nottidge, 1982; Picot, Baldy-Moulinier, Daures, Dujols, & Crespel, 2008; Winkler et al., 

2009), while the age-adjusted incidence rate is approximately between 16 and 51 per 

100,000 persons (Banerjee, Filippi, & Hauser, 2009; Benn, Hauser, Shih, & et al., 2008; 

Hauser, Annegers, & Kurland, 1993).  However, the annual incidence rate surpasses 0.1 

percent and increases with age in the elderly population (Cloyd, Hauser, Towne, & et al., 

2006), while the cumulative incidence up to 80 years of age ranges from 1.3 to 4.0 

percent (Beghi, 2007).  Annual epilepsy incidence has been steadily increasing at a rate 

of 3.5 percent in the elderly population over the past two decades (Sillanpää, Lastunen, 

Helenius, & Schmidt, 2011), while the pediatric and non-elderly adult population showed 

a decreasing incidence rate.  

 The elderly population is also subjected to multiple comorbid conditions relevant 

to the etiology of epilepsy, such as stroke, cerebrovascular diseases, central nervous 
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system (CNS) tumors, and neurodegenerative diseases (Hauser et al., 1993).  It has been 

estimated that 60 percent of epilepsy incident cases in the elderly population in which the 

etiology was identified were associated with cerebrovascular diseases, whereas 

approximately 20 percent were related to neurodegenerative diseases (Hauser et al., 

1993).  It is important to note that patients with Alzheimer’s disease and other types of 

dementia are associated with six and eight times greater risk of developing epilepsy 

compared with their counterpart (Hesdorffer, Hauser, Annegers, & et al., 1996).  Thus, 

epileptic patients aged 65 or older necessitate particular focus to lessen the high risk of 

developing the disease. 

The attributes described as follows also frequently appear in the general elderly 

population: 1) lower patient compliance; 2) cognitive impairment; 3) higher frequency of 

ataxia; 5) lower glomerular filtration rate (GFR); 6) altered levels of body fat, albumin, 

and cytochrome p-450; and 7) greater prevalence of osteoporosis (especially in women).  

To provide optimal care for this population, it was suggested that non-metabolized, non-

enzyme inducing antiepileptic drugs (AEDs) such as gabapentin and lamotrigine should 

be used (Schmidt, 2009).  In addition, slow-dose escalation and reduced dosing should be 

applied with respect to AED therapy. 

Epilepsy remains a substantial economic and patient burden both in the United 

States (US) and worldwide, particularly in the elderly population.  The average total cost 

of epilepsy in Europe was approximately €15.5 billion (Pugliatti, Beghi, Forsgren, 

Ekman, & Sobocki, 2007).  In the US, Yoon et al. found that a patient with epilepsy on 

average had 4,523 USD (2004 value) greater healthcare cost as compared to those 
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without epilepsy (Yoon, Frick, Carr, & Austin, 2009).  Indirect costs may range from 15 

percent, up to approximately 60 percent of the total healthcare costs of epilepsy when 

particular categories such as the patient’s loss of his/her driver’s license and retiring early 

were considered (Tetto, Manzoni, Millul, & et al., 2002).   

Patients with epilepsy also suffer from impaired quality of life.  Baker and 

colleagues showed that patients with no seizure episodes had substantially higher scores 

in the Short Form 36 Health Survey (SF-36) compared with both patients who had less 

than one seizure episode per month and one or more episode per month (Baker, Jacoby, 

Buck, & et al., 1997).  Additionally, there was an inverse relationship between seizure 

frequency and quality of life (Baker et al., 1997; Taylor, Sander, Taylor, & Baker, 2011).  

In addition to quality of life, patients may have greater risk of falls or fractures due to 

seizure occurrence or adverse events of AED and mortality (Beghi & Sander, 2008; 

Leppik, 2008). 

Recognizing the economic burden of epilepsy can lead to further proactive and 

preventive approaches to lessen these burdens.  Previous research on quantifying the 

excessive burden of epilepsy have either failed to account for selection bias by applying 

quasi-experimental methods (Reid et al., 2012), or focused on the general US population, 

where the disease burden on vulnerable populations cannot receive sufficient attention 

(Yoon et al., 2009).  Additionally, study results may suffer from manipulation if a single 

analytical method is adopted without sensitivity or scenario analyses using other 

analytical approaches.  Thus, this study purported to study the incidence of epilepsy in a 
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variety of patient groups and to use multiple analytical approaches, including quasi-

experimental approaches, to quantify the excessive healthcare utilization pertaining to 

epilepsy among a sample of low-income elderly patients with epilepsy in Arizona. 

 

1.2 Study Purpose 

 The purpose of this study was: 1) to identify the annual incidence of epilepsy in 

various patient subgroups of the Arizona Medicaid elderly population; and 2) to quantify 

the excessive healthcare utilization burden of epilepsy in the Arizona Medicaid elderly 

population. 

 

1.3 Project Components and Research Objectives 

1. Review and summarize the literature describing the following topics pertaining to 

epilepsy: 1) incidence and prevalence; 2) etiology; 3) treatment options; 4) cost-

effectiveness, comparative effectiveness, and specific adverse events attributed to AEDs; 

5) burden of illness; and 6) the Arizona Medicaid system. 

2. Describe the Behavior Model of health services use and its applicability to the current 

study. 

3. Manage and clean the Arizona Medicaid data set for appropriate analytical purposes. 
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4. Determine the annual incidence rate of epilepsy in different groups of age, gender, 

race/ethnicity, marital status, location of patient residency, and other risk factors of 

epilepsy. 

5. Assess the excessive burden of epilepsy with respect to healthcare costs and resource 

utilization as compared to beneficiaries without epilepsy using linear regression models, 

propensity score methods, and two-part regression models. 

 

1.4 Research Hypotheses 

The following hypotheses were tested in this study: 

H0-1: Annual incidence of epilepsy was not different across subpopulations of the elderly 

Arizona Healthcare Cost Containment System (AHCCCS) enrollees in 2009. 

H0-1-1: There was no association between gender and the incidence of epilepsy.  

H0-1-2: There was no association between race/ethnicity and the incidence of 

epilepsy.  

H0-1-3: There was no association between location of patient residence and the 

incidence of epilepsy. 

H0-1-4: There was no association between having a trauma before the index event 

and the incidence of epilepsy. 

H0-1-5: There was no association between being diagnosed of stroke before the 

index event and the incidence of epilepsy.  
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H0-1-6: There was no association between being diagnosed of atherosclerosis 

before the index event and the incidence of epilepsy.  

H0-1-7: There was no association between being diagnosed of primary brain tumor 

before the index event and the incidence of epilepsy.  

H0-1-8: There was no association between being diagnosed of Alzheimer’s disease 

before the index event and the incidence of epilepsy.  

H0-1-9: There was no association between being diagnosed of Parkinson’s disease 

before the index event and the incidence of epilepsy.  

H0-1-10: There was no association between being diagnosed of dementia before the 

index event and the incidence of epilepsy.  

H0-1-11: There was no association between being diagnosed of hypertension before 

the index event and the incidence of epilepsy.  

H0-1-12: There was no association between being diagnosed of sleep apnea before 

the index event and the incidence of epilepsy. 

H0-1-13: There was no association between marital status before the index event 

and the incidence of epilepsy.  

H0-2: Healthcare expenditure between patients with and without newly diagnosed epilepsy 

was comparable among the elderly Arizona Healthcare Cost Containment System 

(AHCCCS) enrollees in 2009 and 2010 

H0-2-1: There were no differences in terms of total monthly healthcare costs paid 

by AHCCCS between incident cases of epilepsy and their counterparts. 
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H0-2-2: There were no differences in terms of total monthly inpatient costs paid by 

AHCCCS between incident cases of epilepsy and their counterparts. 

H0-2-3: There were no differences in terms of total monthly outpatient costs paid 

by AHCCCS between incident cases of epilepsy and their counterparts. 

H0-2-4: There were no differences in terms of total monthly prescription drug costs 

paid by AHCCCS between incident cases of epilepsy and their counterparts. 

H0-3: The incidence rate of healthcare-related visits between patients with and without 

newly diagnosed epilepsy was comparable among the elderly Arizona Healthcare Cost 

Containment System (AHCCCS) enrollees in 2009 and 2010 

H0-3-1: There were no differences with respect to the incidence rate of inpatient 

visits (hospitalized or admitted to long-term care facilities) between incident cases 

of epilepsy and their counterparts. 

H0-3-2: There were no differences with respect to the incidence rate of physician 

visits between incident cases of epilepsy and their counterparts. 

 

 

1.5 Definitions 

Index event: the first healthcare claim with an epilepsy or seizure diagnosis code in a 

specified time period. 

Index date: the date on which the index event occurred. 

Continuous enrollment: no or at most one gap in AHCCCS enrollment up to 45 days in 

a 12-month period.
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CHAPTER 2: REVIEW OF THE LITERATURE 

 The formal definition of epilepsy has been debated. Until recently, having at least 

two seizure episodes was the deterministic criteria for the diagnosis of epilepsy (Leppik 

& Birnbaum, 2010).  In addition, the International League Against Epilepsy (ILAE) 

considers epilepsy to be a central nervous system (CNS) condition in which one is 

inclined to seizure episode occurrence.  It has been estimated that half of originally-active 

epileptic patients become seizure-free for at least a year, while less than 5 percent of 

patients have daily seizures and 10 percent have one to two seizure episodes per week 

(Garcia-Martin et al., 2012).  From the patient’s perspective, epilepsy reduces health-

related quality of life, increases the risk of falls, fractures, and mortality rate, and is 

usually accompanied with other comorbid conditions (Beghi & Sander, 2008; Leppik & 

Birnbaum, 2010).  From a healthcare system perspective, epilepsy increases healthcare 

costs and resource utilization, including inpatient, outpatient physician visits and 

antiepileptic drug utilization.  Barriers to providing adequate access to care for epileptic 

patients prevail, especially in developing countries where 80 percent of patients with 

epilepsy reside and the ailment remains substantially undertreated (De Boer, Mula, & 

Sander, 2008).  Presented below is a detailed review of the epidemiologic and clinical 

characteristics of epilepsy, followed by an overview of the economic and clinical issues 

related to therapeutic treatment options, a review of the economic burden of epilepsy, and 

an introduction to the data source utilized for this project—Arizona Medicaid.  
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2.1 Prevalence and Incidence of Epilepsy 

2.1.1 Global Prevalence and Incidence in Developed and Developing Countries  

 Globally, the age-adjusted active prevalence of epilepsy is to be estimated 

between 2.2 to 41.0 per 1,000 patients per year (Kelvin et al., 2007; Koul et al., 1988; 

Lavados et al., 1992; Lee et al., 2012; Melcon et al., 2007; Osuntokun et al., 1982; Picot 

et al., 2008; Winkler et al., 2009).  A substantial difference exists between developed and 

developing countries in terms of both the active and lifetime prevalence of epilepsy.  

Several countries in Central/South America (e.g., Bolivia, Honduras, and Chile) and 

Africa (e.g., Nigeria, Tanzania, and Zambia) showed higher prevalence rates compared 

with other countries (Banerjee et al., 2009; Burneo, Tellez-Zenteno, & Wiebe, 2005).  

Among developed countries, the age-adjusted active and lifetime prevalence of epilepsy 

was approximately 4.9 and 5.8 per 1,000 patients annually (95% confidence interval 

(CI)= 2.3-10.3 and 2.7-12.4, respectively), whereas the active/ lifelong prevalence was 

12.7/15.4 (95% CI =3.5-45.4/4.8-49.6) and 5.9/10.3 (95% CI =3.4-10.2/2.8-37.7) per 

1,000 patients per year in rural and urban regions of developing countries, respectively 

(Ngugi, Bottomley, Kleinschmidt, Sander, & Newton, 2010).  A meta-regression model 

showed that the differences between developed, urban areas of developing countries, and 

rural areas of developing countries were significantly different; both urban and rural areas 

of developing countries had significantly higher lifetime prevalence compared to 

developed countries (p=0.03 and p<0.001, respectively).  Methodological aspects may 

contribute to prevalence estimation differences as well.  Ngugi and colleagues estimated 

that epilepsy studies estimating lifetime prevalence with a sample size of 1,000 to 20,000 
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and smaller than 1,000 patients reported 1.9 and 5.2 times greater odds in comparison to 

studies with sample size greater than 20,000 patients (Ngugi et al., 2010).  Age-adjusted 

incidence was approximately 16 to 51 per 100,000 persons annually worldwide (Banerjee 

et al., 2009; Benn et al., 2008; Hauser et al., 1993), while Chile showed an exceptionally 

high age-adjusted incidence rate of 111 per 100,000 persons per year (Lavados et al., 

1992).   

 

2.1.2 Trends of Incidence and Prevalence in Various Age Groups 

Prevalence and incidence of epilepsy by age were found to be bimodally-

distributed: rates tended to be higher in young children and the elderly population, but 

lower for adults (Banerjee et al., 2009; De Boer et al., 2008). Temporal trends showed 

that while the general incidence rate was not significantly altered across time, the 

incidence gradually declined and increased in children and the elderly populations, 

respectively (Banerjee et al., 2009; Hauser et al., 1993).  However, a trend of increasing 

incidence by age was evident in the elderly population among developed countries, but 

not in developing countries (Banerjee et al., 2009; Lavados et al., 1992; Mani et al., 

1998).  Swedish studies implied that incidence rates in children dropped from 134 to 89 

per 100,000 persons annually between the 1970s and the 1990s (Heijbel & Bergfors, 

1975; Sidenvall, Forsgren, Blomquist, & Heijbel, 1993).  One Finland-based nationwide 

study compared Finland-specific incidence data between 1986 and 2008 and reported a 

1.9% annual decline (Relative risk (RR)=0.80, 95%CI=0.75-0.86) in children and 0.8% 

annual decline (RR=0.88, 95%CI=0.84-0.93) in the middle-aged, but a 3.5% annual 
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increase (RR=1.25, 95%CI=1.18-1.33) in the elderly population (Sillanpää et al., 2011).  

In addition, the Finish researchers found that since 2000 the elderly population had had a 

higher incidence of epilepsy compared with the pediatric population. 

   

2.1.3 Incidence and Prevalence in Gender, Race, and Socioeconomic Subgroups 

 Published studies have shown slightly higher incidence and prevalence of 

epilepsy in males as opposed to females.  However, the overall effect size and statistical 

significance of the differences were generally minimal (Banerjee et al., 2009; Burneo et 

al., 2005).  A few exceptional Asian studies showed a significantly higher prevalence rate 

in males (Bharucha, Bharucha, Bharucha, Bhise, & Schoenberg, 1988; C. Chen, Chen, 

Yen, Chen, & Liou, 2012): Chen and colleagues found that male had 35 percent higher 

risk of developing epilepsy compared to women (C. Chen et al., 2012), while Bharucha et 

al. reported a 2.3 times greater prevalence of epilepsy in males compared with females.     

 Based on the current literature, the incidence and prevalence of epilepsy across 

racial groups are not significantly different.  A US-based study evaluating epilepsy 

incidence in a health maintenance organization (HMO) population found no significant 

differences between African-Americans, Hispanics, non-Hispanic whites, and Asians 

(Annegers, Dubinsky, Coan, Newmark, & Roht, 1999).  Another study conducted among 

the low-income urban community in Manhattan, New York City found comparable 

results (Benn et al., 2008).  However, currently published racial studies on epilepsy 

prevalence and incidence were predominantly based on limited populations, suggesting 
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that future research is required to evaluate the relationship between racial groups and 

prevalence/incidence on broader populations. 

 Abundant data have indicated an inverse association between socioeconomic 

status (SES) and prevalence or incidence of epilepsy.  Noronha et al. reported a higher 

prevalence among lower SES after adjusting for therapeutic gaps among socioeconomic 

groups (Noronha, Borges, Marques, & et al., 2007).  Birbeck and colleagues found that 

epileptic patients had lower income level, poorer conditions of housing and occupation 

compared with an age-matched cohort (Birbeck, Chomba, Atadzhanov, Mbewe, & 

Haworth, 2007).  After controlling for risk factors, such as whether the patients had 

stroke or head injury, one case-control study found that low education level and lack of 

home ownership were correlated with epilepsy (Hesdorffer, Tian, Anand, & et al., 2005).  

Another Swedish study observed an increased risk of epilepsy among low-salary 

occupations (e.g., waiter or construction worker) as compared to white-collar occupations 

(Li, Sundquist, & Sundquist, 2008). 

 

2.2 Etiology of Epilepsy 

Currently, the etiology of epilepsy has been unclear.  In addition, while potential 

theories and hypotheses of etiology exist, the actual causes of epilepsy are far from 

understood.  There may be several reasons why it is difficult to associate epilepsy with 

specific causes (Shorvon, 2011a): 1) It may be multifactorial: predisposing causes, 

genetic, and acquired factors may all contribute to epilepsy incidence; 2) there is a lack of 

knowledge of the molecular mechanism: the mechanisms of the purported underlying 
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causes (e.g., brain lesion) leading to epilepsy are largely unknown, weakening the causal 

relationship between the purported determinants and epilepsy; and 3) there are recent 

innovations in diagnostic techniques: the use of magnetic resonance imaging (MRI), for 

example, substantially improved the classification of epilepsy etiology (Hauptman, 

Salamon, & Mathern, 2012).   

A well-developed classification of epilepsy by etiology is presented as below 

(Shorvon, 2011b): 

1) Idiopathic epilepsy: epilepsy resulting from (presumed) predominantly genetic 

factors with no identifiable pathologic or anatomic abnormalities.  Representative 

examples include benign familial neonatal convulsions and benign adult familial 

myoclonic epilepsy; 

2) Symptomatic epilepsy: epilepsy caused by acquired or genetic determinants 

with identifiable pathologic or anatomic abnormalities, which may or may not include 

other clinical characteristics associated with epilepsy, such as West syndrome and Down 

syndrome; 

3) Provoked epilepsy: systemic or environmental reasons causing the epilepsy, 

with no anatomically or pathologically significant variations. Provoking factors include 

fever, medications, menstrual cycles, photosensitivity, or actions such as eating or 

reading; and 

4) Cryptogenic epilepsy: (presumed) symptomatic epilepsy in which the 

underlying cause is unknown. This category nonetheless represents a substantial 
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proportion of epilepsy, including approximately 40 percent or more in the adult 

population and 25 percent in the elderly population (Werhahn, 2009). 

 

2.2.1 Disease-Specific Etiology of Epilepsy across Age Groups 

Etiology of epilepsy between pediatric, adult, and elderly patients substantially 

differs.  In the elderly population, cerebrovascular diseases account for the largest bulk of 

epilepsy.  Hauser and colleagues have estimated that stroke and atherosclerosis 

represented 36 and 15 percent of underlying causes of epilepsy, respectively (Hauser et 

al., 1993).  Epidemiologic studies have reported a 17 times greater risk of developing 

epilepsy in one year after the occurrence of a stroke episode as compared to the general 

population (So, Annegers, Hauser, O'Brien, & Whisnant, 1996).  With respect to 

symptomatic epilepsy in adults, the underlying reasons usually relate to trauma, head 

injury or brain anomalies due to congenital or developmental factors (Werhahn, 2009).  

Head trauma was an identically prevalent reason for adults and adolescents having 

epilepsy (Goldenberg, 2010).  Seizures or epilepsy are likely to arise due to high fever in 

healthy, structurally-defected pediatric patients, or those carrying genetically associated 

risk factors (Goldenberg, 2010).   

 

2.3 Misdiagnosis of Epilepsy 

Diagnosis of epilepsy remains challenging, as issues related to overlapping 

clinical manifestation of other diseases, deficient information on patient health history 

and statement from witnesses, imperfect sensitivity and specificity of clinical tools for 
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diagnosis, and insufficient expertise on performing the diagnosis based on disease 

manifestations may complicate the ability to make valid diagnoses (Chowdhury, Nashef, 

& Elwes, 2008).  Misdiagnosis of epilepsy can be another condition that was diagnosed 

as epilepsy, or epilepsy that was diagnosed as another condition.  The majority of this 

section is devoted to the former situation. 

A misdiagnosed of epilepsy can affect a patient’s psychological well-being and 

cause social inconvenience (e.g., restrictions on driving).  In addition, patients may be 

exposed to unnecessary antiepileptic drug (AED) therapy, leading to potential adverse 

reactions such as hypersensitivity, neurotoxicity, and bone density degradation 

(Chowdhury et al., 2008; Smith, Defalla, & Chadwick, 1999).  However, if the overall 

benefit of early treatment of AED outweighs the risk of “false-positive diagnosis,” 

including adverse reactions to AED, then early treatment may still be warranted when the 

diagnosis is not certain.  In fact, early treatment was found to reduce the risk of short-

term (but not long-term) recurrent seizures (Leone, Solari, Beghi, & Group, 2006; A. 

Marson et al., 2005).  Leone et al. randomized a sample of 419 patients with a first 

unprovoked seizure to either immediate AED treatment or to treatment after seizure 

recurrence (Leone et al., 2006).  The investigators found a higher probability of attaining 

two-year and five-year remission in those treated immediately (72 vs. 57%; 47 vs. 40%) 

at three months after study initiation.  However, the probability gap of attaining remission 

between the two groups decreased over time as the evaluation time frame increases.  The 

probability of achieving two-year admission between immediate treatment and treatment 

on recurrent event was 84% versus 79% and 85 versus 86% at three years and ten years 
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post-study initiation, respectively.  Similarly, the probability of achieving five-year 

admission was 58% versus 58% and 64% versus 64% at 3 years and 10 years post-study 

initiation, respectively.  Comparatively, Marson and colleagues examined 1,847 patients 

with infrequent seizures who were randomized to either receive immediate or deferred 

treatment (i.e., treatment was initiated as soon as possible vs. treatment was initiated 

when both patients and clinicians deemed necessary) (A. Marson et al., 2005).  Results 

indicated that immediate treatment increased time to first seizure and second seizure 

(hazard ratio = 1.4 and 1.3, respectively; p<0.05) and reduced time to achieve two-year 

remission related to seizures (p<0.05).  However, the proportion of patients who were 

seizure-free between three to five years after randomization was comparable between the 

groups (76% vs. 77% in the immediate vs. deferred group, p>0.05).  These evidences 

based on randomized controlled trials depict an immediate benefit of instantaneous AED 

use, but the population-level beneficial effect does not appear to last over two years. 

Tools to assist in diagnosis of epilepsy include electroencephalography (EEG), 

video-telemetry, magnetic resonance imaging (MRI), head-up tilting, prolactin and 

creatine kinase (CK) level, and carotid sinus massage (Chowdhury et al., 2008; Juarez-

Garcia, Stokes, Shaw, Camosso-Stefinovic, & Baker, 2006).  Diagnosis of epilepsy relies 

heavily on EEG when the diagnosis is probable but not certain (Chowdhury et al., 2008).  

EEG is important in classifying epileptic patients into specific subgroups given correct 

diagnosis (Chowdhury et al., 2008).  However, approximately one-third to half of patients 

misdiagnosed as epilepsy can be partially attributed to an EEG interpretation of 

epileptiform (S. Benbadis, 2009; Smith et al., 1999).  Video-telemetry is specifically 
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useful in cases with frequent seizure episodes and is more sensitive than EEG.  Prolactin 

level, if assessed within 20 to 30 minutes of a specific seizure episode, can be sensitive 

(60%) and specific (96%) to detecting specific seizure types, such as generalized tonic-

clonic seizures (D. K. Chen, So, Fisher, & Neurology, 2005).  Likewise, CK level 

elevation measured several hours up to several days after the episode can be somewhat 

sensitive (12~80%) and very specific (94~100%) with respect to identifying epileptic 

seizures (Chowdhury et al., 2008).   

Misdiagnosis rates have been estimated to range from 4.6 percent to as much as 

41.9 percent in pediatric and adult populations, with most studies ranging from 20 to 30 

percent (Chowdhury et al., 2008; Juarez-Garcia et al., 2006).  Smith and colleagues 

reviewed 184 patients that were exposed to AED therapy referred to an epilepsy clinic 

(Smith et al., 1999).  This study found that misdiagnosed patients, defined in the study as 

an altered diagnosis or deficient evidence supporting the diagnosis of epilepsy, accounted 

for 26% of patients.  Among the misdiagnosed patients, approximately half of these 

patients were on AED therapy at referral and were referred to the clinic because of 

diagnostic uncertainty.  Reasons for misdiagnosis were predominantly identified as 

incomplete patient history and over-interpretation of EEG results. 

Diagnoses accuracy based on neurologists versus non-neurologists have also been 

found to vary, with neurologists being more accurate in diagnosis.  Massengo et al. 

examined 104 elderly patients with a diagnosis of epileptic seizure after excluding 

patients with longstanding epilepsy, undetermined paroxysmal clinical event (PCE), and 

non-epileptic PCE (Massengo et al., 2011).  While the overall misdiagnosis rate was 27 
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percent, neurologists had a significantly lower rate of misdiagnosis as compared to non-

neurologists (29% vs. 89%, p<0.0001).  In addition, the inter-rater agreement between 

neurologists and non-neurologists in terms of clinical judgment of initial diagnosis was 

“fair” (kappa coefficient = 0.28, 95% CI = 0.08-0.38).  Patients may likewise be more 

certain about diagnosis made by neurologists: one study estimated that 5.6 as opposed to 

19.3 percent of patients expressed diagnostic doubt when diagnosed by neurologists as 

opposed to non-specialists, respectively (Leach, Lauder, Nicolson, & Smith, 2005).   

Epilepsy has most commonly been misdiagnosed as psychogenic non-epileptic 

attack (PNEA), constituting more than 90 percent of misdiagnosis at referral epilepsy 

centers (S. R. Benbadis, 2006; S. R. Benbadis, Heriaud, O'Neill, & et al., 2004).  PNEA 

was usually re-identified based on the following features: 1) resistance to AEDs; 2) 

symptoms unrelieved by taking AEDs (e.g., continuous seizure episodes); 3) triggering 

sources unlikely associated with epilepsy (e.g., stress, pain); 4) unusual circumstances in 

which “episodes” occur (e.g., PNEA is likely to occur in front of audience but not in 

sleep); and 5) other specific diagnoses (e.g., fibromyalgia, psychiatric diagnoses) (S. 

Benbadis, 2009).  Syncope, the second most common misdiagnosis, although far less 

prevalent compared with PNEA, has been more prevalent in general neurology practices 

as compared to referral epilepsy centers (S. Benbadis, 2009).  Other possible conditions 

as which epilepsy are misdiagnosed include hypoglycemia, panic attacks, paroxysmal 

movement disorders (e.g., acute dystonic reactions, hemifacial spasm, and non-epileptic 

myoclonus), sleep disorders (e.g., parasomnias, cataplexy, and hypnic jerks), transient 

ischemic attacks, migraines, and transient global amnesia (S. Benbadis, 2009).  Potential 
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seizure-specific features that can potentially aid in correct diagnosis include tongue-biting, 

prodromal déjà vu, posturing, head turning, cyanosis, urinary incontinence, and postictal 

confusion (S. Benbadis, 2009).  However, many of these characteristics are subjected to 

low sensitivity (e.g., tongue biting, déjà vu, pre-syncopal symptoms) or specificity (e.g., 

incontinence) (Chowdhury et al., 2008).  On the other hand, limb jerking and postictal 

confusion had both moderate to good sensitivity and specificity (Chowdhury et al., 2008; 

Sheldon, Rose, Ritchie, & et al., 2002).  Thus, the use of comprehensive patient history, 

accompanied with sufficient information described by witnesses of a patient’s seizure 

episodes, adequate expertise involved, and sufficient and flexible use of diagnostic tools 

are important components that should be concurrently considered to correctly perform a 

diagnosis of epilepsy. 

The high prevalence of epilepsy misdiagnosis has led researchers to investigate the 

economic burden of such misdiagnosis to emphasize the problem.  The United Kingdom 

(UK) country-level cost of epilepsy misdiagnosis was estimated by Juarez-Garcia and 

colleagues (Juarez-Garcia et al., 2006).  The study focused on estimating costs relevant to 

cases in which non-epileptic conditions were misdiagnosed as epilepsy.  Published 

articles were used to identify the prevalence of epilepsy and epilepsy misdiagnosis, along 

with relevant costs.  The authors estimated that the annual cost per patient was £316 

(2004), with the majority of costs attributed to inpatient visits (45%), inadequate AED 

prescribing (26%), and outpatient visits (16%).  Annual medical costs due to 

misdiagnosis of epilepsy in the UK and Wales were approximately £29 million.  

However, total costs may reach an annual value of £138 million. 
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2.4 Treatment Options for Epilepsy 

2.4.1 Nonpharmacologic Treatment Options 

Pharmacologic treatments have been shown to fail in approximately one-third of 

patients (Kwan & Brodie, 2000).  Additionally, numerous AED-related adverse events or 

specific patient populations may render AED to be inappropriate.  Thus, non-

pharmacologic treatments represent an important area of therapeutic option for epileptic 

patients.   

Dietary interventions have been proposed to support the treatment of epilepsy.  

Specifically, many clinical trials have assessed and validated the use of ketogenic diet as 

a potential therapeutic option for drug-resistant epilepsy (DRE) (Stern, 2009).  DRE has 

been defined by the ILAE as “a failure of adequate trials of two tolerated, appropriately 

chosen and used AED schedules whether as monotherapy or in combination to achieve 

sustained seizure freedom” (Kwan, Arzimanoglu, Berg, & et al., 2010).  The diet renders 

a state of ketoacidosis by eliminating the majority of carbohydrates in the body.  Initially, 

patients undergo approximately one to two days of fasting until the appearance of ketones 

within urine.  Subsequently, patients initiate the “ketogenic” diet, composed primarily of 

dietary fats (such as cream, fatty meats, and butter).  Inadvertent consumption of sugar 

may lead to re-initiation of the diet.  Urinalysis aimed to detect ketone in patient’s urine 

is performed daily to ensure that patients remain in the state of ketosis.  However, 

ketogenic diet has predominantly been used in pediatric patients, partially due to the 

unacceptable taste of such diet and relatively effortless management of food intake by 
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parental provision to children.  Research pertaining to other dietary options such as low-

glycemic-index diets is in process and may also be effective. 

 Dietary supplementation to specific populations may reduce risks associated with 

AED-related side effects.  For instance, the American Academy of Neurology (AAN) 

Practice Parameter on Management Issues for Women and the Scottish Intercollegiate 

Guidelines Network (SIGN) guidelines have suggested the use of supplemental folate to 

alleviate the risk relevant to fetal malformations in pregnant women ("Diagnosis and 

management of epilepsy in adults. A national clinical guideline," 2003; Neurology, 1998).  

The AAN and SIGN guidelines recommended daily consumption of 0.4mg and 5mg of 

supplemental folate, respectively.  Additionally, the SIGN guidelines have suggested 

using supplemental Vitamin D (400 to 2,000 International Units (IU) per day) and 

calcium (600 to 1,500mg/day) to decrease the likelihood of osteoporosis relevant to AED 

therapy. 

 Surgery represents another option for epileptic patients, especially for patients 

with DRE to which treatment options are extremely limited.  The SIGN guidelines and 

joint guidelines provided by AAN, American Epilepsy Society (AES), and American 

Association of Neurological Surgeons (AANS) recommended pharmacoresistant 

epileptic patients be referred for consideration of surgery (note that pharmacoresistant 

epileptic patients are not necessarily equivalent to DRE patients because the guidelines 

did not specify the definition) ("Diagnosis and management of epilepsy in adults. A 

national clinical guideline," 2003; Engel, Wiebe, & French, 2003).  AAN has been more 

inclined to surgical provision and recommended the provision of temporal lobe resection 
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based on their estimation in which approximately 65 percent of patients become seizure-

free (excluding simple partial seizure) and only 13 percent of patients have no 

improvement in their epileptic symptoms (Neurology, 1998).  Pre-surgical evaluations 

are extremely critical to identify potential candidates for surgical resection.  An important 

goal of the evaluation is to identify the epileptogenic zone—the area of cortex 

responsible for seizure occurrence.  Although it is not possible to visually identify the 

epileptogenic zone, a combination of the following cortical zones can assist in estimation 

of the epileptogenic zone (Unnwongse, Wehner, & Foldvary-Schaefer, 2010): 

1) Symptomatogenic zone: accounts for the initial symptoms of a seizure episode. 

History and video recordings of previous seizure episodes may be used to 

identify this zone; 

2) Functional deficit zone: neurologic or neuropsychological deficits during a 

seizure episode; potentially detectable via neurologic, neuropsychological, or 

functional testing or imaging; 

3) Irritative zone: a zone that creates epileptiform discharges during seizure 

occurrence; potentially detectable using interictal EEG; 

4) Ictal onset zone: generates initial seizure discharges; may be identified via 

ictal EEG and ictal single photon emission computed tomography (SPECT); 

and 

5) Epileptogenic lesion: a structural abnormality responsible for seizure 

occurrence; potentially visualizable by MRI. 
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The most commonly performed surgery for epilepsy is temporal lobectomy (Wiebe, 

Blume, Girvin, & Eliasziw, 2001).  The likelihood of successful surgery rises with the 

identification and localization of the various cortical zones during presurgical evaluation 

(Unnwongse et al., 2010).  Surgical interventions have been shown to provide greater 

benefits to patients who had early age of seizure onset, low disease duration, presence of 

an epileptogenic lesion as detected by MRI, or temporal lobe epilepsy (TLE).  By 

contrast, patients with generalized or multifocal interictal epileptiform discharges (IED) 

are usually precluded from the pool of surgical candidates. 

 According to AAN and SIGN guidelines, vagal nerve stimulation (VNS) is 

recommended for patients that failed AED therapies while surgical resection is not an 

option (Stern, 2009).  Both guidelines have suggested surgical treatment before 

considering VNS due to better efficacy.  Patients provided with VNS have a unit tunneled 

beneath the skin in the chest along with a wire that extends to the left vagus nerve in the 

neck; recurring electrical current stimulating the vagus nerve is generated by the unit 

every five minutes (Pharmacotherapy principles & practice, 2007).  Research evidence 

on the efficacy of VNS towards seizure improvement has not been sufficient for most 

subtypes of seizure except for partial-onset seizures—VNS may provide more beneficial 

effect specifically to partial-onset seizure patients.  VNS was found to provide similar 

efficacy with initiating a new AED (Stern, 2009).  Approximately one-fourth to half of 

the patients that use VNS experience a 50 percent reduction in seizure frequency, while 

less than ten percent become exempted from seizure episodes.  Because VNS barely 

results in complete seizure control while associated with minimal side effects, VNS 
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should be provided to patients who would have substantial quality of life improvement 

attributable to reduction in seizure events or adverse events of AED therapies (Stern, 

2009).  

 Another potential, novel therapeutic option involves deep brain stimulation (DBS) 

(Stern, 2009).  DBS involves inserting a deep brain stimulator inside potential 

epileptogenic brain compartment(s), such as the anterior nucleus of the thalamus.  One 

randomized, double-blinded study involving 110 patients who had medically refractory 

partial seizures found that the DBS group had a 29 percent greater reduction in seizure 

episodes in the third month of the study as compared with the control group (i.e., no 

stimulation) (p = 0.002) (Fisher, Salanova, Witt, & et al., 2010).  After 3 months, all 

randomized patients received DBS.  Subsequently, the investigators reported that patients 

had a 56 percent reduction in seizure episodes at the 50
th

-percentile efficacy; 54 percent 

of patients reached a 50-percent reduction in seizure events; while only 13 percent of 

patients remained seizure-free for 6 months or more.  Because DBS is considered an 

emerging therapy with limited evidence of its efficacy and safety on a broad population 

of epileptic patients, the generalizability and applicability to specific patient populations 

warrants additional research. 

 

2.4.2 Pharmacologic Treatment Options 

Numerous AED therapies are available to deal with specific types of seizures.  

For example, carbamazepine is indicated to treat complex partial seizures, generalized 

tonic-clonic seizures, or mixed seizure patterns ("U.S. Food and Drug Administration," 
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2012), whereas phenytoin is prescribed for generalized tonic-clonic seizures, complex 

partial seizures, and prevention or treatment of seizures during or following neurosurgery 

in the US ("U.S. Food and Drug Administration," 2012).  A large proportion of AEDs are 

not used exclusively for treating epilepsy.  Table 2-1 presents the current approved 

indications of AEDs in the US.  Clinical characteristics of AEDs including mechanism of 

action and common adverse events are listed in Table 2-2.  A general treatment algorithm 

for patients with seizure episodes is summarized in Figure 2-1.  Guideline-specific AED 

therapeutic recommendations for initial monotherapy for epilepsy are presented in Table 

2-3. 

Currently, the available AEDs focus on symptom relief or reduction (i.e., seizure 

episodes); none of the current medications are actually “antiepileptogenic” disease-

modifiers (Stefan & Steinhoff, 2007).  To reverse disease progression, improved 

knowledge on the etiology, neurobiology, and pathophysiology is required to develop 

treatments that remove the cause of epilepsy.  The use of therapeutic intensive seizure 

analysis (TISA) technology may improve clinical trial designs of AED and bridge gaps 

between preclinical animal data and clinical data relevant to seizure frequency and 

severity with the use of relatively low number of subjects (Stefan, Wang, & Pauli, 2004).  

Since AED therapy is usually maintained for several years, with lifetime usage in 

some patients—it is critical to identify whether a patient requires AED therapy and when 

to initiate the therapy (Perucca & Tomson, 2011).  The risk of seizure recurrence has 

been used as one of the definitive criteria for initiating treatment: following the initial 

seizure episode, it was estimated that the average risk of having a subsequent seizure was 
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46 percent (Berg & Shinnar, 1991); while the risk of having additional seizure episodes 

exceeds 70 percent in the event that a patient has two seizure episodes (even when 

treatment has been initiated after the second seizure (Hauser, Rich, Lee, Annegers, & 

Anderson, 1998).  Thus, consensus has been reached that AED treatment should be 

initiated after two unprovoked seizures. 

 

Table 2-1. Labeled Indications for Antiepileptic Drugs (AEDs) in the US ("U.S. Food 

and Drug Administration," 2012) 

Medication Labeled Indications 

Acetazolamide Seizures, glaucoma, altitude sickness, edema 

Carbamazepine Seizures, trigeminal neuralgia 

Clobazam Seizures 

Clonazepam  Seizures, panic disorders 

Clorazepate 
Anxiety disorders, seizures, acute alcohol 

withdrawal 

Divalproex Manic episodes, seizures, migraine prophylaxis 

Ethosuximide Seizures 

Ethotoin Seizures 

Felbamate Seizures 

Gabapentin Postherpetic neuralgia, seizures 

Lacosamide Seizures 

Lamotrigine Seizures, bipolar disorder 

Levetiracetam Seizures 

Mephobarbital – discontinued by end of 2011 Anxiety, tension, apprehension, seizures 

Methsuximide Seizures 

Oxcarbazepine Seizures 

Phenytoin Seizures 

Pregabalin 
Seizures, neuropathic pain, post herpetic 

neuralgia, fibromyalgia 

Primidone Seizures 

Rufinamide Seizures 

Tiagabine Seizures 

Trimethadione Seizures 

Topiramate Seizures, migraine 

Valproate/Valproic acid Manic episodes, seizures, migraine prophylaxis 

Vigabatrin Seizures 

Zonisamide Seizures 
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Table 2-2. Drug Mechanism and Common Side Effects Associated with Antiepileptic Drugs (AEDs) 

(French, Kanner, & Bautista, 2005; French, Kanner, Bautista, & et al., 2005; Goldenberg, 2010; Perruca, 

2005) 

Antiepileptic 

Drug 

Mechanism of Action Dose-Related Adverse 

Events 

Idiosyncratic Adverse Events 

Carbamazepine 
Sodium-channel 

modulator 

Diplopia, drowsiness, 

nausea, sedation 

Aplastic anemia, hyponatremia, 

leukopenia, osteoporosis, rash 

Clonazepam GABA* activity ↑ 

Ataxia, memory 

impairment, sedation, 

slowed thinking 

N/A* 

Ethosuximide 
Calcium-channel 

modulator 
Ataxia, sedation Hepatotoxicity, neutropenia, rash 

Felbamate Glutamate activity ↓ 
Anxiety, insomnia, 

nausea 

Anorexia, aplastic anemia, 

headache, hepatotoxicity, weight 

loss 

Gabapentin 

Calcium-channel 

modulator, GABA* 

activity ↑ 

Drowsiness, sedation Peripheral edema, weight gain 

Lamotrigine 
Sodium-channel 

modulator 

Ataxia, drowsiness, 

headache, insomnia, 

sedation 

Rash 

Levetiracetam Unknown Somnolence, dizziness Depression 

Oxcarbazepine 
Sodium-channel 

modulator 

Diplopia, dizziness, 

somnolence 

Hyponatremia, risk of cross-

sensitivity in one out of three to 

four patients hypersensitive to 

carbamazepine 

Phenobarbital 
Sodium-channel 

modulator 

Ataxia, drowsiness, 

sedation 

Attention deficit, cognitive 

impairment, hyperactivity, 

osteoporosis, passive-aggressive 

behaviors 

Phenytoin 
Sodium-channel 

modulator 

Ataxia, diplopia, 

drowsiness, sedation 

Anemia, gingival hyperplasia, 

hirsutism, lymphadenopathy, 

osteoporosis, rash 

Pregabalin 
Calcium-channel 

modulator 

Ataxia, blurred vision, 

dizziness, dry mouth, 

somnolence 

Edema, weight gain 

Tiagabine GABA* activity ↑ 

Dizziness, somnolence, 

irritability, slowed 

thinking 

N/A* 

Topiramate 

Sodium-channel 

modulator,  

GABA* activity ↑, 

Glutamate activity ↓ 

Ataxia, dizziness, 

drowsiness, slowed 

thinking 

Acute glaucoma, metabolic 

acidosis, oligohidrosis, 

paresthesias, renal calculi, weight 

loss 

Valproate 
Sodium-channel 

modulator 

Drowsiness, nausea, 

sedation, tremor 

Hepatotoxicity, osteoporosis, 

pancreatitis, weight gain 

Zonisamide 
Sodium and calcium-

channel modulator 
Dizziness, somnolence 

Metabolic acidosis, oligohidrosis, 

paresthesias, renal calculi 

*GABA: gamma-aminobutyric acid; N/A: not applicable
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Yes 

No Yes 

Figure 2-1. General Treatment Algorithm for Management of Seizures (Adapted from 

Pharmacotherapy principles & practice, 2007)

Seizure Episode 
No 

Seek Medical/Psychiatric Care 

Is There a Risk of Ongoing, Repeated Seizures? 

Treat Underlying Condition 

Partial Seizure Primary Generalized Seizure 

Simple Partial Seizure, 
Complex Partial Seizure, or 

Partial Seizure with 
Secondary Generalization 

Carbamazepine,  
Gabapentin, 
Lamotrigine, 

Oxcarbazepine, 
Phenobarbital, 

Phenytoin, 
Topiramate, 
Valproate 

 

Generalized Tonic-Clonic 

Seizures 

Carbamazepine,  
Lamotrigine, 

Oxcarbazepine, 
Phenobarbital, 

Phenytoin, 
Topiramate, 
Valproate 

 

Absence Seizures 

Ethosuximide 
Lamotrigine, 

Valproate 
 

Atonic  
Seizures 

Myoclonic 
Seizures 

Lamotrigine, 
Topiramate 
Valproate 

 

Lamotrigine, 
Valproate 
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Table 2-3. Comparison of Antiepileptic Drug (AED) Recommendations for Initial Monotherapy 

across Major Guidelines ("Diagnosis and management of epilepsy in adults. A national clinical 

guideline," 2003; Neurology, 1998; "The epilepsies: the diagnosis and management of the 

epilepsies in adults and children in primary and secondary care," 2012)

Type of 

Seizure 

United Kingdom National Institute for 

Clinical Excellence 

American 

Academy of 

Neurology 

Scottish 

Intercollegiate 

Guidelines 

Network 

Tonic-Clonic 

First 

Line 

Carbamazepine, 

Lamotrigine, Topiramate, 

Valproate 

Carbamazepine, 

Lamotrigine,  

Oxcarbazepine, 

Phenobarbital, 

Phenytoin, 

Topiramate, 

Valproate 

Lamotrigine, 

Valproate 
Second 

Line 

Clobazam, Levetiracetam, 

Oxcarbazepine 

Absence 

First 

Line 

Ethosuximide, Lamotrigine, 

Valproate 
Lamotrigine 

(pediatric-

specific) 

Ethosuximide, 

Lamotrigine, 

Valproate 
Second 

Line 

Clobazam, Clonazepam, 

Topiramate 

Myoclonic 

First 

Line 
Valproate, Topiramate 

Not specified 
Lamotrigine, 

Valproate Second 

Line 

Clobazam, Clonazepam, 

Lamotrigine, Levetiracetam, 

Piracetam, Topiramate 

Tonic 

First 

Line 
Lamotrigine, Valproate 

Not specified Not specified 
Second 

Line 

Clobazam, Clonazepam, 

Levetiracetam, Topiramate 

Atonic 

First 

Line 
Lamotrigine, Valproate 

Not specified Not specified 
Second 

Line 

Clobazam, Clonazepam, 

Levetiracetam, Topiramate 

Partial with or 

without 

Secondary 

Generalization 

First 

Line 

Carbamazepine, 

Lamotrigine, 

Oxcarbazepine, Valproate, 

Topiramate 

Carbamazepine, 

Gabapentin, 

Lamotrigine, 

Oxcarbazepine, 

Phenobarbital, 

Phenytoin, 

Topiramate, 

Valproate 

Carbamazepine, 

Lamotrigine, 

Oxcarbazepine, 

Phenytoin, 

Valproate 
Second 

Line 

Clobazam, Gabapentin, 

Levetiracetam, Phenytoin, 

Tiagabine 
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Comorbid conditions may affect the selection of AEDs (Perucca & Tomson, 

2011).  For instance, epileptic patients with migraine may be prescribed valproate or 

topiramate because these medications have dual effects—migraine prophylaxis and 

anticonvulsive properties (Goadsby & Sprenger, 2010).  Psychiatric comorbid conditions 

such as depression are common in epileptic patients (Kanner, 2009)—AEDs such as 

levetiracetam, phenytoin, and phenobarbital that may increase the risk of psychiatric 

adverse events should not be provided as first-line therapy for epileptic patients with 

psychiatric conditions.  By contrast, AEDs that may improve specific psychiatric or 

psychological conditions may be better options for these patients: carbamazepine and 

valproate are potentially mood stabilizers; lamotrigine can improve bipolar depression; 

while pregabalin has been found effective in relieving symptoms relevant to generalized 

anxiety disorder (Perucca & Tomson, 2011). 

The elderly population with epilepsy is unique and requires tailored provision in 

terms of AED therapy.  The following characteristics commonly appear in the elderly: 1) 

lower patient compliance; 2) cognitive impairment; 3) multiple comorbid conditions; 4) 

higher frequency of ataxia; 5) lower glomerular filtration rate (GFR); 6) altered levels of 

body fat, albumin, and cytochrome p-450; and 7) greater prevalence of osteoporosis 

(especially in women).  To provide optimal care for this special and growing population, 

it was suggested that non-metabolized, non-enzyme inducing AEDs such as gabapentin 

and lamotrigine should be used (Schmidt, 2009).  In addition, slow-dose escalation to 

achieve control and dose reduction should be attempted. 
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Drug-drug interactions (DDI) are prevalent among AED users, especially when 

patients have other comorbid conditions or when using AED polytherapy (Schmidt, 

2009).  The use of carbamazepine, oxcarbazepine, phenobarbital, phenytoin, or 

primidone (as opposed to AEDs such as gabapentin, lamotrigine, and topiramate) can 

cause reduced efficacy of other concomitant medications including oral contraceptives 

and other AEDs due to their enzyme-inducing effect.  On the other hand, oral 

contraceptives may decrease the efficacy of lamotrigine due to enhanced drug 

metabolism.  While carbamazepine may lower drug plasma concentration of valproate, 

valproate may inhibit glucuronidation of other AEDs such as lamotrigine—leading to 

above-average drug concentration.  Thus, using AEDs that are less susceptible to DDI 

(such as non-substrates, non-enzyme-inducers or enzyme-inhibitors) may be the preferred 

option for patients on polytherapy.  For instance, modern AEDs such as gabapentine, 

levetiracetam, lacosamide, pregabalin, and tiagabine are potential candidates for these 

patients.  

Approximately half of the adult epileptic population can be exempted from 

seizure episodes without intolerable adverse events on the first AED prescribed (Kwan & 

Brodie, 2000).  Additionally, it was estimated that one-third of incident cases of epilepsy 

have to receive combination or a series of different AED monotherapy to achieve optimal 

seizure control (Schmidt, 2009).  When the first prescribed AED has to be discontinued 

due to idiosyncratic reactions (Table 2-2), an alternative AED should be initiated 

(Perucca & Tomson, 2011).  AEDs that may demonstrate cross-sensitivity with the 

original should be avoided if possible.  For instance, the likelihood of rash occurring in 
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patients using lamotrigine, oxcarbazepine, phenobarbital, and phenytoin approximates 

20%, 33%, 27%, and 58% among patients who developed rash after using carbamazepine, 

respectively (Hirsch et al., 2008). 

Many preliminary steps must be undertaken before determining an add-on therapy 

or switching monotherapy for patients who have failed their first AED due to efficacy 

reasons.  First, the degree to which patients have been compliant to AED usage must be 

assessed.  Special patient populations may suffer from low adherence rates, such as the 

elderly population: Zeber and colleagues estimated that approximately half of the elderly 

patients on AEDs were not compliant (defined as having a medication possession ratio ≥ 

0.80) (Zeber, Copeland, & Pugh, 2010).  Additionally, previous research has 

demonstrated increased risk of mortality among non-compliant epileptic patients versus 

their counterpart: non-adherence was correlated with a 3.32 times greater hazard of death 

after confounder adjustments (95% CI = 3.11-3.54) (E. Faught, Duh, Weiner, Guérin, & 

Cunnington, 2008).  Moreover, non-adherent time periods were associated with 1.50 

times greater incidence of ED visits (95% CI = 1.49-1.52), 1.86 times greater incidence 

of hospital admissions (95% CI = 1.84-1.88), and 1.21 times greater incidence of 

fractures (95% CI = 1.18-1.23) compared with adherent time periods.  Second, the 

diagnosis of epilepsy and the appropriateness of the first AED may require re-evaluation.  

A United Kingdom (UK) report showed that 19 percent of epileptic patients on AED 

therapy diagnosed by a non-specialist had their diagnosis questioned after re-assessment 

from specialists (Leach et al., 2005) (please refer to section 2.3 for more detailed 

discussion on misdiagnosis). 
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 Currently, there has been no decisive evidence that favors treatment switching 

over add-on therapy or vice versa among patients who failed to respond to the first AED 

(Schmidt, 2009).  Randomized clinical trials have found similar efficacy between AED 

substitution and add-on treatment (Beghi, Gatti, Tonini, & et al., 2003; Hakkarainen, 

1980).  Beghi and colleagues found that 55 percent and 65 percent of partial epileptic 

patients (whose epilepsy was not controlled after one or sequential AED monotherapies) 

randomized to monotherapy versus adjunct therapy remained on the original assigned 

therapy within 12 months (p=0.74), while 14 and 16 percent were seizure-free (p=0.74), 

respectively.  Switching from one AED that failed to control seizure to another 

monotherapy can potentially control seizures for 15 to 30 percent of patients (Kwan & 

Brodie, 2000; Schmidt & Gram, 1995).  Potential advantages for substitution versus 

adjunct therapy include greater ability to attribute clinical improvement to the AED, 

reduced probability of overtreatment, fewer drug interactions, and no impact in AED 

combination-related side effects (e.g., teratogenicity likelihood increases due to valproate 

and lamotrigine dual-treatment) (Schmidt, 2009).  Treatment recommendations indicate 

that combination therapy (i.e., add-on therapy) should be attempted first, followed by 

tapering and gradually discontinuing the first drug if the treatment response was not as 

expected.  While exposing the patients to more AED-specific adverse events, this 

approach can prevent substituting the original drug that was not efficacious with another 

non-efficacious drug.  Slow-dose escalation up to targeted dosage level can be attempted 

to minimize AED-related side effects (Schmidt, 2009). 
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 The potential of discontinuing AED therapy can be assessed when the risk of 

seizure recurrence (which may cause ineligibility to drive and impaired quality of life) is 

less than the benefit obtained from AED treatment discontinuation (such as reduced 

adverse events due to AED).  Approximately 30 to 35 percent of patients encounter 

seizure relapse upon discontinuation, while 75 percent of patients achieve seizure control 

upon treatment re-initiation after AED discontinuation.  AED withdrawal is 

recommended to be gradual discontinuation of one drug per phase to prevent the 

occurrence of status epilepticus.  The adequate time interval for treatment cessation is not 

clear—rapid versus longer-term tapering (6 weeks vs. at least 6 months) may lead to 

similar outcomes (Tennison, Greenwood, Lewis, & Thorn, 1994).  The Medical Research 

Council Antiepileptic Drug Withdrawal Study Group conducted a randomized controlled 

trial and studied the relationship between whether AED therapy was discontinued and 

prevention of seizure episodes among epileptic patients in remission for at least two years 

(Group, 1991).  The two treatment arms consisted of continued AED treatment and 

gradual withdrawal of AEDs, respectively.  Seventy-eight percent of patients continuing 

AED therapy versus 59 percent who had ceased therapy were exempt from seizure 

episodes two years after study initiation (p<0.05).  However, the gap diminished 

thereafter.  At five years after study commencement, an additional 10 to 15 percent of 

patients in the continuous treatment arm remained seizure-free as compared to the 

discontinuation arm (p<0.05).  Another randomized, double-blinded trial found that 15 

versus 7 percent of patients who withdrew and continued AED treatment relapsed among 

patients remaining seizure-free for at least two years (Lossius, Hessen, Mowinckel, & et 
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al., 2008).  Thus, the clinical benefit appears to exist in the case of continuous therapy 

despite long-term remission at the population level.  However, whether the associated 

costs of additional treatment and risk of AED side effects is worthwhile should also be 

considered on a subgroup-specific, case-by-case basis.  Another review study conducted 

by Specchio et al. pooled 28 studies (including 4,571 patients) reported that the 

probability of remaining seizure-free was 39 to 74 and 35 to 57 percent in adult patients 

one and two years after AED withdrawal (Specchio & Beghi, 2004).  Pediatric 

populations have greater remission rate: 66 to 96 and 61 to 91 percent of pediatric 

patients were seizure-free one and two years following AED cessation. 

Issues related to cost and reimbursement may also affect the choice of AED usage.  

Patients residing in developing countries may only have access to and can afford using 

phenobarbital (Kale & Perucca, 2004).  Phenobarbital is associated with numerous 

benefits: 1) the properties of this AED have been extensively researched; 2) 

patients/medication purchaser incur low cost and; and 3) its relatively infrequent dosing 

(once-daily) may improve patient’s medication adherence. 

 

2.5 Comparative Effectiveness and Cost-Effectiveness of Antiepileptic Drugs 

2.5.1 Comparative Effectiveness 

 Due to patient-specific clinical conditions, differential molecular mechanisms of 

action, costs, and associated risk of adverse events across AEDs, the comparative and 

cost-effectiveness of AEDs require a detail assessment.  The Agency for Healthcare 

Research and Quality evaluated the effectiveness and safety between various AEDs 



48 
 

(Talati, Scholle, Phung, & et al., 2011) with comparison being made between newer, 

second-generation (Food and Drug Administration (FDA)-approved on or after 1993; e.g., 

felbamate, gabapentin, lacosamide, lamotrigine, levetiracetam, oxcarbazepine, pregabalin, 

rufinamide, tiagabine, topiramate, vigabatrin, zonisamide) versus older, first-generation 

AEDs (FDA-approved prior to 1993; e.g., phenytoin, carbamazepine, valproate, 

clonazepam, phenobarbital, ethosuximide, primidone), and between brand versus generic 

drugs.  Generic versions of AEDs were of concern to many healthcare organizations and 

healthcare professionals because of the narrow therapeutic index nature of AEDs (Talati 

et al., 2011): AAN suggested obtaining physician approval of generic substitutions for 

AEDs (Liow, Barkley, Pollard, & et al., 2007), while the Italian League Against Epilepsy 

viewed against providing generic substitutions for epileptic patients in remission on 

branded AEDs (Perucca, Albani, Capovilla, & et al., 2006).  On the contrary, the US 

FDA and the American Society of Health-Systems Pharmacists took the position that 

generic AEDs are comparable to branded AEDs ("American Society of Health-System 

Pharmacists," 2012).  A concise summary of results is presented as follows: 

1) Mortality: pooled results from 6 randomized controlled trials (RCT) found no 

differences in risk of mortality between second-generation AEDs and 

carbamazepine. Similar results were found between second-generation AEDs and 

phenytoin (based on 3 RCTs), and between second-generation AEDs and 

valproate (based on 3 RCTs); 

2) Outpatient service use: comparable utilization was found between branded and 

generic AED users (based on 4 observational studies); 
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3) Hospitalization: the risk was comparable between newer AEDs and 

carbamazepine (based on one RCT); newer AEDs and valproate (based on one 

RCT); newer AEDs and ethosuximide (based on one RCT); and branded and 

generic AEDs (based on 4 observational studies); 

4) Length of stay in hospital: similar length of stay was found between branded vs. 

generic AEDs (based on 4 observational studies); 

5) Medical service use (including epilepsy-related ambulance service, hospitalization, 

and emergency department visits): comparable between branded versus generic 

AED users (based on 3 observational studies); 

6) Health-related quality of life: no differences were found between second-

generation AEDs versus carbamazepine (based on 3 RCTs), second-generation 

AEDs versus phenytoin (based on 2 RCTs), and second-generation AEDs versus 

valproate (based on 3 RCTs); 

7) Time to first seizure: comparable between newer AEDs and carbamazepine 

(based on 4 RCTs), and between newer AEDs and valproate (based on 1 RCT). 

However, time to first seizure significantly increased for patients on newer AEDs 

as compared to phenytoin users (Hazard ratio (HR) = 1.59, p<0.05; based on 2 

RCTs); 

8) Seizure occurrence: no differences were identified between generic versus brand 

AED users; 

9) Seizure freedom for study duration: results were comparable between newer 

AEDs versus carbamazepine (based on 15 RCTs), between newer AEDs versus 
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phenytoin (based on 4 RCTs), and between newer AEDs versus valproic acid 

(based on 12 RCTs); 

10) Seizure frequency: similar between second-generation AEDs and carbamazepine 

(based on 1 RCT), and between branded and generic AEDs (based on 3 RCTs); 

11) 6- to 12-month seizure remission: no differences were found between newer 

AEDs and valproate (based on 1 RCT); patients on newer AEDs were 19% less 

likely to have seizure remission compared with carbamazepine users (p<0.05; 

based on 2 RCTs); 

12) 24-month seizure remission: similar efficacy was found between newer AEDs and 

valproate (based on 1 RCT); patients using newer AEDs had 18% reduced 

likelihood of seizure remission in comparison to carbamazepine users (p<0.05; 

based on 1 RCT); 

13) Total withdrawals: comparable proportion of total withdrawals were found 

between newer AEDs versus carbamazepine (based on 14 studies); newer AEDs 

versus phenytoin (based on 3 RCTs); newer AEDs versus valproic acid (based on 

16 RCTs); newer AEDs versus ethosuximide (based on 1 RCT); and branded 

versus generic AEDs (based on 9 RCTs and one controlled trial); 

14) Withdrawals due to lack of efficacy: a 59% greater risk was found among newer 

AED compared with carbamazepine users (95% CI = 1.25-2.02; based on 10 

RCTs).  However, no differences was found between newer AEDs and phenytoin 

(based on 3 RCTs), newer AEDs and valproate (based on 11 RCTs), and brand 

and generic AEDs (based on 9 RCTs and 1 controlled trial); 
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15) Withdrawals due to adverse events: patients on second-generation AEDs have 

38% reduced risk compared with carbamazepine users (95% CI = 0.53-0.73; 

based on 18 RCTs).  Similar degree of withdrawal was found between second-

generation AEDs versus phenytoin (based on 3 RCTs), second-generation AEDs 

versus valproate (based on 16 RCTs), second-generation AEDs versus 

ethosuximide (based on 1 RCT), and generic versus brand AEDs (based on 9 

RCTs and 1 controlled trial); 

16) Combined neurological adverse events: no variations were identified between 

generic and branded AEDs (p>0.05; based on 1 RCT and 1 observational study); 

17) Skin rash: risk was significantly reduced with newer AEDs as compared to 

carbamazepine (RR=0.52, 95% CI = 0.39-0.69; based on 13 RCTs); rates were 

comparable between newer AEDs versus phenytoin, newer AEDs versus 

valproate, and branded versus generic AEDs; and 

18) Suicidal ideation: gabapentin users have 13.4 times increased risk of suicide 

attempt compared with carbamazepine (95% CI = 1.8-106.4; based on 1 

observational study). 

Costa et al. conducted a meta-analysis to compare the effectiveness of new AEDs 

used as an add-on therapy in refractory partial epilepsy (Costa, Ascenção, Borges, 

Sampaio, & Vaz-Carniero, 2011).  The new AEDs included oxcarbazepine, lamotrigine, 

topiramate, gabapentin, pregabalin, levetiracetam, tiagabine, zonisamide, eslicarbazepine, 

and lacosamide.  They used published literature to obtain data and conducted direct and 

indirect comparisons across treatment.  Primary outcomes of interest included responder 
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rate (proportion of patients with at least 50% reduction of seizure frequency) and 

withdrawal rate.  The authors, who obtained a total of 70 studies (62 placebo-controlled 

and 8 head-to-head trials), found that responder and withdrawal rates were both higher 

among new AED users as compared to the placebo arm (OR = 3.00, 95% CI = 2.63-3.41 

and OR = 1.48, 95% CI = 1.30-1.68, respectively).  Among head-to-head comparisons, 

topiramate was found to be more efficacious (OR = 1.52, p<0.05); while gabapentin and 

lacosamide were less efficacious (OR = 0.67 and 0.66, respectively; both p<0.05).  

Oxcarbazepine and topiramate demonstrated 1.60 and 1.68 times greater odds of 

withdrawal (95%CI = 1.12-2.29 and 1.07-2.63) compared with other new AEDs; whereas 

gabapentin and levetiracetam had 35 and 38 percent reduced odds of withdrawal from the 

study (both p<0.05), respectively.  Because this study focused on assessing the effect of 

AEDs provided as an adjunct therapy on clinical outcomes of refractory patients, the 

comparative efficacy and safety data may not be generalized to clinical conditions such 

as monotherapy use of these AEDs or newly diagnosed incident cases. 

 Another meta-analysis conducted by Beyenburg and coworkers found that 

patients on adjunct new AED therapy had a 6% reduction in risk for any seizure 

occurrence (p<0.001) and a 21% increased likelihood of attaining the ≥50% seizure 

frequency reduction endpoint as compared to placebo (Beyenburg, Stavem, & Schmidt, 

2010).  Given the small effect size pooled across the new AEDs, it might be optimal to 

target specific AEDs instead of separating AEDs into old versus new (based on FDA-

approval dates) and pool the new AEDs irrespective of their efficacy and safety 

variations.   
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The Standard and New Antiepileptic Drug (SANAD) trial was a pragmatic, 

randomized controlled, open-label trial comparing the efficacy between new AEDs 

available at that time (lamotrigine, topiramate, gabapentin, and oxcarbazepine) and 

whether these drugs should replace old AEDs to become first-line therapies (A. G. 

Marson, Appleton, Baker, & et al., 2007).  Primary outcome measures assessed were time 

to treatment failure (including either unacceptable side effects or uncontrollable seizure 

episodes) and time to achieve a 12-month remission of seizure.  The investigators found 

that valproate was more efficacious than lamotrigine and comparable to topiramate for 

the subgroup of patients with idiopathic generalized epilepsy.  No newer AEDs were 

efficaciously superior to carbamazepine: lamotrigine and oxcarbazepine were comparable 

to carbamazepine, while gabapentin and topiramate were inferior to carbamazepine.   

Brodie and colleagues conducted a 24-week, randomized, double-blinded trial 

comparing the efficacy of lamotrigine and carbamazepine in 150 elderly patients with 

incidental partial epilepsy (Brodie, Overstall, & Giorgi, 1999).  During the final 16 weeks, 

39% of patients on lamotrigine were free from seizures as opposed to 21% of patients on 

carbamazepine (p=0.027).  Dropout rates were comparable in both arms.  However, the 

rate of retention on treatment by study termination was considerably higher in the 

lamotrigine as opposed to carbamazepine group (71% vs. 42%, p<0.05)—presumably 

related to the lower rates of adverse event-driven discontinuation in the lamotrigine arm.  

Another study compared the efficacy between carbamazepine, lamotrigine, and 

gabapentin among 593 elderly with newly diagnosed partial epilepsy (Rowan, Ramsay, 

Collins, & et al., 2005).  Retention in the trial at 12 months was the primary outcome of 
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interest.  Carbamazepine users had the greatest rate of early terminations (64.5%) as 

compared to lamotrigine (44.2%) and gabapentin (51%) (p<0.001).  Additionally, early 

termination due to adverse events were most prevalent in carbamazepine users (31.0%) 

versus lamotrigine (12.1%) and gabapentin (21.6%) (p<0.001).  No significant 

differences were identified in terms of seizure-free rate at 12 months (lamotrigine 28.6%, 

gabapentin 23.2%, carbamazepine 22.8%; p = 0.33).   

Saetre and colleagues assessed the comparative efficacy and tolerability of 

lamotrigine versus sustained-release carbamazepine in a 40-week, international, 

randomized controlled trial of the elderly with newly diagnosed epilepsy (Saetre, Perucca, 

Isojärvi, & Gjerstad, 2007).  No significant differences were found in retention rate (73% 

vs. 67%), time to withdrawal (p=0.34), and proportion of patients who completed the trial 

and were seizure-free (52% vs. 57%) between lamotrigine and carbamazepine users.  

Fourteen percent of patients in the lamotrigine arm discontinued the study due to adverse 

events, compared with 25% in the carbamazepine group (p=0.078).  Based on the 

comparable efficacy and lower side effect-related dropout rates for lamotrigine and 

gabapentin users, the elderly population may have greater overall clinical benefit from 

substituting carbamazepine with lamotrigine or gabapentin, or initiating lamotrigine or 

gabapentin in lieu of carbamazepine. 

Stephen et al. conducted a retrospective database analysis to identify treatment 

patterns and best AED combinations with respect to AED polytherapy treatment (Stephen, 

Forsyth, Kelly, & Brodie, 2012).  2,379 patients registered with the Epilepsy Unit at a 

UK hospital and remained seizure-free for at least one year in 2010 were identified.  A 
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total of 486 (20.4%) patients were receiving AED polytherapy, while 395 and 85 patients 

(81.3% and 17.5% of polytherapy users) were on duo-and triple-AED therapy, 

respectively.  The most prevalent combination among duo-therapy users was lamotrigine 

and valproate, comprising 96 (24.3%) patients.  Mean daily doses of both AEDs were 

substantially lower than the recommended daily dose (mean doses—lamotrigine: 155mg, 

valproate: 1,200mg; recommended doses—lamotrigine: 300mg, valproate: 1,500mg).  

While the dose reduction may be attributable to synergic effect for such a combination, 

mean daily doses were not reduced when valproate was combined with carbamazepine or 

levetiracetam (1,621mg), or when lamotrigine was concomitantly used with topiramate or 

levetiracetam (430mg).  Nine (10.6%) out of the 85 patients were on a combination of 

valproate, lamotrigine, and topiramate—the most prevalent combination among patients 

on triple-AED treatment.  Among all possible combination therapies, the top-three most 

prevalently used AEDs were valproate (20.6%), lamotrigine (18.8%), and carbamazepine 

(15.7%).  Clearly, this study demonstrated considerable gaps between the likelihood of 

using various AEDs among polytherapy users—these prevalence gaps can be partially 

attributable to the familiarity and knowledge-basis of particular AEDs.  To identify the 

best combinations of AEDs for specific epilepsy subpopulations, more research is needed 

on newer, more recently approved AEDs. 

 Poolos and colleagues utilized treatment records from 148 disabled adults in two 

US-based state-run institutions (Poolos, Warner, Humphreys, & Williams, 2012).  

Records documenting diagnosis, monthly seizure occurrence, treatment usage, and 

patient demographic variables were collected since 1980.  Eligible patients were those 
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who were diagnosed with epilepsy and had at least 1 seizure per year despite ≥2 trials 

with different AEDs.  The most frequently used AEDs included: lamotrigine, valproate, 

carbamazepine, phenytoin, topiramate, levetiracetam, gabapentin, and zonisamide.  The 

investigators found that the average seizure frequency (i.e., number of seizure episodes 

per month) was 19% lower during duo-therapy as compared to during monotherapy (95% 

CI = 2%-32%).  However, seizure frequency was comparable during triple-therapy as 

opposed to duo-therapy (seizure frequency ratio (SFR) = 1.07, p>0.05).  Among 32 

different AED combinations investigated (including mono, duo, or tri-therapy), only a 

treatment combination of lamotrigine and valproate was associated with significantly 

fewer seizure episodes as compared to the summed average of all other possible 

combinations (48% reduction, p<0.001; p=0.002 after Bonferroni correction).  

Lamotrigine/valproate co-medication showed statistically significantly lower seizure 

frequency compared with valproate and lamotrigine monotherapy (approximately halved, 

p<0.05), but the results were based on at most 20 patients.  

 Some AEDs were associated with malformations for pregnant women.  

Hernandez-Diaz et al. estimated the comparative safety of AEDs during pregnancy using 

1997 to 2011 data from the North American AED Pregnancy Registry (Hernández-Díaz, 

Smith, Shen, & et al., 2012).  Women were considered exposed to a specific AED if they 

used any AED as monotherapy during the first 4 lunar months following their last 

menstruation.  Major congenital malformation diagnosed before 12 weeks after birth was 

the primary study outcome.  Investigators reported a higher risk of malformation in 

valproate (RR = 5.1, 95% CI = 3.0-8.5), phenobarbital (RR = 2.9, 95% CI = 1.4-5.8), and 
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topiramate (RR = 2.2, 95% CI = 1.2-4.0) as compared with lamotrigine.  Crude rates of 

malformation in valproate, phenobarbital, topiramate, carbamazepine, phenytoin, 

levetiracetam, and lamotrigine users were 9.3%, 5.5%, 4.2%, 3.0%, 2.9%, 2.4%, and 

2.0%, respectively.  

 

2.5.2 Comparative Cost-Effectiveness 

 In a UK-based cost-minimization analysis, gabapentin was assumed to have 

identical effectiveness compared with lamotrigine and vigabatrin in the event that these 

AEDs were used as adjunct therapy for partial epilepsy (Hughes & Cockerell, 1996).  

Subsequently, the authors found that the cost was also comparable across the three 

therapies (total one-year costs—lamotrigine: vigabatrin: gabapentin = 1,236: 1,291: 1,319 

USD 2010 value).   

 Sweden-based Bolin and colleagues evaluated the cost-effectiveness of add-on 

lacosamide versus standard therapy (carbamazepine, lamotrigine, levetiracetam, 

topiramate, or valproate) in patients with refractory partial epilepsy (Bolin, Berggren, & 

Forsgren, 2010).  The investigators reported an incremental cost-effectiveness ratio 

(ICER) of 38,726 USD (2010) per quality-adjusted life years (QALY) gained.  Given 

three commonly used decision threshold of cost-effectiveness—50,000 USD/QALY, 

80,000 USD/QALY, and 100,000 USD/QALY, lacosamide appears to be cost-effective 

in all three scenarios. 

 When used as monotherapy, lamotrigine (either used as first or second-line 

therapy) was found to be dominated by carbamazepine as first-line therapy and 



58 
 

topiramate as second-line therapy for partial seizures (Remák, Hutton, Price, & et al., 

2003).  However, topiramate used as first-line treatment and lamotrigine used as second-

line treatment dominated other options of first- and second-line treatment combinations 

of lamotrigine, topiramate, and carbamazepine monotherapy when the target population 

was generalized epilepsy patients.  Compared with standard therapy, lamotrigine was 

found to have an ICER of 58,663 USD (2010) per additional QALY when used as an 

adjunct therapy for refractory seizures (Messori, Trippoli, Becagli, & et al., 1998). 

 Korean-based Suh and colleagues compared levetiracetam with standard therapy 

as an add-on treatment for refractory partial epileptic patients over a time frame of one 

year (Suh & Lee, 2009).  Since the time frame did not exceed one year, no discounting on 

costs or outcomes were necessary.  The cost per additional QALY was estimated as 

11,978 USD (2010).   

Over a one-year treatment period, the cost per additional QALY for pregabalin as 

compared to standard therapy used for adjunct therapy was 57,210 USD (2010) from a 

US healthcare perspective (Vera-Llonch, Brandenburg, & Oster, 2008).  Rufinamide was 

compared with topiramate and lamotrigine in an UK-based study conducted by Verdian 

et al. targeting pediatric epileptic patients (Verdian & Yi, 2010).  The ICERs for 

rufinamide versus topiramate and for rufinamide versus lamotrigine were 34,683 USD 

(2010) per QALY and 261,464 USD per QALY, respectively. 

 UK-based Maltoni and colleagues compared topiramate with standard therapy 

used as an add-on therapy over a lifetime (Maltoni & Messori, 2003).  Data were 

predominantly obtained from published literature or other public sources.  Costs and 
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effects were discounted at an annual rate of three percent.  Consequently, the 

investigators reported an ICER of 40,078 USD (2010) per QALY of topiramate as 

compared to standard treatment. 

 Remak et al. performed a cost-utility analysis comparing vigabatrin versus 

clobazam, gabapentin, lamotrigine, and topiramate used as adjunct therapy in the UK 

over 6 months (Remák, Hutton, Selai, & et al., 2004).  The authors found that vigabatrin 

dominated all drugs except for topiramate—a cost of 14,584 USD (2010) was associated 

with an additional QALY gained from using vigabatrin as compared to topiramate. 

 A Scottish-based study conducted by Spackman et al. compared the cost-

effectiveness between zonisamide versus levetiracetam add-on therapy among patients 

with refractory partial epilepsy over a time span of 15 years (Spackman, Yeates, Rentz, & 

et al., 2007).  The perspective taken was the Scottish societal perspective, and costs and 

outcomes were discounted at an annual rate of 3.5%.  The reported ICER of zonisamide 

compared with levetiracetam was 1,373 USD (2010) per QALY—implying that 

zonisamide is a highly cost-effective option compared with levetiracetam. 

 Chisholm and colleagues conducted a population-based cost-effectiveness 

analysis of four first-line AEDs (i.e., phenobarbital, phenytoin, carbamazepine, and 

valproate) used for idiopathic epileptic patients versus no treatment (Chisholm, 2005).  A 

population model was developed and applied to nine World Health Organization (WHO) 

developing subregions with comparatively lower average income and higher mortality 

rates—costs and effects were analyzed at the aggregated population level of the nine 

regions.  Disability-adjusted life years (DALYs) averted per year was used as the primary 
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outcome measure.  The study time frame was 100 years. However, treatment 

implementation was assumed to be available during the first 10 years; all patients 

receiving AEDs were then assumed to follow the natural history (i.e., no treatment) of 

epilepsy thereafter.  Costs and outcomes were annually discounted at a rate of 3 percent.  

The investigators reported that 150 to 650 DALYs (equivalent to averting 13 to 40 

percent of the current burden) can be averted by increasing AED treatment coverage to 

50 percent (assuming that the current coverage rate was 25 percent).  Phenobarbital and 

phenytoin were found to be more cost-effective than the other two newer AEDs due to 

their lower acquisition costs but comparable efficacy. 

 

2.6 Falls, Fractures, and Osteoporosis Associated with Antiepileptic Drugs 

Fractures can be caused by low bone mineral density, osteoporosis, impaired bone 

quality, or falls (Pack, 2008).  Epileptic patients are at increased risk of falling and 

fractures compared with the general population attributable to seizure attacks.  The risk of 

fractures was found to be highest during the first two years after diagnosis (Persson, 

Alberts, Farahmand, & Tomson, 2002).  Additionally, patients on AED therapy may be 

more likely to suffer from falls, fractures, bone density loss, and osteoporosis based on 

several proposed mechanisms: 1) medication side effects: ataxia or dizziness; 2) 

interference with vitamin K metabolism; 3) decreased bone quality; and 4) increased 

catabolism of vitamin D, followed by decreased absorption of calcium (Pack, 2008).  The 

latter mechanism was specifically hypothesized for cytochrome P450 enzyme-inducing 

AEDs (EIAED) as opposed to non-enzyme-inducing AEDs (NEIAED).  Published data 
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have been conflicting in terms of showing a connection between enzyme-inducing 

property of AED and fractures/osteoporosis—both EIAEDs and NEIAEDs may be 

associated with increased risk.  An exemplary table of EIAED and NEIAED is presented 

below (Table 2-4).  In addition to the use of EIAED as opposed to NEIAED, such 

associations may vary in terms of effect size and statistical significance depending on the 

following characteristics: 1) type/location of fractures; 2) number of AED use; 3) 

duration of AED use; and 4) individual AEDs.  AEDs that have been less researched (e.g., 

methsuximide, ethotoin, topiramate, zonisamide) may not be linked to bone quality 

change or fractures upon generation of additional evidence (Pack, 2008).  Confounding 

by indication, concurrent medications, or disease severity may be possible when 

assessing such relationships (Souverein, Webb, Weil, Van Staa, & Egberts, 2006).  The 

rest of this section discusses recent published studies investigating relationships between 

AED use and incidence of falls, fractures, bone mineral density change, or osteoporosis.   

 

Table 2-4. Common Enzyme-Inducing and Non-Enzyme-Inducing Antiepileptic Drugs 

(Modified from Souverein 2006 (Souverein et al., 2006)) 

Enzyme-Inducing Antiepileptic Drugs 
Non-Enzyme-Inducing Antiepileptic 

Drugs 

Phenytoin Valproate 

Phenobarbital Lamotrigine 

Carbamazepine Gabapentin 

Primidone Tiagabine 

Felbamate Levetiracetam 

Oxcarbazepine Ethosuximide 

Topiramate Vigabatrin 

 Acetazolamide 

 Piracetam 

 Clobazam 

 Clonazepam 

 Pregabalin 
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Souverein and colleagues conducted a nested case-control study to assess the 

association between use of AED and risk of fractures using the General Practice Research 

Database (GPRD) (Souverein et al., 2006).  The study cohort consisted of 40,485 patients 

with active epilepsy in the database.  These patients had at least one diagnosis or one 

prescription relevant to epilepsy in their medical records.  Due to the low sensitivity of 

several AEDs that also were indicated for other diseases (e.g., clonazepam can also be 

prescribed for panic disorders), such inclusion criteria can be expected to include many 

false-positive epilepsy patients.  Cases were identified via International Classification of 

Diseases version 9 (ICD-9) codes 800 through 829 for the first incident fracture during 

follow-up.  The index date was defined as the date of the first fracture.  Up to four 

controls were matched to cases based on practice, gender, year of birth, index date, and 

duration of history in GPRD.  AED exposure was stratified by current users, recent users, 

and former users (i.e., the last date on which patients were using AEDs was ≤ 30 days, 30 

to less than 180 days, and at least 180 days before the index date).  To control for disease 

severity, indicators such as number of epilepsy medical codes in the year before the index 

date and number of different AEDs were incorporated as independent variables in 

conditional logistic regression models.  Comorbid ailments (e.g., diabetes mellitus, 

rheumatoid arthritis) or medications (e.g., hormone replacement therapy, antidepressants) 

that are likely to cause falls or fractures were also included as independent variables.  

After controlling for potential confounders, fracture cases were found to have 2.01 times 

greater odds of being exposed to AEDs as opposed to controls (95% CI = 1.50-2.70).  

Furthermore, current use of AED monotherapy including carbamazepine, valproate, 
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phenobarbital, and phenytoin were independently associated with greater risk of fracture 

(adjusted odds ratio (OR) range: 1.57-1.88, p<0.05).  Duration of exposure was also 

significantly associated with greater risk of fracture: one additional year of exposure was 

commensurate with 8% increased odds of risk (95% CI = 1.06-1.10).  Despite a 

statistically significantly positive relationship was detected, the true effect size may be 

larger (but cannot be extrapolated to longer time periods) in reality, since the authors 

summed the exposure duration when patients used multiple AEDs concomitantly (e.g., a 

patient was regarded as exposed to 4 years of AED when the patient concomitantly used 

two different AEDs for 2 years).  This simple summation also biased the association 

between duration of poly-AED use and fracture risk downward, as demonstrated in their 

results in which the association was weaker among duration of poly-AED use versus 

fracture risk as opposed to single AED use versus fracture risk.  The investigators also 

found a marginal interaction between AED duration and history of fractures (p=0.09): 

compared with patients without a history, patients with a history of fractures had a greater 

rate of developing fracture.  Additionally, women were found to have greater risk of 

fracture over time as opposed to men (e.g., adjusted OR from <2 to >12 years of AED 

use increased from 1.84 to 6.75 in women and 1.05 to 2.70 in men, respectively).  Use of 

EIAEDs and NEIAEDs did not impose significantly different risks of fracture (adjusted 

OR = 1.15, 95%CI = 0.87-1.52). 

A prospective cohort study evaluated the relationship between AED use and rates 

of hip bone loss in a sample of 4,222 elderly men in the US (Ensrud et al., 2008).  

Patients taking EIAED and NEIAED concomitantly and were not able to independently 
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walk were excluded.  Each patient received two clinic examinations averaging 4.6 years 

apart; patients receiving AED at one and two of the examinations were classified as 

intermittent and continuous users, respectively.  Patient demographics (including 

calcium/vitamin D and bisphosphonate use), health and physical status were collected at 

baseline examination.  Multivariate regression models were used to assess the association 

between AED use and annual rate of change in total hip bone mineral density (BMD).  

Investigators found a significant trend of increasing rate of bone loss as NEIAED use 

increased (annualized percent rate among AED nonusers vs. NEIAED intermittent users 

vs. NEIAED continuous users = -0.35 vs. -0.51 vs. -0.60, p=0.03).  However, this trend 

was not apparent among EIAED users (p=0.43).  Additionally, multivariate-adjusted 

annualized rate of BMD loss was significantly greater among NEIAED users as opposed 

to AED non-users (-0.53%/year vs. -0.35/year, p=0.04).  This relationship, again, was not 

apparent between EIAED and AED non-users (-0.46%/year vs. -0.35/year, p=0.31).  

Gabapentin and phenytoin users did not show significant differences in terms of BMD 

loss rate as compared to AED non-users.  Study findings may not be generalized to 

women, pediatric and non-elderly adult patients, patients concurrently taking EIAED and 

NEIAED, and specific AEDs in which no participants received (ethosuximide, felbamate, 

methsuximide, ethotoin).  Moreover, some medications not controlled for in the 

regression analyses that can potentially affect BMD such as beta-blockers, angiotensin 

converting enzyme inhibitors (ACE-I) or calcium channel blockers (CCB) may slightly 

bias the regression estimates. 
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Beniczky and colleagues conducted a cross-sectional study assessing BMD in 168 

epileptic adult outpatients treated with at least one out of the following AED for more 

than two years: carbamazepine, oxcarbazepine, valproic acid, lamotrigine, topiramate, 

and levotiracetam (Beniczky, Viken, Jensen, & Andersen, 2012).  Patients on 

monotherapy or polypharmacy concerning AEDs were separately analyzed.  Among 

patients using one AED, patients on levetiracetam or oxcarbazepine had significantly 

lower BMD compared with other patients (p < 0.05).  No significant relationship between 

BMD and specific AED medications was found among multiple AED users.  Because the 

analysis was based on a small sample with no multivariate adjustments in this analysis, 

study results should be considered preliminary/exploratory. 

A single center, retrospective cohort study using the Veteran Affairs Medical 

Center (VAMC) patient database was undertaken to evaluate association between 

concomitant calcium/vitamin D (referred to as supplement hereafter) use and risk of 

fractures among AED users (Espinosa, Perez, Abner, & Ryan, 2011).  Three thousand 

three hundred and three patient records between 1998 and 2007 were retrospectively 

obtained based on available data with respect to concurrent AED and supplement use for 

at least one month.  Patients on average had long-term usage of AED (mean (SD) = 2.8 

(2.4) years) and supplements (mean (SD) = 2.0 (1.7) years).  However, duration of 

AED/supplement usage was calculated merely based on the difference of dates between 

the first and last date on which the VAMC pharmacy dispensed the agents without 

considering usage between the intervals.  With such a strong assumption involved, the 

actual duration of using the agents is highly uncertain and may be substantially different 
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from the estimated duration.  Logistic regression controlling for age at first recorded 

AED use, gender, and duration on AED was used to address the study hypothesis.  

Consequently, authors did not find a relationship between supplement use (users vs. non-

users) and risk of fracture (p=0.89) among all AED users.  Surprisingly, time on 

supplement was significantly associated with 1.22 and 1.70 times greater odds of fracture 

(95%CI = 1.06-1.41 and 1.27-2.27) among all AED users and concomitant users of AED 

and supplements, respectively.  Namely, regression results imply that supplement use is 

associated with an increased risk of fracture.  Because it is difficult to identify a temporal 

relationship between the independent and dependent variables due to the study design, it 

is plausible to reversely interpret the finding as longer supplement use can be attributed to 

the development of fractures.  Additionally, investigators excluded patients on a specific 

AED (phenobarbital) because of its solid association with fractures.  Excluding patients 

with higher risks of fractures decreases baseline risk and may somewhat attenuate the 

effect of supplements on fracture prevention, given that such relationship exists.  

Furthermore, many major confounders were not included in the regression models.  

Based on the discussion above, the study findings should be verified in a more 

methodologically rigorous study including a larger sample of patients. 

Another study using 1993 to 1998 data from the Women’s Health Initiative (WHI) 

(i.e., a prospectively followed cohort) estimated the association between AED use, falls, 

fractures, and BMD among post-menopausal women (Carbone, Johnson, Robbins, & et 

al., 2010).  Despite the exclusion of patients with missing covariate data (n=21,735), the 

analytical sample remains substantial (n=1,385 and 137,282 for AED users and non-users) 
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and thus may be less prone to selection bias.  Verification of AED use and BMD was 

assessed using self-reporting and densitometers at both baseline and year 3 follow-up, 

while fall and fracture ascertainment were completed using questionnaires and radiology 

reports over an average period of 7.7 years, respectively.  Covariates relevant to patient 

demographics, quality of life, and supplement use were collected using questionnaires.  

Avoiding the use of claims and ICD codes may prevent miscoding or misclassification of 

disease or prescribing medications, but relying on patient memory may suffer some 

degree of recall bias.  Cox proportional hazards models were used to assess the 

relationship between duration/number/type of AED use and risk of fractures/falls/BMD 

loss.  Investigators reported that AED users were significantly associated with greater 

hazard of total and sub-sites of fractures (e.g., vertebral, lower arm/wrist, and hip) and 

two or more falls (all p<0.05) after adjusting for confounders.  In terms of assessing the 

relationship between duration of AED use (nonusers, users of <2 years, 2 to 5 years, >5 

years) and risk of falls and fractures, the hazard ratio was highest among patients who 

were exposed to AEDs greater than 5 years across outcomes relevant to falls and 

fractures in comparison to non-users.  Multiple AED users had greater risk of fracture 

compared with single AED users and AED non-users (hazard ratio (HR) = 1.55, 95% CI 

= 1.15-2.09; HR = 2.12, 95%CI = 1.61-2.80, respectively).  Although both use of EIAED 

and NEIAED appeared to elevate fracture risks (p<0.05), EIAED users were found to 

have greater risk of fractures as compared to NEIAED users (HR = 1.36, 95%CI = 1.09-

1.69).  AED use did not exhibit statistically significant associations with BMD change.  It 

should be emphasized that the duration and number of AED use was separately 
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investigated in different regression models, thus the effect size of each element may be 

affected by the other element (e.g., a greater risk of fracture due to longer exposure to 

AED may be partially due to the greater likelihood of having used multiple AEDs over 

time). 

Tsiropoulos and colleagues designed a case-control study using data linked 

between a hip fracture register, a population-based pharmacoepidemiologic prescription 

database, and another electronic register of patient inpatient and outpatient visits to 

county hospitals to assess associations between exposure to AEDs and occurrence of hip 

fractures in Denmark (Tsiropoulos et al., 2008).  Hip fracture cases between 1996 and 

2004 were identified using ICD-10 codes.  The index date for cases was the date on 

which admission for the first hip fracture occurred, while for controls the date was 

randomly assigned from a date within the study period.  Up to four controls were 

matched to each case by age and sex.  Patients were considered “ever” exposed to AED if 

they had any AED prescription before the index date.  AED treatment patterns were 

categorized as polytherapy (concomitant use of at least 2 AEDs for at least 3 months), 

sequential monotherapy (using at least 2 AEDs with less than 3 months of overlap), and 

monotherapy (use of one specific AED).  Additionally, patients were also categorized 

into current, recent, or previous AED users based on time since latest AED prescription 

(≤ 3 months, 3-6 months, >6 months, respectively).  Duration of AED therapy was 

defined as the difference between dates on which the first and last AED prescription was 

prescribed.  Confounding bias was controlled via the inclusion of patient demographics, 

specific medications and ailments as independent variables in logistic regression models.  
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A total of 7,557 cases and 27,575 controls were identified.  Ever use of AED was 

significantly associated with greater risk of hip fracture (adjusted OR = 1.31, 95% CI = 

1.16-1.48).  However, the relationship was not significant after stratifying subjects into 

patients with and without epilepsy.  Their analysis also revealed a dose-dependent 

relationship between AED and hip fractures: one additional dosing unit of AED per year 

corresponds to 1.05 time greater odds of fractures (95% CI = 1.03-1.08).  In contrast, 

AED treatment duration did not correlate with hip fracture incidence.  Current users and 

recent users appeared to have greater odds of fracture compared with previous users 

(adjusted OR = 1.92, 1.84, and 1.31, respectively).  The association appeared to be 

stronger among EIAED users as opposed to NEIAED users.  In addition, there was no 

significant relationship detected among patients that had only used NEIAEDs.  Patients 

on AED polytherapy revealed greater odds of fracture (OR = 2.54, p<0.05) than patients 

on monotherapy (OR = 1.21, p<0.05) or sequential monotherapy (OR = 1.39, p<0.05) 

when the baseline comparator was AED non-users.   

Another research team used linear regression models to assess relationship 

between AED drug load and number of fractures on a limited sample of 54 patients that 

were diagnosed with osteoporosis and treated with bisphosphonate in a hospital 

pharmacy database in the Netherlands (Beerhorst, Schouwenaars, Tan, & Aldenkamp, 

2012).  Cumulative drug load was measured by the duration of AED exposure multiplied 

by the number of AEDs used.  After adjusting for age, body mass index, ambulatory 

status (e.g., unassisted ambulation/ walk with aid), alcohol consumption, caffeine intake, 

and smoking, cumulative drug load was significantly associated with greater number of 
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fractures (p=0.029).  Because the sample size and breadth of confounding elimination 

was extremely confined, and that linear regression models may not adequately fit a right-

skewed, zero-bounded count variable (i.e., number of fractures) that may more likely 

follow a Poisson or negative binomial distribution—the generalizability of results should 

be very limited. 

Ahmad et al. conducted a cross-sectional study to evaluate AED use and 

occurrence of falls and fractures using a sample of epileptic, AED users and non-epileptic, 

non-AED users (Ahmad et al., 2012).  AED users (i.e., cases) were recruited between 

2009 and 2010, must have been taking AEDs for at least three months, and cannot be 

newly diagnosed or undiagnosed epileptic patients.  Controls were obtained through a 

database owned by the investigators and were matched to cases based on age and gender.  

Demographic information, history of AED use, epilepsy, fall, and fractures, and 

knowledge about bone health and AEDs were collected via questionnaires.  Multivariate 

logistic regression models were used to solve study question—confounding medical 

conditions and medications were incorporated as independent variables.  Among AED 

users (n=150), duration of AED treatment was associated with greater odds of fracture 

occurrence (adjusted OR = 1.04, p=0.036) and seizure-related fracture occurrence 

(adjusted OR = 1.06, p=0.026).  Interestingly, the use of AED should reduce the 

occurrence of seizure episodes, thus decreasing the likelihood of seizure-related fracture 

occurrence; however, the results revealed contrastingly.  This might be explained by the 

temporal sequence in which the epileptic condition was severe (i.e., while more likely to 

cause seizure-related fractures) that rendered the need to stay on longer AED therapy.  In 
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other words, disease severity might explain such relationship, since such element was not 

incorporated in the models.  Number of AED use did not predict overall or seizure-

related fracture or occurrence (p>0.05). 

 

2.7 Healthcare Cost, Utilization, and Quality of Life Pertaining to Epileptic Patients 

Epilepsy represents a huge economic and clinical burden at both the patient level 

and the society level worldwide.  It has been estimated that up to one percent of total 

healthcare expenditure can be attributable to epilepsy (Kotsopoulos, Evers, Ament, & de 

Krom, 2001).  The cost of epilepsy in Europe was approximately €15.5 billion (Pugliatti 

et al., 2007), where 12 to 85 percent was attributable to work and productivity loss 

(Strzelczyk, Reese, Dodel, & Hamer, 2008).  A systematic review identified the 

following potential predictors with respect to the economic burden of epilepsy: 1) 

positive predictors: a. number of seizures; b. seizure severity; c. seizure type; and d. 

number of AEDs used; and 2) negative predictor: quality of life (Taylor et al., 2011).  A 

clear trend was identified between seizure frequency and general quality of life as 

estimated by the Short Form 36 Health Survey (SF-36): patients reporting no seizure 

episodes over the past year had substantially higher scores across all eight dimensions of 

the SF-36 as compared to patients reporting less than one episode per month, while 

patients with less than one monthly episode similarly had higher scores across all 

dimensions compared with patients with one or more episode per month (Baker et al., 

1997).  The remainder of this section reviews published research studies that had assessed 

the burden of epilepsy. 
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Reid and colleagues compared unmet health care needs between epileptic and 

non-epileptic patients (Reid et al., 2012) using the Canadian Community Health Survey.  

A total of 400,055 Canadians were identified between years 2001 and 2005.  Patients 

residing in Indian reserves, institutionalized, specific remote areas, or full-time 

participants of the Canadian Armed Forces were not included.  Chronic conditions 

including epilepsy were self-reported and must “…be expected to last or have already 

lasted, 6 months or more [by the respondent] and that have been diagnosed by a health 

professional.”  A total of 2,555 patients reported having epilepsy.  The investigators 

found that epileptic patients were more likely to have a regular medical doctor, consult a 

family physician, another medical doctor, or other healthcare professionals (e.g., nurses, 

physiotherapists, psychologists, social workers) as compared to the general population 

(all p<0.05).  Almost 18 percent of persons with epilepsy reported being hospitalized 

overnight over the past 12 months, compared with 8.0 percent in the general population 

(p<0.05).  Additionally, epileptic patients had a higher proportion being admitted to 

hospitals due to injury compared with the general population (14.3% vs. 7.8%, p<0.05).  

A significantly greater proportion of patients with epilepsy perceived an unmet health 

care need compared with the general population (17.9% vs. 11.6%, p<0.05).  Among 

patients reporting perceived unmet health care need, epileptic patients were more likely 

to report not receiving care for a mental problem as compared to the general population 

(p<0.05).  The proportion of epilepsy patients reporting healthcare professional 

consultation, having a regular physician, experience of overnight hospitalization, and 
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perceived unmet healthcare need remained significantly higher after multivariate 

adjustment. 

A Spain-based cross-sectional study conducted by Peña et al. evaluating 

relationships between patient-reported outcome (PRO) measures and costs in outpatients 

with DRE (Peña, Jerónimo, Rufo, Martínez, & Rejas, 2009).  DRE patients were 

identified using the following criteria: 1) no response to at least 3 drugs in monotherapy 

or polytherapy; 2) treatment duration of at least one year; and 3) one or more seizure 

episodes over the past 36 months.  PRO measures utilized the following instruments: 

Quality of Life in Epilepsy (QOLIE-10) (score range: 0 to 100, with higher scores 

indicating better QOL); the Hospital Anxiety and Depression Scale (HADS) (score 

interpretation: 0-7 normal; 8-10 mild; 11-14 moderate; 15-21 intense symptoms); the 

Visual Analog Scale (VAS) of the EuroQoL 5-dimension questionnaire (EQ-5D) (score 

range: 0 to 100, with higher scores indicating better QOL); and the Treatment 

Satisfaction with Medicines questionnaire (SATMED-Q) (score range: 0 to 100, with 

higher scores indicating greater satisfaction).  A total of 762 patients were included in the 

analysis.  After adjusting for confounders, lower QOLIE-10 social function score and 

EQ-5D VAS were significantly associated with greater annual outpatient cost in DRE 

patients (p<0.001).  Patients with mental deterioration, with the need for hospital referral, 

had known etiology, or had outpatient care in a neurology clinic were associated with 

significantly higher outpatient costs (all p<0.05).  A trend analysis dividing PRO 

measures into deciles and plotted PRO measures against outpatient costs showed a 

constant decrease in cost among patients of the lower 50% QOLIE-10 and EQ-5D VAS 
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scores.  However, the cost remained relatively stable among patients of the upper 50% 

QOLE-10 and EQ-5D VAS scores.  Although patients of the upper 50% SATMED-Q 

score on average had lower cost compared with their counterpart, substantial variability 

exists in the point estimates and no trend was clearly formed. 

Germany-based Hamer and coworkers assessed AED utilization, prevalence, and 

costs among epileptic patients (Hamer, Dodel, Strzelczyk, & et al., 2012).  A total of 

4,115,705 AED prescription claims data of the German population were obtained from 

the IMS®  LifeLink longitudinal prescription data.  They identified four most commonly 

taken AEDs among these patients: valproate (29.8%), carbamazepine (26.4%), 

lamotrigine (21.4%), and levetiracetam (16.9%).  Among pediatric patients, 

oxcarbazepine and sultiame were prevalently used.  Phenytoin and primidone were often 

received by the elderly patients.  More than half of the patients received care from family 

physicians.  Cost of AED therapy for epilepsy treatment summed to one percent of total 

medication cost. 

Strzelczyk et al. assessed healthcare utilization of adult epileptic patients in 

Germany (Strzelczyk, Nickolay, Bauer, & et al., 2012).  The investigators enrolled 366 

patients who had a diagnosis of epilepsy and surpassed the age of 18.  Results showed 

that indirect costs composed of the majority of healthcare costs due to epilepsy (69%).  

Direct medical costs were predominantly attributable to hospitalization (33%) and AED 

use (27%).  Status epilepticus (24.4%), video-electroencephalography (vEEG) (14.8%), 

newly diagnosed patients (14.4%), and seizure-related injuries (8.8%) were the major 
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sources of admission costs.  Early retirement (38.0%), unemployment (35.9%), and sick 

days due to seizure episodes (26.2%) were the principal components of indirect costs. 

US-based Vivas and colleagues utilized the Nationwide Inpatients Sample from 

years 1993 to 2008 to assess healthcare cost burden in epileptic patients (Vivas, Baaj, 

Benbadis, & Vale, 2012).  Approximately 1.1 million hospital admissions pertaining to 

epilepsy were observed.  Investigators reported a significant trend of increasing hospital 

charges per admission over the 15 years ($10,050 to 23,909, p<0.001), regardless of a 33 

percent decrease in mean length of stay (from 5.9 to 3.9 days).  Additionally, a 57.9% 

decrease of inpatient mortality rate and an over 300% increase with respect to discharges 

to other healthcare institutions were identified over the study period. 

Labiner et al. investigated potential excess healthcare utilization among generic as 

compared to branded AED users in the US (Labiner, Paradis, Manjunath, & et al., 2010).   

The data source was health insurance claims between January 2000 and October 2007 

obtained from the PharMetric Database, a claims database of US commercial insurers.  

Adult epileptic patients with continued treatment with carbamazepine, gabapentin, 

phenytoin, primidone, or zonisamide were eligible for analysis.  A total of 33,625 

patients were included, in which 18,125 (53.9%) patients had stable epilepsy (defined as 

an average of ≤2 annual outpatient services and no emergency room visits associated 

with epilepsy/seizure).  Generic AED treatment was associated with increased overall 

prescription drug use (IRR = 1.13, 95% CI = 1.13-1.14), hospitalization rate (IRR = 1.24, 

95% CI = 1.19-1.30), outpatient visit rate (IRR = 1.14, 95% CI = 1.13-1.16), and 

inpatient length of stay (IRR = 1.29, 95% CI = 1.27-1.32) compared with branded AED 
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therapy.  Additionally, generic AED use was associated with increased risk of head injury, 

motor vehicle accident injury, or fracture (HR = 1.22, 95% CI = 1.14-1.31), and epilepsy-

related injuries (HR = 1.23, 95% CI = 1.07-1.41). 

A Swedish-based nationwide study compared AED use in community-dwelling 

versus institutionalized patients aged 65 or older (Johnell & Fastbom, 2011).  Data from 

July to September 2008 in the Swedish Prescribed Drug Register and the Swedish Social 

Services Register were used, comprising 1.26 million community-dwelling and 86,700 

institutionalized elderly.  The investigators found that 9% and 2% of the institutionalized 

and community-dwelling elderly were using AEDs, respectively.  Institutionalized 

elderly had a significantly greater proportion of AED use (OR = 3.98, 95% CI = 3.86-

4.10) after adjusting for age, sex, and number of other medications used.  AED use was 

significantly associated with psychotropic use (including antipsychotics, anxiolytics, 

hypnotics/sedatives, and antidepressants) among community-dwelling patients (OR range 

1.81-4.67, all p<0.05); this pattern was present but with substantially smaller effect size 

among institutionalized patients (OR range 1.03-1.25, p<0.05 in all psychotropic drugs 

but antipsychotics). 

Kwong and colleagues investigated utilization patterns of AEDs in pediatric users 

in Hong Kong (Kwong, Tsui, Wu, & et al., 2012).  Data were obtained from the Clinical 

Data Analysis and Reporting System, spanning from April 2005 to March 2009.  Patients 

aged zero to 19 and had at least one AED prescription were eligible for data analysis.  

During the study period, a slight decline in AED usage was identified (i.e., 3,006 patients 

in 2005 to 2,792 patients in 2009).  A substantial increasing utilization of some newer 
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AEDs was identified: levetiracetam use increased from 1.7% in 2005 to 7.2% in 2009, 

while oxcarbazepine use elevated from 0.2% in 2005 to 3.0% in 2009.  The increase in 

particular AED use may be attributable to recent market approval and pleasant efficacy, 

safety, and drug cost. 

Nicholas et al. conducted a cohort study including 63,586 epileptic patients while 

having been exposed to AEDs to estimate trends with respect to AED utilization in UK 

primary care settings (Nicholas, Ridsdale, Richardson, Ashworth, & Gulliford, 2012).  

The 1993 to 2008 UK General Practice Research Database was used to obtain study 

cohort.  The authors found that carbamazepine and valproate were most prevalently used 

AEDs throughout the study period, while phenytoin and barbiturate use declined to less 

than half of the original proportion of users.  The most frequent combination of AED 

polytherapy was valproate and carbamazepine throughout the study period; in 2008, 

valproate and lamotrigine were more frequently prescribed. 

Halpern and coworkers assessed the impact of insurance status on costs and 

utilization among epileptic patients using the 2002 to 2007 Medical Panel Expenditure 

Survey (MEPS) (Halpern, Renaud, & Vickrey, 2011).  A total of 526 patients were 

eventually identified.  The investigators reported a significantly lower number of 

outpatient visits among uninsured patients as compared to patients with private insurance, 

Medicare, or Medicaid (p<0.05).  Additionally, uninsured patients had significantly 

greater hospital length of stay, cost per outpatient visits, cost per emergency department 

visit, and cost per prescription or AED prescription compared with patients with private 

or public insurance (p<0.05).  By contrast, Medicaid beneficiaries incur significantly 
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lower costs of outpatient visits, hospital stay, and AED prescription costs compared with 

either private insurance or Medicare recipients, or the uninsured (p<0.05) while utilizing 

comparable healthcare resources compared with those with other public or private 

insurances.  Thus, the uninsured epileptic patients may have excessive economic and 

clinical burden due to their inadequate healthcare provision.  Insurance provision to these 

individuals may aid in relieving these burdens. 

Another MEPS study evaluated the economic impact of epileptic compared with 

non-epileptic patients using 1996 to 2004 pooled MEPS data (Yoon et al., 2009).  After 

adjusting for patient demographics such as age, gender, race, insurance type, and family 

size, an excessive expenditure of 4,523 USD (2004 value) was found in epileptic versus 

non-epileptic patients (95% CI = $3,184-5,862).  This figure was comparable in adults 

($4,465, 95% CI = $2,925 – 6,005) and children ($4,703, 95% CI = 2,609-6,797).  

Additionally, adult epileptic patients were found to receive 1.2 additional days of 

informal care compared with non-epileptic patients (95% CI = 0.2-2.3); while no 

significant difference was found in pediatric patients (mean=0.4 extra day; 95% CI = -

0.4-1.2).  

Englot et al. assessed resective surgery trends relevant to epilepsy in the US 

(Englot, Ouyang, Garcia, Barbaro, & Chang, 2012).  The Nationwide Inpatient Sample 

(NIS) years 1990 through 2008 was used to obtain hospital discharge data.  Patients who 

were admitted to the hospitals due to medically refractory localized epilepsy were 

identified and analyzed: a total of 112,026 hospitalization records, among which 4,453 

records of resective surgeries were identified.  The study found an increasing trend in 
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terms of the number of epilepsy-related hospitalizations (F=37.5, p<0.001), while the rate 

of hospitalization including surgical resection (i.e., lobectomy) declined over time 

(F=0.56, p<0.01).  Increasing admissions to low-volume hospitals over time may partially 

explain the decline in surgical resection rate.  White patients and private insurance 

beneficiaries were significantly more likely to receive surgery compared with racial 

minorities (RR = 1.13, 95% CI = 1.10-1.17) and Medicare/Medicaid beneficiaries (RR = 

1.28, 95% CI = 1.25-1.30), respectively. 

Similar to the previous study, the 1998 to 2005 NIS was used in Baaj et al. to 

evaluate trends in using vagal nerve stimulation (VNS) for epilepsy in the US (Baaj, 

Benbadis, Tatum, & Vale, 2008).  The authors reported an increase in VNS usage 

between 1998 and 2003 (from 698 to 2,117 annual procedures), after which the usage 

slightly decreased (2004: 2,028 procedures; 2005: 1,560 procedures).  Hospital length-of-

stay and charges increased annually.   

Helmers and colleagues implemented a pre-post study design to estimate patient 

outcomes, healthcare costs, and quality of life associated with VNS in pediatric patients 

with epilepsy (Helmers, Duh, Guérin, & et al., 2012).  Medicaid data from five states 

between January 1997 and June 2009 was utilized.  Patients 17 years of age or less were 

included.  A total of 445 patients were identified, 238 (53.5%) of whom were aged one to 

11 years of age.  Pre-VNS period was defined as 6 months prior to VNS implantation, 

while post-VNS initiates from device insertion until VNS removal, death, or 

disenrollment from Medicaid.  After adjusting for potential confounders, total and 

seizure-related number of hospitalization, number of emergency room visits significantly 
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reduced post-VNS compared with pre-VNS (IRR range: 0.66-0.75, all p<0.05) among 

patients aged one to 11 years old.  A significantly lower number of outpatient visits was 

also observed, but the effect size was comparatively smaller (IRR = 0.95, 95% CI = 0.93-

0.97).  Similar patterns were observed in patients between 12 and 17 years of age, but the 

effect size was larger.  Compared with pre-VNS period, the incidence rate approximately 

halved in the post-VNS period (IRR range 0.43-0.52 for number of hospitalizations or 

emergency room visits, all p<0.05).  Total healthcare costs was significantly lower after 

VNS implementation (pre-VNS vs. post-VNS = $14,546 vs. $19,695 in 2010 US dollars, 

p=0.002).  A significant lifetime QALY gain was identified after VNS implantation 

(lifetime QALY gain ~ 5-6 QALYs, p<0.001). 

Faught et al. assessed the relationship between medication non-adherence to 

AEDs and healthcare costs and utilization using Medicaid claims data years 1997 through 

2006 (R. E. Faught, Weiner, Guérin, Cunnington, & Duh, 2009).  Medication possession 

ratio ≥ 0.80 was defined as medication adherent, and vice versa.  A total of 33,658 

individuals at least 18 years of age, had a diagnosis of seizure or epilepsy, and had at 

least two AED-related pharmacy claims were eligible.  The investigators found a 

significant association between non-adherence and hospitalization occurrence (IRR = 

1.39, 95% CI = 1.37-1.41), number of inpatient days (IRR = 1.76, 95% CI = 1.75-1.78), 

and ED visits (IRR = 1.19, 95% CI = 1.18-1.21).  Non-adherence similarly predicted 

additional costs of inpatient ($4,320/quarter, p<0.05) and ED services ($303/quarter, 

p<0.05).  By contrast, excessively lower costs of outpatient ($-76, p<0.05) and pharmacy 

(AED: $-187, other: $-280; both p<0.05) services were found in non-compliant patients. 
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Canuet and colleagues conducted a cross-sectional study using 146 patients from 

Japan-based outpatient clinics between June 2006 and May 2008 to assess factors 

relevant to quality of life in adult epileptic patients (Canuet, Ishii, Iwase, & et al., 2009).  

Statistically significant relationships were found between 1) level of depression; and 2) 

number of seizure episodes versus epilepsy-related quality of life.  The authors also found 

that level of depression was more than three times important compared with seizure 

frequency in multivariate regression analyses.  However, it is important to note that level 

of depression may act more as an interim factor between seizure frequency and quality of 

life than as a confounder (i.e., seizure frequency↑ → depression level↑ → quality of 

life↓).  Thus, incorporating both factors into the same model and concurrently comparing 

their relative strength of predicting quality of life may produce somewhat misleading 

effect sizes.  Assessing the level of multicollinearity between the two factors and whether 

depression level is correlated with the error term may aid in selection of appropriate 

independent variables and models. 

Luoni et al. attempted to identify factors related to quality of life among DRE 

patients (Luoni, Bisulli, Canevini, & et al., 2011).  Nine hundred and thirty three 

individuals with at least one failed AED therapy were enrolled at 11 tertiary referral 

centers in Italy.  In multivariate regression analysis, the investigators included patient 

demographics, disease factors (seizure frequency, disease duration), and level of 

depression/adverse drug events concurrently as independent variables.  Interestingly, 

seizure frequency, age of onset, and disease duration does not predict quality of life.  

Instead, level of depression and adverse drug events were significant predictors (p<0.05).  
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Other predictors of quality of life included age, lack of a driving license, level of AED 

pharmacoresistance, and location (all p<0.05).  The investigators tested for 

multicollinearity and found that all determinants independently predicted quality of life 

(i.e., no multicollinearity was found).  Similar to the previous study reviewed in the 

previous paragraph, these results imply a greater need to treat “depression” as opposed to 

lowering seizure frequency may be simply negligent of the fact that depression may be 

predominantly caused by the underlying disease—epilepsy.  In other words, treating 

epilepsy can concurrently resolve depression and increase quality of life.  All in all, 

putting a potential “interim factor” as an independent variable can cause misleading 

interpretations. 

  

 

2.8 Introduction to the Arizona Health Care Cost Containment System 

The Arizona Health Care Cost Containment System (AHCCCS) refers to 

Arizona’s Medicaid program.  The Centers for Medicare and Medicaid Services (CMS) is 

the federal agency administrating Medicaid programs.  Medicaid is a Federal-State 

jointly-funded public health insurance program.  Three health insurance programs exist 

under AHCCCS, including: 1) Arizona Medicaid; 2) KidsCare; and 3) the Medicare 

Savings Program.  Medicare Cost Sharing is a federal health insurance program where 

the individual pays part or none of Medicare-related premiums, deductibles, or 

coinsurance, while Medicaid pays the remaining amount.  This strategy effectively 

reduces the cost burden to Medicare.  Currently, there are four Medicare Cost Sharing 
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Programs, including: 1) qualified Medicare beneficiary (QMB); 2) specified low-income 

Medicare beneficiaries (SLMB); 3) qualified individual-1 (QI-1); and 4) qualified 

working individuals (QDWI).  KidsCare is the Arizona version of the State Children’s 

Health Insurance Program (SCHIP).  Children under 19 are potentially eligible for 

KidsCare.  Other major eligibility criteria for Kidscare include ineligibility for Medicaid, 

no current health insurance coverage, not eligible for State employees health benefits 

plan, and income under 200% of the Federal Poverty Level.  A list of Arizona’s Medicaid 

coverage groups is listed in detail in Table 2-5 below.  Contracted health plans in health 

care delivery to eligible individuals were managed by AHCCCS.  Eligibility factors for 

AHCCCS included: 1) being a US citizenship or qualified alien; 2) being a Arizona 

residence; 3) having an income lower than specific limits with respect to one of the 

AHCCCS programs; 4) having a verified social security number; 5) mandatory 

application to specific benefits, if eligible, prior to receiving AHCCCS benefits (e.g., 

Veterans Administration or Medicare benefits); and 6) consent to assignment of third-

party liability.  Multiple components are assessed by AHCCCS with regard to estimating 

a potential beneficiary’s income include wages, self-employment earnings, social security 

earnings, child support payments, interest and dividends, pensions, and dependent care 

expenses.   
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Table 2-5. Arizona Medicaid Coverage Groups ("Arizona Health Care Cost Containment 

System," 2012) 

Coverage Group Definition of Coverage Group 

AHCCCS Care 

(AC) 

Received by single individuals, or married couples who do not 

qualify for traditional Medicaid programs because they are not age 

65 or older, blind, or disabled and do not have any dependent 

children. 

AHCCCS 

Freedom to Work 

(FTW) 

Available to working individuals who have a disability. Individuals 

may be eligible for Long Term Care Services or AHCCCS Medical 

Services. 

Arizona Long 

Term Care System 

(ALTCS) 

Available to individuals who are elderly, physically or 

developmentally disabled and have a medical need for long-term 

care services. 

Breast and 

Cervical Cancer 

Treatment 

Program 

(BCCTP) 

Available to women under age 65 who are screened and diagnosed 

as needing medical treatment for breast cancer, cervical cancer or a 

pre-cancerous cervical lesion by one of the programs in the Arizona 

National Breast and Cervical Cancer Early Detection Program (AZ-

NBCCEDP). 

Deemed 

Newborns 

Available for up to one year of coverage for children born to 

mothers receiving Medicaid (Title XIX) medical services as long as 

the child continuously lives with the mother in the State of Arizona. 

Eligibility begins on the child’s date of birth and ends with the last 

day of the month in which the child turns age one. 

Families with 

Children (AFC) 

Available to families that include deprived, dependent children. 

Coverage under AFC is based on requirements in Section 1931 of 

the Social Security Act. Therefore, it is sometimes referred to as 

“1931.” 

Families whose AFC benefits are terminated due to: 

 Employment payments may be eligible for an additional six 

months after becoming ineligible due to excess income. 

 Receipt of or increase in child support payments, may be 

eligible for an additional four months after becoming 

ineligible due to excess income. 

Pregnant Women 

Available to pregnant women beginning with any month of 

pregnancy through the 60-day postpartum period.  

  

Note: Women who lose SOBRA eligibility receive Family Planning 

Extension Program for up to 24 months. 
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Table 2-5. Arizona Medicaid Coverage Groups—Continued ("Arizona Health Care Cost 

Containment System," 2012) 

Coverage Group Definition of Coverage Group 

Six Month 

Guarantee 

Available to individuals who are enrolled with a health plan for the 

first time and become ineligible prior to 6 months of enrollment. 

Customers in the following coverage groups receive continued 

AHCCCS coverage under the guarantee enrollment period, 

providing the customer does not voluntarily withdraw, is eligible 

when enrolled, is not an inmate of a public institution or adopted, 

and remains an Arizona resident. 

 AHCCCS Care; 

 Families with Children; 

 Breast and Cervical Cancer Treatment Program; 

 AHCCCS Freedom to Work; 

 Supplemental Security Income; 

 Supplemental Security Income Medical Assistance Only; 

 SOBRA Child; 

 Pregnant Women; 

 Title IV-E Foster Care and Adoption Subsidy; and 

 Young Adult Transitional Insurance. 

Note: The six-month guarantee does not apply to customers 

receiving Long Term Care services. 

SOBRA Child 

Available to children up to their 19th birthday. SOBRA is named for 

the Sixth Omnibus Reconciliation Act, which created this coverage 

group.  

Supplemental 

Social Security 

Income (SSI) 

Cash 

Available to individuals receiving SSI cash benefits from the Social 

Security Administration (SSA) because they are age 65 or older, 

blind or disabled.  

Note: Enrollment for Medicaid is automatic for SSI Cash recipients 

without a separate eligibility determination. 

Supplemental 

Social Security 

Income Medical 

Assistance Only 

(SSI MAO) 

Available to certain individuals who may not be eligible for SSI 

Cash assistance may be determined eligible for SSI MAO. These 

customers must be age 65 or older, blind, or disabled to receive 

AHCCCS medical services under the SSI Non-cash coverage group. 

Title IV-E Foster 

Care and 

Adoption Subsidy 

Available to customers with an adoption assistance agreement or 

foster care maintenance payments under the provisions of Title IV-E 

of the Social Security Act. They are deemed to meet the non-

medical conditions of eligibility for ALTCS.  

Young Adult 

Transitional 

Insurance (YATI) 

Available to any individual under age 21 who was in DES foster 

care when turning 18 years old. 
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 Providers of AHCCCS-covered services must also meet certain requirements, 

including registration with the AHCCCS Administration (AHCCCSA), compliance with 

all federal, state, and local laws and regulations governing performance of duties, 

fulfilling AHCCCS requirements for professional licensure or certification, and 

completion of specific forms and documents.  

AHCCCSA oversees the planning, implementation, and continued operation of 

AHCCCS.  The responsibilities of AHCCCSA include: 1) oversight of the AHCCCS 

health care system; 2) administering some health insurance programs (see Table 2-5); 3) 

monitoring and coordinating other agencies which are responsible for determining 

eligibility for some AHCCCS health insurance programs; 4) contracting with health plan 

networks and providers; 5) monitoring the quality of care provided by participating health 

care providers; and 6) maintaining the state’s database of eligible members. 

As a Medicaid agency, AHCCCS requires that other responsible parties to pay for 

beneficiaries’ healthcare costs before AHCCCS pays.  To accomplish this goal, Medicaid 

collects information on Third Party Liability to identify other paths beneficiaries might 

have to cover their medical expenses. 

As of November 1 of 2012, the AHCCCS population includes 1.27 million 

beneficiaries, with approximately 6.0 percent aged 65 or older, 65.3 percent females, 34.1 

percent Caucasian/White, and 40.5 percent Hispanic.  In 2009, AHCCCS provided health 

care coverage to approximately 1.3 million Arizonans (16 percent of all Arizonans) at an 

annual cost of $9.3 billion.  AHCCCS consists of a per member cost per month standard 

(i.e., capitation) which is used as a single financial reference point to compare financial 
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performance between states and health plans.  The fixed monthly capitation is based upon 

the age, sex, and Medicare status of each enrollee.  Four strategic issues are addressed by 

AHCCCS to achieve the goal of health security: 1) health care costs; 2) health care 

quality; 3) the uninsured; and 4) organizational capacity.  

Under AHCCCS, medical benefits are services provided for the prevention, 

diagnosis, and treatment of health problems.  Premiums are waived to those declared to 

be under the Federal Poverty Level (FPL).  Additionally, general cost sharing cannot 

exceed 5 percent of family income.  A condensed list of medical services is provided as 

follows: 

 Primary Care Provider Services:  A physician or a practitioner may provide 

primary care provider services and can be provided in an inpatient or outpatient 

setting.  A few of these services include periodic health examinations, covered 

immunizations, and patient education; 

 Inpatient Hospital Services:  hospital accommodations and appropriate staffing, 

supplies, and services are provided for maternity care, surgery, prescriptions, 

intensive care unit, medical supplies and equipment; 

 Dental Services:  Emergency services or medically necessary dentures; 

 Laboratory Services:  Lab fees, radiology and medical imaging services are 

covered when they are prescribed by the individual’s primary care physician, 

attending physician, or dentist.  They may be provided in a hospital, clinic, or 

office; 
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 Emergency Services:  Emergency room, medical, behavioral/evaluation services 

are available 24 hours a day; 

 Medical Supplies:  Covered when they are essential to the individual’s health; 

 Transportation Services:  Ambulatory and transportation provided by a family 

member, friend or neighbor; 

 Nursing Facility:  Services are covered up to 90 days in lieu of hospitalization; 

 Home Services:  Home health therapy and health services in lieu of 

hospitalization; 

 Therapies:  Physical, occupational, audiology and speech therapies are covered;  

 Transplants:  Liver, kidney, heart, lung, bone marrow, and cornea transplants are 

covered; and 

 Other services include podiatry, optometrist, and private duty nursing services.   

 Prescription medications under Medical Services is a covered service when the 

medication is prescribed by a primary care provider; a practitioner; an attending 

physician; a dentist; or a specialist to whom the customer was referred by the primary 

care physician.  AHCCCS also covers certain medications under Behavioral Health 

Services such as:  1) methadone; 2) psychotropic medication; and 3) psychotropic 

medication adjustment and monitoring. 

             Prescription medication services are fully covered under the AHCCCS Health 

Insurance.  The aggregate amount of premiums and cost sharing imposed on all family 

members cannot exceed 5 percent of family income.  The cost-sharing rubric of drugs are:  

beneficiaries between 0 to 100 percent of FPL pay $0; between 100 to150 percent FPL 
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pay $3 at maximum; over 150 percent FPL pay 20 percent of the drug cost; and exempt 

individuals and services (regardless of family income) have $3.00 payments.  Exempt 

individuals include, but are not limited to pregnant woman, hospice patients, and 

institutionalized patients that are required to pay a portion of cost.  Exempt services 

include, but are not limited to services provided to exempt individuals, and preventive 

services for children under 18.  It has been mandated that health plans covering 

prescription drugs must: 1) cover off-label use drugs for cancer treatment; 2) have a 

process for receiving medically required non-formulary drugs and allow benefits for at 

least 60 days after notice of the health plan’s removal of a drug from the formulary; and 3) 

cover medical foods used to treat inherited metabolic disorders. 

 

2.9 The Behavior Model of Health Services Use 

The current study aimed to evaluate healthcare costs and utilization of newly 

diagnosed epilepsy among the Arizona Medicaid population.  A sound qualitative theory 

is needed to inform and direct the use of variable selection and statistical analysis for this 

study.  Thus, the Behavior Model developed by Andersen was utilized as the theoretical 

foundation (Andersen, 1995; Andersen & Davidson, 2007).  The skeleton and key 

examples for each element of the model are described in Figure 2-2 and Table 2-6, 

respectively.  In general, the Andersen model describes the interrelationships between 

population-based contextual characteristics, individual-based characteristics, individual 

health behaviors, and health outcomes.  Contextual and individual characteristics are each 

composed of preexisting, enabling, and need factors.  Preexisting factors are the 
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socioeconomic attributes that exist prior to presentation of the illness; enabling factors are 

potential economic and healthcare facility-related proponents towards or obstacles 

against healthcare reception; while need factors comprise health status evaluation from 

the patient, healthcare professional, or environmental/population-level perspective 

(Andersen, 1995).  The scope of contextual characteristics can range from family-sized 

units to a national healthcare system, while individuals are subcomponents of the 

contextual units (Andersen & Davidson, 2007).   

Health behaviors include personal health practices, medical care process, and use 

of personal health services (Figure 2-2).  Personal health practices and medical care 

process refer to patients’ and providers’ behaviors that may affect patients’ health status, 

respectively.  Outcomes are composed of patients’ self-perceived health status, healthcare 

providers’ objective assessment of health status, and consumer satisfaction on healthcare 

received.  The Behavior model ultimately focuses on the health behavior of individuals 

(e.g., healthcare use) as well as the outcomes associated with their health behaviors 

(Andersen & Davidson, 2007).  In particular, the model specifies that need and 

demographic factors predominantly explain inpatient services used to treat severe 

ailments, while all components of the Andersen model account for outpatient health 

services. 

The intricate loops presented in this Behavior model approximate real-world 

relationships between healthcare utilization, health outcomes, and other healthcare factors 

as a function of time.  A representative example would be the transformation of a private 

health insurance-dominant healthcare system to a universal healthcare system (i.e., a 
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change in the contextual enabling factor): the implementation of this health policy may 

first lead to changes in individual preexisting or enabling factors (e.g., greater availability 

to healthcare resources to the general public), leading to additional utilization of primary 

care services and potentially improved health outcomes.  Such transformation might be 

originated from consumer disappointment of the current healthcare system, especially the 

lack of healthcare provision to vulnerable populations (Davis, 2000).  This can be 

foreseen from the feedback loop originating from poor “Health Behaviors” to “Outcomes” 

and then to “Contextual Characteristics” in the model (Figure 2-2). 

The Andersen model had previously been applied to various healthcare studies 

evaluating racial and language disparity associated with access to care (Fiscella, Franks, 

Doescher, & Saver, 2002; Gonzalez et al., 2010).  Both studies used race and/or language 

as the primary predisposing factor, and included additional predisposing factors including 

age, community size, household income, household size, education, and insurance status 

in their multivariate statistical analyses.  These predisposing factors were implemented as 

independent variables in their statistical models (Fiscella et al., 2002; Gonzalez et al., 

2010).  Gonzalez and colleagues identified health services use via the amount of 

pharmacotherapy use and psychotherapy visits, while patient health outcomes were 

evaluated by assessing the adequacy of therapy and retrieving patient-reported outcome 

measures.  Namely, both healthcare utilization and health outcomes were perceived as 

dependent variables.  In contrast, Fiscella et al. used general patient-reported outcome 

measures as a need factor to predict healthcare utilization, including physician visits and 

vaccination (Fiscella et al., 2002). 
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Applying the Behavior model to the current study, newly diagnosed epileptic 

patients were hypothesized to have greater healthcare utilization and costs as opposed to 

non-epileptic patients because of the following triggering events (which does not exist in 

non-epileptic patients): 1) patients experience disturbing symptoms relevant to epilepsy 

(i.e., a perceived need) and thus seek medical visits; and 2) epilepsy being diagnosed (i.e., 

an evaluated need).  Because epilepsy is currently considered as an incurable chronic 

disease (Jacobs et al., 2009), long-term care seeking relevant to epilepsy was expected to 

contribute to increased healthcare utilization and costs in this patient population.  

Although health outcomes may potentially be improved over a series of therapy, thus 

gradually reducing the self-perceived need and actual number of healthcare visits and 

resource utilization—the net effect of the disease, according to the model, would 

nonetheless contribute to increasing healthcare use and deprived health outcomes as long 

as the disease is present.  Because various population-based predisposing and enabling 

factors such as age, gender, or region may concurrently affect healthcare use (Table 1), 

the cohort of epileptic patients must possess comparable distribution of these factors as 

the non-epileptic cohort to eliminate confounding bias.  Because the population of the 

current study was based on state-level, it is valid to assume that epileptic and non-

epileptic patients were exposed to several identical contextual enabling factors, including 

health policy and available healthcare facilities. 
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Figure 2-2. Theoretical Framework of the Andersen Behavior Model (2007) 
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Table 2-6. Key Examples Pertaining to Individual Elements of the Andersen Behavior Model 

Theoretical Elements Key Examples 

Contextual 

Characteristics 

Predisposing 

Demographic 
(Community-based) age, gender, 

marital status  

Social 
(Community-based) education level, 

race/ethnicity, employment level 

Beliefs 
Underlying community values/ 

norms 

Enabling 

Health policy 
Public (e.g., government) and private 

(e.g., NCQA) policies 

Financing 

Per capita community income, 

insurance coverage rate, medical 

care pricing, provider compensation 

Organization 
Healthcare facilities and personnel 

distribution and structure 

Need 

Environmental 
Water and air quality, injury or 

occupational mortality rates 

Population health indices 

General and conditional-specific 

mortality and morbidity rates, 

disease prevalence, disability 

Individual 

Characteristics 

Predisposing 

Demographic Age, gender 

Social 
Education level, race/ethnicity, 

employment level 

Beliefs 
Knowledge and values on health and 

health services 

Enabling 

Financing Income, healthcare price level 

Organizations 
Healthcare facilities, transportation 

and waiting time for care 

Need 

Perceived 
Self-perceived health state and 

extent of illness 

Evaluated 
Health professional judgments and 

objective measures 

Health 

Behaviors 

Personal Health Practices 
Patient compliance to regimen, 

exercise, diet and nutrition 

Process of Medical Care 
Provider-patient relationship, patient 

education 

Use of Personal Health Services Inpatient and outpatient visits 

Outcomes 

Perceived Health 
General self-perceived health status, 

activities of daily living 

Evaluated Health 
Health professional judgments and 

objective measures 

Consumer Satisfaction Satisfaction on health care received 

*NCQA: National Committee for Quality Assurance 
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CHAPTER 3: METHODS 

This study assessed the incidence of newly-diagnosed epilepsy and evaluated the 

incremental burden of healthcare costs and utilization for patients with newly-diagnosed 

epilepsy as compared to patients without epilepsy among Arizona Medicaid’s elderly 

beneficiaries.   

  

3.1 Statement of Aims and Hypotheses 

3.1.1 Objectives 

The primary objectives for this study were: 1) to compute and to compare the 

annual incidence rate (2009) of epilepsy among demographic subgroups in the Arizona 

Medicaid population aged 65 or older; 2) to examine healthcare cost and resource burden 

between AHCCCS enrollees aged 65 or older with and without newly-diagnosed epilepsy. 

 

3.1.2 Hypotheses 

A total of three hypotheses, including 19 sub-hypotheses were tested in this study, 

as delineated below: 

H0-1: Annual incidence of epilepsy was not different across subpopulations of the elderly 

Arizona Healthcare Cost Containment System (AHCCCS) enrollees in 2009. 

H0-1-1: There was no association between gender and the incidence of epilepsy.  
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H0-1-2: There was no association between race/ethnicity and the incidence of 

epilepsy.  

H0-1-3: There was no association between location of patient residence and the 

incidence of epilepsy. 

H0-1-4: There was no association between having a trauma before the index event  

and the incidence of epilepsy. 

H0-1-5: There was no association between being diagnosed of stroke before the 

index event and the incidence of epilepsy.  

H0-1-6: There was no association between being diagnosed of atherosclerosis 

before the index event and the incidence of epilepsy.  

H0-1-7: There was no association between being diagnosed of primary brain tumor 

before the index event and the incidence of epilepsy.  

H0-1-8: There was no association between being diagnosed of Alzheimer’s disease 

before the index event and the incidence of epilepsy.  

H0-1-9: There was no association between being diagnosed of Parkinson’s disease 

before the index event and the incidence of epilepsy.  

H0-1-10: There was no association between being diagnosed of dementia before the 

index event and the incidence of epilepsy.  

H0-1-11: There was no association between being diagnosed of hypertension before 

the index event and the incidence of epilepsy.  

H0-1-12: There was no association between being diagnosed of sleep apnea before 

the index event and the incidence of epilepsy. 
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H0-1-13: There was no association between marital status before the index event 

and the incidence of epilepsy.  

H0-2: Healthcare expenditure between patients with and without newly diagnosed epilepsy 

was comparable among the elderly Arizona Healthcare Cost Containment System 

(AHCCCS) enrollees in 2009 and 2010 

H0-2-1: There were no differences in terms of total monthly healthcare costs paid 

by AHCCCS between incident cases of epilepsy and their counterparts. 

H0-2-2: There were no differences in terms of total monthly inpatient costs paid by 

AHCCCS between incident cases of epilepsy and their counterparts. 

H0-2-3: There were no differences in terms of total monthly outpatient costs paid 

by AHCCCS between incident cases of epilepsy and their counterparts. 

H0-2-4: There were no differences in terms of total monthly prescription drug costs 

paid by AHCCCS between incident cases of epilepsy and their counterparts. 

H0-3: The incidence rate of healthcare-related visits between patients with and without 

newly diagnosed epilepsy was comparable among the elderly Arizona Healthcare Cost 

Containment System (AHCCCS) enrollees in 2009 and 2010 

H0-3-1: There were no differences with respect to the incidence rate of inpatient 

visits (hospitalized or admitted to long-term care facilities) between incident cases 

of epilepsy and their counterparts. 

H0-3-2: There were no differences with respect to the incidence rate of physician 

visits between incident cases of epilepsy and their counterparts. 
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3.2 Data Sources 

Arizona Medicaid claims data (including hospitalization, outpatient visits, physician 

office visits, long-term care visits, and prescription claims) for the years from 2008 

through 2010 provided by the Arizona Health Care Cost Containment System were used 

for analysis in this study.  Data from the year 2008 were used to determine case eligibility 

and patient comorbidity and does not relate to outcome assessment; years 2009 and 2010 

were used to assess outcome measures. 

 

3.3 Study Subjects and Eligibility Criteria 

3.3.1 Estimating the annual incidence of newly diagnosed epilepsy 

For the purpose of calculating incidence rates (i.e., fulfilling the first aim of this 

study), the denominator requires the use of patients from the overall Arizona Medicaid 

population who were aged at least 64 years as of 1 January 2008 and were continuously 

enrolled for at least 12 months between 2008 and 2009.  Patients who had no or at most 

one gap in AHCCCS enrollment up to 45 days in a 12-month period were considered 

continuously enrolled ("National Quality Measures Clearinghouse," 2012).  Incident 

cases will be identified using a combination of diagnosis codes and prescription drug use, 

as stated below: 
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A patient must had fulfilled all criteria listed below to be classified as an incidence case: 

 one or more healthcare claim (including claims associated with inpatient, 

outpatient, long-term care, or physician office visits) with a diagnosis code of 

345.xx (indicating epilepsy); OR two or more healthcare claims with a diagnosis 

code of 780.3x (indicating seizure) that were at least 30 days but no more than 

one year apart
 
(E. Faught, Richman, Martin, & et al., 2012; Kee, Gilchrist, 

Granner, Sarrazin, & Carnahan, 2012);  

 age greater than or equal to 64 years of age as of 1 January 2008; 

 continuous enrollment of 12 full months prior to the index event (no additional 

gaps are allowed here to validly reflect comorbid conditions); 

 have a 12-month period immediately preceding the index event in the absence of 

healthcare claims related to epilepsy or seizure (to be considered a new-onset case) 

 the index event of cases must occur prior to 1 January 2010 

 

Exclusion criteria of an incident case— 

 First healthcare claim with a diagnosis code of 345.x1 (intractable epilepsy) (E. 

Faught et al., 2012). 

If a patient had a first diagnosis code of 780.3x with no subsequent codes of 

780.3x within one year, a code of 345.xx must also be no more than one year apart from 

the date on which the code of 780.3x was assigned; otherwise, the code of 345.xx became 

the index event.  The first healthcare claim with an epilepsy or seizure diagnosis code in 
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2009 was the index event.  The date on which the index event occurred was the index 

date. The algorithm for assigning an index date in different claim scenarios is shown 

below in Table 3-1. Exemplary cases of index date identification are described below:  

 If a patient obtained only one claim with a code of 780.3x followed by one 345.xx 

over the study period, then the index date is the date on which the code 780.3x 

was assigned (although one claim of 780.3x does not classify as a case per se, 

using 345.xx as the index date simultaneously excluded this patient as being an 

incident case because of the preceding claim with a code of 780.3x) 

 If a patient obtained two claims with a code of 780.3x and one 345.xx over the 

study period (i.e., temporally either 780.3x→345.xx→780.3x or 780.3x→780.3x 

→345.xx), then the index date is the date on which the first 780.3x was assigned 

 If a patient’s first code was 345.xx (i.e., not 780.3x), the index date is the date on 

which the code 345.xx was assigned, regardless of the number of claims that the 

patient received related to code 780.3x 

Table 3-1. Index Date Assignment in Various Scenarios 

First claim Second claim 
Third and subsequent claims 

that contain one or more… 

Index date 

based on… 

780.3x 

no subsequent 

coding 
N/A N/A; non-case 

780.3x * First 780.3x 

345.xx 

no subsequent coding 780.3x 

345.xx, without 780.3x 780.3x 

780.3x, with or without 345.xx First 780.3x 

345.xx 

(excluding 

345.1x) 

* * First 345.xx 

*index date is not affected by no subsequent coding, a code of 780.3x, or 345.xx 
#no subsequent coding refers to no additional coding of 345.xx or 780.3x 
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Consequently, the annual incidence was calculated via the number of incidence 

cases divided by the aforementioned criteria for the denominator.  A series of sensitivity 

analyses were conducted to assess the number of patients identified via 1) adding the 

additional inclusion criteria for cases in which patients must have one or two prescription 

drug claim(s) for an anti-epileptic drug (AED) (medications include: acetazolamide, 

carbamazepine, clobazam, clonazepam, clorazepate, divalproex, ethosuximide, ethotoin, 

felbamate, gabapentin, lacosamide, lamotrigine, levetiracetam, mephobarbital, 

methsuximide, oxcarbazepine, phenytoin, pregabalin, primidone, rufinamide, tiagabine, 

trimethadione, topiramate, valproate, valproic acid, vigabatrin, zonisamide) within one 

year after the index event; and 2) using only the prescription claim without the healthcare 

claim criteria (i.e., one prescription claim pertaining to AEDs which have FDA-approved 

indications of only seizure or epilepsy [clobazam, ethosuximide, ethotoin, felbamate, 

lacosamide, levetiracetam, methsuximide, oxcarbazepine, phenytoin, primidone, 

rufinamide, tiagabine, trimethadione, vigabatrin, zonisamide]) among patients with no 

epilepsy and seizure healthcare claim to define patients with epilepsy (may be both 

incident or prevalent cases).  For the latter approach: 1) the first prescription claim must 

occur in 2009 or 2010; and 2) index dates were not defined.  Thus, patients only had to be 

continuously enrolled for 12 months between 2008 and 2009.  Additionally, the latter 

approach was experimental and may suffer from confounding due to potential off-label 

use of AEDs and uncertainty regarding the time of epilepsy diagnosis.  Prescription drugs 

were identified in the AHCCCS database via the use of National Drug Codes (NDC) 
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obtained from a drug database (Oct 2012 version) provided by Medi-Span®  (Indianapolis, 

IN) for the above-listed antiepileptic drugs.   

 

3.3.2 Estimating impact of newly onset epilepsy on the elderly 

The incremental effect of epilepsy was assessed via three approaches: 1) 

traditional regression models; 2) propensity score matched cases versus controls; and 3) 

two-part regression models.  For all three approaches, the case cohort was identified 

using the identical criteria as described in section 3.3.1.  Namely, the cases correspond to 

incident cases in 2009.  Cases with index events in 2010 were not considered due to right 

truncation of data: patients whose first health care claim identified in 2010 and coded as 

780.3x may not have a second claim in 2010 but in 2011 within the one year period after 

the index date.  Due to the unavailability of 2011 data, these cases had been truncated and 

cannot represent the incident cases of 2010 in this population.  The control cohort did not 

meet the requirements for either definition of a case subject.  Namely, a patient must 

fulfill all criteria listed below to be classified as a control— 

 No diagnosis codes for epilepsy or convulsion between 2008 and 2010 

 Continuously enrolled in AHCCCS for at least 12 months between 2008 and 2009 

 At least 64 years of age as of 1 January 2008.      

The entire control cohort was used for both the traditional and two-part regression 

approaches.  However, only patients with costs/healthcare utilization greater than zero 

were included in the second-stage regression analysis pertaining to the two-part model.  
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With respect to the propensity score approach, the aforementioned controls were further 

matched using a 1:1 ratio to cases using the nearest neighbor matching within a caliper 

approach based on propensity scores to constitute the matched case and control group.  

Unmatched cases and controls were excluded from the second-stage analysis following 

propensity score matching. The flowcharts pertaining to Figure 3-1 and 3-2 below depict 

the sample selection process.  
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 Figure 3-1.  Proposed Flowchart Used for Identifying Newly Diagnosed Epilepsy Cases and the Incidence Rate Denominator in 2009 
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 Figure 3-2.  Proposed Flowchart Used for Identifying Newly Diagnosed Epilepsy Cases and Controls to Assess the Burden of Epilepsy 
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3.4 Outcome Measures 

 The endpoints used in this study included annual incidence rate, total monthly 

healthcare costs to AHCCCS, total monthly inpatient costs to AHCCCS, total monthly 

outpatient costs to AHCCCS, total monthly prescription costs to AHCCCS, incidence 

rate of inpatient visits, and incidence rate of physician visits.  Cost data were inflated to 

2012 using the US consumer price index for medical care ("Bureau of Labor Statistics," 

2012).  Monthly healthcare-related costs were calculated across years 2009 and 2010 

divided by the total number of days enrolled in AHCCCS, followed by multiplying 30.  

Incidence rate pertaining to inpatient visits were derived from total length of inpatient 

stay accompanied by the time enrolled in AHCCCS.  Incidence rate of physician visits 

was derived from summing up the single-day number of visits to any of the following 

places of service: (physician) office; outpatient hospital; independent clinic; federally 

qualified health center; comprehensive outpatient rehabilitation facility; public health 

clinic; and rural health clinic accompanied by the time enrolled in AHCCCS.  

Computation of the outcome measures for cases were only limited to those that patients 

incurred on and after the index date.   

 

3.5 Independent Variables  

The primary independent variable for this study was the diagnosis of epilepsy, as 

defined in section 3.3.1.  Other potential confounders were controlled for included 

independent variables of age, gender, race/ethnicity, Charlson comorbidity index, 
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location (rural/urban), marital status, and other risk factors of epilepsy (trauma, stroke, 

atherosclerosis, brain tumor, Alzheimer’s disease, Parkinson’s disease, dementia, 

hypertension, and sleep apnea) (Arain & Abou-Khalil, 2009; Werhahn, 2009).  Risk 

factors for epilepsy were derived from the following ICD-9 codes recorded in inpatient or 

outpatient claims: anoxic brain injury (representing trauma; 348.1, 768.5-768.9); stroke 

(362.34, 430.x-438.x); atherosclerosis (440.x, 443.9); primary brain tumor (191.x); 

Alzheimer’s disease (331.0); Parkinson’s disease (332.0); dementia (290.x, 294.1, 331.2); 

hypertension (401.x-405.x); and sleep apnea (327.2, 780.5).  Age of epileptic and non-

epileptic subjects as of January 1, 2010 was calculated.  Charlson comorbidity index was 

calculated using the first 12 months in which a subject was continuously enrolled 

between 2008 and 2009.  Patients with at least one healthcare claim with the associated 

ICD-9 of the specified comorbid condition were judged as being diagnosed with the 

disease.  Additionally, the comorbidity index was calculated using algorithms developed 

by Quan et al. (2005) (Charlson, Pompei, Ales, & Mackenzie, 1987; Quan, Sundararajan, 

Halfon, & et al., 2005). 

 

3.6 Data Analysis 

3.6.1 Sample Size Calculation 

Total annual healthcare cost was estimated to be $10,082 (2004 United States 

Dollars (USD)) and $3,268 (2004 USD) for epileptic and non-epileptic patients, 

respectively (Yoon et al., 2009).  Using the estimated effected size (Cohen’s d) based on 
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this study (i.e., 0.325) and assuming a type I and type II error rate of 5% and 20%, the 

estimated sample size based on the ratio of newly diagnosed epileptic patients to non-

epileptic patients are presented in Table 3-2 below.  Furthermore, it was estimated that 

the annual number of physician visits and hospital days between epileptic and non-

epileptic patients were 10.1 vs. 8.3 physician visits and 16% additional hospital days 

(Kurth, Lewis, & Walker, 2010).  Based on an estimated number of 13,482,012 hospital 

visits and an elderly population of 37,300,000 in 2006 in the US ("HCUPnet," 2012), the 

estimated number of annual hospital admissions was 3.21 and 2.77 for epileptic and non-

epileptic patients, respectively.  Assuming a Poisson distribution and a type I and type II 

error rate of 5% and 20%, the required minimal sample size for estimating the number of 

physician visits and hospitalization visits was 46 and 247 beneficiaries per group, 

respectively (Van Belle, 2008).  Based on the elderly population size of 76,000 

beneficiaries and an anticipated annual incidence rate of 0.1 to 0.2% ("Arizona Health 

Care Cost Containment System," 2012; Werhahn, 2009), the estimated minimally 

required sample sizes were expected to be achieved.  Because there has been limited 

evidence to precisely estimate the differences or effect sizes with respect to healthcare 

costs and utilization between epileptic versus non-epileptic patients, the estimated 

required sample should be interpreted with caution. 
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Table 3-2. Ratio of Newly Diagnosed Epilepsy to Non-Epileptic Patient vs. Required 

Sample Size 

Ratio Epileptic Non-Epileptic Total Number of Subjects 

1 157 157 314 

2 118 236 354 

5 94 470 564 

10 86 858 944 

20 82 1,636 1,718 

50 79 3,971 4,050 

100 79 7,863 7,942 

 

3.6.2 Missing Data Imputation 

Demographic variables and other claims-level missing data regarding paid 

amount (either by AHCCCS, Medicaid, or patient copayment) were imputed using hot 

deck imputation and median imputation.  Specifically, missing values for demographic 

variables were randomly assigned a value based on sex, age, race/ethnicity, Charlson 

comorbidity index, and county of non-missing observations.  Claims-level missing data 

were imputed using the median paid amount corresponding to the same type of service 

and ICD-9 diagnosis codes for non-prescription claims and the same medication for 

prescription claims, respectively.      

 

3.6.3 Bivariate Analyses of Demographics 

Distribution of age, gender, race/ethnicity, dual eligibility status, location, 

Charlson comorbidity index, marital status, and other risk factors of epilepsy (including 

trauma, stroke, atherosclerosis, brain tumor, Alzheimer’s disease, Parkinson’s disease, 
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dementia, hypertension, and sleep apnea) (Arain & Abou-Khalil, 2009; Werhahn, 2009) 

were compared between unmatched and propensity-score matched patients with and 

without epilepsy using Pearson’s chi-square test for categorical variables and non-

parametric trend test for ordinal variables.  Additionally, the aforementioned variables 

were examined between matched epileptic and non-epileptic patients using univariate 

Poisson regressions.  For subgroups that included more than two categories, the category 

with the greatest amount of subjects or with an extreme attribute was used as the 

reference group. 

 

3.6.4 Incidence of Epilepsy 

The incidence of epilepsy was compared across subgroups of gender, 

race/ethnicity, location, marital status, and other risk factors of epilepsy (including 

trauma, stroke, atherosclerosis, brain tumor, Alzheimer’s disease, Parkinson’s disease, 

dementia, hypertension, and sleep apnea) (Arain & Abou-Khalil, 2009; Werhahn, 2009) 

using univariate Poisson regression.  For subgroups that included more than two 

categories, the category with the greatest amount of subjects or with an extreme attribute 

was used as the reference group.  A multivariate negative binomial regression using the 

aforementioned subgroups as independent variables was subsequently performed.  

Duration of enrollment during 2009 was used as the offset variable. 
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3.6.4.1 Test of Model Assumptions and Other Diagnostics 

Regarding the multivariate negative binomial regression model, presence of 

model specification errors was assessed using Tukey’s test for non-additivity: a p-value 

greater than 0.05 for the hat-square (i.e., the linear predicted value squared) indicates that 

the functional form was specified with acceptable error (Tukey, 1949).  Variance 

inflation factor (VIF) was used to assess whether multicollinearity exists between 

independent variables: variables with VIF greater than 10 warranted adjustments to 

variable selection (Gujarati & Porter, 2009).  The over-dispersion parameter alpha was 

used to compare model appropriateness compared with Poisson models (Kutner, 

Nachtschiem, Neter, & Li, 2005).  The negative binomial model can be represented as 

below: 

ln(Y) = ln(t) + β0 + β1*age + β2*gender + β3*race + β4*location + β5*trauma +  

β6*stroke + β7*atherosclerosis + β8*brain tumor + β9*Alzheimer’s disease + 

β10*Parkinson’s disease + β11*dementia + β12*hypertension + β13*sleep apnea + 

β14*marital status + ε 

where ln(Y): log transformation of count 

ln(t): log transformation of time of enrollment  

β0: constant term 

β1~ β13: regression coefficients 

ε: error term 
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3.6.5 Incremental Burden of Epilepsy: Overview of Methodological Approaches 

Three methodological approaches were used for this study:  1) traditional 

multivariate regression analysis; 2) propensity score matching, followed by constructing 

regression models on matched data; and 3) construction of two-part regression models.  

Multivariate regression models measure the burden between patients with and without 

epilepsy by using a dichotomous independent variable indicating the presence or absence 

of disease while controlling for other potential confounders such as patient demographics 

and comorbid conditions.  The coefficient estimates are likely unbiased if: 1) all relevant 

confounding variables are controlled (Hogan & Lancaster, 2004); 2) the model 

assumptions are met; and 3) “treatment assignment” (i.e., determinants that lead to 

epilepsy versus non-epilepsy) is not correlated with the outcome (i.e., partially 

manifested via comparable distribution of characteristics between epileptic versus non-

epileptic patients).  However, it is theoretically plausible that the presence of epilepsy is 

the result of other independent variables, such as age, race, or gender.  In other words, the 

epilepsy indicator has properties of a dependent variable (i.e., endogeneity), which can 

result in biased estimates for a multivariable regression model due to correlations 

between the disease indicator and the error term (Guo & Fraser, 2010).  Although 

demographic variables (e.g., age) that are associated with the primary independent 

variable (i.e., epilepsy vs. no epilepsy) and also associated with epilepsy-related 

healthcare costs can be controlled for as an independent variable in traditional regression 

models, variables that strongly predict a diagnosis of epilepsy (e.g., stroke) but not 

necessarily the study outcomes of interest may not be applicable using the traditional 
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regression model.  In addition, imbalanced patient characteristics between epileptic and 

non-epileptic patients create selection bias and violate the ignorable treatment assignment 

assumption of regression models.  The use of propensity score matching techniques and 

two-part models can produce relatively unbiased estimates of “treatment effect” (i.e., the 

incremental burden of newly-diagnosed epilepsy compared with non-epilepsy 

beneficiaries in this study) conditional on potential predictors of treatment assignment.  

Results from multivariate regression models were compared with model results following 

propensity score matching and two-stage models.  In all three approaches, recycled 

prediction was used to estimate the incremental cost for patients with compared with 

those without epilepsy while adjusting for confounders (Basu, Arondekar, & Rathouz, 

2006).  For models applying number of inpatient or physician visits as the outcome, the 

length of enrollment in any AHCCCS coverage groups was used as the offset variable.  

The impact of outliers and model stability was assessed via 1) removing the top 1 percent 

data of the outcome variables; and 2) when applicable, altering the specified family for 

GLM models according to the modified Park test to evaluate the impact on model 

estimates, respectively.  Additionally, model diagnostics and assumptions for three types 

of analysis were examined. 

 

3.6.6 Incremental Burden of Epilepsy: Multivariate Regression Models 

The first type of model to be used for estimating the incremental burden of 

epilepsy was generalized linear models (GLM).  In each model of various outcomes 
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related to healthcare costs and utilization, the principal independent variable was the 

presence of epilepsy (coded as a dichotomous variable).  Because the outcome variables 

(costs and number of inpatient or physician visits) are likely to be extremely right-skewed 

while lower-bounded by zero, a gamma and Poisson family was respectively used to 

model cost and number-of-visit data, accompanied with a log link.  This approach can 

effectively prevent retransformation bias which could be easily introduced when 

conducting log or other types of transformation.  Although retransformation bias can be 

reduced by techniques such as applying the Duan smearing estimator or heteroskedastic 

smearing estimators (Duan, 1983) (Baser, 2007) ("What is retransformation bias, and 

how can it be corrected?," 2010), heterogeneity commonly exists and the source of which 

has often been difficult to identify. 

The proposed GLM equation was: 

log(E(Y)†) = β0 + β1*(epilepsy indicator) + β2*age + β3*gender + β4*race + 

β5*comorbidity index + β6*location + β7*marital status + ε 

where β0: constant term 

E(Y): expected value (mean) of the outcome variable 

†corresponds to the following outcomes stated in hypotheses H0-2 and H0-3: total 

monthly healthcare costs to AHCCCS, total monthly inpatient costs to AHCCCS, 

total monthly outpatient costs to AHCCCS, total monthly prescription costs to 

AHCCCS, incidence rate of inpatient visits, and incidence rate of physician visits 
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On the contrary, log-transformed linear OLS models have the following 

advantages compared with GLM models: 1) model diagnostics are more affluent and it 

may be more difficult to test assumptions associated with other types of models; 2) 

results can be less biased when data retransformation has been well-controlled (Baser, 

2007).  GLM models can produce imprecise estimates when the log-scaled residuals are 

heavily skewed and results are very sensitive to the chosen estimators (e.g., GLM using a 

family distribution of Gaussian versus Poisson versus gamma) (Manning & Mullahy, 

2001).  To assure the appropriateness of GLM models used in this study, several model 

diagnostics were tested (as stated below). 

 

3.6.6.1 Test of Model Assumptions and Other Diagnostics 

Model assumptions must be evaluated to identify the level of bias in the generated 

results.  The modified Park’s test was used to assess the appropriateness of the specified 

family (i.e., gamma for cost and Poisson for number-of-visit) (Manning & Mullahy, 

2001).  In this test, the square of the residuals were used as a function pertaining to the 

log of the predictions (ln(ŷ));  the regression coefficient  approximating 0, 1, 2, and 3 

indicates that the Gaussian, Poisson, gamma, and inverse Gaussian family would be the 

adequate family to use, respectively.  Pregibon’s link test, the modified Hosmer-

Lemeshow test, and Pearson’s correlation test were used to examine the appropriateness 

of the specified link function.  A p-value greater than 0.05 for the aforementioned three 

tests would indicate that the link function is specified without prominent error. 



116 
 

3.6.7 Incremental Burden of Epilepsy: Propensity Score Matching Followed by 

Multivariate Analysis for Matched Data 

Propensity score refers to the predicted probability for a subject to receive 

treatment, conditional on the observed covariates (Guo & Fraser, 2010).  Propensity score 

matching permits the case and control groups to be balanced with respect to various 

independent variables to remove selection bias with respect to “treatment assignment.”  

In this study, propensity score matching involved three steps: 1) constructing a logistic 

regression model using the log odds of the probability of contracting epilepsy as the 

outcome and a set of independent variables potentially contributing to selection bias to 

estimate propensity scores; 2) using techniques of near neighbor matching within a 

caliper matching one control to one case; and 3) conducting post-matching regression 

analysis on matched cases and controls.  For this analysis, propensity score values were 

generated based on age, gender, comorbid level (as measured by the Charlson 

comorbidity score), and race.  The corresponding model is shown below: 

ln 
 

   
  = β0 + β1*age + β2*gender + β3*comorbidity score + β4*race + β5*marital 

status + β6*trauma +  β7*stroke + β8*atherosclerosis + β9*brain tumor + 

β10*Alzheimer’s disease + β11*Parkinson’s disease + β12*dementia + 

β13*hypertension + β14*sleep apnea 

 where p = propensity score  
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Nearest neighbor matching attempts to find matched controls for each case based 

on propensity score distance—controls within the sample that have the smallest distance 

towards the case would be matched to the case (Guo & Fraser, 2010).  A caliper of 0.25 

standard deviation of the logit transformation of propensity scores was applied.  The 

matched set of cases and controls are removed from the original sample so that no 

duplicated matching occurs.  This matching technique was chosen because the estimated 

number of controls would be relatively large, although the annual incidence cases in the 

Arizona Medicaid population would be relatively small (potentially in the low hundreds).   

Small sample size of cases may not warrant matching methodologies that are stricter, 

with the fear of losing too much sample.  However, a large pool of controls enhanced the 

opportunity of a better match.  The matching control to case ratio of 1 was chosen based 

on previously conducted simulation results which found a positive relationship between 

the ratio and bias of the estimated treatment effect (Austin, 2010) and the need to have an 

adequate sample size.  A similar technique, Mahalanobis metric matching was not chosen 

because it does not generate a patient-level propensity score, making it technically 

implausible to examine overall model fit and matching performance—such as the 

availability to examine propensity score distribution in cases and controls to identify the 

common support region, and the use of receiver operative characteristic (ROC) curve to 

assess model fit.  The common support region refers to the overlapping distribution of 

propensity scores for both unmatched cases and controls.  Ideally, the common support 

region should span across all possible propensity scores (i.e., 0 to 1) to ensure proper 

matching.  However, there are usually areas of propensity scores in which only cases or 
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controls exist (Figure 3-3, adapted from Glynn 2006).  In a base-case scenario, only cases 

that are within the common support region are matched with controls—thus, some cases 

with extreme propensity scores may also be dropped out of the matching process.  

Statistical programs such as Data Analysis and Statistical Software (STATA) may have 

options to disregard the obstacle of common support region and perform matching for 

cases and controls of extreme propensity scores, matching quality and the ability to 

remove selection bias may thus be compromised. 

Post-matching clustered GLM were conducted after obtaining the propensity-

score matched cases and controls, using each case and its corresponding two controls as 

the cluster unit.  Similar to the conventional regression model described in section 3.6.6, 

gamma and poisson family with log link were implemented for cost and utilization data, 

respectively.   

 

The clustered GLM model equation was: 

log(E(Y)†) = β0 + β1*(epilepsy indicator) + ε 

where β0: constant term 

E(Y): expected value (mean) of the outcome variable 

†corresponds to the following outcomes stated in hypotheses H0-2 and H0-3: total 

monthly healthcare costs to AHCCCS, total monthly inpatient costs to AHCCCS, 

total monthly outpatient costs to AHCCCS, total monthly prescription costs to 

AHCCCS, incidence rate of inpatient visits, and incidence rate of physician visits 
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Figure 3-3. Propensity Score Distribution of (Unmatched) Treatment and Control Group 

(Glynn, Schneeweiss, & Stürmer, 2006) 

 

 

3.6.7.1 Test of Model Assumptions and Other Diagnostics 

Pearson’s chi-square test for categorical variables and non-parametric trend test 

for ordinal variables were used to determine whether the covariates are balanced between 

matched cases and controls.  A Kolmogorov-Smirnov equality-of-distributions test was 

utilized to assess the comparability between propensity score distribution of unmatched 

and matched cases versus controls (Kutner et al., 2005). 

 

 

Common Support Region 
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3.6.8 Incremental Burden of Epilepsy: Two-Stage Regression Models 

For this analysis, the modified Heckit treatment effect model was used to control 

for selection bias and endogeneity.  Compared with propensity score matching, treatment 

effect models are subject to fewer assumptions (Table 3-3) and take into account 

unobserved heterogeneity by calculating the inverse Mill’s ratio in the first stage of 

regression (the selection equation; predicting whether a patient receives a “treatment”) 

and then using this ratio as an independent variable in the second stage of regression 

(Guo & Fraser, 2010).  However, empirical simulation analysis demonstrated that 

propensity score matching can more properly model observed factors leading to selection 

bias.  Treatment effects models are similar to a Heckman two-step sample selection 

models in controlling selection bias via incorporation of the inverse Mill’s ratio; however, 

the sample selection model only uses “treated” patients in the second-stage regression 

and may be more suitable for data in which outcome variables pertaining to the “non-

treated” patients are comprehensively missing, while the goal of the study is to generalize 

study results to both “treated” and “non-treated” patients.  A representative equation for a 

two-part model is demonstrated below (Guo & Fraser, 2010): 

First stage (selection equation; a probit regression):   

w* = γizi + u → Probability(w=1 | zi) = Φ(γizi),  

Probability(w=0 | zi) = 1 - Φ(γizi);  

w = 1 when w* > 0; while w = 0 when w* ≤ 0 
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Second stage (regression equation): y = βixi + δw + ε 

Where βi: regression coefficients 

Φ: cumulative distribution function of the standard normal distribution 

w*: a latent variable that influences treatment group selection 

w: treatment group indicator (primary independent variable) 

y: outcome of interest 

zi, xi: respective independent variables for the selection and regression equation 

δ: regression coefficient for the treatment group indicator 

u, ε: respective error terms for the selection and regression equation 

 

Table 3-3. Comparison of Assumptions between Methods Correcting Selection Bias 

 

Potential predictors for treatment selection (i.e., epilepsy vs. no epilepsy—the 

outcome variable for the selection equation) used as independent variables in the 

selection equation, included age, gender, race, location, marital status, and various 

comorbid conditions (trauma, stroke, atherosclerosis, brain tumor, Alzheimer’s disease, 

Parkinson’s disease, dementia, hypertension, and sleep apnea) (Arain & Abou-Khalil, 

2009; Werhahn, 2009).  Independent variables for the second-stage regression equation 

Methods Assumptions 

Heckit treatment effect model 

1. Normally distributed dependent variable 

2. Error terms between the selection and 

regression equation are correlated 

Propensity score matching 

1. Ignorable treatment assignment, 

conditional on observed covariates 

2. Propensity score distribution 

(substantially) overlaps between 

unmatched cases and controls  
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included epilepsy indicator, age, gender, race, marital status, location, and comorbidity 

index.  Outcome variables for the second-stage regression included total monthly 

healthcare costs to AHCCCS, total monthly inpatient costs to AHCCCS, total monthly 

outpatient costs to AHCCCS, total monthly prescription costs to AHCCCS, incidence 

rate of inpatient visits, and incidence rate of physician visits.  Similar to sections 3.6.6 

and 3.6.7, a GLM model applying a gamma or Poisson family with log link was 

employed for the second-stage model (Duan, 1983; "What is retransformation bias, and 

how can it be corrected?," 2010).   

 

3.6.8.1 Test of Model Assumptions and Other Diagnostics 

The inverse Mill’s ratio (lambda) and the correlation between two error terms of 

the selection and regression equation (rho) derived from the two-part model were 

examined (Guo & Fraser, 2010): p-values greater than 0.05 for lambda and rho indicates 

no evidence of selection bias and no correlation between the selection and regression 

equations, respectively.  Modified Park test, Pregibon’s link test, Hosmer-Lemeshow test, 

and Pearson’s correlation test were used to assess the level of adequacy with respect to 

the specified families and link functions. 
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3.7 Expected Strengths and Limitations 

This study provides a multi-analytical approach comparing between models to 

estimate the incremental burden of newly diagnosed epilepsy.  One of the strength was 

that model validity was investigated and results can be compared across models to 

investigate the effect of selection bias in this patient population.  Although quasi-

experimental methods can be helpful in addressing selection bias on observed variables, 

the ability to account for unobserved variables is somewhat limited.  The expected ability 

of the three analytic approaches to address selection bias due to unobserved variables was 

best for the treatment effect model, followed by propensity score analysis, the worst 

being OLS linear regression (Guo & Fraser, 2010).  However, since the effect of 

unobserved variables on the current study’s outcomes of interest can only be removed by 

appropriately conducted randomized experiments, all three approaches were expected to 

suffer from different degree of bias in terms of estimating the treatment effect.   

Another strength of this study can be demonstrated by using relatively flexible 

inclusion criteria in which patients that do not need to be continuously enrolled 

throughout the study period, reducing the effect of healthy cohort bias.  Such bias can be 

more evident in this elderly population, because a continuously enrolled cohort would 

imply that only patients who are alive throughout the study period are included, and 

elderly patients, in reality, have a substantially higher rate of dying compared with the 

general population (e.g., the rate of dying within one year for patients aged 65-74 and 
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aged 75-84 ranged from 1.7 to 3.7 percent and 4.0 to 9.6 percent, respectively ("Actuarial 

Life Table," 2007)).   

On the other hand, allowing patients to be intermittently enrolled complicated the 

estimation of outcome measures, since patients may incur other healthcare costs in 

periods of disenrollment from AHCCCS and these costs cannot be captured by AHCCCS 

(Butler, Johnson, & Rimsza, 2006).  Furthermore, patients may disenroll from AHCCCS 

due to death—further complicating this matter.  In this study, missing data were not 

imputed after a patient’s date of death to reflect actual costs.  Although a date of death is 

available for patients recorded in the AHCCCS database, such data have not been 

comprehensively validated and compared with patient’s death certificate—disenrolled 

patients may not have a date of death recorded in this data set, but may, in reality, have 

died.  In this case, imputing cost or utilization data for these patients would overestimate 

the real costs.  Another issue relevant to the inability to identify death was the possibility 

that epileptic patients may on average have greater mortality rate than non-epileptic 

patients, especially during the first few years following diagnosis (Neligan, Bell, Shorvon, 

& Sander, 2010).  A greater mortality rate indicates that overall healthcare costs and 

utilization may initially be higher for newly diagnosed epileptic as opposed to non-

epileptic patients (before death occurs) but then decreases, because dead patients stop 

contributing to healthcare costs and utilization.  This lack of reliable mortality data was 

expected to increase the uncertainty with respect to estimating the incremental burden of 

illness in epileptic patients. 
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When identifying cases from administrative claims data, researchers usually 

encounter a dilemma of losing sample size while getting more actual cases (e.g., using a 

greater number of claims as a threshold), as opposed to identifying more cases with a 

lower predictive validity.  In this study, healthcare and prescription drug claims were 

used concurrently to identify cases.  The use of prescription drug claims relevant to 

antiepileptic drugs as one of the criteria for sample inclusion may enhance the predictive 

validity of epilepsy cases (Holden, Grossman, Nguyen, & et al., 2005).  However, this 

approach may lead to the exclusion of more potential epileptic patients, which may 

somewhat limit generalizability.  Additionally, study findings may not be generalizable to 

other states, non-Medicaid enrollees, or non-elderly adults.  Finally, variables such as 

education or income level were not available in claims data.  These variables may 

positively or negatively affect the study estimates. 

 

3.8 Human Subjects Approval 

This study has been reviewed and approved by the University of Arizona 

institutional review board (a subcomponent of project #10-0916-01). 
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CHAPTER 4: RESULTS 

4.0 Data Management and Cleaning 

The AHCCCS claims database used for this study included the following  

elements: demographics file, eligibility file, claims header file, claims diagnosis file, 

inpatient claims file, outpatient claims file, (healthcare) professional claims file, and 

prescription drug claims file.  The demographics file included demographic information 

such as age, gender, race, and marital status on all beneficiaries borne after January 1
st
 of 

1944, regardless of whether death or disenrollment occurred.  Due to the potential of 

exposing the identity of very elderly persons, beneficiaries aged over 85 were compiled 

into an “85+” category.  The eligibility file comprised specific coverage periods for all 

beneficiaries that had coverage with respect to any AHCCCS coverage group during any 

time between 2008 and 2010.  The claims diagnosis file included all diagnoses relevant to 

a specific claim, whereas the claims header file included service periods and expenditures 

of all medical claims (i.e., inpatient, outpatient, and healthcare professional claims; 

except for prescription claims) during 2008 to 2010.  Inpatient, outpatient, professional, 

and prescription drug claims file comprised charges and service periods associated with 

all inpatient, outpatient, healthcare professionals, and outpatient prescription drug claims 

with respect to services provided between 2008 and 2010.  

Based on the structure of the files, it was not possible to separately identify 

patients aged over 65 as of January 1
st
 2009 and patients that were continuously enrolled 

for at least 12 months during 2008 and 2009; patients life and death cannot be confirmed 

via the date-of-death variable because a missing value in the date-of-death variable was 
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not sufficiently reliable to indicate that a patient is alive.  However, the intersection of the 

two groups (i.e., the denominator for incidence rate) could be identified via merging the 

demographics and the eligibility file.  To calculate the continuous enrollment periods and 

length of inpatient stay and number of physician visits for each patient, overlapping time 

periods of eligibility in different coverage groups were combined.  Incident cases and 

controls were obtained via merging the claims header, claims diagnosis, demographics 

and eligibility files.  Time interval between the midpoints of the service start and end date 

were used to determine the 30-day and one-year time period threshold with respect to 

case identification.  Healthcare costs and utilization parameters were obtained via claims 

header file and prescription drug claims file (for total costs), inpatient file (for inpatient 

costs and visits), and outpatient file (for outpatient costs and visits).  An inpatient stay of 

0.5 day was assigned to claims that had the same start and end dates of service.  

Prescription drug claims were merged with the Medi-Span®  drug database to match 

NDC codes with generic drug names, followed by merging with the aforementioned files 

(except for inpatient and outpatient claims files) to conduct sensitivity analysis on case 

eligibility criteria.   

Among the 9,519,439 healthcare claims (not including medication claims) 

between years 2008 and 2010, only one claim contained a negative value for AHCCCS 

expenditure; this value was substituted with a value of 0.  Among the 1,350,620 

prescription drug claims spanning the same period of time, no claims had a negative 

value for AHCCCS expenditure.  Among the 5,543,651 claims of all study-identified 

cases and controls (pertaining to objective #2), 53,146 (0.96%) claims were associated 
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with services provided outside of the enrollment period.  Scenarios included patients who 

were enrolled but the beginning date of service exceeded December 31
st
 of 2010 or the 

end date of service was prior to January 1
st
 of 2008; or patients who were not enrolled in 

AHCCCS during the service time periods but for whom claims were filed nonetheless.  

These claims were not included in study analyses. 

Missing data existed in the following variables: marital status (12.0% for 

objective 1 cohort & 13.1% for objective 2 cohort), county of residence (0.4% for both 

objective 1 and 2 cohorts), and race/ethnicity (12.5% for objective 1 and 12.1% for 

objective 2 cohort).  Missing data less than 15% for any particular variable usually do not 

warrant sophisticated data imputation techniques such as multiple or Bayesian 

imputations (Harrell, 2001), thus the protocol-specified hot-deck random imputation was 

used to impute missing data for these three variables separately for objective 1 and 2 

cohorts.  Following missing data imputation, marital status was recoded into two separate 

categories: 1) married; and 2) not married.  County was recoded into three ordinal 

categories as defined by the Arizona Rural Health Assessment: 1) urban-urban county 

(i.e., Pima and Maricopa county; defined as ≥ 1 community with a population of ≥ 

500,000); urban-rural county (i.e., Coconino and Yuma county; defined as ≥ 1 

community with a population of ≥ 50,000); and rural-rural county (i.e., all other counties; 

defined as all communities within the county have a population of < 50,000) (Gordon, 

1987).   
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4.1 Incidence Rate of Epilepsy 

After applying the patient eligibility criteria, a total of 472 cases were identified  

(Figure 4-1).  One case whose index date was January 1
st
 of 2009 was assigned a value of 

0.5 day regarding time at risk.  Sensitivity analyses of case definition showed that only 41 

(8.7%) and 37 (7.8%) cases had at least one and at least two AED-related prescription 

claims within one year after the index date, respectively.  The number of cases with any 

recorded AED prescription claims during 2008 to 2010 consisted of merely 59 cases; in 

other words, 413 cases did not have any prescription claims of any AED.  The 2009 

cohort of AHCCCS patients, who were over the age of 65 as of January 1
st
 2009 and 

continuously enrolled for at least 12 months during 2008 and 2009 consisted of 75,700 

patients.  However, only 63,127 (83.4%) patients contributed to person-years at risk in 

2009 (i.e., 12,573 (16.6%) patients were not enrolled in AHCCCS at any time point 

during 2009) (Figure 4-2).   
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Figure 4-1. Flowchart for 2009 Case Identification 
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Figure 4-2. Flowchart for 2009 Cohort Identification 

 

4.1.1 Results for Hypothesis 1: Annual incidence of epilepsy was not different across 

subpopulations of the elderly Arizona Healthcare Cost Containment System (AHCCCS) 

enrollees in 2009  

Based on the multivariate regression model results listed in Table 4-1, patients 

with trauma, stroke, primary brain tumor, Alzheimer’s disease, dementia, and 

hypertension had significantly higher incidence rate compared with their counterparts, 

respectively (all p<0.05); the incidence rate was 7.37, 4.65, 11.12, 2.25, 2.04, and 2.86 

times higher, respectively.  Thus, the following sub-hypotheses were rejected:  

H0-1-4: There was no association between having a trauma before the index event and the 

incidence of epilepsy; 
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H0-1-5: There was no association between being diagnosed of stroke before the index 

event and the incidence of epilepsy; 

H0-1-7: There was no association between being diagnosed of primary brain tumor before 

the index event and the incidence of epilepsy;  

H0-1-8: There was no association between being diagnosed of Alzheimer’s disease before 

the index event and the incidence of epilepsy; 

H0-1-10: There was no association between being diagnosed of dementia before the index 

event and the incidence of epilepsy; and 

H0-1-11: There was no association between being diagnosed of hypertension before the 

index event and the incidence of epilepsy. 

 The following hypotheses were not rejected: 

H0-1-1: There was no association between gender and the incidence of epilepsy.  

H0-1-2: There was no association between race/ethnicity and the incidence of epilepsy.  

H0-1-3: There was no association between location of patient residence and the incidence 

of epilepsy.  

H0-1-6: There was no association between being diagnosed of atherosclerosis before the 

index event and the incidence of epilepsy.  

H0-1-9: There was no association between being diagnosed of Parkinson’s disease before 

the index event and the incidence of epilepsy.   

H0-1-12: There was no association between being diagnosed of sleep apnea before the 

index event and the incidence of epilepsy. 

H0-1-13: There was no association between marital status before the index event and the  
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incidence of epilepsy. 

Table 4-1. Multivariate Negative Binomial Regression on Incidence Rate of Epilepsy in  

2009 

H0 Independent Variable IRR (95% CI) p-value 
H0 

Rejected 

N/A 
Age  

(vs. 65-74 y/o) 

75-84 y/o 0.64 (0.50-0.82) 
<0.001 N/A 

85+ y/o 0.43 (0.31-0.60) 

H0-1-1 Male (vs. female) 1.05 (0.84-1.33) 0.652 No 

H0-1-2 
Race (vs. non-

Hispanic whites) 

Hispanics 0.91 (0.70-1.18) 

0.452 No 

Non-Hispanic 

blacks 
1.28 (0.78-2.08) 

Non-Hispanic 

others 
0.85 (0.62-1.17) 

H0-1-3 

Location (vs. 

rural-rural 

counties) 

Urban-rural 

counties 
1.54 (1.01-2.37) 

0.128 No 
Urban-urban 

counties 
1.04 (0.82-1.32) 

H0-1-13 Married (vs. not) 0.88 (0.69-1.13) 0.332 No 

H0-1-4 Trauma (vs. not) 7.37 (1.73-31.40) 0.007 Yes 

H0-1-5 Stroke (vs. not) 4.65 (3.54-6.11) <0.001 Yes 

H0-1-6 Atherosclerosis (vs. not) 1.00 (0.74-1.35) 0.998 No 

H0-1-7 Primary brain tumor (vs. not) 11.12 (2.18-56.59) 0.004 Yes 

H0-1-8 Alzheimer’s disease (vs. not) 2.25 (1.56-3.27) <0.001 Yes 

H0-1-9 Parkinson’s disease (vs. not) 1.71 (0.99-2.97) 0.057 No 

H0-1-10 Dementia (vs. not) 2.04 (1.44-2.88) <0.001 Yes 

H0-1-11 Hypertension (vs. not) 2.86 (2.22-3.69) <0.001 Yes 

H0-1-12 Sleep apnea (vs. not) 1.34 (0.91-1.97) 0.144 No 
H0: null hypothesis tested; IRR: incidence rate ratio; 95% CI: 95 percent confidence interval; y/o: years old 

p-value of alpha (the overdispersion parameter) <0.001 
 

Additionally, age were significantly associated with a lower incidence of epilepsy 

in this patient population (p<0.001): compared with patients aged between 65 and 74, 

patients between the age of 75 and 84 had 36 percent lower incidence, while patients 

aged 85 or more had 57 percent lower incidence, adjusting for other confounders.  The 

overdispersion parameter was statistically significantly different from zero, indicating 

that a Poisson regression would not be an appropriate choice for this analysis.  Tukey’s 
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test of non-additivity revealed that the functional form specification was not optimal (p-

value of the coefficient for hat-squared was less than 0.001).  All covariates had low 

variance inflation factor (range 1.0-1.3), indicating that multicollinearity was not 

substantially present.  

 

4.1.2 Incidence Rate in Patient Subgroups Based on Various Study Definitions 

 Using the original case definition, bivariate analysis between incidence rate and 

patient characteristics revealed that younger age and the nine comorbid conditions were 

significantly associated with greater incidence rate (Table 4-2).  When the number of 

AED-related prescription drug claims was used as an additional criterion to define a case, 

the incidence rate declined more than 90 percent: the overall incidence rate was 7.9 per 

1,000 person-years in the original case definition, as compared to 0.7 and 0.6 per 1,000 

person-years for cases that had at least one or two prescription drug claims, respectively.  

Age remained as a significant predictor in all of the case definitions, but the incidence 

rate for several comorbid conditions (e.g., primary brain tumor, trauma, and Parkinson’s 

disease) was not statistically different from beneficiaries without these comorbidities, 

presumably due to the lack of statistical power.  
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Table 4-2. Incidence Rate per 1,000 Person Years in Patient Subgroups Based on Case 

Definition 

Patient Subgroups
a
 

Cases 

Cases with at least 

one antiepileptic 

drug prescription 

claim 

Cases with at least 

two antiepileptic 

drug prescription 

claim 

N 
Incidence 

Rate 
N 

Incidence 

Rate 
N 

Incidence 

Rate 

Age 

65-74 (n=28,900) 253 9.2*** 26 0.9*** 24 0.9** 

75-84 (n=20,530) 146 7.5*** 14 0.7*** 12 0.6** 

85+ (n=13,697) 73 5.6*** 1 0.1*** 1 0.1** 

Gender 
Female (n=41,103) 300 7.7 29 0.7 25 0.6 

Male (n=22,024) 172 8.2 12 0.6 12 0.6 

Race 

Non-Hispanic whites 

(n=33,752) 
247 7.7 18 0.6 15 0.5 

Hispanics (n=16,529) 125 7.9 15 1.0 14 0.9 

Non-Hispanic blacks 

(n=2,320) 
29 13.2 3 1.4 3 1.4 

Non-Hispanic others 

(n=10,526) 
71 7.0 5 0.5 5 0.5 

Location 

Rural-rural counties 

(n=21,070) 
144 7.2 8 0.4 5 0.2* 

Rural-urban counties 

(n=3,759) 
38 10.6 4 1.1 4 1.1* 

Urban-urban counties 

(n=38,298) 
290 8.0 29 0.8 28 0.8* 

Married 
Yes (n=17,328) 125 7.6 9 0.5 8 0.5 

No (n=45,799) 347 7.9 32 0.7 29 0.7 

Trauma 
Yes (n=105) 6 59.4*** 1 9.9 1 9.9 

No (n=63,022) 466 7.8*** 40 0.7 36 0.6 

Stroke 
Yes (n=7,404) 207 29.3*** 16 2.3*** 16 2.3*** 

No (n=55,723) 265 5.0*** 25 0.5*** 21 0.4*** 

Atherosclerosis 
Yes (n=5,889) 91 16.2*** 8 1.4* 7 1.2 

No (n=57,238) 381 7.0*** 33 0.6* 30 0.5 

Primary Brain 

Tumor 

Yes (n=71) 5 77.5*** 0 0.0 0 0.0 

No (n=63,056) 467 7.8*** 41 0.7 37 0.6 

Alzheimer’s 

Disease 

Yes (n=4,888) 90 19.1*** 8 1.7* 8 1.7** 

No (n=58,239) 382 6.9*** 33 0.6* 29 0.5** 

Parkinson’s 

Disease 

Yes (n=1,253) 25 20.9*** 1 0.8 1 0.8 

No (n=61,874) 447 7.6*** 40 0.7 36 0.6 

Dementia 
Yes (n=4,968) 104 21.9*** 12 2.5*** 11 2.3*** 

No (n=58,159) 368 6.7*** 29 0.5*** 26 0.5*** 

Hypertension 
Yes (n=27,450) 362 13.8*** 34 1.3*** 33 1.2*** 

No (n=35,677) 110 3.3*** 7 0.2*** 4 0.1*** 

Sleep Apnea 
Yes (n=2,819) 46 17.1*** 7 2.6** 6 2.2** 

No (n=60,308) 426 7.4*** 34 0.6** 31 0.5** 

All Patients (n=63,127) 472 7.9 41 0.7 37 0.6 
N: number of patients with newly diagnosed epilepsy 
anumber of patients in each subgroup (n) refers to study-defined cases and controls; number of patients included in 

comorbid subgroups may slightly vary across case definitions 

*p<0.05 **p<0.01 ***p<0.001 in univariate Poisson regression 
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4.1.3 Using Prescription Claims to Identify Potential Cases 

 Among AHCCCS beneficiaries aged at least 65 as of January 1
st
 2009 and had 

continuously enrolled for at least 12 months during 2008 and 2009 who were not cases (n 

= 75228), a total of 22 and 60 persons were respectively identified who were prescribed 

an AED that was only FDA approved for seizure or epilepsy-related indications (Table 4-

3).  The majority of these patients were either being prescribed levetiracetam or 

phenytoin in both 2009 and 2010. 

Table 4-3. Number of Non-Cases with Prescriptions Claims of Drugs with United States 

Food and Drug Administration Approved Indications for Only Epilepsy or Seizure 

Year 

 

 

Drug Name 

2009 2010 

N (%) N (%) 

Levetiracetam 9 (41%) 12 (20%) 

Oxcarbazepine 1 (5%) 2 (3%) 

Phenytoin 8 (36%) 34 (57%) 

Primidone 4 (18%) 11 (18%) 

Zonisamide 0 (0%) 1 (2%) 

Total 22 (100%) 60 (100%) 

 

4.2 Incremental Burden of Epilepsy 

Incident cases used for this analysis were identical to those identified in section 

4.1 (Figure 4-1).  Additionally, the flowchart depicting the identification process for 

(unmatched) controls is presented in Figure 4-3 below. 
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Figure 4-3. Flowchart for Identifying the Control Group for Incident Cases 

 

 

4.2.1 Results for Hypothesis 2: Healthcare expenditure between patients with and 

without newly diagnosed epilepsy was comparable among the elderly Arizona 

Healthcare Cost Containment System (AHCCCS) enrollees in 2009 and 2010 

With respect to hypothesis H0-2-1—there were no differences in terms of total 

monthly healthcare costs paid by AHCCCS between incident cases of epilepsy and their 

counterparts: results across three models showed that patients with epilepsy newly 

diagnosed in 2009 had significantly higher total healthcare costs compared with patients 
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without epilepsy (Table 4-4).  The generalized linear model (GLM) estimated the highest 

relative risk (i.e., 3.56), whereas the GLM following PSM identified the greatest gap of 

expenditure (i.e., $2,077 difference).  Thus, this sub-hypothesis was consistently rejected 

across the three models. 

 

Table 4-4. Incremental Burden of Epilepsy in Total Healthcare Costs Paid by AHCCCS  

in the Three Models (Primary Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM 
GLM following 

PSM 
TEM 

e
β
 (95% CI) 3.56 (2.79-4.54) 2.80 (2.11-3.73) 2.92 (2.27-3.77) 

p-value <0.001 <0.001 <0.001 

Adjusted Mean 

Costs for Patients 

without Epilepsy  

$697 $1,152 $744 

Adjusted Mean 

Costs for Patients 

with Epilepsy  

$2,480 $3,229 $2,174 

Adjusted Mean 

Difference 
$1,782  $2,077 $1,430 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM:  

generalized linear model; PSM: propensity score matching; TEM: treatment effect model; 95% CI: 95 percent  

confidence interval 

 

With respect to hypothesis H0-2-2—there were no differences in terms of total 

monthly inpatient costs paid by AHCCCS between incident cases of epilepsy and their 

counterparts: the three models consistently found that total inpatient costs were 

significantly higher in patients with epilepsy compared with controls (Table 4-5).  Hence, 

this sub-hypothesis was rejected across the three models.  The GLM model generated the 

largest risk ratio, while the GLM model following PSM estimated the greatest cost 

difference between cases and controls.   
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Table 4-5. Incremental Burden of Epilepsy in Total Inpatient Costs Paid by AHCCCS in  

the Three Models (Primary Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM 
GLM following 

PSM 
TEM 

e
β
 (95% CI) 4.98 (3.27-7.57) 3.76 (2.49-5.68) 4.03 (2.60-6.22) 

p-value <0.001 <0.001 <0.001 

Adjusted Mean 

Costs for Patients 

without Epilepsy 

$382 $614 $405 

Adjusted Mean 

Costs for Patients 

with Epilepsy 

$1,903  $2,308 $1,631 

Adjusted Mean 

Difference  
$1,521 $1,694 $1,226 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM: 

generalized linear model; PSM: propensity score matching; TEM: treatment effect model; 95% CI: 95 percent  

confidence interval 

 

With respect to hypothesis H0-2-3—there were no differences in terms of total 

monthly outpatient costs paid by AHCCCS between incident cases of epilepsy and their 

counterparts: only the GLM model following PSM found a significantly higher risk of 

costs in epileptic patients (i.e., 2.70 times greater costs); the other two models did not 

find a significant difference (Table 4-6).  Thus, this sub-hypothesis was rejected using 

GLM followed by PSM but not the other two models.  The recycled prediction method 

used in both GLM and TEM models found a significantly higher mean costs among 

patients with epilepsy.   
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Table 4-6. Incremental Burden of Epilepsy in Total Outpatient Costs Paid by AHCCCS 

in the Three Models (Primary Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM 
GLM following 

PSM 
TEM 

e
β
 (95% CI) 1.81 (0.69-4.76) 2.70 (1.60-4.53) 1.49 (0.55-4.03) 

p-value 0.229 <0.001 0.433 

Adjusted Mean 

Costs for Patients 

without Epilepsy 

$30 $31 $31 

Adjusted Mean 

Costs for Patients 

with Epilepsy  

$55 $85 $47 

Adjusted Mean 

Difference 
$25 $54 $15 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM:  

generalized linear model; PSM: propensity score matching; TEM: treatment effect model; 95% CI: 95 percent  

confidence interval 

 

 

 

With respect to hypothesis H0-2-4—there were no differences in terms of total 

monthly prescription drug costs paid by AHCCCS between incident cases of epilepsy and 

their counterparts: the GLM following PSM results showed statistically significantly 

higher risk of total prescription drug costs in patients with epilepsy, but not the other two 

models (Table 4-7).  Thus, this sub-hypothesis was not rejected based on the GLM and 

TEM results, but was rejected based on the GLM model following PSM.  The adjusted 

mean difference in costs between patients with and without epilepsy was greatest for the 

GLM model following PSM and smallest for the TEM model. 
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Table 4-7. Incremental Burden of Epilepsy in Total Prescription Drug Costs Paid by 

AHCCCS in the Three Models (Primary Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM 
GLM following 

PSM 
TEM 

e
β
 (95% CI) 1.74 (0.70-4.34) 2.95 (1.56-5.58) 1.35 (0.49-3.67) 

p-value 0.236 0.001 0.563 

Adjusted Mean 

Costs for Patients 

without Epilepsy  

$7 $8 $9 

Adjusted Mean 

Costs for Patients 

with Epilepsy  

$13 $23 $11 

Adjusted Mean 

Difference 
$6 $15 $3 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM:  

generalized linear model; PSM: propensity score matching; TEM: treatment effect model; 95% CI: 95 percent  

confidence interval 

 

 

4.2.2 Results for Hypothesis 3: The incidence rate of healthcare-related visits between  

patients with and without newly diagnosed epilepsy was comparable among the elderly 

Arizona Healthcare Cost Containment System (AHCCCS) enrollees in 2009 and 2010 

With respect to hypothesis H0-3-1—there were no differences with respect to the 

incidence rate of inpatient visits between incident cases of epilepsy and their counterparts: 

all models demonstrated a significantly greater incidence rate (point estimates range: 

2.92-3.67 times greater) in patients with epilepsy compared with those without epilepsy.  

Thus, this hypothesis is rejected in all three models (Table 4-8).  Patients with epilepsy 

had at least 2.9 days longer inpatient stay per enrolled month compared with controls. 
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Table 4-8. Incremental Burden of Epilepsy in Incidence Rate of Inpatient Visits in the 

Three Models (Primary Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM GLM following PSM TEM 

e
β
 (95% CI) 3.67 (3.64-3.70) 2.92 (2.15-3.98) 3.11 (3.08-3.13) 

p-value <0.001 <0.001 <0.001 

Adjusted Mean 

Length of Inpatient 

Stay per Enrolled 

Month for Patients 

without Epilepsy 

1.4 2.2 1.4 

Adjusted Mean 

Length of Inpatient 

Stay per Enrolled 

Month for Patients 

with Epilepsy  

5.0 6.5 4.2 

Adjusted Mean 

Difference 
3.6 4.3 2.9 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; PSM: propensity score matching; TEM:  

treatment effect model; 95% CI: 95 percent confidence interval 

 

 

With respect to hypothesis H0-3-2—there were no differences with respect to the  

incidence rate of physician visits between incident cases of epilepsy and their 

counterparts: the GLM and TEM but not the GLM following PSM found a significantly 

greater rate of physician visits in patients with epilepsy (Table 4-9).  Hence, the current 

sub-hypothesis is rejected based on results from the GLM and TEM but not the PSM-

based GLM.  The difference was minimal: patients with epilepsy had on average 0.1 day 

longer physician visits per enrolled month compared with controls. 
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Table 4-9. Incremental Burden of Epilepsy in Incidence Rate of Physician Visits in the 

Three Models (Primary Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM GLM following PSM TEM 

e
β
 (95% CI) 1.20 (1.17-1.23) 1.09 (0.90-1.31) 1.13 (1.10-1.16) 

p-value <0.001 0.376 <0.001 

Adjusted Mean 

Number of Physician 

Visits per Enrolled 

Month for Patients 

without Epilepsy  

0.4 0.7 0.4 

Adjusted Mean 

Number of Physician 

Visits per Enrolled 

Month for Patients 

with Epilepsy  

0.5 0.8 0.5 

Adjusted Mean 

Difference 
0.1 0.1 0.1 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; PSM: propensity score matching; TEM:  

treatment effect model; 95% CI: 95 percent confidence interval 

 

 

4.2.3 Model Diagnostics and Other Results Pertaining to Hypotheses 2 & 3 

4.2.3.1 Diagnostics Relevant to Propensity Score Matching 

The distribution of propensity scores between patients with and without epilepsy 

was fairly different: a huge spike at a propensity score close to 0 existed in patients 

without epilepsy, whereas the propensity score appeared more normally distributed 

among patients with epilepsy (Figure 4-4).  However, propensity scores for most cases 

and controls aggregated between the range of 0 and 0.1, implying that the covariates 

included in the model were not strong indicators of epilepsy incidence.  The 

Kolmogorov-Smirnov test for equality of distributions detected a statistically significant 

difference in the two propensity score distributions prior to matching (p<0.001).  

Nonetheless, selected covariates appeared to be quite balanced after PSM (Table 4-10).  
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Additionally, the propensity score distributions were nearly identical between matched 

PSM cases and controls (Figure 4-5, p=1.000).  

 

Figure 4-4. Propensity Score Distribution in Patients with and without Epilepsy Prior to 

Matching 

 

Figure 4-5. Propensity Score Distribution in Patients with and without Epilepsy 

Following Matching 
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Table 4-10. Covariate Distribution Following Propensity Score Matching 

Variable 
Epilepsy

a
 

(n=472) 

No Epilepsy
a
 

(n=472) 
p-value 

Age
b
 

65-74 253 (54%) 258 (55%) 

0.791 75-84 146 (31%) 142 (30%) 

85+ 73 (15%) 72 (15%) 

Female (vs. male)
c
 300 (64%) 316 (67%) 0.274 

Race
c
 

Non-Hispanic 

whites 
249 (53%) 255 (54%) 

0.815 

Hispanics 122 (26%) 126 (27%) 

Non-Hispanic 

blacks 
29 (6%) 23 (5%) 

Non-Hispanic 

others 
72 (15%) 68 (14%) 

Married (vs. not)
c
 125 (26%) 117 (25%) 0.551 

Location
b
 

Urban-urban  145 (31%) 146 (31%) 

1.000 Urban-rural 38 (8%) 36 (8%) 

Rural-rural 289 (61%) 290 (61%) 

Charlson 

comorbidity 

index
b
 

0 45 (10%) 44 (9%) 

0.614 
1 84 (18%) 80 (17%) 

2 88 (19%) 83 (18%) 

3+ 255 (54%) 265 (56%) 

Trauma (vs. not)
c
 6 (1%) 6 (1%) 1.000 

Stroke (vs. not)
c
 207 (44%) 211 (45%) 0.793 

Atherosclerosis (vs. not)
c
 91 (19%) 88 (19%) 0.803 

Primary brain tumor (vs. not)
c
 5 (1%) 5 (1%) 1.000 

Alzheimer’s disease (vs. not)
c
 90 (19%) 80 (17%) 0.397 

Parkinson’s disease (vs. not)
c
 25 (5%) 23 (5%) 0.767 

Dementia (vs. not)
c
 104 (22%) 98 (21%) 0.634 

Hypertension (vs. not)
c
 362 (77%) 368 (78%) 0.641 

Sleep Apnea (vs. not)
c
 46 (10%) 38 (8%) 0.360 

apresented as frequency (percentage) 
bnon-parametric trend test 
cchi-square test 
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4.2.3.2 Diagnostics Relevant to Generalized Linear Models and Treatment Effect Models 

The modified Park test generated a coefficient of approximately one across all 12  

models using GLM or TEM (Table 4-11), indicating that a Poisson family may be a 

better fit for all six outcome variables.  Thus, sensitivity analyses changing the family 

from gamma to Poisson for GLM and TEM were attempted for the four cost outcomes, 

and the results are presented in section 4.2.4.  No models demonstrated an optimal fit 

with respect to using the log link (i.e., p-values of goodness-of-fit tests for the 

appropriateness of the link function including Pearson correlation test (PCT), Pregibon’s 

link test (PLT), and modified Hosmer-Lemeshow test (MHLT) were less than 0.05) 

except for the GLM modeling total outpatient costs and prescription drug costs, and the 

TEM modeling total outpatient costs.  The correlation between error terms of the 

selection and second-stage regression model of the TEM were statistically significant in 

all of the TEMs (Table 4-12), indicating that the model assumption with respect to 

significant correlation between the two error terms was met. 
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Table 4-11. Model Diagnostics of Generalized Linear Models
a
 Employed for this Study  

Modeled 

Outcomes 
GLM Diagnostic Test GLM TEM 

Total Costs 

MPT (coefficient) 1.15 1.14 

PCT (p-value) <0.001 <0.001 

PLT (p-value) <0.001 <0.001 

MHLT (p-value) <0.001 <0.001 

Total Inpatient 

Costs 

MPT (coefficient) 1.11 1.10 

PCT (p-value) <0.001 <0.001 

PLT (p-value) <0.001 <0.001 

MHLT (p-value) <0.001 <0.001 

Total Outpatient 

Costs 

MPT (coefficient) 1.42 1.40 

PCT (p-value) 0.001 <0.001 

PLT (p-value) 0.862 0.343 

MHLT (p-value) 0.981 0.547 

Total Prescription 

Drug Costs 

MPT (coefficient) 1.30 1.26 

PCT (p-value) 0.049 <0.001 

PLT (p-value) 0.065 0.008 

MHLT (p-value) 0.491 <0.001 

Incidence Rate of 

Inpatient Visit 

MPT (coefficient) 0.91 0.94 

PCT (p-value) <0.001 <0.001 

PLT (p-value) <0.001 <0.001 

MHLT (p-value) <0.001 <0.001 

Incidence Rate of 

Physician Visit 

MPT (coefficient) 0.88 0.88 

PCT (p-value) 0.005 <0.001 

PLT (p-value) 0.001 <0.001 

MHLT (p-value) <0.001 <0.001 
GLM: generalized linear model; TEM: treatment effect model; MPT: modified Park test; PCT: Pearson correlation test;  

PLT: Pregibon’s link test; MHLT: modified Hosmer-Lemeshow test  
aTEMs used in this study were two-stage models that utilized probit regression in the first-stage and GLM in the  

second-stage regression analysis  

 

 

Table 4-12. Diagnostics of Treatment Effect Models Employed for this Study 

Modeled Outcomes e
β 

of IMR p-value
a
 

Total Costs 0.30 <0.001 

Total Inpatient Costs 0.29 <0.001 

Total Outpatient Costs 0.47 <0.001 

Total Prescription Drug Costs 0.21 <0.001 

Incidence Rate of Inpatient Visit 0.43 <0.001 

Incidence Rate of Physician Visit 0.74 <0.001 
eβ: exponentiated coefficient/ relative risk; IMR: inverse Mill’s ratio 
aindicates the p-value for rho and lambda 
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4.2.3.3 Descriptive Statistics for Cases and Controls 

As shown in Table 4-13, a significantly higher proportion of patients were of 

lower age groups, were non-Hispanic blacks, had greater comorbidity index, and 

possessed the nine predisposing risk factors of epilepsy for patients with newly diagnosed 

epilepsy compared with controls.  Between January 1
st
 of 2009 and December 31

st
 of 

2010, cases and (unmatched) controls were enrolled in AHCCCS for an average of 479 

and 664 days, respectively (Table 4-14).  Matched controls had identical mean length of 

enrollment compared with unmatched controls.  Because length of enrollment for cases 

was computed between the index date and the end of 2010, a mean difference of 

approximately 0.5 year existed between cases and controls. 
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Table 4-13. Covariate Distribution between Patients with and without Newly Diagnosed 

Epilepsy 

Variable 
Epilepsy

a
 

(n=472) 

No Epilepsy
a
 

(n=60,256) 
p-value 

Age
b
 

65-74 253 (54%) 27,434 (46%) 

<0.001 75-84 146 (31%) 19,565 (32%) 

85+ 73 (15%) 13,257 (22%) 

Female (vs. male)
c
 300 (64%) 39,357 (65%) 0.424 

Race
c
 

Non-Hispanic 

whites 
249 (53%) 32,137 (53%) 

0.022 

Hispanics 122 (26%) 15,862 (26%) 

Non-Hispanic 

blacks 
29 (6%) 2,134 (4%) 

Non-Hispanic 

others 
72 (15%) 10,123 (17%) 

Married (vs. not)
c
 125 (26%) 16,529 (27%) 0.646 

 Location
b
 

Rural-rural  145 (31%) 20,105 (33%) 

0.458 Urban-rural 38 (8%) 3,584 (6%) 

Urban-urban 289 (61%) 36,567 (61%) 

Charlson 

comorbidity 

index
b
 

0 45 (10%) 30,693 (51%) 

<0.001 
1 84 (18%) 10,032 (17%) 

2 88 (19%) 6,230 (10%) 

3+ 255 (54%) 13,301 (22%) 

Trauma (vs. not)
c
 6 (1%) 74 (0%) <0.001 

Stroke (vs. not)
c
 207 (44%) 6,170 (10%) <0.001 

Atherosclerosis (vs. not)
c
 91 (19%) 5,285 (9%) <0.001 

Primary brain tumor (vs. not)
c
 5 (1%) 53 (0%) <0.001 

Alzheimer’s disease (vs. not)
c
 90 (19%) 4,385 (7%) <0.001 

Parkinson’s disease (vs. not)
c
 25 (5%) 1,089 (2%) <0.001 

Dementia (vs. not)
c
 104 (22%) 4,328 (7%) <0.001 

Hypertension (vs. not)
c
 362 (77%) 25,335 (42%) <0.001 

Sleep Apnea (vs. not)
c
 46 (10%) 2,562 (4%) <0.001 

apresented as frequency (percentage) 
bnon-parametric trend test 
cchi-square test 

 

Table 4-14. Time Enrolled in AHCCCS between 2009 and 2010 Prior to and After 

Propensity Score Matching (PSM) 

Beneficiary Subgroup N 
Number of Days Enrolled 

Mean (SD) 

Epilepsy
a
 472 479.1 (183.6) 

No Epilepsy (Prior to PSM) 60,256 663.7 (160.0) 

No Epilepsy (Post PSM) 472 666.8 (149.3) 
athe index date was used as the initial time point 
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4.2.3.4 Full Model Results for Hypotheses 2 & 3 

 

Patients of greater age, higher comorbid level, female, and those who were non-

Hispanic with races other than black and white had greater total healthcare costs 

compared with patients of lesser age, lower comorbid level, male sex, and those who 

were non-Hispanic whites (Table 4-15), respectively.  Non-Hispanic whites had 

significantly greater total costs compared with Hispanics. 

 

Table 4-15. Generalized Linear Model and Treatment Effect Model: Total Healthcare  

Costs 

Variable 
GLM TEM 

e
β
 e

β
 

Diagnosis of Epilepsy (vs. not) 3.56*** 2.92*** 

Age  

(vs. 65-74) 

75-84 1.71*** 1.95*** 

85+ 2.66*** 3.53*** 

Male (vs. female) 0.88*** 0.88*** 

Race  

(vs. non-Hispanic 

whites) 

Hispanics 0.78*** 0.84*** 

Non-Hispanic blacks 1.01 0.87*** 

Non-Hispanic others 1.17*** 1.26*** 

Married (vs. not) 0.94* 0.95 

Location (vs. Rural-

rural counties) 

Urban-rural 0.93 0.81*** 

Urban-urban 1.07** 1.04 

Charlson 

Comorbidity Index
 

(vs. 0) 

1 3.13*** 2.53*** 

2 3.77*** 2.74*** 

3+ 5.45*** 3.46*** 
*p<0.05 **p<0.01 ***p<0.001 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 

  
Unmarried, female patients, those of greater age, those with higher comorbidity  

level, and those who were non-Hispanic whites had greater total inpatient costs compared 

with patients of lesser age, lower comorbidity levels, married males, and those who 

belonged to races other than non-Hispanic whites, respectively (Table 4-16). 
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Table 4-16. Generalized Linear Model and Treatment Effect Model: Total Inpatient  

Costs 

Variable 
GLM TEM 

e
β
 e

β
 

Diagnosis of Epilepsy (vs. not) 4.98*** 4.02*** 

Age  

(vs. 65-74) 

75-84 2.25*** 2.60*** 

85+ 3.84*** 5.15*** 

Male (vs. female) 0.99 0.98 

Race  

(vs. non-Hispanic 

whites) 

Hispanics 0.62*** 0.67*** 

Non-Hispanic blacks 0.80* 0.69*** 

Non-Hispanic others 0.83** 0.89* 

Married (vs. not) 0.86*** 0.87** 

Location (vs. Rural-

rural counties) 

Urban-rural 0.93 0.80* 

Urban-urban 1.09* 1.07 

Charlson 

Comorbidity Index
 

(vs. 0) 

1 3.44*** 2.69*** 

2 4.08*** 2.82*** 

3+ 5.49*** 3.25*** 
*p<0.05 **p<0.01 ***p<0.001 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 

 

 

Patients of younger age, higher comorbidity levels, those who lived in rural-rural  

counties, and belonged to races other than non-Hispanic whites had significantly greater 

outpatient costs compared with patients of older age, those who were less sick, those who 

lived in urban-urban counties, and those who were non-Hispanic whites, respectively 

(Table 4-17). 

Patients of younger age, female, higher comorbidity levels, those who lived in  

urban-urban counties, and those who belonged to races other than non-Hispanic whites or 

non-Hispanic blacks had significantly greater prescription drug costs compared with 

patients of older age, male, lower comorbidity levels, those who lived in rural-rural 

counties, and those who were non-Hispanic whites, respectively (Table 4-18). 
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Table 4-17. Generalized Linear Model and Treatment Effect Model: Total Outpatient  

Costs 

Variable 
GLM TEM 

e
β
 e

β
 

Diagnosis of Epilepsy (vs. not) 1.81 1.49 

Age  

(vs. 65-74) 

75-84 0.74** 0.81* 

85+ 0.58*** 0.72* 

Male (vs. female) 1.02 1.02 

Race  

(vs. non-Hispanic 

whites) 

Hispanics 2.57*** 2.65*** 

Non-Hispanic blacks 1.93** 1.73* 

Non-Hispanic others 3.79*** 3.93*** 

Married (vs. not) 1.06 1.07 

Location (vs. Rural-

rural counties) 

Urban-rural 0.88 0.79 

Urban-urban 0.68*** 0.66*** 

Charlson 

Comorbidity Index
 

(vs. 0) 

1 2.15*** 1.93*** 

2 4.21*** 3.59*** 

3+ 10.68*** 8.20*** 
*p<0.05 **p<0.01 ***p<0.001 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 
 

 

 

Table 4-18. Generalized Linear Model and Treatment Effect Model: Total Prescription  

Drug Costs 

Variable 
GLM TEM 

e
β
 e

β
 

Diagnosis of Epilepsy (vs. not) 1.74 1.35 

Age  

(vs. 65-74) 

75-84 0.52*** 0.63*** 

85+ 0.31*** 0.47*** 

Male (vs. female) 0.69*** 0.68*** 

Race  

(vs. non-Hispanic 

whites) 

Hispanics 2.51*** 2.67*** 

Non-Hispanic blacks 1.44 1.26 

Non-Hispanic others 1.74*** 1.80*** 

Married (vs. not) 1.06 1.12 

Location (vs. Rural-

rural counties) 

Urban-rural 0.97 0.85 

Urban-urban 1.89*** 1.89*** 

Charlson 

Comorbidity Index
 

(vs. 0) 

1 4.12*** 3.21*** 

2 5.73*** 3.83*** 

3+ 7.50*** 4.89*** 
*p<0.05 **p<0.01 ***p<0.001 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 
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Patients of older age, higher comorbidity levels, unmarried, those who lived in  

urban-urban counties, and those who belonged to non-Hispanic whites had significantly 

higher incidence rates of inpatient stays compared with patients of younger age, lower 

comorbidity levels, married, living in rural-rural counties, and all other racial/ethnicity 

groups, respectively (Table 4-19).  Patients residing in rural-rural counties had 

significantly higher incidence rates of inpatient stays compared with those residing in 

urban-rural counties. 

 

Table 4-19. Generalized Linear Model and Treatment Effect Model: Incidence Rate of  

Inpatient Stay 

Variable 
GLM TEM 

e
β
 e

β
 

Diagnosis of Epilepsy (vs. not) 3.67*** 3.11*** 

Age  

(vs. 65-74) 

75-84 2.19*** 2.37*** 

85+ 3.10*** 3.68*** 

Male (vs. female) 1.00 1.00 

Race  

(vs. non-Hispanic 

whites) 

Hispanics 0.58*** 0.61*** 

Non-Hispanic blacks 0.73*** 0.67*** 

Non-Hispanic others 0.69*** 0.74*** 

Married (vs. not) 0.88*** 0.89*** 

Location (vs. Rural-

rural counties) 

Urban-rural 0.95*** 0.86*** 

Urban-urban 1.08*** 1.04*** 

Charlson 

Comorbidity Index
 

(vs. 0) 

1 3.00*** 2.39*** 

2 3.25*** 2.33*** 

3+ 3.63*** 2.32*** 
*p<0.05 **p<0.01 ***p<0.001 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 
 

 

Patients of younger age, higher comorbidity levels, female, those who were not 

married, those who lived in urban-rural counties, and those who belonged to Hispanics or 

non-Hispanic blacks had significantly higher incidence rate of physician visits compared 

with patients of older age, lower comorbidity levels, male, those who were unmarried, 
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those who lived in rural-rural counties, and those who belonged to non-Hispanic whites, 

respectively (Table 4-20). 

Table 4-20. Generalized Linear Model and Treatment Effect Model: Incidence Rate of  

Physician Visits 

Variable 
GLM TEM 

e
β
 e

β
 

Diagnosis of Epilepsy (vs. not) 1.20*** 1.13*** 

Age  

(vs. 65-74) 

75-84 0.64*** 0.66*** 

85+ 0.33*** 0.35*** 

Male (vs. female) 0.85*** 0.85*** 

Race  

(vs. non-Hispanic 

whites) 

Hispanics 1.26*** 1.28*** 

Non-Hispanic blacks 1.22*** 1.17*** 

Non-Hispanic others 1.00 1.02*** 

Married (vs. not) 0.97*** 0.98*** 

Location (vs. Rural-

rural counties) 

Urban-rural 1.07*** 1.03*** 

Urban-urban 1.00 0.99** 

Charlson 

Comorbidity Index
 

(vs. 0) 

1 2.56*** 2.39*** 

2 2.98*** 2.69*** 

3+ 3.69*** 3.21*** 
*p<0.05 **p<0.01 ***p<0.001 

eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 

 

 

 

4.2.3.5 Sensitivity Analyses Pertaining to Hypotheses 2 & 3 

 

When the GLM family was altered from gamma to Poisson (according to 

modified Park test presented in Table 4-11), diagnosis of epilepsy became a statistically 

significant predictor for total outpatient costs and total prescription drug costs (Table 4-

21). Additionally, the variance of the primary independent variable for all of the 

GLM/TEM models using Poisson family substantially shrank, confirming that GLM 

results were very sensitive to family specification. 
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Table 4-21. Sensitivity Analyses of Model Specification on Cost Outcomes (Primary 

Independent Variable: Epilepsy vs. no Epilepsy) 

Outcome Family GLM TEM 

Total Costs 

e
β
 (95% CI) 

Gamma 
3.55 (2.79-4.54) 2.92 (2.27-3.77) 

p-value <0.001 <0.001 

e
β
 (95% CI) 

Poisson 
3.32 (3.32-3.33) 2.86 (2.86-2.87) 

p-value <0.001 <0.001 

Total 

Inpatient 

Costs 

e
β
 (95% CI) 

Gamma 
4.98 (3.27-7.57) 4.03 (2.60-6.22) 

p-value <0.001 <0.001 

e
β
 (95% CI) 

Poisson 
4.65 (4.64-4.66) 3.90 (3.89-3.90) 

p-value <0.001 <0.001 

Total 

Outpatient 

Costs 

e
β
 (95% CI) 

Gamma 
1.81 (0.69-4.76) 1.49 (0.55-4.03) 

p-value 0.229 0.433 

e
β
 (95% CI) 

Poisson 
1.41 (1.40-1.42) 1.39 (1.37-1.40) 

p-value <0.001 <0.001 

Total 

Prescription 

Drug Costs 

e
β
 (95% CI) 

Gamma 
1.74 (0.70-4.34) 1.35 (0.49-3.67) 

p-value 0.236 0.563 

e
β
 (95% CI) 

Poisson 
1.66 (1.63-1.69) 1.50 (1.47-1.53) 

p-value <0.001 <0.001 
eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model; 95% CI: 95  

percent confidence interval 

 

 

After removing patients with the top 1 percent of monthly total healthcare costs,  

the incremental costs of being newly diagnosed of epilepsy declined 35% from $1,782 to 

$1,157 in the GLM model, and declined 36% from $1,430 to $913 in the TEM model, 

respectively (Table 4-22). 

Similarly, eliminating patients with the top 1 percent monthly inpatient costs led 

to a 50% ($1,521 to $755) and 52% decline ($1,226 to $589) with respect to the 

incremental inpatient costs between patients with and without newly diagnosed epilepsy 

in the GLM and TEM model, respectively (Table 4-23). 

 

 

 

 



156 
 

Table 4-22. Incremental Burden of Epilepsy in Total Healthcare Costs Paid by AHCCCS, 

Before and After Excluding Patients with the Top 1 Percent of Costs (Primary  

Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM TEM 

e
β
 3.55→2.87 2.92→2.38 

p-value  <0.001→<0.001 <0.001→<0.001 

Adjusted Mean Costs 

for Patients without 

Epilepsy 

$697→$620 $744→$663 

Adjusted Mean Costs 

for Patients with 

Epilepsy  

$2,480→$1,777 $2,174→1,576 

Adjusted Mean 

Difference  
$1,782→$1,157 $1,430→$913 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM:  

generalized linear model; TEM: treatment effect model 

   

 

 

 

Table 4-23. Incremental Burden of Epilepsy in Total Inpatient Costs Paid by AHCCCS, 

Before and After Excluding Patients with the Top 1 Percent of Costs (Primary 

Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM TEM 

e
β
 4.98→3.37 4.03→2.74 

p-value <0.001→<0.001 <0.001→<0.001 

Adjusted Mean Costs 

for Patients without 

Epilepsy 

$382→$319 $405→$339 

Adjusted Mean Costs 

for Patients with 

Epilepsy  

$1,903→$1,074 $1,631→$928 

Adjusted Mean 

Difference 
$1,521→$755 $1,226→$589 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM:  

generalized linear model; TEM: treatment effect model 

 

 

 

Most of the total monthly outpatient costs and prescription drug costs aggregated 

in the top 1 percent: eliminating the top 1 percent of the population resulted in a greater 

than 50% decline of outpatient and prescription drug costs (Table 4-24, 4-25).   
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Table 4-24. Incremental Burden of Epilepsy in Total Outpatient Costs Paid by  

AHCCCS, Before and After Excluding Patients with the Top 1 Percent of Costs (Primary  

Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM TEM 

e
β
 1.81→1.68 1.49→1.48 

p-value 0.229→0.024 0.433→0.093 

Adjusted Mean Costs 

for Patients without 

Epilepsy 

$30→$13 $31→$14 

Adjusted Mean Costs 

for Patients with 

Epilepsy  

$55→$22 $47→$20 

Adjusted Mean 

Difference  
$25→$9 $15→$6 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM:  

generalized linear model; TEM: treatment effect model 

 

 

 

Table 4-25. Incremental Burden of Epilepsy in Total Prescription Drug Costs Paid by  

AHCCCS, Before and After Excluding Patients with the Top 1 Percent of Costs (Primary  

Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM TEM 

e
β
 1.74→1.42 1.35→1.11 

p-value 0.236→0.171 0.563, 0.674 

Adjusted Mean Costs 

for Patients without 

Epilepsy 

$7→$3 $9→$4 

Adjusted Mean Costs 

for Patients with 

Epilepsy  

$13→$5 $11→4 

Adjusted Mean 

Difference  
$6→$1 $3→$0 

AHCCCS: Arizona Health Care Cost Containment System; eβ: exponentiated coefficient/ relative risk; GLM:  

generalized linear model; TEM: treatment effect model 

 

 

Removing patients who had the top 1 percent incidence rate of inpatient led to at 

least a 25 percent decline in the incremental length of inpatient visit or number of 

physician visits per enrolled month (Table 4-26).  On the other hand, incidence rate of 
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physician visits declined for at least 37%, but the change in effect size was minimal 

(Table 4-27). 

Table 4-26. Incremental Burden of Epilepsy in Incidence Rate of Inpatient Visits, Before 

and After Excluding Patients with the Top 1 Percent of Incidence Rate (Primary 

Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM TEM 

e
β
 3.67→3.30 3.11→2.82 

p-value <0.001→<0.001 <0.001→<0.001 

Adjusted Mean Length of 

Inpatient Stay per Enrolled 

Month for Patients without 

Epilepsy  

1.4→1.2 1.4→1.2 

Adjusted Mean Length of 

Inpatient Stay per Enrolled 

Month for Patients with Epilepsy  

5.0→3.9 4.2→3.3 

Adjusted Mean Difference  3.6→2.7 2.9→2.1 
eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 

 

 

 

Table 4-27. Incremental Burden of Epilepsy in Incidence Rate of Physician Visits, Before 

and After Excluding Patients with the Top 1 Percent of Incidence Rate (Primary 

Independent Variable: Epilepsy vs. no Epilepsy) 

 GLM TEM 

e
β
 1.20→1.15 1.13→1.07 

p-value <0.001→<0.001 <0.001→<0.001 

Adjusted Mean Number of 

Physician Visits per Enrolled 

Month for Patients without 

Epilepsy  

0.4→0.4 0.4→0.4 

Adjusted Mean Number of 

Physician Visits per Enrolled 

Month for Patients with Epilepsy  

0.5→0.4 0.5→0.4 

Adjusted Mean Difference  0.1→0.1 0.1→0.0 
eβ: exponentiated coefficient/ relative risk; GLM: generalized linear model; TEM: treatment effect model 
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CHAPTER 5: DISCUSSION AND CONCLUSION 

5.1 Summary of Study Findings 

 The current study was conducted to assess the incidence and economic burden of 

epilepsy in a low-income, elderly population of Arizona—Arizona Medicaid enrollees.  

Overall, the incidence rate of epilepsy in 2009 was exceptionally high in this patient 

population: 7.9 out of 1,000 patients were estimated to develop newly diagnosed epilepsy.  

Several patient subgroups were at increased risk of developing incident epilepsy: patients 

of younger age and patients with any of the disease-based risk factors assessed in this 

study (i.e., trauma, stroke, atherosclerosis, primary brain tumor, Alzheimer’s disease, 

Parkinson’s disease, non-Alzheimer dementia, hypertension, and sleep apnea) had 

significantly greater incidence rate compared with their counterparts.   

After adjusting for potential confounders, patients who had known disease-based 

risk factors of epilepsy were found to have increased incidence of epilepsy: patients with 

a diagnosis code of trauma within one year prior to the incidence of epilepsy had 7.37 

times greater incidence rate of epilepsy compared with patients without a diagnosis code 

of trauma (p = 0.007).  Similarly, patients with a diagnosis code of stroke, primary brain 

tumor, Alzheimer’s disease, non-Alzheimer dementia, and hypertension had 4.65, 11.12, 

2.25, 2.04, and 2.86 times increased incidence of epilepsy, respectively (p < 0.001, p = 

0.004, p < 0.001, p < 0.001, and p < 0.001, respectively).  Younger patients had 

significantly greater incidence rate compared with elderly patients: patients aged between 

65 and 74 as of January 1
st
 of 2009 had 1.56 (95% confidence interval (CI) = 1.22 – 2.00) 

and 2.33 (95% CI = 1.67 – 3.23) times greater incidence compared with patients aged 
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between 75 and 84 and 85 or more, respectively.  There was no statistically significant 

differences in incidence rate between male and female, between racial/ethnicity groups, 

and between counties with various level of urbanization before and after covariate 

adjustment.   

Sensitivity analyses on case definitions substantially affected the estimation of 

incidence rate: the incidence rate dropped from 7.9 to 0.7 and 0.6 when patients with 

newly diagnosed epilepsy were defined with an additional criterion in which patients 

were required to have at least one and two prescription claims for an antiepileptic drug 

(AED) after the index date, respectively.  Patient subgroups that remained significantly 

higher with respect to incidence rate in the sensitivity analyses included those of younger 

age, those that were diagnosed of stroke, Alzheimer’s disease, non-Alzheimer dementia, 

hypertension, and sleep apnea.   

The other sensitivity analysis attempted to identify the number of patients who 

were not diagnosed with epilepsy or seizure between 2008 and 2010 but who had a 

prescription claim associated with an AED that had only a seizure or epilepsy indication.  

The analysis identified 22 and 60 patients in 2009 and 2010 that fulfilled the 

aforementioned criteria, respectively.  The majority of the patients were prescribed either 

levetiracetam or phenytoin. 

In the analysis of healthcare costs in the form of total healthcare expenditures, 

inpatient expenditures, outpatient expenditures, and outpatient prescription drug 

expenditures made by the Arizona Health Care Cost Containment System (AHCCCS) 

and resource utilization in the form of number of inpatient and physician visits, three 



161 
 

analytical methods (i.e., generalized linear models (GLM), GLM following propensity 

score matching (PSM), and treatment effect models (TEM)) consistently found that 

patients with newly diagnosed epilepsy had significantly greater costs and resource use in 

the following outcomes: total monthly healthcare costs, total monthly inpatient costs, and 

length of inpatient visits.  Patients with newly diagnosed epilepsy had approximately 2.80 

to 3.55 times greater total monthly healthcare costs, corresponding to an additional 

$1,430 to $2,077 total monthly healthcare cost compared with those without incident 

epilepsy.  Compared with patients without epilepsy, epileptic patients had 3.76 to 4.98 

times greater monthly inpatient costs, corresponding to an additional $1,226 to $1,694 

monthly inpatient costs.  Length of inpatient visit was 2.92 to 3.67 times greater in 

patients with newly diagnosed epilepsy in comparison to those without incident epilepsy; 

the incremental length of stay was approximately 2.9 to 4.3 days per enrolled month in 

patients with epilepsy. 

Patients with epilepsy showed significantly greater monthly outpatient and 

prescription drug costs in the GLM following PSM but not in the GLM and TEM.  In the 

GLM following PSM, patients with epilepsy had 2.95 times greater monthly inpatient 

costs compared with their counterpart (p = 0.001).  The estimated incremental monthly 

outpatient costs of being diagnosed of epilepsy ranged from $3 to $15 in the three models.  

Conversely, statistically higher number of physician visits was observed in the GLM and 

TEM but not in the GLM following PSM.  The GLM and TEM estimated a 13% and 20% 

increased risk of having physician visits in patients with incident epilepsy.  The 
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incremental number of physician visits for patients with as compared to those without 

epilepsy was approximately 0.1 day per enrolled month in all three models.   

In the GLM and TEMs, patients of older age groups (i.e., aged 75 to 84 or aged 

85 or over) were associated with significantly higher monthly total healthcare costs (both 

p < 0.001), higher monthly total inpatient costs (both p < 0.001), lower monthly total 

outpatient costs (both p < 0.05), lower monthly total prescription drug costs (both p < 

0.001), greater incidence rate of inpatient stay (both p < 0.001), and lower incidence rate 

of physician visits (both p < 0.001) compared with younger patients (i.e., aged 65 to 74).  

Female patients had significantly higher monthly total healthcare costs (both p < 0.001), 

higher prescription drug costs (both p < 0.001), and greater incidence rate of physician 

visits (both p < 0.001) as compared with male patients.  Patients who belong to “non-

Hispanic others” (including Asian/pacific islander, Cuban/Haitian, native American, and 

other minority races) had significantly higher monthly total healthcare costs compared 

with non-Hispanic whites (p < 0.001).  On the contrary, non-Hispanic whites incurred 

significantly greater total costs compared with the Hispanic subgroup (p < 0.001).  

Overall, non-Hispanic whites were subjected to significantly greater monthly total 

inpatient costs and incidence of inpatient stays (all p < 0.05), and significantly lower 

monthly total outpatient costs, prescription drug costs, and incidence of physician office 

visits (all p < 0.05) compared with other racial/ethnicity subgroups.  Beneficiaries who 

were not married incurred significantly higher monthly total inpatient costs and incidence 

rates of inpatient stay and physician visits (all p < 0.01).  Beneficiaries residing in urban-

urban counties had significantly higher monthly total outpatient costs, prescription drug 
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costs, and incidence of inpatient stay compared with those residing in rural-rural counties 

(all p < 0.001).  Higher comorbidity levels were associated with significantly greater 

monthly total healthcare costs, inpatient costs, outpatient costs, prescription drug costs, 

and incidence rates of inpatient and physician visits (all p < 0.001).    

 

5.2 Discussion and Implications of Study Findings 

 The use of outpatient prescription drug claims to define patients with newly 

diagnosed epilepsy eliminated over 90 percent of the original cases, while the incidence 

rate of epilepsy in this population was merely 0.6 to 0.7 out of 1,000 person-years, 

compared with an estimated 2.4 out of 1,000 person-years in the US Medicare population 

(E. Faught et al., 2012).  Although the use of prescription drug claims increases the 

sensitivity of case identification (Holden, Grossman, et al., 2005), the bulk of potential 

cases are excluded, and patients who have used AED in an inpatient setting are not 

captured by these prescription drug claims.  Additionally, beneficiaries with Medicare 

part D may have part D prescriptions drug claims of AEDs but not prescription drug 

claims recorded in the AHCCCS database because the medication expenses were fully 

covered by Medicare prior to the need of Medicaid coverage.  As patients with lower 

socioeconomic levels are associated with increased risk of epilepsy (Birbeck et al., 2007; 

Hesdorffer et al., 2005; Li et al., 2008; Noronha et al., 2007), the incidence rate of 

epilepsy in the elderly AHCCCS population is likely to exceed the general US Medicare 

population.  The aforementioned evidence in the aggregate indicates the 

inappropriateness of using prescription drug claims to define incident cases.   
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The current study found that the incidence rate of epilepsy in the Arizona 

Medicaid elderly population was approximately 3.3 times greater than the US Medicare 

population (E. Faught et al., 2012).  Compared with the Faught study, the current study 

applied less stringent criteria in which patients were eligible as an incident case if they 

had a one-year period of clean period without any seizure or epilepsy ICD-9 codes prior 

to the index date (as opposed to two years in Faught et al.).  Additionally, patients who 

had one healthcare claim with a seizure ICD-9 code in 2009 and another in 2010 were 

included in the current study; patients who were not continuously enrolled throughout 

2008 and 2009 but were enrolled for at least 12 months were also included.  Conversely, 

Faught and colleagues excluded these patients (E. Faught et al., 2012).  Both of these 

criteria boosted the incidence rate estimate to some extent: the former criterion elevated 

the numerator (i.e., number of eligible cases) of incidence rate, while the latter criterion 

increased both the numerator and denominator, but the amount of the increase was 

greater for the numerator.  However, these criteria were considered critical to more 

accurately reflect the incidence rate; failure to account for these cases may lead to 

underestimation of the incidence rate (E. Faught et al., 2012; Holden, Nguyen, Grossman, 

& et al., 2005).  For instance, consider a patient who is diagnosed with epilepsy but who 

was not continuously enrolled throughout a specified time period.  To accurately reflect 

the incidence rate, the patient should be included as a case, and the time of enrollment in 

the associated insurance program(s) should be added into the denominator.  Another 

factor that contributed to the variation between incidence rate estimations across studies 

was the amount of data (e.g., number of years) used to identify cases.  In this study, the 
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incidence rate was estimated based on cases in 2009.  It is possible that the extremely 

high incidence rate in 2009 was partially due to random variation across years, and that 

the random variation peaked towards the positive direction in 2009. 

In the current study, incidence rate was highest among patients aged between 65 

and 74 and lowest among patients aged over 85; this trend was contrary to the pattern 

generally found in developed countries (Banerjee et al., 2009; E. Faught et al., 2012).  

This finding can at least be partially explained by the fact that the population of interest 

was focused on patients with minimal incomes, representing a vulnerable population of 

low socioeconomic status.  Hence, the age trend among the elderly poor can be compared 

with the trends identified in countries with comparatively lower socioeconomic status—

namely, the developing countries.  In developing countries, age does not appear to have a 

positive relationship with incidence rate (Banerjee et al., 2009; Lavados et al., 1992; 

Mani et al., 1998).  The improvement of cerebrovascular mortality was regarded as an 

important factor with respect to the positive relationship between age and incidence rate 

of epilepsy among elderly patients (Banerjee et al., 2009).  As the rate of stroke mortality 

appeared to be greatest among low-income worldwide regions (Johnston, Mendis, & 

Mathers, 2009), the opposite age trend identified in this study may also indicate the need 

to focus on improving cerebrovascular mortality in this patient population. 

In this analysis, medical professional billing costs were not aggregated into 

monthly inpatient and outpatient costs and only represent facility-based costs, because no 

sufficiently appropriate media can be used to link medical professionals and facility 

charges based on the services associated with a single visit provided to a patient.  For 
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AHCCCS, facility-based claims were submitted on form UB-04, while health 

professional-based services were submitted on form CMS-1500.  This billing strategy 

leads to two separate claim identification numbers being assigned to the same visit for 

facilities and professional-based charges.  Optimally, having one single identification 

number for claims that represent all services provided in one visit can effectively link 

facility and personnel charges.  Although locations of service or current procedure 

terminology (CPT) codes can potentially be used to identify inpatient or outpatient 

professional services, further assumptions are required to aggregate facility and 

professional costs. 

This study estimated that patients with epilepsy can incur up to an additional 

$2,077 monthly charge (equivalent to an annual incremental expenditure of $24,924) 

compared with patients without epilepsy from the perspective of Arizona Medicaid.  This 

amount is approximately 5.5 times higher than the US national estimates from Yoon et al. 

(Yoon et al., 2009): Yoon and colleagues found that US epileptic patients on average 

incur $4,523 additional costs per year compared with those without epilepsy.  Several 

factors may have contributed these variations.  First, the current study targeted on 

beneficiaries who were over 65 years of age, had low socioeconomic status and new-

onset epilepsy.  These characteristics imply that the targeted beneficiaries are likely to 

have one or more comorbid conditions and higher chances of mortality than the general 

civilians; where greater healthcare costs are associated with higher levels of comorbidity 

and newly onset epilepsy.  Patients may incur greater costs prior to death due to high 

level of comorbidity or severity of disease.  Nevertheless, patients cease to incur further 



167 
 

healthcare costs as mortality occurs.  In this analysis, costs were computed based on a 

prerequisite of AHCCCS enrollment of at least 12 months between 2008 and 2009.  

Additionally, costs outside of the enrollment period were not considered.  Accounting for 

the average healthcare costs taking patient death into account will likely dilute, but 

provide a more valid estimation with respect to the cost gap between patients with and 

without epilepsy.  However, no mortality data in the current dataset were sufficiently 

reliable to be applied in the current analysis.  The incremental cost of epilepsy is likely to 

further increase when expenditures other than AHCCCS (such as Medicare, Tricare, and 

other sources of expenditures) are being considered, given that the cost ratio between 

patients with and without epilepsy remains fairly constant. 

The modified Park test (used to determine the relationship between mean and 

variance for the GLM family) showed that the mean was approximately equivalent to the 

variance for all costs and utilization outcomes (i.e., a coefficient of 1).  This finding 

indicated that the models may provide a better fit if the family specified was Poisson as 

opposed to the common practice for costs—using gamma family for the GLM model 

(Manning & Mullahy, 2001).  Applying a gamma family implicitly assumes that variance 

is approximately proportional to the square of the mean.  In fact, a series of sensitivity 

analyses altering the GLM family from gamma to Poisson for the GLMs and TEMs of all 

cost outcomes (i.e., total costs, inpatient costs, outpatient costs, and prescription drug 

costs) showed that the diagnosis of incident epilepsy was a significant predictor of all 

types of costs assessed.  In the models, point estimates with respect to the relative risk of 

costs in patients with versus without epilepsy barely changed; however, the estimated 
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variances substantially shrank, leading to statistical significance (p<0.001) for all cost 

outcomes.  Additionally, this portion of sensitivity analyses provided evidence that GLM 

family assignment can drastically change study findings.   

A series of GLM model diagnostics, including Pearson’s correlation test, 

Pregibon’s link test, and the modified Hosmer-Lemeshow test were performed to 

examine model goodness-of-fit for the series of GLMs and (second-stage) TEMs.  The 

analyses indicated that the models had suboptimal fit to the data set, with the exception of 

the models using outpatient costs and/or prescription drug costs as the outcome.  Potential 

methods to improve model goodness-of-fit is to revise the functional form for covariates 

or to modify the link function (e.g., using identical link instead of the original log link).  

The selection of link functions can potentially be optimized by conducting a series of 

sensitivity analyses and selecting the link function with the best model diagnostics.   

PSM appeared to successfully eliminate most of the covariate imbalance between 

patients with and without incident epilepsy.  Covariate distribution was extremely 

imbalanced prior to PSM: patients with epilepsy were on average younger, had a higher 

proportion of non-Hispanic blacks and of patients diagnosed with trauma, stroke, 

atherosclerosis, primary brain tumor, Alzheimer’s disease, Parkinson’s disease, non-

Alzheimer dementia, hypertension, sleep apnea, and had a greater comorbid level (all p < 

0.05).  After PSM, all covariates were balanced with the exception of gender (p = 0.009) 

and comorbidity level (p = 0.03).  Findings from the GLM following PSM should 

indicate a more valid and reliable estimation regarding the relative risk of healthcare 

costs and utilization patterns between patients with and without epilepsy.  Although the 
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estimated average difference in costs and utilization derived from PSM effectively 

represents the incremental costs and utilization of epilepsy in the elderly AHCCCS 

population after eliminating both selection and confounding bias, these results may have 

limited generalizability because the average costs of patients with epilepsy were derived 

from the original cases of newly diagnosed epilepsy.  Another reason of decreased 

generalizability was the drastic decline in the number of controls after PSM, from over 

60,000 to 472 patients.  Nonetheless, findings in the form of relative risks have greater 

applicability and can potentially be used to estimate the incremental costs of epilepsy in 

other elderly, Medicaid populations in the US. 

The major assumption for TEM is that the correlation between error terms of the 

selection model and the second-stage regression model is statistically significant (Guo & 

Fraser, 2010).  Failure to meet this assumption can lead to substantially biased results in 

which the level of bias exceeds that of GLMs.  In the study analyses, this assumption had 

been fulfilled in all TEMs.  Thus, the concern of bias due to failing to meet model 

assumption did not appear to exist.   

 

5.3 Limitations, Conclusions, and Recommendation for Future Research 

This study was subjected to some limitations.  First, coding errors or under-coding 

of long-term epilepsy patients may exist from the use of claims data and ICD-9 

diagnostic codes.  Second, the analysis excluded the use of outpatient prescription drugs 

to define incident cases.  This approach concurred with the suggestions provided by Kee 

and colleagues in which prescription drug claims may not be sufficiently reliable to be 
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used to define a case, unless the prescription drugs were linked to epilepsy-related 

diagnoses codes (Kee et al., 2012).  Furthermore, the use of prescription drug claims to 

identify incident cases appeared to substantially underestimate the incidence of epilepsy: 

over 90 percent of the cases were removed, while the corresponding incidence rate 

declined from 7.9 to 0.7 per 1,000 person-years.  Third, using a one-year “clean-period” 

of no seizure or epilepsy diagnosis codes may not effectively exclude all prevalent cases.  

Patients with stable epilepsy might be chronically receiving AEDs without the need to 

receive further medical care within one year.  Standard “rules of thumb” that optimize the 

internal and external validity with respect to the time frame of clean-period used to define 

an incident case are recommended to be developed in order to increase the validity of 

incident case identification and enhance comparability across study results.  Fourth, 

inpatient costs may be somewhat overestimated, while outpatient costs may be somewhat 

underestimated due to the billing mechanism of AHCCCS: all costs associated with 

patients who had visits to an emergency department followed by admission to same 

hospital were counted as inpatient costs.  Fifth, a two-step approach (as opposed to 

maximum likelihood estimations (MLE)) was used to construct the TEMs.  This 

approach is likely to underestimate variances of regression coefficients due to residual 

heteroskedasticity.  Additionally, GLMs instead of linear regression models were applied 

in the second stage of TEMs.  Although the models did appear to eliminate at least a 

portion of the selection bias (as the model results were fairly consistent with the GLMs 

following PSMs), the models may require further adjustment to take the heterogeneity 

bias and different application of second-stage models into account.  Sixth, uncontrolled 
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factors such as level of education, income, whether a beneficiary had been enrolled in 

subparts of Medicare, and associated health plans may have affected the study results.  

To conclude, this research project found that the Arizona Medicaid elderly 

population had an exceptionally high incidence rate of epilepsy in 2009: the current 

population had approximately 3 and 16 times higher incidence rate compared with the US 

Medicare population (E. Faught et al., 2012) and worldwide incidence rate (Ngugi et al., 

2011), respectively.  Additionally, patients with newly onset epilepsy incur 

approximately 3 times greater healthcare costs compared with their counterpart.  In this 

patient population, incremental monthly total healthcare costs to AHCCCS for being 

diagnosed of epilepsy can reach $2,077, the majority (>80%) being attributable to 

inpatient costs.  Policies that aim to improve the socioeconomic status of the poor may 

have a direct effect towards relieving the economic burden.  Further research is suggested 

to lower the incidence and relieve the economic burden of epilepsy, including: 1) 

conducting burden-of-illness studies on other Medicaid and/or dual-eligible populations 

to assess the burden across the US compared with the Arizona population; 2) developing 

studies comparing disease burden across multiple disease areas (including epilepsy); 3) 

developing good research practices for burden-of-illness studies of epilepsy to increase 

comparability of findings across studies; and 4) conducting hypothesis-based 

observational studies to identify clinical factors that may have contributed to the 

exceptionally high incidence of epilepsy in this vulnerable population (e.g., was this 

patient population exceptionally high in mortality rate of stroke compared with the 

general US population?).  The current study along with the recommended future research 
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can assist in evidence-based decision-making for policy makers to ensure more efficient 

use of healthcare resources and distribution of public healthcare and research funds to the 

more needy populations and diseases of greater burden. 
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