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Objective The primary aim of the current study was to use new methods to examine 1-year quality of

medication dosing (adherence) and continuation with medication treatment (persistence) rates to

antiepileptic drugs (AEDs) in children with newly diagnosed epilepsy. Methods Medication-taking behav-

iors of AEDs were assessed using electronic monitors for 117 children with newly diagnosed epilepsy for the

first year after diagnosis. Results Approximately 15% of participants were categorized as nonpersistent

(i.e., failed to take medication for >15 consecutive days) 6 months after AED initiation, which increased to

26.6% of participants at 1 year. The majority of medication dosing events took place within a þ/�2-hr inter-

val as recommended. The group with lower socioeconomic status demonstrated more nonpersistence over

time. Conclusion Examining adherence and persistence in medication taking behaviors may yield

different types of data for clinical and research purposes.
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Pediatric epilepsy affects approximately 325,000 children

under the age of 15 years in the United States (Zupanc,

1996). The primary treatment regimen for pediatric epi-

lepsy involves adhering to antiepileptic drug (AED) therapy

to decrease the likelihood of future seizures. Broadly,

adherence has been defined as ‘‘the extent to which a

person’s behavior coincides with medical or health

advice’’ (Haynes, 1979; Modi et al., 2012), and can include

taking medications, following dietary regimens, and/or en-

gaging in recommended healthy lifestyle behaviors. Despite

significant treatment advances in pediatrics, improvements

in medical technology to assess adherence behaviors

(Quittner, Modi, Lemanek, Ievers-Landis, & Rapoff,

2008), and increased focus on adherence in research and

clinical practice, nonadherence rates across all pediatric

chronic illness groups continue to be quite high, averaging

50–75% (Rapoff, 2010). Within pediatric epilepsy, approx-

imately 60% of children exhibit nonadherence within the

first 6 months of AED therapy (Modi, Rausch, & Glauser,

2011). Poor treatment adherence can result in increased

hospitalizations and emergency room visits, increased mor-

tality and morbidity (e.g., seizures; Bassili, Omar, Zaki,

Abdel-Fattah, & Tognoni, 2002; Besli, Saltik, Erguven,

Bulut, & Abul, 2010; Cramer, Glassman, & Rienzi,

2002), and higher healthcare costs (Cutler & Everett,

2010; DiMatteo, Giordani, Lepper, & Croghan, 2002;

Rapoff, 2010).

New technology has resulted in improved clinical and

research understanding of adherence behaviors in pediatric

chronic illness populations (Modi et al., 2012; Quittner

et al., 2008). Electronic adherence monitors (e.g.,

Medication Event Monitoring System [MEMS] TrackCaps),

which are classified as an objective and empirically sup-

ported adherence measure (Quittner et al., 2008; Rapoff,

2010), allow for daily assessment of medication adherence

in a real-time format and can be used to track regimen
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deviations and subsequently inform clinical recommenda-

tions (Shellmer & Zelikovsky, 2007). Electronic monitoring

also allows for assessment of medication dosing histories

with high temporal resolution that can be useful in ambu-

latory medical care (Blaschke, Osterberg, Vrijens, &

Urquhart, 2011). Specifically, electronic monitors provide

an abundance of data that can be used by both researchers

and clinicians, such as overall medication-taking and timing,

intermittent or temporal patterns of dose omissions, and

dosing persistence (how long the patient actually continues

to take the medication). Although these devices cannot

detect whether the individual actually ingested the medica-

tion, they are a proxy of medication-taking behavior and are

considered the current ‘‘gold-standard’’ for medication ad-

herence measurement (Rapoff, 2010).

Statistics From Electronic Monitoring
Reported in Pediatric Psychology Research

There is a continued need to advance the field of adherence

research by using the wealth of data from electronic

monitors to further elucidate the relationship between

adherence behaviors and health outcomes. Recent literature

has highlighted the need to examine trajectories and varia-

tions in adherence behaviors (Modi et al., 2012; Rohan

et al., 2009; Wu, Aylward, & Steele, 2010). However,

most studies using adherence electronic monitors use sum-

mary adherence statistics (e.g., mean adherence, total

number of doses missed), which may mask clinically

useful information. For example, although two patients pre-

scribed an AED may have similar rates of overall adherence

(e.g., 50% of doses taken during a 2-week period), their

daily patterns of adherence as well as dose timing may be

vastly different. These daily adherence patterns have the

potential to significantly influence pharmacodynamics, re-

sulting in subtherapeutic coverage of the AED for one pa-

tient (e.g., two consecutive missed doses) but not the other

(e.g., two intermittent missed doses; Pellock, Smith, Cloyd,

Uthman, & Wilder, 2004). Thus, it is important to appre-

ciate daily variation in adherence and use methods that can

objectively provide detailed information on the patient’s

treatment behavior outside the clinical setting. This type

of data would enable clinicians to identify specific periods

where adherence is lower (e.g., weekdays vs. weekends,

morning vs. evening), thereby aiding more effective and

targeted intervention strategies.

Medication-Taking Behaviors

New taxonomy and terminology have recently been devel-

oped via a multidisciplinary consensus group involved in

the Ascertaining Barriers for Compliance Project (Blaschke

et al., 2011; http://www.ABCproject.eu/). Specifically,

medication-taking, or adherence, is a multidimensional

and dynamic process composed of three behaviors: initia-

tion, execution, and discontinuation (Blaschke et al., 2011).

Initiation occurs when a patient takes the first dose of a

prescribed medication; the lack of initiation to a prescribed

medication regimen is termed nonacceptance. Next, execu-

tion is the comparison between the patient’s actual dosing

and the prescribed dosing regimen (i.e., medication adher-

ence). The quality of execution may be represented by a

simple percentage calculated by total number of doses

taken by the total number of prescribed doses over a delin-

eated period. At a more detailed level, this may also include

the time at which the individual actually takes the medica-

tion (i.e., dose timing). Dose timing is important because

pharmacokinetics act as a significant source of variance in

medication response for patients (Harter & Peck, 1991).

Finally, discontinuation is when the patient stops taking the

medication. The period between initiation of the treatment

regimen and discontinuation is termed persistence and can

be expressed as a continuous (i.e., number of days con-

tinuing therapy) or dichotomous (i.e., persistent vs.

nonpersistent; Burnier, 2006; Cramer et al., 2008) vari-

able. While there are various ways to operationalize the

point of actual discontinuation using either prospective

or retrospective assessments (e.g., nonrefill of pharmacy

prescription), a prospective assessment approach can be

more clinically useful and afford for proactive and timely

intervention.

Clinical evidence has indicated that there are differing

risk factors and clinical consequences for the quality of

execution and persistence; however, treatment

nonpersistence has not typically been examined (Barron,

Bennett, & Feely, 2010; Tremlett et al., 2008). Taking into

account nonpersistence may lead to a more accurate esti-

mation of adherence and covariates associated with medi-

cation-taking behaviors. For example, Tremlett and

colleagues (2008) found that divergent factors influenced

missed doses (i.e., alcohol consumption) versus stopping

long-term immunomodulatory drug therapy (i.e., lower ed-

ucation levels, previous relapses) in a population-based

cohort of patients with multiple sclerosis. As a result, re-

searchers have recommended that these two behaviors be

measured and assessed separately (Cramer et al., 2008).

Despite this recommendation, there are few empirical stud-

ies that have differentiated the various medication-taking

behaviors (Vrijens, Vincze, Kristanto, Urquhart, & Burnier,

2008). Vrijens and colleagues (2008) examined electronic

dosing histories of adult patients on once-a-day antihyper-

tensive medications from an archived database of clinical
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studies. Based on the dosing histories of nearly 4,800 pa-

tients, 2% never engaged in the antihypertensive dosing

regimen (nonacceptance), 65% remained persistent by

day 200 of monitoring, almost half stopped taking their

medication within 1 year (nonpersistence), and 50%

missed a single day’s dose at a rate of one a month (12 a

year). Furthermore, there was an inverse relationship be-

tween the quality of one’s daily execution of the dosing

regimen and the likelihood that he or she would discon-

tinue with treatment. Although informative to the overall

literature on medication-taking behaviors, these studies are

not generalizable to children for whom adherence behav-

iors are more complex (e.g., include parental involvement,

BID/TID dosing regimen).

The purpose of the current study was to examine AED

medication-taking behaviors in children with epilepsy in

the first year of treatment after diagnosis, including the

following: (1) nonacceptance, (2) quality of execution

while engaged in dosing regimen (i.e., adherence), (3)

nonpersistence (i.e., early discontinuation), and (4) dose-

timing frequency. In addition, a secondary goal was to ex-

amine the association between demographic variables and

persistence trajectories in children with epilepsy. Based on

the adult literature (Blaschke et al., 2011; Tremlett et al.,

2008; Vrijens et al., 2008), it was hypothesized that (1)

approximately 2% of the study population would not

accept the AED treatment; (2) overall adherence over a

1-year period would be about 75% and the overall group

adherence trajectory would demonstrate a gradual decline

over time; and (3) 66% and 50% of patients would remain

persistent with AED treatment at 6 and 12 months, respec-

tively. Given the lack of dose-timing data in the pediatric

and adult literature, we made no a priori hypotheses

regarding the percentage of scheduled medication doses

taken on time. We also conducted an exploratory investi-

gation to assess the association between demographic and

medical variables (e.g., child age, parent marital status,

child sex, seizure type, family socioeconomic status

[SES]) with persistence trajectories.

Methods
Participants and Procedures

Study participants included children with epilepsy and

their parents who were seen in the New Onset Seizure

Clinic at a Midwestern children’s hospital. Eligibility crite-

ria for study participation included: (a) new diagnosis of

epilepsy, (b) child age between 2 and 12 years, (c) no

significant parent-reported developmental delay (e.g.,

autism, Down syndrome), (d) no comorbid chronic illness

(e.g., diabetes) requiring daily medications, and (e) written

informed consent/assent. As a part of their routine clinical

care, children were prescribed an AED by the treating

epileptologist. AED changes (e.g., dose change, AED

change) were made, as necessary, by the healthcare team

throughout the course of treatment to optimize seizure

freedom and minimize side effects.

Potential participants were approached for study par-

ticipation during their first scheduled clinic visit (i.e., day

of diagnosis). If children met eligibility criteria and agreed

to participate, parental consent and child assent (children

11–12 years of age) were obtained. Next, parents com-

pleted a demographic questionnaire and received the

MEMS TrackCap� to begin electronically monitoring ad-

herence to their prescribed AED treatment. Research staff

informed parents that the bottle monitored medication-

taking; however, data from the MEMS TrackCaps were not

shared with the healthcare team or parents/children. As

part of routine clinical care, patients returned to clinic

approximately 1 month after diagnosis and every 3

months thereafter (i.e., 4, 7, 10, 13 months after diagno-

sis). During each follow-up appointment, MEMS

TrackCaps data were downloaded. Parents and children

also completed questionnaires as part of the larger, lon-

gitudinal natural-history study of pediatric epilepsy adher-

ence behaviors (National Institutes of Health-Eunice

Kennedy Shriver National Institute of Child Health and

Human Development). Participants received a $10 gift

card for completion of the questionnaires and an addi-

tional $10 gift card for bringing back the MEMS

TrackCaps. The study was approved by the Cincinnati

Children’s Hospital Medical Center Institutional Review

Board.

Measures

Background Information Form

Basic demographic information (e.g., child age, sex, care-

giver occupation and education) was obtained at the initial

clinic visit. A revised Duncan score, an occupation-based

measure of SES, was calculated based on parent occupation

(Mueller & Parcel, 1981; Stevens & Featherman, 1981).

Scores range from 15 to 97, with higher scores representing

greater occupational attainment. For two-caregiver house-

holds, the higher Duncan score was used, and served as a

proxy for SES.

Medical History

Information regarding seizure type, seizure activity, and

AEDs was obtained from medical chart review and parent

interview at each clinic visit.
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Adherence

The Medication Event Monitoring System (MEMS
�

6

TrackCap; AARDEX Corporation, Union City, CA), an elec-

tronic monitoring system that measures daily adherence to

oral medications, was used to monitor AED adherence. The

MEMS TrackCap stores times and dates of bottle openings

for approximately 36 months and data can be transferred

to a Windows-based computer. Participants were given a

MEMS TrackCap and bottle at the initial clinic visit and

instructed to transfer their AED to the electronic device.

Families were contacted 3 days after the clinic visit to

ensure the medication had been transferred. Data from

the MEMS TrackCap were downloaded at each follow-up

clinic visit. Truncated adherence rates (i.e., maximum ad-

herence rate of 100%) were used in analyses to reduce

inflation as a result of overuse or extra openings that

may have occurred owing to prescription refills.

Statistical and Data Analyses

There exist a number of varying operational definitions

for the terms nonacceptance, adherence, and persistence.

Below are the operational definitions used in the current

study, which reflect a prospective approach to quantitatively

examine medication-taking behaviors. Nonacceptance was

defined as participants never initiating the prescribed AED

regimen. Persistence was measured as the proportion of pa-

tients continuing therapy during the 12-month observation

period without discontinuing use of the AED. Patients were

considered to be nonpersistent if they failed to take their

medication for >15 consecutive days. Consistent with tra-

ditional methods, daily execution or adherence was ex-

pressed as a percentage derived by dividing the total

number of doses taken by the total number of prescribed

doses on a given day. A less conservative approach was

used to characterize daily adherence, where a participant

was labeled as ‘‘nonadherent’’ when all prescribed MEMS

cap openings were missed on any given day (e.g., patient

prescribed to take morning and evening dose, yet no open-

ings of electronic pill container occur) and ‘‘adherent’’ when

at least a single MEMS cap opening occurred on a given day.

Data were missing for 10 participants owing to withdrawal

from the study and/or moving before the 1-year post-diag-

nosis date (4.6% of all data points). Data before these events

were used in the data analyses. In addition, some partici-

pants had ‘‘nonmonitored’’ periods during the study in

which data were not captured for a given reason (e.g., mal-

functioning MEMS bottle, family on vacation). We chose to

exclude these periods from the study, as they do not accu-

rately represent persistence or adherence behaviors. Median

duration for ‘‘non-monitored’’ periods was 12 days; 4.9% of

all data points. Nonmonitored periods and missing data

were not used in calculations for persistence and/or adher-

ence (i.e., not counted against participant toward determin-

ing nonpersistence, denominators in calculations for

adherence adjusted accordingly).

In addition, dose-time intervals were examined for all

recorded openings of the medication bottle (n¼ 117,871)

across all participants for a 1-year duration. AEDs used in

the current study were dosed every 12 hr, and patients

were advised to take their AEDs within a þ/�2-hr

window (i.e., 10–14 hr in between dosings). Dose-timing

frequency was examined for all medication events and

summarized using descriptive statistics.

To determine the probability of persistence over a

1-year period, a nonparametric survival analysis using

the LIFETEST procedure in SAS was performed.

Nonparametric survival curves were of interest, given the

exploratory nature of this study. These curves allowed us to

examine persistence over time in a more flexible manner,

for example, to determine if the rate of nonpersistence

changes at a particular time point or is markedly different

in different periods. In addition, we examined whether the

persistence survival curve varied across child age, parent

marital status, child sex, seizure type, family SES as mea-

sured by the Duncan score, and seizures (whether seizures

were reported at the clinic visit closest to the 1-year anni-

versary after diagnosis). The survival curves were examined

for each of these predictors separately using log-rank tests

(Kalbfleisch & Prentice, 1980).

Results
Participants

Of the 129 potential participants, 124 agreed to participate

(96.1% recruitment rate) in the longitudinal study. Of

these, seven participants did not return to the epilepsy

clinic after diagnosis and/or did not start medication

(nonacceptance). The final sample to examine persistence

and adherence trajectories included 117 participants. A

summary of demographic characteristics of participants is

presented in Table I.

Nonacceptance, Persistence, and Adherence Data

The mean adherence [(total number of openings/total

number of prescribed openings)� 100] for the total

sample was 86.09% (SD¼ 27.37%). The nonparametric

survival curve for adherence and persistence over 1 year

after diagnosis is illustrated in Figure 1. As illustrated,

5.6% (n¼ 7) of participants never started their medication

regimen and/or did not accept the treatment (i.e.,

nonacceptance; note the initial drop-off in the persistence

survival curve at day 0). After this initial drop, persistence
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gradually decreased over time and at day 180, 85.5%

(n¼ 106) of those who agreed to participate persisted

with treatment. Of those still engaged in the treatment

regimen, 5.4% (n¼ 5; adherence denominator equaled

92 participants at day 180 owing to nonmonitored periods

in 14 persistent participants) did not take any of their

prescribed AED on day 180. Thus, we can say that

80.9% [i.e., (percent persistent; 85.5%)� (percent of

those adherent; 94.6%) divided by 100¼ 80.9%] of the

participants comprising the original sample recorded a

medication event on day 180 with their MEMS

TrackCap. After 1 year, 73.4% (n¼ 91) of participants

were still persistent with their AED regimen.

Dosing Intervals

On average, about 5% of doses were omitted on a given day

of treatment (range: 0–12.35%) for those still deemed per-

sistent. A majority (61.53%, n¼ 72,529 of 117,871) of

MEMS TrackCap openings occurred within the recom-

mended time interval (i.e., þ/�2-hr window, 10–14 hr),

followed by 11.06% (n¼ 13,033) occurring between 6

and 10 hr, 9.98% (n¼ 11,766) occurring between 14 and

18 hr, and 7.58% (n¼ 8,940) occurring between 22 and

26 hr. A full list of frequencies of medication events occur-

ring within defined 4-hr intervals and the associated per-

centage is presented in Table II.

Predictors of Persistence

Finally, we tested each of the demographic and medical

variables (e.g., child age, parent marital status, child sex,

seizure type, family SES) to determine if the nonparametric

persistence survival curve was related to these variables

(Table III). Notably, SES (p¼ .003) was the only significant

predictor of the persistence survival curve. Figure 2 illus-

trates nonparametric persistent survival curves for the

upper-third, middle-third, and lower-third of the family

SES distribution, where higher family SES is generally as-

sociated with more persistence. In particular, (a) the upper-

third family SES curve ends with a persistence rate of 93%

after 1 year; (b) the middle-third family SES curve is rela-

tively consistent with a persistence rate of 88% around 6

months, then declines more rapidly to a persistence rate of

74% after 1 year; and (c) the lower-third family SES curve

declines relatively consistently throughout the entire year,

ending with a persistence rate of 68%.

Discussion

The current study examined daily electronically monitored

AED medication-taking in children with epilepsy during

the first year after diagnosis. This rich database allowed

for an analysis of medication-taking behaviors, namely,

quality of execution of daily AED (adherence), duration

of continued treatment (persistence), and dose timing

over the first year. A higher than expected percentage of

participants never started their medication (5.6%), which

Table I. Participant Characteristics

Variable M (SD) or % (N)

Child age (years) 7.2� 2.9

Family Duncan scorea 52.4� 20.4

Sex: female 39% (N¼ 46)

Child race/ethnicity

White: Non-Hispanic 74% (N¼ 87)

White: Hispanic 2% (N¼ 2)

Black 17% (N¼ 20)

Bi/Multiracial 6% (N¼ 7)

Asian 1% (N¼ 1)

Parent marital status

Single 20% (N¼ 23)

Married 64% (N¼ 75)

Divorced/Separated/Widowed 16% (N¼ 19)

Primary caregiver

Mother 85% (N¼ 99/100)

Father 12% (N¼ 14)

Other 3% (N¼ 3/4)

Initial antiepileptic drug

Carbamazepine 60.5% (N¼ 71)

Valproic acid 39.5% (N¼ 46)

Seizure type

Localization-related 60% (N¼ 70)

Generalized 24% (N¼ 28)

Unclassified 16% (N¼ 19)
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Figure 1. Persistence (thick solid line) and adherence (thin solid

line) percentages across 365 days for AEDs in a pediatric population.

Dotted line represents perfect adherence/persistence.
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may be owing to parental unacceptance of the initial diag-

nosis; however, it is difficult to fully ascertain reasons for

not initiating the AED. With regard to persistence, by 6

months, 14.5% of participants had discontinued treatment

and by 1 year, this percentage increased to 26.6% partic-

ipants being classified as nonpersistent. Our findings are

better than hypothesized based on previous studies (Caro,

Speckmann, Sales, Raggio, & Jackson, 1999; Vrijens et al.,

2008), which highlighted higher estimates of

nonpersistence at both 6 months and 1 year (32–28%

and 49–52%, respectively); however, these studies were

conducted with adult patients on a once-a-day antihyper-

tensive medication dosing regimen and used a varying def-

inition for persistence (i.e., starting with day 365,

nonpersistence was defined as occurring when during a

2-week period, the average adherence to the prescribed

medication was <50%; B. Vrijens, personal communica-

tion). We recognize that there is no universally accepted

definition of persistence, but believe that the operational

definition used in the current study reflects a more

prospective clinical approach to identifying those who dis-

continue treatment. For example, other traditional modal-

ities such as pharmacy refills may not provide the more

objective daily adherence behavior recorded with electronic

monitoring (i.e., dosing errors; Vrijens et al., 2008).

Furthermore, an operational definition of persistence that

uses a backward-calculation to determine the point of

nonpersistence does not allow for timely clinical interven-

tion, as this categorization is done in a post hoc manner.

Definitions of persistence may vary in future studies; yet, it

is recommended that researchers consider a prospective

approach based on the clinical guidelines of the condition

under examination. By examining the time at which pa-

tients become nonpersistent, it may highlight important

time points for clinical intervention (e.g., booster educa-

tional sessions on adherence to AEDs, referral adherence

promotion interventions; Graves, Roberts, Rapoff, & Boyer,

2010; Kahana, Drotar, & Frazier, 2008).

Related to the quality of execution, dosing histories,

measured via the MEMS TrackCaps, revealed that a major-

ity of patients took their AED within a 12-hr time interval

(�2 hr). Dosing within this time frame is optimal to min-

imize AED side effects. Despite the evidence that the ma-

jority of events occurred within the recommended window,

nearly 24% of dosing events occurred beyond the recom-

mended guidelines (i.e., >14 hr). These lapses in medica-

tion-taking may reflect periods in which nonadherence may

be more likely (e.g., weekends vs. weekdays). Although it is

quite clear that C. Everett Koop’s widely quoted epigram

‘‘drugs don’t work in patients who don’t take them’’ holds

true (Osterberg & Blaschke, 2005), Blaschke et al. (2011)
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Figure 2. Persistence percentage across 365 days for AEDs in a

pediatric population for upper-third (short dashed line), middle-third

(long dashed line), and lower-third (solid line) SES groups.

Table II. Dose-Timing Percentages

Dose timing

Frequency of doses

occurring within the

dose-timing window

Percentage

within the dose-timing

range

0–2 hr 1,874 1.59%

2–6 hr 2,575 2.18%

6–10 hr 13,033 11.06%

10–14 hr 72,529 61.53%

14–18 hr 11,766 9.98%

18–22 hr 1,999 1.70%

22–26 hr 8,940 7.58%

26–30 hr 1,207 1.02%

30–34 hr 559 0.47%

34–38 hr 1,123 0.95%

38–42 hr 389 0.33%

42–46 hr 205 0.17%

46–50 hr 600 0.51%

50þ hr 1,072 0.91%

Table III. Predictors of Persistence Survival Curves

Variable w2 p-value

Seizures 1.50 .22

Seizure type 0.57 .45

Child age 0.17 .68

Child gender 2.20 .14

Parent marital status 2.73 .10

SES 9.08 .003

Note. Predictors of nonparametric persistence survival curve were examined

separately.
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added that medications ‘‘work erratically in patients who

take them erratically’’ (p. 276). This corollary underscores

the importance of establishing a routine regarding taking

medications, and is an area in which pediatric psycholo-

gists can be particularly helpful to children and their fam-

ilies within medical subspecialty clinics.

Although several variables were used to examine pre-

dictors of persistence, lower SES was identified as the only

significant predictor. This finding is consistent with

previous studies that have demonstrated a strong relation-

ship between SES and adherence for children and adoles-

cents with a chronic illness, including epilepsy (Modi et al.,

2011; Modi, Morita, & Glauser, 2008). It is plausible that

families with lower SES may have competing demands and

limited resources that make it difficult to buy expensive

AEDs. Overall, the findings highlight that healthcare

teams need to recognize and work with families if finances

are a barrier to adherence (e.g., changing to generic vs.

brand-name AEDs, financial assistance programs, etc.).

We recognize that our list of potential predictors was not

exhaustive, and other studies in pediatric epilepsy have

identified additional factors associated with nonadherence

using a validated medication self-management tool (Modi,

Monahan, Daniels, & Glauser, 2010). Patient factors such

as forgetting, difficulty swallowing pills, and beliefs about

how well medication will work to treat seizures can play a

role in both the initiation of medication use (acceptance) as

well as persistence (e.g., child discontinues use of medica-

tion after experiencing seizure). These factors need to be

further examined in future studies.

Limitations and Future Directions

Although the examination of adherence and persistent

rates in children using electronic monitoring is novel to

the field of pediatric psychology, there are some limitations

to the current study. First, we used a less conservative

method to categorize daily adherence, potentially biasing

the adherence trajectory over the first year. Specifically, use

of a more conservative approach (e.g., all-or-none ap-

proach) might have resulted in the adherence trajectory

being shifted downward (i.e., greater percentage of partic-

ipants being categorized as nonadherent on a day-to-day

basis). In addition, differing dosing regimens may lead to

varying results in other studies. For example, participants

in the current study were on a primarily BID dosing regi-

men; thus, daily adherence percentages could be 0, 50, or

100%, whereas a once-a-day dosing regimen is limited to

an all-or-none categorical approach. Second, the current

analysis did not include other measures of adherence

such as self-report, pill counts, or prescription refill infor-

mation; however, a previous study with this population

demonstrated a significant correlation between electroni-

cally monitored and parent-reported adherence 1 week be-

fore clinic visit (rho¼ 0.46, p < 0.001; Modi, Guilfoyle,

Morita, & Glauser, 2011). Notably, self-reported adher-

ence was inflated compared with electronic monitoring.

Electronic monitoring is only a proxy assessment of med-

ication-taking behaviors and other methods also exist (i.e.,

self-report, blood assays); however, all methods have their

limitations, and electronic monitoring is considered the

current ‘‘gold standard’’, despite high costs limiting its

clinical utility. While it is plausible that a participant

could open the bottle with the MEMS TrackCap, yet not

actually ingest the AED, previous studies have demon-

strated limited differences between medication events

(i.e., opening the medication bottle) and actual medication

dosing (i.e., taking the medication after opening the med-

ication bottle; Girard, Sheiner, Kastrissios, & Blaschke,

1996; Rubio, Cox, & Weintraub, 1992; Vrijens et al.,

2005). Additionally, we capped the data regarding medica-

tion-taking behaviors, limiting our understanding of med-

ication overuse, which is an area that warrants further

study. An area for future research is to use a multimethod

approach to assess medication-taking behaviors (e.g., com-

posite of electronic monitoring, self-report, and blood

assays). Finally, the sample of children with epilepsy rep-

resented a restricted age range (2–12 years) and uncompli-

cated epilepsies (e.g., no major comorbid medical or

developmental disorders). Future studies need to examine

medication-taking behaviors in adolescents and children

with comorbidities.

To our knowledge, this is the first study examining

adherence and persistence trajectories in a pediatric popu-

lation. Ultimately, suboptimal adherence and failure to per-

sist with medications are important determinants of drug

response/failure and can have a substantial negative impact

on associated healthcare expenditures, a point highlighted

in the recent Institute of Medicine report (IOM, 2012).

Examining adherence and persistence in assessing medica-

tion adherence for chronic illness populations may yield

different types of data for clinical and research purposes.

This differentiation requires an understanding of the tax-

onomy of medication-taking behaviors as well as asking

appropriate questions during the clinical visit to further

understand a patient’s adherence with the treatment regi-

men. For example, merely asking a patient ‘‘Did you take

your medication?’’ may lead to social desirability bias and

limited insight into medication-taking behaviors (i.e., lim-

ited to yes/no response and summary information).

Conversely, asking questions such as ‘‘How many times

over the past 2 weeks did you miss taking a dose of your

medication?’’ or ‘‘What times do you have trouble
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remembering to take your medication?’’ may elucidate

more detailed information on the patient’s dosing patterns

and routine, appear less confrontational to the patient, and

identify periods in which nonadherence is more likely (e.g.,

two doses missed occurred on weekends). Erratic dosing

patterns can contribute to patient-reported side effects;

thus, understanding a patient’s dosing patterns from elec-

tronic monitoring data may aid a clinician’s decision on

potential medication changes, as truly understanding the

effectiveness of a particular medication for an individual

patient is dependent on his or her adherence to the

regimen.

Acknowledgments

We would like to extend our deepest appreciation to the

children with epilepsy and their families who participated

in this study. We thank Julie Koumoutsos, Elizabeth

Painter, Julie Adcock, and Shanna Guilfoyle for recruiting

participants and collecting their data. We also thank the

healthcare team involved in the medical and psychosocial

care of children with new-onset epilepsy who facilitated the

current research.

Conflicts of interest: This research was funded by a grant

from the National Institutes of Health- Eunice Kennedy

Shriver National Institute of Child Health and Human

Development to the senior author (K23-HD057333).

References

Barron, T. I., Bennett, K., & Feely, J. (2010). A compet-

ing risks prescription refill model of compliance and

persistence. Value in Health, 13, 796–804.

Bassili, A., Omar, T., Zaki, A., Abdel-Fattah, M., &

Tognoni, G. (2002). Pattern of diagnostic and thera-

peutic care of childhood epilepsy in Alexandria,

Egypt. International Journal of Quality Health Care,

14, 277–284.

Besli, G. E., Saltik, S., Erguven, M., Bulut, O., &

Abul, M. H. (2010). Status epilepticus in children:

Causes, clinical features and short-term outcome.

Pediatrics International: Official Journal of the Japan

Pediatric Society, 52, 749–753.

Blaschke, T. F., Osterberg, L., Vrijens, B., & Urquhart, J.

(2011). Adherence to medications: Insights arising

from studies on the unreliable link between pre-

scribed and actual drug dosing histories. Annual

Review of Pharmacology and Toxicology, 52, 275–301.

Burnier, M. (2006). Medication adherence and persis-

tence as the cornerstone of effective antihypertensive

therapy. American Journal of Hypertension, 19,

1190–1196.

Caro, J. J., Speckmann, J. L., Salas, M., Raggio, G., &

Jackson, J. D. (1999). Effect of initial drug choice on

persistence with antihypertensive therapy: The im-

portance of actual practice data. Canadian Medical

Association Journal, 160, 41–46.

Cramer, J. A., Glassman, M., & Rienzi, B. A. (2002).

The relationship between medication

compliance and seizures. Epilepsy Behavior, 3,

338–342.

Cramer, J., Roy, A., Burrell, A., Fairchild, C. J.,

Fuldeore, M. J., Ollendorf, D. A., & Wong, P. K.

(2008). Medication compliance and persistence:

Terminology and definitions. Value in Health, 11,

44–47.

Cutler, D. M., & Everett, W. (2010). Thinking outside

the pillbox: Medication adherence as a priority for

health care reform. New England Journal of Medicine,

362, 1553–1555.

DiMatteo, M. R., Giordani, P. J., Lepper, H. S., &

Croghan, T. W. (2002). Patient adherence and

medical treatment outcomes: A meta-analysis.

Medical Care, 40, 794–811.

Girard, P, Sheiner, L. B., Kastrissios, H, &

Blaschke, T. F. (1996). Do we need full compliance

data for population pharmacokinetics analysis?

Journal of Pharmacokinetics and Biopharmacology, 24,

265–282.

Graves, M. M., Roberts, M. C., Rapoff, M., & Boyer, A.

(2010). The efficacy of adherence interventions

for chronically ill children: A meta-analytic

review. Journal of Pediatric Psychology, 35,

368–382.

Harter, J. G., & Peck, C. C. (1991). Chronobiology:

Suggestions for integrating it into drug development.

Annals of the New York Academy of Science, 618,

563–571.

Haynes, R. B. (1979). Introduction. In D. W. Taylor, &

D. C. Sackett (Eds.), Compliance in health care

(pp. 1–7). Baltimore, MD: The Johns Hopkins

University Press.

IOM (Institute of Medicine). (2012). Best care at lower

cost: The path to continuously learning health care in

America. Washington, DC: The National Academics

Press.

Kahana, S., Drotar, D., & Frazier, T. (2008). Meta-

analysis of psychological interventions to promote

adherence to treatment in pediatric chronic health

conditions. Journal of Pediatric Psychology, 33,

590–611.

Adherence to Medication 73



Kalbfleisch, J. D., & Prentice, R. L. (1980). The statistical

analysis of failure time data. New York, NY: John

Wiley & Sons.

Modi, A. C., Guilfoyle, S. M., Morita, D. A., &

Glauser, T. A. (2011). Development and reliability of

a correction factor for parent-reported adherence to

pediatric antiepileptic drug therapy. Epilepsia, 52,

370–376.

Modi, A. C., Monahan, S., Daniels, D., & Glauser, T. A.

(2010). Development and validation of the Pediatric

Epilepsy Medication Self-Management Questionnaire.

Epilepsy and Behavior, 18, 94–99.

Modi, A. C., Morita, D. A., & Glauser, T. A. (2008).

One-month adherence in children with new-onset

epilepsy: White coat compliance does not occur.

Pediatrics, 121, e961–e966.

Modi, A. C., Pai, A. L., Hommel, K. A., Hood, K. K.,

Cortina, S., Hilliard, M. E., . . . Drotar, D. (2012).

Pediatric self-management: A framework for research,

practice, and policy. Pediatrics, 129, e473–485.

Modi, A. C., Rausch, J. R., & Glauser, T. A. (2011).

Patterns of nonadherence to antiepileptic drug

therapy in children with newly diagnosed epilepsy.

JAMA, 305, 1669–1676.

Mueller, C. W., & Parcel, T. L. (1981). Measures of

socioeconomic status: Alternatives and recommenda-

tions. Child Development, 52, 13–20.

Osterberg, L., & Blaschke, T. (2005). Adherence to

medication. New England Journal of Medicine, 353,

487–497.

Pellock, J. M., Smith, M. C., Cloyd, J. C., Uthman, B., &

Wilder, B. J. (2004). Extended-release formulations:

Simplifying strategies in the management of

antiepileptic drug therapy. Epilepsy Behavior, 5,

301–307.

Quittner, A. L., Modi, A. C., Lemanek, K. L., Ievers-

Landis, C. E., & Rapoff, M. A. (2008). Evidence-

based assessment of adherence to medical treatments

in pediatric psychology. Journal of Pediatric

Psychology, 33, 916–936.

Rapoff, M. A. (2010). Adherence to pediatric medical regi-

mens (2nd ed.). New York, NY: Springer.

Rohan, J., Drotar, D., McNally, K., Schluchter, M.,

Riekert, K., Vavrek, P., . . . Kercsmar, C. (2009).

Adherence to pediatric asthma treatment in economi-

cally disadvantaged African-American children and

adolescents: An application of growth curve analysis.

Journal of Pediatric Psychology, 35, 394–404.

Rubio, A., Cox, C., & Weintraub, M. (1992). Prediction

of diltiazem plasma concentration curves from

limited measurements using compliance data.

Clinical Pharmacokinetics, 22, 238–246.

Shellmer, D., & Zelikovsky, N. (2007). The challenges of

using Medication Event Monitoring Technology with

pediatric transplant patients. Pediatric

Transplantation, 11, 422–428.

Stevens, G., & Featherman, D. L. (1981). A revised

socioeconomic index of occupational status. Social

Science Research, 10, 364–395.

Tremlett, H., Van der Mei, I., Pittas, F., Blizzard, L.,

Dwyer, T., & Ponson, A. L. (2008). Adherence to

the immunomodulatory drugs for multiple sclerosis:

Contrasting factors affect stopping drug and missed

doses. Pharmacoepidemiology and Drug Safety, 17,

565–576.

Vrijens, B., Tousset, E., Rode, R., Bertz, R., Mayer, S., &

Urquhart, J. (2005). Successful projection of the

time course of drug concentration in plasma during

a 1-year period from electronically compiled dosing-

time data as input to individually parameterized

pharmacokinetic models. Journal of Clinical

Pharmacology, 45, 461–467.

Vrijens, B., Vincze, G., Kristanto, P., Urquhart, J., &

Burnier, M. (2008). Adherence to prescribed antihy-

pertensive drug treatments: Longitudinal study of

electronically compiled dosing histories. British

Medical Journal, 336, 1114–1117.

Wu, Y. P., Aylward, B. S., & Steele, R. G. (2010). The

influence of internalizing symptoms on trajectories of

medication adherence among pediatric renal and

liver transplant recipients. Journal of Pediatric

Psychology, 35, 1016–1027.

Zupanc, M. L. (1996). Update on epilepsy in pediatric

patients. Mayo Clinic Proceedings, 71, 899–916.

74 Aylward, Rausch, and Modi


