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Antiepileptic drug nonadherence predicts

pediatric epilepsy seizure outcomes

ABSTRACT

Objective: The aim of the study was to determine sociodemographic, biological epilepsy-specific,
and adherence predictors of long-term pediatric seizure outcomes.

Methods: This study is a prospective, longitudinal, observational study of antiepileptic drug (AED)
adherence and seizure outcomes in children with newly diagnosed epilepsy. Patients were
recruited from April 2006 to March 2009 and followed for 2 years. Objective, electronic moni-
tors were used to assess AED adherence. Medical chart reviews assessed medical variables
and seizure outcomes.

Results: Participants (n = 109) were 7.3 + 2.9 years of age, and 62% male. Four adherence
trajectory groups were identified: severe early nonadherence (n = 10), variable nonadherence
(n = 16), moderate nonadherence (n = 40), and high adherence (n = 43). Two seizure probability
trajectory groups were identified: high seizure (n = 28) and low seizure probability (n = 81).
Participants with recognizable syndromes were less likely to be a member of the high seizure
probability group (b = —2.372; odds ratio [OR] = 0.093; 95% confidence interval [Cl]or = 0.015,
0.595); those with the presence of epileptiform discharges on EEG were more likely to be in the
high seizure probability group (b = 1.649; OR = 5.203; 95% Clor = 1.422, 19.037). Adherence
trajectory group status was a significant predictor of seizure trajectory group status (partial max-
rescaled R2 = 0.13).

Conclusions: Adherence trajectories and 2 biological epilepsy-specific variables explain a similar
proportion of the variability in longitudinal seizure outcomes. The relationship between AED
nonadherence and seizure outcomes is not linear. Early adherence interventions could change
the course of seizure outcomes, particularly if variability in adherence was minimized
postdiagnosis. Neurology® 2014;83:2085-2090

GLOSSARY
AED = antiepileptic drug; Cl = confidence interval; LCGM = latent class growth modeling; OR = odds ratio.

Despite the introduction of multiple new efficacious antiepileptic drugs (AEDs), 20% to 35% of
children with newly diagnosed epilepsy continue to have seizures.' Several biologically based
factors have been examined to understand this disease course, including underlying brain disorders
and structural abnormalities, seizure type/etiology, and genetics.*> However, these biological
factors, which are nonmodifiable, do not fully explain the variability in seizure outcomes. In
contrast, behavioral factors, such as AED nonadherence, are modifiable and may affect long-term
seizure outcome. While discrete trajectories of AED nonadherence in children with newly diag-
nosed epilepsy have been identified,® similar trajectories of long-term seizure outcomes have not
been examined. Our prior work also indicates that children who are nonadherent to their AEDs
within the first 6 months of therapy are 3.24 times more likely to have seizures 4 years after
diagnosis.” In adults, AED nonadherence increases short-term risk of seizures.** However, what
remains unknown is the relationship between long-term nonadherence and seizure outcome in
both adults and children. We conducted a prospective, longitudinal, observational study to
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determine sociodemographic, epilepsy-specific,
and adherence predictors of long-term pediatric
seizure outcomes.

METHODS Participants and procedures. A consecutive
cohort of children (ages 2—12 years inclusive) with newly diag-
nosed untreated epilepsy were enrolled from April 2006 to March
2009 at Cincinnati Children’s Hospital Medical Center. This
study was observational in nature. Full details of the cohort have
been described® and included the following exclusion criterion:
no concurrent developmental disorder and no comorbid medical
illness requiring daily medication. Treating clinicians used a stan-
dardized treatment approach to initial AED monotherapy (exclu-
sively involving valproic acid and carbamazepine) that predated

the study’s onset.

Standard protocol approvals, registrations, and patient
consents. Institutional review board approval was obtained for
the prospective, longitudinal adherence study. Written consent
was obtained from all parents and child participants (if applicable).

A prospective, consecutive cohort of eligible participants were
approached for enrollment at the time of initial diagnosis before
AED initiation (i.e., baseline visit). Subsequent study visits coin-
cided with clinic visits and occurred 1 month after diagnosis and

every 3 months thereafter until 25 months after diagnosis.

Measures. At study entry, participant demographics (age, sex,
race, and ethnicity), family history of epilepsy, caregiver marital
status, and family socioeconomic status were collected. Socioeco-
nomic status was determined using a revised Duncan score based
on parental occupation.'®

At the initiation of drug therapy, patients and their caregivers
were provided with a Medication Event Monitoring System
TrackCap (Aardex, Sion, Switzerland), an electronic monitor of
medication adherence, to use for their AED. Participants were
asked to place their AED in the bottle and use the TrackCap
for the duration of the study. The TrackCap records the date
and time of each bottle opening. TrackCap data were down-
loaded at each study visit and this adherence information was
not shared with families or health care providers.

At diagnosis, each participant’s epilepsy biological variables,
including seizure/epilepsy type, epilepsy syndrome and etiology
(using the 1989 International Classification of Epilepsy and Epi-
lepsy Syndromes),'" absence or presence of epileptiform dis-
charges on EEG, and clinically significant MRI abnormalities
were determined. Caregivers completed the Pediatric Epilepsy
Side Effects Questionnaire, a 19-item measure of typical AED
side effects.'” Parent report of the presence or absence of seizures
since the last visit was obtained as part of the study and confirmed

by clinician notes in the medical record.

Statistical analyses. Summaries of medication adherence (i.e.,
the number of AED doses taken divided by the number of pre-
scribed AED doses over a specified time multiplied by 100%)
and seizure activity across participants within the 3-month
period between consecutive clinic visits were used for all
analyses. Participants with complete adherence data, defined as
90% or more during the 3 months between clinic visits, were
included in data analyses. Mean medication adherence during
the 3-month intervals was the unit of analysis. Seizure data
were based on the presence (1) or absence (0) of any seizure
activity in the same 3-month intervals.

Latent class growth modeling (LCGM; PROC TRA]J) analy-
es'? were conducted in SAS (version 9.3; SAS Institute, Cary,
NC). LCGM is similar to longitudinal analysis models that test
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for differences between groups, with one key difference. In stan-
dard longitudinal analyses that test for group differences, an
observed variable in the dataset shows all participants’ group
membership. LCGM proceeds from the suspicion that there are
unobserved subgroups in the dataset, each subgroup having a
different longitudinal response variable trajectory. These unob-
served groups are extracted based on response variable patterns in
the data, and participants are assigned to one and only one of the
subgroups using probabilistic estimation techniques (i.c., poste-
rior probabilities). Our goal was to use trajectory subgroups to
identify and characterize differential patterns of individual change
over time in the population for the 2 outcomes of interest: (1)
mean adherence percentage, and (2) binary seizure indicator data.
In the LCGM analyses, we examined the possibility of 1 to 7
subgroups for each outcome. The Bayesian information criterion
statistic, model estimation convergence, and subgroups contain-
ing <5% of the population were all factors in determining the
best fitting model for each outcome. Additional diagnostic
checks'® were also performed on the LCGMs to examine how
well the subgroup solution fit the data and how definitively par-
ticipants were assigned to the subgroups.

Two additional statistical analyses were performed using the
mean adherence and seizure probability subgroups. An omnibus
X* analysis tested the null hypothesis of independence between
adherence and seizure probability subgroups. This prespecified
analysis was followed by a logistic regression that identified the
following variables as salient predictors of patients being in the
high (vs the low) scizure probability subgroup: family socioeco-
nomic status, child age, child sex, child race, and ethnicity,
seizure/epilepsy type, seizure etiology, presence of recognizable
epilepsy syndrome, family history of epilepsy, presence of epilep-
tiform discharges on EEG, presence of clinically significant MRI
abnormalities; total side effects at the 1-month postdiagnosis
clinic visit, and adherence trajectory group status. AED was also
considered as a predictor. High collinearity between AED and
seizure/epilepsy type dictated that only one be used in the anal-
yses. Statistical significance was defined as p < 0.05.

RESULTS Participants. A total of 130 eligible partic-
ipants (children and their primary caregiver) were ap-
proached for study participation. Five subjects
declined participation because of time constraints
(96% recruitment rate). One participant was found
to be ineligible after study consent was obtained
(because of simultaneous diagnosis of pervasive devel-
opment disorder). Ten participants were excluded
because of lack of follow-up data after their initial
visit (n. = 4) or l-month assessment (n = 0).
Among the remaining 114, 5 were excluded because
of <90% complete data for all visits. Thus, there were
109 participants in the study cohort (84% of those
initially eligible).

The cohort’s demographics were 7.3 = 2.9 years
of age, 62% male, and 97% non-Hispanic. The
majority (76%) were white, 17% were black, and
7% biracial. At diagnosis, the majority of epilepsies
were classified as localization-related (59.5% overall;
47% idiopathic, 7% cryptogenic, 5.5% symptomatic)
with the remainder split between generalized (24.5%
overall; 18% idiopathic, 5.5% cryptogenic, 1%
symptomatic) and unclassified (overall 16%; all



[ Table 1 Final group-based trajectory models ]

Group

Parameter Estimate SE t P

Final 4-group trajectory model for antiepileptic drug adherence

Severe early
Nonadherence
Variable

Nonadherence

Moderate
Nonadherence

High adherence

Final 2-group trajectory model for seizure probability

High seizure probability

Low seizure probability

Intercept 17.18 3.63 473 <0.001
Linear -3.61 182:3) -2.94 0.003
Intercept 74.92 3.81 19.67 <0.001
Linear 0.66 6.35 0.10 0.92

Quadratic -7.33 2.69 -2.73 0.007
Cubic 1.14 0.30 3.76 <0.001
Intercept 86.61 1.69 51.21 <0.001
Time -3.42 0.49 -6.90 <0.001
Intercept 94.88 1.02 92.76 <0.001
Intercept 0.73 0.25 2.94 0.003
Intercept -1.05 0.25 -4.12 <0.001
Linear -0.94 0.27 -3.42 <0.001
Quadratic 0.13 0.05 2.93 0.004

idiopathic). Twenty-seven percent of children in the
cohort had clinically significant MRI abnormalities
and 59% had epileptiform discharges on their
EEG. Syndromes were present in 19% of children
(13% childhood/juvenile absence epilepsy, 6%
benign rolandic epilepsy). Initial AED therapy was
carbamazepine for 60% and valproic acid for 40%
of participants. Over the course of the study, 69%
of participants were prescribed only one AED,
20% were on sequential monotherapy of 2 AEDs,
9% were on sequential monotherapy of 3 AEDs, and
2% were on sequential monotherapy of 4 AEDs. By
the end of the study, 38% were prescribed carbamaz-
epine, 28% valproic acid, 12% levetiracetam, 8% top-
iramate, 6% oxcarbazepine, 2% ethosuximide, 1%
gabapentin, and 1% other. Caregivers were predomi-
nantly mothers (83%) who were married (64%). The

mean Duncan score was 53.5 £ 20.5, a score

[ Figure 1 Adherence group trajectories ]
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associated with occupations such as property managers,
physician’s assistants, mail carriers, sheriffs/law enforce-
ment, and fire prevention occupations. This cohort is
demographically representative of the US childhood
epilepsy population (e.g., higher male and Caucasian
prevalence and 17% of families <<100% below the
federal poverty line).'*

Determining adherence behavior and seizure activity
trajectories. LCGM analyses (table 1) resulted in final
growth model trajectories for adherence (£ = 4, figure 1)
and seizure probability (¢ = 2, figure 2). Based on addi-
tional diagnostic criteria' (table e-1 on the Neurology®
Web site at Neurology.org), the trajectory solutions
found for adherence and seizure probability provided
acceptable fits to the sample data.

The 4 adherence trajectory groups (figure 1)
included a severe early nonadherence group (9%,
95% confidence interval [CI]: 5%—17%), a variable
nonadherence group (15%, 95% CI: 9%-24%),
a moderate nonadherence group (37%, 95% CI:
27%-48%), and a high adherence group (39%,
95% CI: 28%—-49%). The high adherence group re-
flected stable average adherence rates around 94% for
the entire 2-year study period. The remaining 3
groups demonstrated nonadherence patterns that var-
ied in course and level of nonadherence. The moder-
ate and severe early nonadherence groups exhibited
declining adherence over 2 years with the moderate
group starting at 87% and ending at 64% and the
severe early starting at 22% and ending at 3%. The
variable nonadherence group demonstrated a signifi-
cant cubic pattern, in which adherence started at
71%, dipping down to 32% at 1-year postdiagnosis
and increasing to 58% by the end of 2 years.

The 2 seizure probability trajectory groups (figure 2)
included a high seizure probability group (26%, 95%
CI: 23%-29%) and a low seizure probability group
(74%, 95% CI: 71%-79%) over the course of the
study. The high seizure probability group demon-
strated a stable high probability (i.e., 0.70) of seizure
recurrence throughout the entire 2-year period. The
low seizure probability group’s chance of seizure
recurrence shortly after diagnosis was 0.30, which
declined to 0.09 by 10 months after diagnosis and
subsequently remained stable. Notably, participants
on sequential monotherapy of 1 to 2 AEDs were
more likely to be in the low seizure probability group
(78/96 = 81%) while those who tried 3 to 4 AEDs
monotherapy were more likely to be in the high sei-
zure probability group (9/13 = 69%; p < 0.001).

There was an overall association between the
adherence and seizure trajectory groups (x> = 8.08;
dff = 3, p < 0.05). A larger relative proportion of
patients in the high seizure probability group were

found for those in the variable nonadherence
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[ Figure 2 Seizure probability group trajectories ]
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trajectory group when compared with the other adher-
ence trajectory groups (figure 3 demonstrates the con-
ditional probability of a particular adherence group
given seizure group membership).

Predictors of seizure probability trajectories. No demo-
graphic variables were predictors of seizure trajectory
group status (table 2). Partial &> was calculated using
max-rescaled R values for statistically significant
predictors to account for the fact that standard
R* measures generally have an upper limit of less than
1 for discrete outcome variables."”'® Two pretreatment
seizure/epilepsy  characteristics  predicted  seizure
trajectory group status: (1) presence of a recognizable
epilepsy syndrome (partial max-rescaled R = 0.10),
and (2) presence of epileptiform discharges on EEG
(partial max-rescaled & = 0.08). Participants with a
recognizable syndrome were less likely to be a member

of the high seizure probability group (b = —2.372; odds

[ Figure 3 Conditional probability of adherence group given seizure group ]
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ratio = 0.093; 95% Clogds raio = 0.015, 0.595) while
those with the presence of epileptiform discharges on
EEG were more likely to be a member of the high
activity seizure class (b = 1.649; odds rato = 5.203;
95% Clogds raio = 1422, 19.037). Adherence trajectory
group status was a predictor of seizure trajectory group
status (partial max-rescaled B> = 0.13). Specifically,
compared with members in the variable nonadherence
group, participants in the moderate nonadherence group
were less likely to be in the high seizure probability group
(b = —2.514; odds ratdo = 0.081; 95% Clods ratio =
0.013, 0.463).

DISCUSSION Understanding the complex interplay
between biological epilepsy-specific and behavioral
factors that underlie the variability in seizure outcomes
is a key step toward addressing this persistent
problem. This study demonstrated that adherence
trajectories and 2 epilepsy-specific biological variables
explain a similar proportion of the variability in
longitudinal seizure outcomes. Not surprisingly, the
presence of a recognizable epilepsy syndrome and
epileptiform  discharges on EEGs were significant
predictors of seizure trajectory group status. Adherence
accounted for an additional 13% of variance in
predicting  seizure outcomes. This is significant
because adherence, the only modifiable factor within
the logistic regression models, is amenable to clinical
adherence promotion interventions.

Adherence itself is a dynamic variable best under-
stood with trajectories rather than cross-sectional
point estimates. Four distinct adherence trajectories
were identified, including high adherence, moderate
nonadherence, variable nonadherence, and severe
early nonadherence. Compared with the 5 adherence
trajectories found from our prior research of 6-month
adherence data,® 2 years of detailed adherence data
yielded 4 adherence trajectories including a new
unique trajectory, the variable nonadherence group.
Several factors may have contributed to these new
trajectories, including differing calculations of adher-
ence (e.g., daily adherence vs mean adherence over 7
months), timeframe (e.g., inclusion of the first month
of AED therapy vs not), and changes to adherence
behaviors after the first 6 months of therapy. An
important area for future research is to examine pre-
dictors of our nonadherence trajectories, including
family psychosocial barriers (e.g., forgetting, execu-
tive dysfunction, child behavior) given that caregivers
were predominately responsible for AED adherence
in this age range.

Seizure recurrence is unpredictable and fluctuates
because of complex interactions among biological,
environmental, and behavioral factors. A dynamic
approach was used (via trajectories) to describe the
probability of a child having seizures over a 2-year



[ Table 2 Logistic regression: Predictors of seizure trajectory group status ]

Variable

Demographics
Family socioeconomic status
Child age

Sex

Caucasian: non-Hispanic vs non-Caucasian

X2 df P

Pretreatment seizure/epilepsy characteristics

Seizure type

Seizure etiology

Presence of recognizable epilepsy syndrome

Family history of seizures

Presence of epileptiform discharges on EEG
Presence of clinically significant MRI abnormalities

Total side effect score during treatment

Adherence (overall and pairwise comparisons

with group 2 as reference)

Overall group status

Severe early nonadherence vs variable nonadherence
Moderate nonadherence vs variable nonadherence

High adherence vs variable nonadherence

1.41 1 0.24
2.14 1 0.14
0.21 1 0.64
0.69 1 0.41
1.48 1 0.22
0.08 1 0.78
6.30 1 0.01°
0.15 1 0.70
6.21 1 0.01°
0.21 1 0.65
2.77 1 0.10
911 3 <0.03°
2.72 1 0.10
8.01 1 <0.01
2.92 1 0.09

2 Partial max-rescaled R? for presence of recognizable epilepsy syndrome (R? = 0.10), pres-

ence of epileptiform discharges on EEG (R? =

0.08), and adherence group status (R? =

0.13). Remaining adherence pairwise comparisons are as follows: severe early nonadher-
ence vs moderate nonadherence: x> = 0.08, df = 1, p = 0.78; severe early nonadherence vs

high adherence: x> = 0.24, df =
2.44,df =1,p = 0.12.

ence: x° =

1, p = 0.63; and moderate nonadherence vs high adher-

period rather than using a predefined time threshold
(e.g., 1 or 2 years seizure-free). As expected, 2 seizure
trajectories were identified. Twenty-six percent of the
cohort was in the high seizure probability group,
which is consistent with previously reported rates of
seizure intractability.' In contrast, three-quarters
of the population exhibited a low probability of sei-
zure recurrence over 2 years. This latter group’s initial
higher probability of seizures soon after diagnosis was
likely attributable to the time required to titrate and
optimize AED therapy.

There is a complex relationship between adher-
ence and seizure probability trajectories. For the pa-
tients and families at the 2 extremes of adherence
(i.e., severe early nonadherence group and high
adherence), biological variables may have a more
dominant role in outcome. It is plausible that the pa-
tients in the severe early nonadherence group with
low seizure probability either had a spontaneous
remission of their epilepsy without the need for AEDs
or were misdiagnosed and never had epilepsy. In
contrast, the patients in the high adherence group
with high seizure probability probably have a more
severe underlying biological brain dysfunction that

prevented the prescribed AED from adequately pre-
venting seizures regardless of the patient’s adherence.
Adherence has a dominant role in seizure probability
trajectory for the patients with variable nonadherence
when compared with those patients with moderate
nonadherence.

Several limitations of the current study should be
noted. While the current analysis identified several
important predictors of seizure outcome, accounting
for 31% of the variance, there may be other variables
that are important to examine that were not measured
in the current study (e.g., genetic biomarkers). The
study cohort is a relatively homogeneous population
of children with mostly idiopathic epilepsy. This
approach optimized our ability to detect the unique
effect of adherence by minimizing the confounding
impact that the entire spectrum of epilepsy etiologies
(e.g., malformations, brain injury) would have ex-
erted on seizure outcome. However, we are unable
to assess the role of adherence across the entire epi-
lepsy spectrum. The heterogeneous seizure types al-
lowed us to examine the impact of epilepsy-specific
variables (e.g., syndrome vs not) on seizure probabil-
ity outcomes; however, this mixture of seizure types
prevented seizure frequency, both during and before
treatment, from being used to develop the seizure tra-
jectories. Another limitation is that daily adherence
was averaged across 3-month time intervals. While
mean adherence is important for describing adher-
ence levels across a population, daily adherence levels
better describe intra- and interpatient adherence var-
iability, which may be more critical for intervention.
Future studies could examine the relationship
between AED adherence and long-term health out-
comes, including successful weaning, rate of relapse,
and health-related quality of life. Future work
including larger samples could further examine
the strength of the relationship between epilepsy-
specific biological and behavioral factors with seizure
outcomes.

Results from the current study highlight several
important and novel findings. First, the relationship
between nonadherence to AEDs and seizure outcomes
is not linear, as it is with other chronic conditions (e.g.,
diabetes, hypertension, HIV).""'* However, these data
suggest that patients in the moderate and variable non-
adherence groups could benefit from adherence
promotion interventions early in the epilepsy course
that are geared to the family’s specific adherence bar-
riers, which were not examined in this study. Several
empirically supported adherence interventions (e.g.,
multimodal interventions involving education, organi-
zation strategies, and problem-solving) have been

developed for pediatric chronic conditions.***'
For example, a recent family-based problem-solving

intervention trial demonstrated improvements in
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adherence for children with new-onset epilepsy.”
Early adherence interventions may help change the
course of seizure outcomes, especially if we can reduce
the variability of nonadherence.
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