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Objective: The objective of this study was to describe antiepileptic drug (AED) treatment patterns in patients with
epilepsy, with and without psychiatric comorbidities.
Methods: This was a retrospective claims-based cohort study using Truven Health MarketScan databases (Com-
mercial and supplemental Medicare, calendar years 2012-2017; Medicaid, 2012-2016). Persons met epilepsy di-
agnostic criteria, had an index date (first epilepsy diagnosis) with a preceding 2-year baseline (<1 year for
persons of 1 to <2 years of age; none for persons <1 year), and continuous medical and pharmacy enrolment
without epilepsy/seizure diagnosis or AED prescription during baseline. Based on presence/absence of psychiat-
ric diagnosis codes in the baseline period, persons were classified into two cohorts: with or without psychiatric
comorbidities. Outcomes included percentage of treated persons (AED prescription), type, duration, and out-
come of first-line AED treatment.
Results: There were 18,062 persons in each cohort with and without psychiatric comorbidities, matched by age,
sex, and insurance type, who met selection (or inclusion) criteria. More patients with psychiatric comorbidities
were prescribed an AED after diagnosis (57.6% vs. 52.8%), and had at least two AEDs prescribed during follow-up
(16.7% vs. 11.4%) than patients without psychiatric comorbidities. Most patients with and without psychiatric co-
morbidities prescribed AED monotherapy as first-line treatment (73.0% vs. 78.7%). Levetiracetam was the most
common AED prescribed less frequently in patients with than without psychiatric comorbidities (40.8% vs.
56.7%). More patients with psychiatric comorbidities changed first-line AED treatment than patients without
psychiatric comorbidities.
Conclusion: The presence of psychiatric comorbidities may impact treatment decisions in newly diagnosed per-
sons with epilepsy to optimize patient outcomes.
© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

disorders is challenging. Epilepsy increases the risk for developing psy-
chiatric conditions [4-6]. Conversely, studies have reported an in-

Epilepsy is a condition characterized by at least two unprovoked (or
reflex) seizures occurring greater than 24 h apart or one unprovoked
(or reflex) seizure and a probability of further seizures [1], affecting ap-
proximately 45.6 million people worldwide [2]. Epilepsy is associated
with increased morbidity and mortality, and can severely impact quality
of life [3].

The association between epilepsy and psychiatric disorders is com-
plex, hence the management of patients with epilepsy and psychiatric

Abbreviations: AED, antiepileptic drug; ICD-9-CM, International Classification of
Diseases, Ninth Revision, Clinical Modification; ICD-10, International Classification of
Diseases, Tenth Revision; SD, standard deviation.
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creased risk for developing epilepsy in patients with psychiatric
disorders [7,8]. Additionally, patients with epilepsy may experience
psychiatric symptoms around the ictus [9]. Furthermore, while certain
antiepileptic drugs (AEDs) are used for treating psychiatric disorders,
some AEDs induce psychiatric adverse events [10]. Studies have also re-
ported that patients with psychiatric disorders have an increased ten-
dency for developing drug-resistant epilepsy [11].

Consequently, the choice of AEDs in patient with epilepsy and co-
morbid psychiatric conditions should not only be based on the evidence
of efficacy/effectiveness for the patient's seizure type, but also consider-
ation for potential interactions between the two conditions. There are
limited published data on the effect of psychiatric comorbidities on
AED treatment decisions in patients with epilepsy. This evidence is im-
portant to inform the current management practices of patients with
epilepsy and psychiatric comorbidities. The objective of the study was
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to describe and compare AED treatment patterns in newly diagnosed
patients with epilepsy, with and without psychiatric comorbidities.

2. Study methods
2.1. Data source

This was a retrospective cohort study conducted using the United
States-based Truven Health MarketScan claims databases (Commercial
Claims and Medicare database and Medicare Supplemental and Coordi-
nation of Benefits [CCMC 2017 v0.3] covering the period from January 1,
2012 to December 31, 2017, and Medicaid databases [MDCD 2016 v1.0]
covering the period from January 1, 2012 to December 31, 2016). The
databases consist of data from >100 million individuals from the United
States including commercially insured individuals (i.e., working age
adults and their dependents), patients aged 65 years and older with
Medicare coverage plus employer-paid commercial plans, and individ-
uals with limited resources whose insurance is paid by the state, respec-
tively. The databases capture information on medical (inpatient,
outpatient, and emergency care) and pharmacy claims for medication
filled at outpatient pharmacies, as well as enrolment history. These da-
tabases are compliant with the Health Insurance Portability and Ac-
countability Act (HIPAA) of 1996.

2.2. Study design

The study included incident cases of epilepsy identified between
January 1, 2014 and June 30, 2017 for the Commercial/Medicare data-
base, and between January 1, 2014 and June 30, 2016 for the Medicaid
database. The index date was the first date that the patient fulfilled
the diagnosis criteria for epilepsy. Patients were required to have a 2-
year baseline period with continuous enrolment with medical and in-
surance coverage, and no diagnosis for epilepsy or AED medication be-
fore the index date (<1 year for those of 1 to <2 years of age; none for
those <1 year of age). Patients were defined as having an epilepsy diag-
nosis if they fulfilled any of the following criteria:

* An occurrence of at least two International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) or International
Classification of Diseases, Tenth Revision (ICD-10) codes of 345.xx or
G40.x among separate medical encounters (separate dates in any
care venue)

An occurrence of at least one ICD-9-CM or ICD-10 code of 345.xx or
G40.x and at least one ICD-9-CM or ICD-10 code of 780.39 or R56.9
among separate medical encounters

An occurrence of one ICD-9-CM or ICD-10 code of 345.xx or G40.x and
code(s) for AED prescription after the 345.xx or G40.x codes

An occurrence of at least two ICD-9-CM or ICD-10 codes of 780.39 or
R56.9 among separate medical encounters and code(s) for AED treat-
ment. The code(s) for the AED treatment should occur after the sec-
ond 780.39 or R56.9 code irrespective of the presence or absence of
an AED code after the first 780.39 or R56.9 codes

Patients with ICD-9-CM or ICD-10 code 345.3, G40.301, or G40.311
were required to have an occurrence of at least two ICD-9-CM or
ICD-10 codes of 345.3, G40.301, or G40.311 separated by at least 30
days, or an occurrence of the 345.3, G40.301, or G40.311 codes and
at least one ICD-9-CM or ICD-10 code 780.39, R56.9 separated by at
least 30 days, or at least one ICD-9-CM or ICD-10 code 345.3,
G40.301, or G40.311 and at least one ICD-9-CM or ICD-10 code 345.
xX, G40.xx encountered on separate days.

Patients were classified as having a psychiatric comorbidity if they
had at least one inpatient or outpatient diagnostic claim listed in Table
1 as a principal or second diagnosis. Patients were classified as not hav-
ing psychiatric comorbidities if they did not have a diagnostic code for

Table 1
ICD-9-CM and ICD-10 codes for defining psychiatric comorbidities.

Category ICD-9-CM and ICD-10 codes

Mood disorders 293.83; 296.xx; 311, F32, F33

Anxiety and dissociative 293.84; 300.xx; 308.xx; 300.2, F40, F41
disorders

Adjustment disorders 309.xx, F43.2

Delusional disorders 293.0; 293.1; 297.xx, F22

Personality disorders 301.xx, F60

Schizophrenia and other
psychotic disorders
Other childhood disorders

293.81; 293.82; 295.xx; 298.xx, F20, F21, F23,
F24, F25, F28, F29

313.xx (minus 313.83); 314.xx, F93 (minus
F93.8), F90

ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification;
ICD-10, International Classification of Diseases, Tenth Revision.

any of the psychiatric comorbidities at any time during the study period.
Patients were required to have a minimum follow-up period of 180
days, and were followed from the index date until the first occurrence
of any of the following: date of last enrolment, end of the study period,
or date of death.

2.3. Study outcomes

The type, duration, and outcome of the first-line AED regimen
prescribed following the diagnosis of epilepsy were described for pa-
tients with and without psychiatric comorbidities. The AEDs evalu-
ated included brivaracetam, carbamazepine, clobazam,
clonazepam, ethosuximide, felbamate, gabapentin, lacosamide,
lamotrigine, levetiracetam, oxcarbazepine, perampanel, phenobar-
bital, phenytoin, pregabalin, primidone, rufinamide, tiagabine,
topiramate, valproic acid/valproate sodium, vigabatrin, and
zonisamide. Treatment was classified as monotherapy (prescription
claims for one AED for >90 days), polytherapy (simultaneous pre-
scription claims for at least two AEDs for 290 continuous days), or
undetermined (either AED claims for <90 days or AED claims started
within 90 days of the end of the follow-up period). A treatment line
was defined as a period during which the patient was treated with a
constant AED regimen. The first-line treatment commenced upon
prescription of the first AED on or after the index date. Antiepileptic
drug treatment outcomes were defined as continued (no treatment
change until end of follow-up), augmented (addition of at least one
AED to an existing AED regimen), switched (current treatment line
contained at least one AED not in the next line, and next line
contained at least one AED not present in the current line), or
discontinued (no prescription for the AED after the last prescription
of >90 days). The patient characteristics including age, sex, region of
residence, and type of health coverage were defined at index date.

2.4. Statistical analysis

Descriptive analyses were used with continuous variables presented
using means and standard deviations (SDs), and frequency and propor-
tions for categorical variables. Kaplan-Meier survival curves were used
to estimate time from diagnosis to treatment, and time to changing
first-line AED treatment. The cohorts of patients with and without psy-
chiatric comorbidities were matched by age, sex, and insurance type.
The analyses were conducted using SAS version 9.4 (SAS Institute Inc.,
Cary, NC).

3. Study results
3.1. Study participant characteristics
Of the 751,561 persons who had at least one diagnosis code of epi-

lepsy or seizures during the study period, 64,642 persons fulfilled the
criteria for a new diagnosis of epilepsy. Of the eligible patients, 20,204
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Table 2
Characteristics of the study participants.

Characteristic Unmatched cohorts

Matched cohorts

Patients with epilepsy and
preexisting psychiatric comorbidities

Patients with epilepsy without
psychiatric comorbidities

Patients with epilepsy and
preexisting psychiatric comorbidities

Patients with epilepsy without
psychiatric comorbidities

(n = 20,204) (n = 31,256) (n=18,062) (n=18,062)
Age (years)
Mean (SD) 38.7 (24.7) 29.3 (27.2) 38.4 (25.1) 38.3(25.2)
Sex, n (%)
Male 8864 (43.9) 16,655 (53.3) 8497 (47.0) 8497 (47.0)
Female 11,340 (56.1) 14,601 (46.7) 9565 (53.0) 9565 (53.0)
Region of residence, n (%)
North central 4037 (20.0) 5033 (18.3) 3781 (20.9) 3192 (17.7)
Northeast 2951 (14.6) 4550 (14.8) 2832 (15.7) 2909 (16.1)
South 5371 (26.6) 8928 (28.6) 5132 (28.4) 5514 (30.5)
West 1861 (9.2) 3087 (9.9) 1778 (9.8) 1891 (10.5)
Other or unknown 50 (0.2) 108 (0.3) 47 (0.3) 64 (0.4)

Health plan type, n (%)
Commercial/Medicare
Medicaid

14,270 (70.6)
5934 (29.4)

21,706 (69.4)
9550 (30.6)

13,570 (75.1)
4492 (24.9)

13,570 (75.1)
4492 (24.9)

SD, standard deviation.

had a psychiatric comorbidity diagnosis before the index date, and
31,256 had no psychiatric comorbidities during the study period. After
matching on age, sex, and insurance type, the number of patients in
each cohort with or without psychiatric comorbidities was 18,062. The
characteristics of the study participants are provided in Table 2. Overall,
the median follow-up time was 579 days (range: 180-1461 days), and
was similar between the two cohorts. The average age for the matched
cohorts was 38.4 years (SD: 25.1 years), and 53.0% were female. The
Commercial/Medicare population was older than the Medicaid popula-
tion. The proportion of patients <20 years of age in the Commercial/
Medicare vs. Medicaid database was 22.3% vs. 68.5%, respectively.

3.2. First-line treatment

There were 9545 (52.8%) patients without psychiatric comorbidities,
and 10,404 (57.6%) patients with psychiatric comorbidities who re-
ceived AED treatment after the epilepsy diagnosis. The remaining pa-
tients did not have documented AED treatment at any time during the
follow-up period. The percentage of untreated patients was slightly
higher in patients without psychiatric comorbidities than in patients
with psychiatric comorbidities (47.2% vs. 42.4%, respectively). Kaplan-
Meier estimates of the percentage of patients who were treated with
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an AED at 6 months, 1, 2, and 3 years after the diagnosis of epilepsy
(without vs. with psychiatric comorbidities) were 44.0% vs. 44.2%,
48.3% vs. 50.4%, 52.8% vs. 57.8%, and 55.8% vs. 62.2%, respectively.

Most patients (without and with psychiatric comorbidities) were
prescribed monotherapy as the first-line AED treatment regimen
(78.7% vs. 73.0%). Only a few patients were prescribed polytherapy as
first-line AED treatment (1.0% vs. 1.3%). The type of AED first-line regi-
men in the remaining patients was undetermined (20.2% vs. 25.7%) as
they had AED prescriptions for <90 days.

3.3. Most common AEDs used for first-line treatment

Levetiracetam was the most common first-line AED prescribed for
both cohorts. However, the percentage of patients who were prescribed
levetiracetam was higher in patients without than in patients with psy-
chiatric comorbidities (56.7% vs. 40.8%). Other commonly prescribed
AEDs comprising >5% of the study population listed in decreasing
order were gabapentin, lamotrigine, valproate, topiramate, and
oxcarbazepine (Fig. 1). In contrast to levetiracetam, the percentage of
patients who were prescribed the other AEDs was higher in patients
with psychiatric than in patients without psychiatric comorbidities.

1416 1.21.4

First-line antiepileptic drug treatment

B Pre-existing psychiatric comorbidities, n = 10,404 B Without pyschiatric comorbidities, n = 9545

Fig. 1. First-line antiepileptic drugs prescribed in patients with epilepsy with or without psychiatric comorbidities.
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First-line antiepileptic drug treatment

B Pre-existing psychiatric comorbidities, n = 2511

B Without pyschiatric comorbidities, n = 2273

Fig. 2. First-line antiepileptic drug prescriptions stratified by insurance type. (A) Commercial/Medicare database, and (B) Medicaid database.

Similar prescription patterns were found when the analysis was strati-
fied by insurance type (Fig. 2).

3.4. Total number of AEDs prescribed and persistence of initial treatment

The total number of AEDs prescribed during the follow-up period
was lower in patients without psychiatric comorbidities than in pa-
tients with psychiatric comorbidities; 11.4% vs. 16.7% were treated
with at least two AEDs during the follow-up period, respectively. The
probability of remaining on the first-line AED monotherapy was higher
in patients without than in patients with psychiatric comorbidities as
follows: 0.5 year, 82.0% vs. 78.8%; 1 year, 65.8% vs. 58.8%; 2 years,
50.3% vs. 41.0%; and 3 years, 38.8% vs. 30.8%, respectively. The percent-
age of patients who switched or augmented the first-line AED mono-
therapy treatment was lower in patients without than in patients
with psychiatric comorbidities (Table 3). For patients who had
polytherapy as first-line AED treatment, the probability of remaining
on the first-line treatment was higher for patients with psychiatric

comorbidities (without vs. with psychiatric comorbidities) as follows:
0.5 year, 61.9% vs. 63.9%; 1 year, 40.8% vs. 40.1%; and 2 years, 19.7% vs.
22.6%.

4. Discussion

This study described treatment patterns in newly diagnosed patients
with epilepsy, with and without psychiatric comorbidities. We found
that more patients with epilepsy and psychiatric comorbidities were
prescribed AED treatment, had a higher number of AEDs, and were
more likely to change the first-line AED treatment compared with pa-
tients without psychiatric comorbidities. Additionally, there were dif-
ferences in the type of AEDs prescribed, with patients with epilepsy
and psychiatric comorbidities being less likely to be prescribed leveti-
racetam as first-line AED treatment.

Treatment guidelines recommend AEDs for patients diagnosed with
epilepsy to prevent recurrence of seizures [12]. Most patients in the
study received AED monotherapy as first-line treatment as per
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Table 3
Treatment outcomes of the most common” first-line antiepileptic drug treatments.
Antiepileptic drug Psychiatric comorbidity Continued?® Switched® Augmented® Indeterminate?
Levetiracetam Present (n = 4240) 742 11.2 124 22
Absent (n = 5413) 823 7.6 8.6 1.6
Gabapentin Present (n = 961) 83.0 5.7 8.8 2.5
Absent (n = 505) 88.5 3.8 6.1 1.6
Lamotrigine Present (n = 862) 779 9.2 10.1 29
Absent (n = 533) 813 7.9 8.8 2.1
Valproate Present (n = 842) 78.1 11.0 8.4 24
Absent (n = 424) 76.0 123 9.0 2.8
Topiramate Present (n = 695) 79.0 114 6.9 2.7
Absent (n = 520) 833 8.1 6.0 2.7
Oxcarbazepine Present (n = 664) 73.8 11.0 114 3.8
Absent (n = 534) 79.1 11.2 7.9 1.9

* Antiepileptic drugs prescribed in 25% of the overall population.

¢ Continued indicates no treatment change until end of follow-up period for the patient, or no prescription for another AED for at least 90 days after the last prescription of the first-line

treatment.

b Switched indicates discontinuation of the first-line AED treatment and start of another AED regimen.

¢ Augmented indicates the addition of at least one AED to the first-line AED regimen.

4 Indeterminate represents patients who received another AED treatment for <90 days and therefore could not be classified.

treatment guidelines. To our knowledge, this is the first study that has
described treatment patterns in newly diagnosed patients with epilepsy
and psychiatric comorbidities. Previous studies have evaluated treat-
ment including incident and prevalent cases of epilepsy and psychiatric
comorbidities. One study also found that most patients with epilepsy
and psychiatric comorbidities were treated with AED monotherapy
[13]. More patients with epilepsy and psychiatric comorbidities were
prescribed AEDs than patients without psychiatric comorbidities. This
could be because patients with epilepsy and psychiatric comorbidities
have a higher risk for developing refractory epilepsy [14].

Overall, levetiracetam was the most commonly prescribed AED.
However, more patients without psychiatric comorbidities were pre-
scribed levetiracetam than patients with psychiatric comorbidities
(56.7% vs. 40.8%). Levetiracetam treatment in patients with epilepsy
has been associated with an increased risk for psychiatric adverse
events such as anxiety [15] and psychosis [16]. Physicians may choose
to prescribe AEDs that do not increase the risk for psychiatric adverse
events. Alternatively, they may opt to prescribe AEDs that also have a
therapeutic effect for psychiatric comorbidities. We found that more pa-
tients with psychiatric comorbidities were prescribed gabapentin,
lamotrigine, valproate, topiramate, and oxcarbazepine than patients
without psychiatric comorbidities. Lamotrigine, oxcarbazepine, and
valproate have positive psychotropic effects, and gabapentin has anxio-
lytic properties [17].

We also found that during the follow-up period, the total number of
AEDs prescribed in patients with epilepsy and psychiatric comorbidi-
ties was higher than in patients without psychiatric comorbidities. Ad-
ditionally, patients with psychiatric comorbidities were more likely to
change the first-line treatment than patients without psychiatric co-
morbidities. Changes made in the treatment could be because of lack
of effectiveness. Previous studies have found that patients with epi-
lepsy and psychiatric comorbidities have a higher risk for developing
refractory epilepsy [14]. Changes in the first-line AED treatment could
have also been made because of the occurrence of adverse events. Pa-
tients with psychiatric comorbidities have been reported to have an in-
creased risk for adverse events when treated with AEDs because of
pharmacokinetic interactions between AEDs and psychotropic drugs
[18]. As a consequence of the limitations of the database, we were un-
able to evaluate the reason for medication changes. Further studies are
needed to evaluate factors that affect treatment changes in this patient
population.

This study had several limitations. The study population only in-
cluded patients with commercial, Medicare supplemental, or Medicaid
insurance, and therefore, results may not be representative of the entire
United States population. There might be missing information,

miscoding, or underreporting of disorders in the claims data. Insurance
claims are financial records in which the diagnosis is the justification for
the medical service. Tentative, rule-out diagnoses can be difficult to dis-
tinguish from confirmed diagnoses in claims data.

5. Conclusions

This study evaluated how psychiatric comorbidities may affect AED
treatment in newly diagnosed patients with epilepsy, and found differ-
ences in treatment patterns in patients with vs. without psychiatric co-
morbidities. To obtain optimal outcomes, treatment of patients with
epilepsy should consider the presence of psychiatric comorbidities. Fur-
ther studies are needed to confirm our findings.
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