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Abstract

Objective To determine the stability and influence of adherence barriers on medication adher-

ence and seizure control in pediatric epilepsy. Methods Caregivers of 118 children aged

2–12 years old with epilepsy completed the Pediatric Epilepsy Medication Self-Management

Questionnaire at nine time points over 2 years post diagnosis. Electronically monitored antiepilep-

tic drug adherence and seizure outcome data were collected. Results Hierarchical linear modeling

results for overall barriers remained stable over 2 years. Specific item-level barriers were also gen-

erally stable over time, with the exception of running out of medication becoming more of a barrier

over time. No specific barriers were related to seizure control; however, difficulties swallowing

medication, forgetting, and medication refusal were related to electronically monitored adherence

over time. Conclusions Assessing for specific adherence barriers over time may lead to identifica-

tion of interventions that result in improved adherence and care.
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Epilepsy is a neurological disorder characterized by re-
current unprovoked seizures that affects �1% of youth
(Russ, Larson, & Halfon, 2012). Antiepileptic drugs
(AEDs) are the primary treatment modality for most pa-
tients with epilepsy, and the overall goal of treatment is
no seizures, no side effects and best quality of life
(Glauser, 2002). Although multiple efficacious AEDs are
available to treat children with epilepsy, one-third of
children with newly diagnosed epilepsy continue to have
seizures despite the use of an AED (Geerts et al., 2010;
Holland & Glauser, 2007; Holland, Monahan, Morita,
Vartzelis, & Glauser, 2010; Kwan & Brodie, 2000).
The precise reason for experiencing continued seizures
despite the use of medications is often unknown, but
may be because of seizure type, disease etiology,

genetics, medication selection/combination, underlying
brain abnormalities, or AED nonadherence (Berg, Testa,
& Levy, 2011; Geerts et al., 2012; Glauser et al., 2006;
Modi, Ingerski, Rausch, & Glauser, 2011; Modi,
Rausch, & Glauser, 2014).

AED nonadherence is both a common and modifi-
able factor contributing to continued seizures. Prior
studies have shown that 58% of young children with
epilepsy exhibit nonadherence to AEDs in the first
6 months of treatment (Modi, Rausch, & Glauser,
2011). Although patterns of nonadherence vary in
course and level (Modi, Rausch, et al., 2011), children
with nonadherence in the first 6 months of therapy are
3.24 times more likely to have continued seizures
4 years post diagnosis (Modi, Rausch, et al., 2014).
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Variable adherence patterns over the first 2 years of
AED therapy have also been shown to result in a
higher likelihood of having seizures over the same
time course (Modi, Wu, Rausch, Peugh, & Glauser,
2014). AED nonadherence also contributes to other
significant health and economic ramifications, such as
uninformed clinical decision-making (Modi, Wu,
Guilfoyle, & Glauser, 2012), increased health-care
costs (Faught, Duh, Weiner, Guerin, & Cunnington,
2008; Faught, Weiner, Guerin, Cunnington, & Duh,
2009), and higher incidence of emergency room visits,
hospitalization admissions, motor vehicle injuries, and
fractures (Faught et al., 2009).

Given the modifiable nature and significant medical
and economic ramifications of nonadherence to
AEDs, adherence and barriers to adherence are ideal
target areas for interventions aimed to improve the
health outcomes of children with epilepsy. Following
a prescribed medication treatment of daily oral AED
medications can be difficult for families for a variety
of reasons and understanding the family’s perceptions
of their own adherence barriers can aid in intervention
selection and development. A recent systematic review
indicated that adherence barriers generalize across
chronic conditions and are often categorized as follows:
relational barriers (peers, parents, health professionals),
developmental barriers (strive for normality, freedom vs.
control), health and illness barriers (mental well-being,
physical well-being including ingestion difficulty, treat-
ment perceptions), forgetfulness, poor organization,
medicine complexity, and financial costs (Hanghoj &
Boisen, 2014). The quantity and types of barriers en-
dorsed have been found to be associated with nonadher-
ence in children with epilepsy (Modi, Monahan,
Daniels, & Glauser, 2010) as well as children with other
chronic conditions (Bond, Aiken, & Somerville, 1992;
Modi et al., 2010; Simons, McCormick, Devine, &
Blount, 2010; Zelikovsky, Schast, Palmer, & Meyers,
2008).

Although lacking in epilepsy, several studies have
examined the presence, stability, and influence of bar-
riers in adolescents following a solid organ transplant
(Lee et al., 2014; Simons & Blount, 2007; Simons
et al., 2010). Specifically, these studies demonstrated
temporal stability in the total number of barriers over
18 months and that increased barriers related to
Regimen Adaptation and Cognitive Issues (Parent
Medication Barriers Scale) were related to poorer ad-
herence for teens following transplant (Simons et al.,
2010). In addition, perceived barriers related to child
ingestion difficulties were associated with clinical out-
comes such as medical complications and mortality
(Simons et al., 2010). The stability of barriers to medi-
cation adherence at the specific barrier (or item) level
over 18 months has also been documented for children
taking immunosuppressant medication following a

transplant (Lee et al., 2014). In other words, once a
child or family endorses a specific barrier, it is likely
to be a continued barrier without targeted intervention
(Lee et al., 2014). Little evidence is available regarding
the presence, stability, and influence of barriers in chil-
dren with epilepsy.

The purpose of this study was to understand the
stability of treatment barriers and the influence of
these barriers on adherence and seizure control over
time. The current study is modeled after the transplant
literature examining the relationship between barriers
and distal health outcomes to address these important
gaps in the literature by examining specific parent-
reported barriers to medication adherence every
3 months over a 2-year period. Our overarching goal
was to identify “critical barriers” most associated
with health outcomes and adherence that can be tar-
geted for future adherence promotion interventions. It
is hypothesized that, similar to barriers experienced by
children posttransplant, the overall level of barriers
and individual barriers will remain stable over a
2-year period and that barriers will negatively impact
adherence and seizure control. Specifically, based on
the work Lee and colleagues (2014) and Simons and
colleagues (2010), we hypothesized that the following
specific barriers would be stable and related to adher-
ence and seizure control: forgetting to give medica-
tions, medications are difficult to swallow, activities
interfere with taking medications, and child refused to
take medication. Although we hypothesized that a lin-
ear model would demonstrate the best fit, we will also
examine cubic and quadratic models because the sta-
bility barriers and the relationship of barriers with ad-
herence and seizure control have not been specifically
examined in children with epilepsy.

Method

Participants and Procedures
Participants were recruited from the New Onset
Seizure Disorder Clinic on the day of their epilepsy di-
agnosis and were prescribed an AED. Children were
eligible to participate if they: (1) received an epilepsy
diagnosis and were prescribed an AED, (2) were be-
tween 2 and 12 years of age, (3) had no comorbid
medical conditions requiring a daily medication, (4)
had no significant developmental disorders reported
by their caregiver, and (5) the family was fluent in
English. This study received approval by the hospital
institutional review board before families being ap-
proached, recruited, and enrolled in clinic. Caregivers
provided informed consent for each patient and com-
pleted a demographics form on enrollment. Families
were given an electronic monitoring bottle to measure
AED adherence. Subsequent study visits were com-
pleted at the time of routine clinic appointments �1,
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4, 7, 10, 13, 16, 19, 22, and 25 months post diagnosis.
Electronic monitoring adherence data were down-
loaded and caregivers completed a battery of question-
naires at each of these visits.

In total, 130 eligible children with epilepsy and their
caregivers were approached for participation in the
larger study. Five families declined participation because
of lack of time or interest and one family who provided
consent was deemed ineligible because of a pervasive
developmental disorder. Of the families that provided
consent, three families did not return to the multidiscipli-
nary New Onset Seizure Disorder Clinic for medical
follow-up, two families did not return baseline measures,
and one patient was disenrolled from the study because
of a complex differential cardiological diagnosis. This re-
sulted in 118 participants in this study cohort (91% of
those initially eligible). In total, 67% of those initially el-
igible completed the final 25 month follow-up assess-
ment. Of the 33% who did not complete a final 25
month follow-up assessment, seven patients withdrew
from the study, while the rest were removed because of
routine clinical care recommendations. Retention rates
at intermediate time points ranged from 42% to 95%.
These rates are lower because of the observational, lon-
gitudinal nature of the current study, and reasons for
missing data points included being weaned from AEDs,
family moved, missed clinic visit, or left clinic because of
clinical care recommendations. Participants were not re-
quired to complete every time point and instead were
considered to be completing the time point within the
closest 1.5 months even if they had not completed the
previous visit time point.

Measures
Demographics and Medical Characteristics
Background information such as child age and sex was
collected from the primary caregiver using a demo-
graphics form. Socioeconomic status (SES) was meas-
ured using an occupation-based measure of SES, the
Duncan scoring system (Stevens & Featherman, 1981).
Scores were calculated for each family and range from
15 to 99, with lower scores indicating poorer socioeco-
nomic status. For households with two caregivers, the
higher Duncan score was used. Disease information
such as seizure type and etiology was obtained through
medical chart review. Seizures were classified using the
International League Against Epilepsy standard classifi-
cation (i.e., partial, generalized, or unclassified seizures)
(Berg et al., 2010).

Barriers
The barriers to Medication Adherence scale of the
Pediatric Epilepsy Medication Self-Management
Questionnaire (PEMSQ) (Modi et al., 2010) was used
to assess parent perceptions of things that make it dif-
ficult (e.g., barriers) for their child to take AEDs as

prescribed. The PEMSQ was developed and validated
for caregivers of children newly diagnosed with epi-
lepsy between 2 and 14 years of age (Modi et al.,
2010). The barriers to Medication Adherence scale in-
cludes 8 items (forget to give medications, medications
are difficult to swallow, ran out of medication, embar-
rassed to take medications in front of others, difficult
to get medication from pharmacy, dislikes taste of
medicine, activities interfere with taking medications,
and child refused to take medication) and the five-
choice response set ranged from “never” to “always.”
Endorsement of an item included all responses with
the exception of “never.” Unlike previous studies,
items were not reverse scored for ease of interpreta-
tion. Scores range from 8 to 40 with lower scores indi-
cating fewer barriers or that barriers are less of a
problem. The internal consistency coefficient was 0.76
for the barriers to Medication Adherence scale (Modi
et al., 2010) and was 0.68 for the current study.

Adherence
The Medication Event Monitoring System (MEMS)
TrackCap (Aardex Group, Sion, Switzerland) was used
to assess adherence. This electronic monitoring system
measures the dosing histories of patients prescribed oral
medications by using a cap with a microelectronic circuit
to register the dates and times the bottle is opened and
closed. Data from electronic monitors were downloaded
at all follow-up clinic visits. Electronic data were as-
sumed to be an accurate proxy for patients taking the
correct medication dose. Families were told that the pro-
vided bottles were MEMS TrackCaps that would moni-
tor their adherence. Caregivers were also given the
opportunity to reveal days the electronic monitor was
not used (e.g., vacation) to ensure that the most accurate
representation of adherence behaviors was collected.
Nonmonitored periods were not used in analyses. Daily
adherence rates of 0%, 50%, or 100% based on a
twice-daily doings schedule were used and were capped
at 100% per day. Daily adherence was averaged be-
tween visits. In the rare instance of malfunctioning
MEMS, families were immediately provided with a re-
placement bottle, and the malfunctioning bottle was sent
to manufacturer for data retrieval.

Seizure Occurrence
Seizure frequency was assessed throughout the study
beginning at the time of treatment initiation. Similar
to other studies (Mitchell, Scheier, & Baker, 2000;
Modi, Ingerski, et al., 2011), seizure occurrence was
dichotomized into the low “no seizures” or high “one
or more seizures” trajectory group based on the pres-
ence of seizures for the duration of the study. Seizures
were dichotomized because of the heterogeneity of sei-
zures that were included in our sample. Tonic–clonic
seizures, for example, tend to occur rarely, while
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absence seizure may occur hundreds of times per day.
Overall, 28% of the participants experienced a seizure
during the course of the study, which is consistent
with the literature demonstrating that 30% of patients
with epilepsy continue to have seizures once an AED
is initiated (Laxer et al., 2014).

Statistical Analyses
Mixed-effect models were used to assess adherence bar-
riers over time. For each outcome, linear, quadratic,
and cubic terms of time were tested using separate mod-
els, and the p-values of the highest order term for each
outcome were used to choose the best fit. Mixed-effect
models were also used to examine the impact of time,
barriers, and the interaction of barriers and time on ad-
herence; generalized linear mixed-effect models were
used to model dichotomous seizure outcome on time,
barriers, and barriers � time interaction; all models ad-
justed for child age. Analyses were conducted using SAS
version 9.3 (SAS Institute, Cary, NC). Mixed-effect
models have the advantage of retaining the participants
in the model who have missing data for some assess-
ment time points, and is thus less affected by attrition
assuming a missing at random missing data mechanism.

Results

Children with epilepsy were 7.24 6 2.93 years of age
at baseline and 63% were male. 75% of the children
identified as White, 18% as Black, 5.1% as biracial,

and 2.5% as other. Localization-related epilepsy was
the most common diagnosis (59.4% overall; 45.8%
idiopathic, 8.5% cryptogenic, and 5.1% symptom-
atic), and the remainder were diagnosed with general-
ized (25.4% overall; 19.5% idiopathic, 5.1%
cryptogenic, and 1% symptomatic) or unclassified
(overall 15.3%; all idiopathic) epilepsy. Initial AED
prescriptions were either carbamazepine (59.3%) or
valproic acid (40.7%). Primary caregivers participat-
ing in the study were primarily mothers (84.7%) and
were married (64.4%). Family SES based on the
Duncan scale was 52.976 20.34, which is associated
with occupations such as property managers, law en-
forcement, mail carriers, physician’s assistants, and
fire prevention. Descriptive statistics for adherence
and seizure frequency can be found in previous pub-
lished studies (Modi, Rausch, et al., 2011, 2014;
Modi, Wu, et al., 2014). Group comparisons between
completers and noncompleters revealed no significant
differences on the aforementioned or outcome vari-
ables (p > .05), with the exception of family SES.
Families who completed the study had higher SES
(56.1 6 20.1) than noncompleters (44.7 6 19.0;
t(121)¼�3.0, p < .05).

Caregiver report of overall and individual treat-
ment barriers over time can be found in Figure 1.
Mixed-effect modeling results for overall barriers as
reported by caregivers revealed a nonsignificant cubic
trend over 2 years, suggesting that overall barriers
were stable over time (t(95)¼�1.79, p¼ .07).

Figure 1. Total and individual barriers over 2 years for children with epilepsy.
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Average overall scores on the barriers assessment were
as follows: M1month post diagnosis¼10.77, SD¼3.07;
M4months post diagnosis¼11.34, SD¼ 3.52; M7months post

diagnosis¼ 10.67, SD¼ 3.94; M10months post diagnosis

¼10.45, SD¼ 3.32; M13 months post diagnosis ¼10.90,
SD¼33.04; M16months post diagnosis¼10.24, SD¼2.75;
M19months post diagnosis¼10.29, SD¼ 3.62; M22 months

post diagnosis¼ 10.46, SD¼3.12; and M25months post diag-

nosis ¼10.36, SD¼ 2.97. Specific item-level barriers
were also generally stable over time (Figure 1). The
specific barriers “Ran out of medicine” and
“Forgetting” exhibited curvilinear change over time
with significant cubic time terms in the models, while
all other item-level barriers indicated linear increase
over time. The one exception was the specific barrier
“We have run out of the medication” demonstrating a
significant positive slope, which suggests that running
out of medication becomes more of a problem as chil-
dren move further from diagnosis (p< .001). The
most commonly endorsed barriers across all time
points were “child dislikes the taste” and “forgetting
to give medication,” with 40–52% and 47–73% (re-
spectively) of parents endorsing each adherence bar-
rier (Table I).

In the mixed-effect model predicting electronically
monitored adherence, several of the individual barrier-
by-time interactions (linear) were significant indicating
differences in adherence over time based on the pres-
ence of a specific barrier. Specifically, the time-by-
barrier interaction for “medications are difficult to
swallow,” “forget to give medication,” and “child re-
fused to take medication” were significantly related to
adherence (Table II). The relationship between each of
these specific barriers with adherence changed over
time. For example, adherence did not vary based on
the reported level of difficulty swallowing AEDs at
1 month post diagnosis; however, difficulty swallow-
ing the AED resulted in lower adherence at 25 months
post diagnosis (Figure 2). The child refusing to take the
AED was also related to adherence, such that increased

refusal was associated with increased adherence at
1 month post diagnosis and decreased adherence at
25 months post diagnosis (Figure 3).The third barrier,
forgetting to give medication, was associated with ad-
herence such that increased forgetting was related to
decreased adherence at 1 month post diagnosis, but
with increased adherence at 25 months post diagnosis
(Figure 4). As noted in Table II, each of the models
with a significant barrier-by-time interaction and sev-
eral of the models with nonsignificant interactions
demonstrate a significant time and/or barrier main ef-
fect on adherence. Finally, none of the time-by-barrier
interactions nor the main effect of time or barriers
were significant in the generalized linear mixed-effect
models predicting seizure control (Table II).

Discussion

The current study highlights the importance of assess-
ing treatment adherence barriers in children with epi-
lepsy to promote AED adherence and optimal seizure
treatment. For families of children with epilepsy, the
overall number of barriers and nearly all of the specific
barriers (e.g., forgetting, disliking taste) remain stable
during the initial 2 years of a child’s epilepsy diagno-
sis. One barrier, running out of medication, became
more of a barrier to AED adherence over time. From a
clinical standpoint, this suggests that barriers experi-
enced by patients and caregivers following diagnosis
are likely to persist or worsen over the initial 24
month period following diagnosis. It seems reasonable
to believe that these barriers would remain stable or
worsen without appropriate identification of these
barriers and interventions to mitigate these barriers. If
barriers remain consistent, AED adherence will likely
not improve. These findings are similar to studies of
adherence barriers in children taking immunosuppres-
sant drugs following transplant (Lee et al., 2014;
Simons et al., 2010). Obtaining information about the
specific barriers that are present for children with

Table I. Percentage of Families’ Endorsement of Barriers Over Time

Barrier Months

1 4 7 10 13 16 19 22 25

Medication is difficult to swallow 24.3 18.2 18.6 25.3 21.2 26.4 20.0 25.0 23.5
We have run out of medication 10.4 17.2 22.7 14.4 21.2 12.5 17.1 13.5 25.9
Child is embarrassed to take medication in front of others 18.3 22.2 13.4 20.0 16.5 29.2 18.6 15.4 17.6
It is difficult to get the medication from pharmacy 25.2 26.3 23.7 23.3 29.4 19.4 22.9 25.0 32.9
Child dislikes taste of medication 50.9 51.5 50.5 49.5 51.8 50.0 40.0 46.2 51.8
Child has other activities that interfere with taking medication 24.6 30.3 29.9 21.1 17.6 22.2 18.6 23.1 22.4
I forgot to give my child medications 47.0 67.7 61.9 61.1 58.8 65.3 60.0 73.1 64.7
Child refuses to take medication 25.2 27.3 27.8 25.6 22.4 22.2 27.5 28.8 22.6
Total barriers 80.9 87.8 86.6 90.0 84.7 80.6 84.1 86.5 86.9

Note. Percentage endorsement of a specific barrier at each time point includes all responses with the exception of “never” indicating that

the family experiences the barrier on at least some occasions. Percentage endorsement of total barriers for each time point indicates families
that endorsed at least one barrier at that time point.
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epilepsy and their families will help clinicians to iden-
tify children in need of interventions aimed at improv-
ing adherence select appropriate interventions, and
provide resources that will be helpful to the family.
Similar to studies of adherence barriers in other illness
groups, forgetting to give medication and disliking the
taste of the medication were the most common adher-
ence barriers reported during the initial 25 months fol-
lowing an epilepsy diagnosis (Hommel & Baldassano,
2010; Modi et al., 2009; Simons & Blount, 2007).

One major strength of the current study is that we
were able to examine the interaction between time

and adherence barriers on two different outcome vari-
ables: electronically monitored adherence and seizure
control. Although none of the time-by-barrier interac-
tions predicted seizure control, several of the time-by-
barrier interactions were related to electronically
monitored adherence over time: child difficulty swal-
lowing medication, forgetting to give medications,
and child refusing to take the medication. These bar-
riers appear to be critical agents for change in adher-
ence promotion efforts in the future. It should be
noted that although barriers remained stable over
time, adherence decreased substantially over time.

Table II. Effect of Time and Barriers on Adherence and Seizures Controlling for Age

Variable Adherence Seizure control

t SE p T SE p

Intercept 7.10 16.77 <.0001 �0.52 2.22 .60
Age �0.21 0.72 .83 �1.32 0.05 .19
Time �3.01 2.74 .003 0.49 0.36 .62
Overall barriers �1.71 0.44 .09 0.67 0.06 .50
Time � overall barriers 1.85 0.08 .07 �0.91 0.01 .36
Intercept 10.97 9.72 <.0001 .59 1.24 .56
Age �0.19 0.71 .85 �1.38 0.05 .17
Time �5.18 1.43 <.0001 �1.24 0.20 .21
Difficulty swallowing �1.80 1.73 .07 �0.36 0.25 .72
Time � difficulty swallowing 2.96 0.30 .01 0.53 0.04 .60
Intercept 8.34 9.30 <.0001 �0.85 1.10 .40
Age �0.19 0.71 .85 �1.32 0.05 .19
Time �0.20 1.33 .85 0.51 0.18 .61
Forget to give medication 2.01 1.74 .04 1.23 0.24 .22
Time � forget to give medication �2.20 0.33 .03 �1.34 0.04 .18
Intercept 10.47 10.72 <.0001 �0.85 1.10 .40
Age 0.11 .73 .92 �1.32 0.05 .19
Time �3.94 1.73 <.0001 0.51 0.18 .61
Child refuses medication �2.22 2.12 .03 1.23 0.24 .22
Time � child refuses medication 2.12 0.37 .04 �1.34 0.04 .18
Intercept 7.53 14.23 <.0001 �0.89 1.88 .38
Age �0.22 0.71 .83 �1.37 0.05 .17
Time �3.31 2.19 .01 1.00 0.28 .32
Ran out of medication �1.18 2.71 .24 1.10 0.38 .27
Time � ran out of medication 1.88 0.46 .07 �1.54 0.06 .12
Intercept 7.32 12.19 <.0001 0.73 1.51 .47
Age �0.08 0.72 .94 �1.40 0.05 .16
Time �2.38 1.88 .02 �0.82 0.25 .41
Embarrassed to take medications in front of others 0.24 2.20 .81 �0.55 0.30 .58
Time � embarrassed to take medication in front of others 0.66 0.39 .51 0.24 0.05 .81
Intercept 9.64 11.62 <.0001 0.34 1.50 .73
Age �0.31 0.71 .76 �1.37 0.05 .17
Time �3.45 1.51 <.001 �0.47 0.21 .64
Difficult to get to pharmacy �1.95 2.13 .05 �0.14 0.31 .89
Time � difficult to get to pharmacy 1.33 0.32 .19 �0.23 0.05 .81
Intercept 14.13 6.96 <.0001 0.15 0.74 .88
Age �0.10 0.72 .92 �1.34 0.05 .18
Time �5.26 0.87 <.0001 �0.95 0.11 .34
Child dislikes taste of medication �1.51 1.11 .13 0.29 0.16 .77
Time � child dislikes taste of medication 1.57 0.20 .12 �0.36 0.03 .72
Intercept 7.62 12.10 <.0001 �0.70 1.46 .48
Age �0.09 0.73 .93 �1.27 0.05 .21
Time �0.30 2.01 .76 0.13 0.03 .90
Activities interfere with taking medication �0.07 2.21 .94 0.95 �.30 .34
Time � activities interfere with taking medication �1.28 0.43 .20 �0.68 0.06 .50
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Declining adherence over time is consistent with the
larger adherence literature (Modi, Rausch, et al.,
2011); however, our study findings suggest that other
factors, such as SES, family involvement, and child be-
havioral/emotional disorders, may contribute to
nonadherence above and beyond adherence barriers
measured in this study (Loiselle, Rausch, & Modi,
2015). The lack of seizure control findings may also
be because of other salient factors that contribute to
seizure control beyond adherence and adherence bar-
riers, including biology (e.g., type of seizure,

medication, and seizure combination), SES, or a host
of other factors (Berg et al., 2011; Geerts et al., 2012;
Modi, Wu, et al., 2014).

Results demonstrate that shortly following diagno-
sis, adherence did not vary based on the reported level
of difficulty swallowing medication; however, in-
creased difficulty swallowing the medication and ad-
herence were related at 25 months post diagnosis,
such that more difficulty swallowing the medication
was related to lower adherence. It should be noted
that at 1 month post diagnosis adherence was high

Figure 2. The relationship between swallowing difficulties and adherence by visit.

Figure 3. The relationship between child refusing to take medications and adherence by visit.
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across all levels of reported barriers with regard to dif-
ficulty swallowing. In other words, although some
children with epilepsy reported having difficulty swal-
lowing their AED medication, children with all levels
of swallowing difficulty maintained, on average, a
high level of adherence (>84.17%) during the first
month of a child’s epilepsy. The relationship between
higher levels of difficulty swallowing and poorer ad-
herence, however, becomes more exaggerated over
time such that by the end of 25 months, children who
report the more difficulty swallowing had, on average,
38.81% adherence, while children with no difficulty
swallowing difficulties had 60.36% adherence.
Although speculative, perhaps early in the child’s diag-
nosis, parents are more vigilant about ensuring that
the child is adherent to the AED despite swallowing
barriers or they quickly identify and implement solu-
tions that are beneficial (e.g., pill glide or coating the
capsules or switching to liquid AEDs). With time,
however, this vigilance may decrease, previously used
solutions may be less effective or less frequently used,
and simultaneously a new normal related to seizure
activity (seizure free vs. continued seizures) is develop-
ing. The combination of these factors, along with the
frustration and conflict that may arise from swallow-
ing problems and medication refusal, may lead to
AED nonadherence as an avoidance coping strategy.
Alternatively, parents may attempt to give AEDs (de-
spite swallowing difficulties) more consistently follow-
ing diagnosis and may open the bottle less often
months into the diagnosis because of frustration of
trying to make the child swallow their AEDs. In this
case, the barrier of swallowing is still present; how-
ever, attempting to overcome the barrier may be

absent. Given the relationship between difficulty swal-
lowing medication and rates of adherence over time,
providers should assess and provide interventions for
this particular barrier at diagnosis and throughout
treatment. In fact, pill swallowing can be effectively
taught to even young children (Patel, Jacobsen,
Jhaveri, & Bradford, 2015).

The adherence barrier “child refusal to take AEDs”
by time interaction was significant in predicting adher-
ence resulting in a positive relationship at 1 month post
diagnosis and a negative relationship at 25 months post
diagnosis. The relationship between increased refusal
of taking AEDs and poorer adherence at 25 months
was expected; however, the relationship between in-
creased refusal and increased adherence at 1 month
post diagnosis was surprising. Both difficulty swallow-
ing and child refusing medication are ingestion barriers
that fall under the broad category of Health and Illness
barriers (Hanghoj & Boisen, 2014). As such, they are
categorically different from the typical barriers of for-
getting, organizational, or financial cost types of adher-
ence barriers. In the case of ingestion-related barriers,
families are often hyperaware of the barriers, eager to
discuss these difficulties, and actively working to fix
these barriers to improve adherence. For example, it
may be that early in treatment, parents are acknowl-
edging barriers, such as medication refusal and diffi-
culty swallowing, even if the child eventually winds up
taking the AED, and therefore AED adherence is high.
This may be in direct contrast to other barriers such as
forgetting or financial barriers, which often results in a
missed AED dose. As mentioned, the identification of
ingestion-related barriers are amenable to intervention
with the use of pill swallowing (Patel et al., 2015) or

Figure 4. The relationship between forgetting to give medication and adherence by visit.
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behavior management techniques (Pai & McGrady,
2014). Given our results, it is important that providers
continue to assess barriers over time and understand
that barriers may impact adherence differentially over
the disease course.

Finally, regarding the barrier of forgetting to give
medication, the main effect of time indicated that
overall adherence is higher at 1 month post diagnosis
compared with 25 months post diagnosis across the
range of forgetting difficulties. For the interaction of
time and forgetting, increased AED forgetting was re-
lated to poorer adherence 1 month following diagnosis
and improved adherence 25 months later. This time by
barrier interaction was in the expected direction at
1 month post diagnosis as increased forgetting to give/
take AEDs resulted in poorer electronically monitored
adherence. However, the finding at 25 months post di-
agnosis is unexpected. Specifically, results revealed
higher adherence for those individuals endorsing for-
getting as a barrier. There are several plausible expla-
nations. First, social desirability may play a large role
in whether parents endorse forgetting as an adherence
barrier. Acknowledging that you sometimes or often
forget to give your child his/her AED for epilepsy pla-
ces the responsibility for the child’s adherence and
condition status on the parent. Perhaps when adher-
ence is high across the board (shortly following AED
initiation and early in treatment), the influence of so-
cial desirability reporting is less evident, but as adher-
ence decreases, it becomes clearer. Alternatively, it
may be that parents become less aware of how often
they forget to give AEDs because forgetting has be-
come more routinized. It is also important for clini-
cians to consider whether it is likely that any child
“never” forgets to take their AEDs. One additional
consideration regarding forgetting, which was not as-
sessed in this study, is purposeful forgetting or voli-
tional nonadherence. It is possible that “purposefully
forgetting” is because of side effects or beliefs regard-
ing the efficacy of the medication. Barriers such as for-
getting are amenable to organization-focused
strategies, including reminders via technology (e.g.,
cell phone reminders and text messaging services)
(Militello, Kelly, & Melnyk, 2012) or incorporating
AEDs into daily routines (e.g., pairing with brushing
teeth and use of pillbox) (Rapoff, 2010).

The findings from the current study should be con-
sidered in the context of several limitations. First, chil-
dren age 2–12 years participated in this study, and
results are not generalizable to adolescents with epi-
lepsy. In addition, parents provided information re-
garding adherence barriers because of the young age
of the participants. A larger developmental range and
child assessment of adherence barriers should be in-
cluded in future studies given that adolescents with ep-
ilepsy may have their own unique perspective on how

adherence barriers interfere with their treatment regi-
men. Second, there was attrition across the course of
this 2-year longitudinal study, which further limits the
generalizability of the results. Third, adherence was
assessed by MEMS Caps and nonmonitored periods,
as reported by families, were not included in the ad-
herence calculation. Although use of the MEMS
TrackCaps can only confirm when the bottle was
opened and not actual ingestion, this method is still
considered the gold standard of adherence assessment
(Quittner, Modi, Lemanek, Ievers-Landis, & Rapoff,
2008). Also, it is possible that medication refills were
not always placed in the MEMS bottle and that non-
monitored periods occurred during times of nonadher-
ence, artificially inflating the adherence rate. It should
be noted, however, the exact dates of the nonmoni-
tored periods were reported to study staff during the
study visit, with no information regarding their actual
adherence data. Finally, data collection occurred at
one site, and future studies should include a larger
sample size across multiple sites to further examine
the stability of overall barriers over time.

Overall, this study contributes to the literature by
addressing the important question of the stability and
influence of adherence barriers on AED medication
adherence and seizure control for children with epi-
lepsy over the 25-month disease course. The overall
barriers experienced by families of children with epi-
lepsy were stable, while the specific barriers were sta-
ble or worsened over time. The specific barriers
including difficulties swallowing medication, medica-
tion refusal, and forgetting, were related to adherence
over time; however, the relationship between these
barriers and AED adherence changed over time.
Assessing patients’ specific barriers at diagnosis and
throughout epilepsy treatment will allow for the selec-
tion of the most appropriate interventions to improve
clinical care and outcomes.
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