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Background and aim: Adherence to treatment is a critical component of epilepsy management. 

This study examines whether addressing antiepileptic drug (AED) side effects at every visit is 

associated with increased patient-reported medication adherence.

Patients and methods: This study identified 243 adults with epilepsy who were seen at 

two academic outpatient neurology settings and had at least two visits over a 3-year period. 

Demographic and clinical characteristics were abstracted. Evidence that AED side effects were 

addressed was measured through 1) phone interview (patient-reported) and 2) medical records 

abstraction (physician-documented). Medication adherence was assessed using the validated 

Morisky Medication Adherence Scale-4. Complete adherence was determined as answering 

“no” to all questions.

Results: Sixty-two (25%) patients completed the interviews. Participants and nonparticipants 

were comparable with respect to demographic and clinical characteristics; however, a smaller 

proportion of participants had a history of drug-resistant epilepsy than nonparticipants (17.7% 

vs 30.9%, P=0.04). Among the participants, evidence that AED side effects were addressed was 

present in 48 (77%) medical records and reported by 51 (82%) patients. Twenty-eight (45%) 

patients reported complete medication adherence. The most common reason for incomplete 

adherence was missed medication due to forgetfulness (n=31, 91%). There was no association 

between addressing AED side effects (neither physician-documented nor patient-reported) and 

complete medication adherence (P=0.22 and 0.20).

Discussion and conclusion: Among patients with epilepsy, addressing medication side effects 

at every visit does not appear to increase patient-reported medication adherence.

Keywords: epilepsy, antiepileptic drug side effects, medication adherence

Introduction
Epilepsy is one of the most prevalent life-threatening neurological disorders in 

the USA and is characterized by recurrent spontaneous seizures.1–10 Most types of 

epilepsy are incurable, and so continuous antiepileptic drug (AED) treatment is 

recommended.8,11–20

Currently, 22 AEDs are available in the USA; all of them with evidence of efficacy 

but with varying side-effect profiles.21–24 Since people with epilepsy often have comorbid 

conditions, they are at increased risk of toxicity, drug–drug interactions, and reduced 

adherence to treatment.12,25,26 Clinicians must work closely with their patients to balance 

the benefits of a medication with the potential side effects that may reduce adherence.

Many investigators have attempted to capture medication adherence disparities 

within epilepsy populations using various acquisition methods.27–30 The most 
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acceptable methods have been patient-reported measures, 

such as the Morisky Medication Adherence Scales MMAS-4 

and MMAS-8.29,31–33 Incomplete adherence to treatment 

has been associated with several clinical and psychosocial 

determinants. Less education, the presence of psychiatric 

comorbidities, and poor seizure control have been associated 

with incomplete adherence.28,34–38 Additionally, stratified 

adherence grouping suggests that the relationship between 

seizure control and adherence may not be linear.39 However, 

the effect size and interaction between these factors remain 

poorly characterized.

Despite our incomplete understanding of the determinants 

of adherence, most guidelines and clinical recommendations 

reiterate the need for counseling about epilepsy treatment 

and treatment side effects to engage patients and improve 

adherence.40–44 Yet, studies of existing counseling guide-

lines have consistently shown that counseling is commonly 

neglected.45,46 To better understand this important issue, the 

present study examined whether evidence of counseling or 

addressing AED side effects at every visit is associated with 

increased patient-reported medication adherence.

Patients and methods
study population
Patients receiving care in two major academic medical centers 

using the Partners HealthCare System Research Patient Data 

Registry were identified. There were 4,147 patients aged 

$18 years, seen in an adult outpatient neurology setting, who 

had at least two visits from June 1, 2011 to May 31, 2014, 

and who received a principal or secondary diagnosis code 

for epilepsy (International Classification of Diseases-10 

code G40 [epilepsy and recurrent seizures] or International 

Classification of Diseases-9 codes 345.0–345.9 [epilepsy]).

Patients were included if they had a confirmed diagnosis 

of epilepsy, were 18–85 years of age at the time of first visit, 

had two or more outpatient visits for epilepsy within a maxi-

mum interval of 12 months to better assess epilepsy diagnosis 

and establishment of epilepsy care, had been prescribed 

AEDs, and had their first visit in the Partners HealthCare 

System after July 2011. We chose to exclude patients who 

had their first visit before 2011, which was the year that the 

American Academy of Neurology epilepsy quality measures 

were published, because we wanted to apply these quality 

measures to the care provided at the first visit. We excluded 

2,818 patients for the following reasons: seven (0.2%) were 

aged ,18 years, 41 (1%) were deceased at the time of data 

abstraction, 1,983 (70%) had their first visit in the Partners 

HealthCare System before July 2011 or after May 31, 2014, 

501 (18%) had less than two visits, 783 (28%) had no epilepsy 

diagnosis, 306 (11%) had been seen by the study investigators 

(LMVRM, DBH) because these clinicians were attuned to the 

epilepsy quality measures, and 21 (0.8%) had no intervention 

for epilepsy raising doubts about the diagnosis.

We randomly selected 243 of the 1,329 eligible patients 

for a telephone interview (based on power calculation in the 

“Statistical analysis” section). The randomization process 

consisted of the use of computer-generated random numbers 

set to select 243 random digits from 1 to 1,329, inclusive. 

We sent the selected subjects a letter (cosigned by their 

neurologist) describing the study and included an opt-out 

postcard. Patients who received a letter and did not opt out 

via postcard were contacted by phone for verbal consent 

by a member of the study staff. Once verbal consent was 

obtained, study staff administered the interview by phone. 

For subjects who appeared to have a cognitive impairment, 

we surveyed a proxy who had significant knowledge about 

the patient when available.

One hundred and eighty-one (74%) patients were 

excluded for the following reasons: 37 (20%) patients were 

excluded after the treating physicians declined to cosign 

or were unreachable, 81 (45%) declined to participate in 

the study (either via postcard or at the time of the phone 

interview), 56 (31%) patients were unreachable after three 

voicemail messages, four (2%) patients were excluded 

because no proxy was available to answer the interview 

questions, and three (1%) were excluded because their first 

language was not English or Spanish.

Sixty-two (26%) patients participated and answered the 

questionnaires. Among the participants, an epilepsy special-

ist was involved in the care of 45 (73%) of the patients and 

general neurologists exclusively managed 17 (27%) of the 

patients within the study time frame.

Procedures
Two research assistants were trained by the lead investigator 

(LMVRM) in the standardized abstraction of demographic, 

provider specialty, and AED counseling or addressing 

evidence from electronic medical records. We assessed 

reliability by comparing three independent reviews of 

20 randomly selected medical records. Interrater reliability 

was substantial (κ.0.8) on all measures (ie, seizure fre-

quency, seizure type, whether the physician documented 

treatment counseling, or addressing medication side effects). 

The lead investigator resolved disagreements.
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Measures
The main independent variable in this study is addressing 

AED side effects. Evidence that AED side effects were 

addressed in any way had to be present at each visit in the 

study time frame. The importance of addressing anticonvul-

sant side effects has been clearly stated in the most recent 

Epilepsy Quality Measure guidelines, endorsed by the 

American Academy of Neurology (AAN EQM).41

This measure was assessed in two ways: 1) physician 

documentation based on chart abstraction and 2) patient 

report during phone interview. 

chart abstraction
Each medical record was reviewed in its entirety. The source 

of demographic information was a centralized registration 

department, and patient care information was placed in the 

electronic record by the patient’s treating physician. We 

abstracted demographic data, including age at first visit, sex, 

primary language, race, education level, type of insurance 

(private vs public), medical center, and the involvement of 

an epilepsy or neurology specialist.

A neurologist with formal, specialized training in epilepsy 

was considered an epilepsy specialist. The background of 

each neurologist was confirmed on the Partners website. All 

other neurologists were classified as general neurologists. A 

patient was identified as having subspecialty epilepsy care 

if seen by an epilepsy specialist at any time during the study 

time frame.

Abstracted clinical information included age at first 

seizure, epilepsy diagnosis, seizure frequency, and number of 

comorbidities. The duration of care was defined as the period 

between the first visit for epilepsy care and the last visit for 

epilepsy care between June 2011 and May 2014. The inten-

sity of care was defined as the number of visits for epilepsy 

care within this time period. New diagnosis of epilepsy was 

defined as whether the patient was diagnosed and started on 

an antiepileptic medication within the care period. Seizure 

frequency was defined as the mean number of seizures dur-

ing the previous 6 months of the visit. Disease duration was 

measured as the difference in years from age at first seizure 

to age at first visit. Baseline history of drug-resistant epilepsy 

was defined as a failure of adequate trials of two tolerated, 

appropriately selected and dosed AED schedules to achieve 

sustained seizure freedom.47

The physician documentation of AED side effects was 

defined as written evidence of querying the patient about 

the presence of AED side effects or evidence of addressing 

AED side effects at every visit within the study time frame 

(ie, yes/no across all eligible visits).

Phone interview
Phone interviews included the following surveys: 1) ques-

tion about counseling or addressing AED side effects, as a 

second independent variable and 2) the outcome survey, the 

MMAS-4, as the measure of medication adherence.48

Question 1), about addressing AED side effects, was 

adapted from the AAN EQM. Patients were asked if their 

treating physician discussed the presence of and possible 

approaches to side effects caused by antiepileptic medica-

tion, and if they had asked them these questions at each visit. 

A positive answer to both questions, when applicable, was 

considered patient-reported evidence that AED side effects 

were addressed.

2) The MMAS-4 is a validated questionnaire used in 

the assessment of self-reported medication-taking behav-

ior.48 The scale is a generic measure assessing long-term 

chronic medical regimens, such as AED treatments. This 

survey examines reasons for not taking one’s medication 

using “yes” or “no” answers. The questions include: 1) “Do 

you ever forget to take your AED?” 2) “Are you careless at 

times about taking your medications?” 3) “When you feel 

better, do you sometimes stop taking your medications?” 

and 4) “Sometimes, if you feel worse when you take your 

medicine, do you stop taking it?”

statistical analysis
Evidence of addressing AED side effects was measured 

in two ways and considered fulfilled when 1) physician 

documentation or 2) a positive patient report was present. 

The outcome, medication adherence, was dichotomized into 

complete (ie, “no” to all MMAS-4 questions) or incomplete 

adherence (ie, at least one “yes” to the MMAS-4 ques-

tions), respectively. The χ2 or two-sided t-test were used 

for comparison of demographic, clinical, and care charac-

teristics among the study participation groups. We used a 

χ2 test to assess the association between addressing AED 

side effects (yes vs no) and complete medication adherence 

(yes vs no).

We performed sensitivity analysis using a different thresh-

old for dichotomization of medication adherence based on the 

MMAS-4 answers (high vs low adherence). An MMAS score 

was calculated using the sum of questions answered with 

“no”. An MMAS score .3 was considered high adherence, 

and an MMAS score ,3 was considered low adherence.
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As a second sensitivity analysis, we performed an ordinal 

logistic regression using the MMAS-4 as an ordinal scale, 

ranging from 1 to 4 (minimum to maximal adherence). 

We also performed an exploratory stepwise regression of 

predictors of concordance. In this analysis, a concordant case 

was defined as evidence of addressing AED side effects in 

both methods of measurement: physician documentation and 

patient report. A case was also considered concordant where 

addressing AED side effects was not evident in either meth-

ods of measurement. The model included all the following 

variables: age, sex, primary language, academic medical 

center, insurance type, specialty provider, disease duration, 

number of visits, new diagnosis of epilepsy, seizure type, 

AED generation, number of AEDs, electroencephalogram 

requested, and magnetic resonance imaging requested.

Analyses were conducted using SAS Studio® (SAS 

Institute, Cary, NC, USA). The sample of 62 total patients 

has 90% power to detect a difference in medication adher-

ence of 30%. The threshold for significance was 95% 

(P-value =0.05). This study was conducted under a protocol 

approved by the Partners HealthCare Institutional Review 

Board, and the original query of the Research Patient Data 

Registry data was performed and as part of a major continu-

ous quality improvement effort.

Results
Medical records data were abstracted from 243 patients. All 

the 62 patients completed the MMAS-4 survey. Eleven (18%) 

MMAS-4 surveys were completed by patient health care 

proxies. Participants and nonparticipants were similar with 

respect to demographic and clinical characteristics. However, 

participants were more likely to be drug-responsive (82.2% 

vs 69.1%, P=0.04) and enrolled from one of the academic 

hospitals, as shown in Table 1 (85.5% vs 60.7%, P,0.01).

Among the participants, the mean age was 37.4±12.3 years. 

Interview data revealed that the mean patient-reported seizure 

frequency was 7.6±27.7 over the 6 months prior to the final 

epilepsy care visit. The median value for seizure frequency 

over the 6 months was 0 (interquartile range: 0–2). A total of 

12 (20%) patients reported having AED side effects.

Figure 1 shows that missing dose due to forgetfulness 

was the main reason for incomplete adherence. Specifically, 

31 (91%) patients answered “yes” to the question “Do you 

ever forget to take your AED?”

Forty-eight (77%) patients had medical records with evi-

dence of addressing AED side effects (physician-documented), 

while 51 (82%) patients reported having AED side effects 

discussed or addressed at every visit for epilepsy care.

Table 1 Demographic and clinical characteristics of participants 
and nonparticipants, based on chart abstraction

Characteristics N (%)a or mean ± SD P-value

Participants
N=62 

Nonparticipants
N=181

Demographics
Age, years 37.4±12.3 40.5±13.5 0.09

sex 0.46
Female 34 (54.8) 88 (49.4)
Male 28 (45.2) 90 (50.6)

Primary language 0.21
english 56 (91.8) 164 (95.9)
Others 5 (8.2) 7 (4.1)

care characteristics
Academic medical 
center

,0.01

hospital A 9 (14.5) 70 (39.3)
hospital B 53 (85.5) 108 (60.7)

insurance: public 20 (32.3) 58 (32.8) 0.94
insurance: private 42 (67.7) 119 (67.2)
specialty provider’s 
involvementb

0.32

epilepsy specialist 45 (72.6) 117 (65.7)
general neurologist 17 (27.4) 61 (34.3)

Disease duration 
in years

13.03±12.4 13.4±13.1 0.82

number of visits 5.22±2.49 5.32±2.48 0.78

new diagnosis 
of epilepsy

0.4

new 22 (35.5) 53 (29.8)
Old 40 (64.5) 125 (70.2)

seizure type 0.38
simple partial 6 (10.5) 8 (5.6)
complex partial 10 (17.6) 22 (15.4)
secondary generalized 21 (36.8) 40 (28.0)
generalized tonic 
clonic

14 (24.6) 53 (37.1)

Absence 0 (0) 4 (2.8)
Multiple 6 (10.5) 15 (10.4)
Other 0 (0) 1 (0.7)

current AeDs 0.57
new generation 46 (80.7) 5 (100)
Old generation 11 (19.3) 0 (0)

Drug resistant epilepsyc 0.04
Yes 11 (17.7) 55 (30.9)
no 51 (82.26) 123 (69.1)

AeD drug side effects 0.14
Patient denied 
symptoms

36 (75.0) 92 (72.4)

Patient experienced 
side effects

12 (25.0) 35 (27.6)

AeD side effects 
documented

0.39

Yes 48 (77.4) 127 (71.8)
no 14 (22.6) 50 (28.3)

number of 
comorbidities 

2.36±2.13 2.75±3.4 0.33

(Continued)
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Twenty-eight (45%) patients reported complete medica-

tion adherence. Table 2 details that the patients who reported 

complete adherence vs those who did not were similar 

with respect to demographic and clinical characteristics 

(all P.0.05). Similar findings were seen in the sensitivity 

analysis with dichotomization between high and low 

medication adherence and with MMAS divided in ordinal 

categories (Tables S1 and S2).

Table 1 (Continued)

Characteristics N (%)a or mean ± SD P-value

Participants
N=62 

Nonparticipants
N=181

number of AeDs 
prescribed

0.95

Zero 0 (0) 1 (0.6)
One 39 (65) 108 (60.7)
Two 14 (23.3) 46 (25.8)
Three 6 (10) 16 (9)
Four 1 (1.7) 6 (3.4)
Five 0 (0) 1 (0.5)

eeg requested 0.11
Yes 53 (85.5) 126 (75.9)
no 9 (14.5) 40 (24.1)

Mri requested 0.26
Yes 50 (80.7) 122 (73.5)
no 12 (19.3) 44 (26.5)

Notes: anumbers may not sum to totals because of missing data, and column 
percentages may not sum to 100% because of rounding. bspecialty provider’s 
involvement was categorized according to the highest level of care received during 
the study time frame: neurologists with formal subspecialized training in epilepsy 
were considered epilepsy specialists. All other neurologists were classified as general 
neurologists. cDrug-resistant epilepsy was defined as failure of adequate trials of two 
tolerated and appropriately selected AeD schedules (whether as monotherapies or 
in combination) to achieve sustained seizure freedom.
Abbreviations: sD, standard deviation; AeD, antiepileptic drug; eeg, electroen-
cephalogram; Mri, magnetic resonance imaging.

Figure 1 Patient-reported reasons for incomplete adherence.
Notes: each bar shows the proportion of patients with incomplete adherence who 
did not comply for each specific reason. Thirty-one (91%) patients answered “yes” to 
the question: “Do you ever forget to take your AED?”; 16 (47%) patients answered 
“yes” to the question “Are you careless at times about taking your medications?”; 
3 (8%) patients answered “yes” to the question “When you feel better, do you 
sometimes stop taking your medications?”; and 3 (8%) patients answered “yes” to 
the question “Sometimes, if you feel worse when you take your medicine, do you 
stop taking it?” The reasons are not mutually exclusive (ie, the same patient may 
report more than one reason for incomplete adherence).
Abbreviation: AeD, antiepileptic drug.

Table 2 Demographic and clinical characteristics of the 
population

Characteristics Complete medication 
adherence 

P-value

Yesa No

Total of unique patients n (%) 28 (45) 34 (55)
Mean age in years (sD) 37.3 (13.4) 37.4 (11.5) 0.98
sex – males n (%) 14 (50) 14 (41) 0.48
Disease duration in years, mean (sD) 14.4 (11.6) 11.9 (12.9) 0.47
Drug-resistant epilepsyb n (%) 5 (17.8) 6 (17.6) 0.98
comorbidities (sD) 2.26 (2.2) 2.45 (2.1) 0.75
epilepsy specialist involvement n (%) 22 (78) 23 (67) 0.33
number of visits 4.9 (2.6) 5.4 (2.3) 0.40
new diagnosisc n (%) 9 (32.1) 13 (38.2) 0.61
eeg requested n (%) 25 (89.2) 28 (82.3) 0.49
Mri requested n (%) 23 (82) 27 (79.4) 0.78
seizure frequency, median (iQr) 0 (0–4) 0 (0–1) 0.57
Academic medical center n (%) 0.49

hospital A 3 (10.7) 6 (17.7)
hospital B 25 (89.3) 28 (82.4)

insurance: public n (%) 12 (42.8) 8 (23.5) 0.17
insurance: private n (%) 16 (57.1) 26 (76.5)
number of AeDs prescribed 0.13

#1 17 22
2–3 10 10
$4 1 0

seizure type n (%) 0.84
simple partial 3 (11.5) 3 (9.6)
complex partial 3 (11.5) 7 (22.5)
Prim generalized 11 (42.3) 10 (32.3)
second generalized 6 (23) 8 (25.8)
More than one 3 (11.5) 3 (9.6)

epilepsy etiology n (%) 0.86
cryptogenic 14 (51.8) 11 (50)
idiopathic 7 (25.9) 7 (31.8)
symptomatic 6 (22.2) 4 (18.1)

language n (%) 0.37
english speakers 26 (96.3) 30 (88.3)
non-english speakers 1 (3.7) 4 (11.7)

Patient using new-generation 
medications n (%)

18 (72) 28 (87.5) 0.18

Patient experienced side effects n (%) 5 (20.8) 7 (29.1) 0.5

Notes: aComplete medication adherence was defined as patient answer “no” to 
all questions of the MMAs-4 questionnaire. bDrug-resistant epilepsy was defined as 
failure of adequate trials of two tolerated and appropriately selected AeD schedules 
(whether as monotherapies or in combination) to achieve sustained seizure freedom. 
cNew diagnosis of epilepsy was defined as whether the patient was diagnosed and 
started on an antiepileptic medication within the care period. seizure frequency was 
defined as the mean number of seizures during the previous 6 months of the visit. 
The seizure frequency values were not normally distributed. Therefore, the median 
values for seizure frequency were reported and P-values were obtained from a two-
sample Wilcoxon signed-rank test.
Abbreviations: sD, standard deviation; AeD, antiepileptic drug; eeg, 
electroencephalogram; iQr, interquartile range; Mri, magnetic resonance imaging; 
MMAs-4, Morisky Medi cation Adherence scale-4.

Figure 2A and B shows the proportions of complete 

adherence among patients who had AED side effects 

addressed or not. Evidence of addressing AED side effects 

in medical records was observed by 24 (50%) patients 

who reported complete medication adherence and also by 

24 (50%) who reported incomplete medication adherence, 

P=0.22. Similarly, analysis of phone interview data demon-
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strated that patient-reported evidence of addressing AED 

side effects was not associated with complete medication 

adherence (n=21, 41.2% vs n=30, 58.8%, P=0.20).

The ordinal logistic regression showed no association 

between evidence of addressing AED side effects in medical 

records and level of medication adherence according to 

MMAS-4 ordinal scores (odds ratio: 0.37 [0.1–1.4], P=0.11). 

Analysis of phone interview data also demonstrated that 

patient-reported evidence of addressing AED side effects 

was not associated with the level of medication adherence 

(odds ratio: 1.6 [0.53–4.8], P=0.39).

There were 45 (72.6%) concordant cases. Evidence of 

addressing AED side effects in both methods of measure-

ments (physician-documented and interview) occurred in 

41 (66%) cases. Absence of evidence of addressing AED 

side effects in both methods of measurements occurred in 

four (0.1%) cases. The stepwise regression model using 

the variables described earlier did not identify a significant 

predictor of concordance in evidence of addressing AED 

side effects (all P.0.05).

Discussion
This cross-sectional study examined physician adherence 

to the process of addressing AED side effects in the care of 

patients with epilepsy and described differences between 

the documentation and the patient report of this process of 

epilepsy care quality. Not surprisingly, overall suboptimal 

adherence to this specific quality measure was similar to that 

described in prior studies.45,46,49–54

The major finding of this study was the lack of association 

between addressing AED side effects when meeting with 

patients and medication adherence. This undermines our 

belief that counseling about epilepsy treatment would render 

a higher patient-reported medication adherence to treatment. 

However, this finding is aligned with the previous observa-

tions that medication adherence is a multifaceted part of care 

with multiple determinants, such as patient psychological 

and social status.54–63

There are a number of limitations to this study. Our 

recruitment was low, and patients were from two closely 

related tertiary care centers, which traditionally see 

patients with more complicated diagnoses and have prompt 

availability of specialized care. Although our response 

rate was comparable to other studies (14%–76%), enrolled 

patients were self-selected that may introduce selection 

bias toward patients who had a particularly better or worse 

disease severity.52,64–66 Arguing against a selection bias is 

the fact that the participants were largely comparable to the 

nonparticipants, although the power to detect differences is 

low given the sample size.

Additionally, phone surveys are limited by several factors 

including social desirability bias in which the participant 

would tend to deny an undesirable characteristic of his 

behavior such as admitting incomplete medication adherence.  

This might have led to an underestimation of the true 

medication adherence rate. Moreover, recall bias may also 

have decreased the accuracy of survey responses once the 

questions involved visits over several months.

Figure 2 Physician-documented complete medication adherence (A); Patient-reported complete medication adherence (B).
Notes: (A) Proportions of complete medication adherence among patients whose physician documented giving treatment counseling (ie, addressing AeD side effects) 
or whose physician did not document giving treatment counseling. Of the 48 whose physicians reported counseling, 24 (50%) had complete adherence and 24 (50%) had 
incomplete adherence. Of the 14 whose physicians did not report counseling, four (29%) had complete adherence and ten (71%) had incomplete adherence. (B) Proportions 
of complete adherence among patients who reported receiving treatment counseling (ie, addressing AeD side effects) or who reported not receiving treatment counseling. 
Of the 51 who reported receiving counseling, 21 (41%) had complete adherence and 30 (59%) had incomplete adherence. Of the eleven who reported not receiving 
counseling, seven (63%) had complete adherence and four (37%) had incomplete adherence.
Abbreviation: AeD, antiepileptic drug.
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Another limitation concerns the MMAS version. We used 

the MMAS-4 that has recently received endorsement by the 

American Medical Association as a validated assessment of 

nonintentional and intentional reasons for not taking one’s 

medication. Its measure of internal consistency is 0.68. We 

could have used the longer MMAS-8, which is an eight-item 

scale that has a higher level of internal consistency (α=0.83). 

This longer scale might have improved this study’s accuracy 

but would likely further decrease the study’s participation 

rate. Therefore, we opted to use the shorter scale and present 

greater data detail by listing the raw numbers obtained for 

each question and by using different categorization methods 

to attest to the robustness of the findings.

Another potential limitation of this study was that we 

did not capture all the possible care that the patients could 

have received that might impact adherence to treatment, 

including consultation with providers outside the Partners 

HealthCare System, such as health coaches and primary 

medicine providers. We did not gather information about 

the adequacy of the prescribed antiseizure drug treatments. 

Patients taking medication more frequently are less likely to 

be adherent compared to patients taking extended-release or 

once a day formulations.36,55,67 This and many other factors, 

from tablet color to treatment affordability, may have had an 

impact in the adherence that has yet to be measured. These 

and some other risk stratification examples may be raised 

in the implementation and evaluation of any quality metric. 

Regardless of the additional factors, this study suggests that 

any assessment of and strategies to improve adherence should 

focus on the many facets of this problem.

Conclusion
In conclusion, addressing AED side effects remains a neglected 

part of epilepsy care and should be incorporated in the devel-

opment of a model that can predict quality of care. Finally, 

this study highlights an important area of improvement and 

suggests patient-reported medication adherence as a potential 

quality indicator in the care of people with epilepsy.

Among patients with epilepsy, addressing medication 

side effects at every visit does not appear to increase patient-

reported medication adherence.
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Table S1 Demographic and clinical characteristics of high and low medication adherence groups

Characteristics MMAS scores P-value

3 or 4a (high adherence) 0, 1, or 2b (low adherence)

Total of unique patients (%) 47 (76) 15 (24)
Mean age in years (sD) 38.1 (12.6) 35.2 (11.3) 0.40
sex – males n (%) 20 (42) 8 (53) 0.46
Disease duration in years (sD) 14.2 (13.0) 9.4 (9.2) 0.17
Drug-resistant epilepsyc n (%) 10 (21.3) 1 (6.7) 0.26
comorbidities n (%) 2.55 (2.3) 1.78 (1.4) 0.15
epilepsy specialist involvement n (%) 36 (76.6) 9 (60) 0.31
number of visits n (%) 4.9 (2.6) 6.2 (1.7) 0.03
new diagnosis n (%) 17 (36.1) 5 (33.3) 0.84
eeg requested n (%) 40 (85.1) 13 (86.7) 0.70
Mri requested n (%) 38 (80.9) 12 (80.0) 0.60
seizure frequencyd (iQr) 0 (0–1) 0 (0–1) 0.52
Academic medical center n (%) 0.88

hospital A 7 (14.9) 2 (13.3)
hospital B 40 (85.1) 13 (86.6)

insurance: public n (%) 18 (38.3) 2 (13.3) 0.11
insurance: private n (%) 29 (61.7) 13 (86.6)
number of AeDs prescribed (%) 0.58

#1 29 10
2–3 16 4
$4 1 0

seizure type n (%) 0.42
simple partial 6 (14.0) 0 (0)
complex partial 6 (14.0) 4 (28.6)
Prim generalized 17 (39.5) 4 (28.6)
second generalized 10 (23.2) 4 (28.6)
More than one 4 (9.3) 2 (14.3)

epilepsy etiology n (%) 0.33
cryptogenic 3 (30) 22 (56.4)
idiopathic 4 (40) 10 (25.6)
symptomatic 3 (30) 7 (18)

language n (%) 0.32
english speakers 41 (89.1) 15 (100)
non-english speakers 5 (10.8) 0 (0)

Notes: a,bTotal MMAS score is equal to the total number of questions on the MMAS-4 questionnaire to which the patient answered “no”. cDrug-resistant epilepsy was 
defined as failure of adequate trials of two tolerated and appropriately selected AED schedules (whether as monotherapies or in combination) to achieve sustained seizure 
freedom. dnumber of seizures represents the mean number of seizures reported during the previous 6 months of the last visit for epilepsy within the care period. The 
seizure frequency values were not normally distributed. Therefore, the median values for seizure frequency were reported and P-values were obtained from a two-sample 
Wilcoxon signed-rank test.
Abbreviations: sD, standard deviation; AeD, antiepileptic drug; eeg, electroencephalogram; Mri, magnetic resonance imaging; MMAs, Morisky Medication Adherence scale; 
iQr, interquartile range.
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Table S2 Demographic and clinical characteristics of medication adherence groups (MMAs ordinal categories)

MMAS ordinal categories P-valuea

1 2 3 4

Total of unique patients n (%) 4 (6.4) 11 (17.7) 19 (30.6) 28 (45.3)
Median age in years (sD) 24.5 (13.5) 35 (10.4) 43 (11.7) 32 (13.4) 0.44
sex – males n (%) 4 (100) 4 (36.4) 6 (31.6) 14 (50) 0.07
Disease duration in years (sD) 7 (4.9) 8 (10.8) 5 (15.3) 13 (11.6) 0.80
Drug-resistant epilepsyb n (%) 1 (25) 0 (0) 5 (26.3) 5 (17.86) 0.32
comorbidities n (%) 4 (100) 10 (90.9) 17 (89.4) 26 (92.8) 0.90
epilepsy specialist involvement n (%) 4 (100) 5 (45.5) 14 (73.7) 22 (78.6) 0.13
number of visits n (%) 5.5 (1.3) 6 (1.8) 4 (2.7) 4 (2.6) 0.06
new diagnosis n (%) 2 (50) 3 (27.3) 8 (42.1) 9 (32.1) 0.75
eeg requested n (%) 4 (100) 9 (81.8) 15 (78.9) 25 (89.3) 0.61
Mri requested n (%) 4 (100) 8 (72.7) 15 (78.9) 23 (82.1) 0.68
seizure frequencyc (iQr) 0.5 (0–1) 0 (0–1) 0 (0–1) 0 (0–4) 0.89
Academic medical center n (%)

hospital A 1 (25) 1 (9.1) 4 (21) 3 (10.7) 0.66
hospital B 3 (75) 10 (90.9) 15 (79) 25 (89.3)

insurance: public 0 (0) 22 (18.2) 6 (31.6) 12 (42.8) 0.22
insurance: private 4 (100) 9 (81.8) 13 (68.4) 16 (57.2)
Documentation of side effects n (%) 3 (75) 9 (81.8) 12 (63.1) 24 (85.7) 0.32
Presence of side effects n (%) 1 (33.3) 3 (33.3) 3 (25) 5 (20.8) 0.88
Prescription of new generation AeDs n (%) 4 (100) 10 (100) 14 (77.8) 18 (72) 0.19
number of AeDs prescribed n (%) 0.61

#1 4 (100) 6 (60) 12 (66.7) 17 (60.7)
2–3 0 (0) 4 (40) 6 (33.3) 10 (35.7)
$4 0 (0) 0 (0) 0 (0) 1 (3.6)

seizure type n (%) 0.52
simple partial 0 (0) 0 (0) 3 (18.8) 3 (13)
complex partial 1 (25) 3 (37.5) 3 (18.8) 3 (13)
Prim generalized 3 (75) 1 (12.5) 6 (37.4) 11 (47.8)
second generalized 0 (0) 4 (50) 4 (25) 6 (26.2)
More than one 0 (0) 0 (0) 0 (0) 0 (0)

epilepsy etiology n (%) 0.33
cryptogenic 1 (33.4) 3 (42.8) 3 (17.7) 7 (31.8)
idiopathic 0 (0) 3 (42.8) 3 (17.7) 4 (18.2)
symptomatic 2 (66.6) 1 (14.4) 11 (64.6) 11 (50)

english speakers n (%) 4 (100) 11 (100) 15 (79) 26 (96.3) 0.17

Notes: aP-values were calculated using AnOVA for continuous variables (eg, age, disease duration) and χ2 test for categorical variables (eg, sex, primary language). bDrug-
resistant epilepsy was defined as failure of adequate trials of two tolerated and appropriately selected AED schedules (whether as monotherapies or in combination) to 
achieve sustained seizure freedom. cnumber of seizures represents the mean number of seizures reported during the previous 6 months of the last visit for epilepsy within 
the care period. The seizure frequency values were not normally distributed. Therefore, the median values for seizure frequency were reported and P-values were obtained 
from a two-sample Wilcoxon signed-rank test.
Abbreviations: sD, standard deviation; AeD, antiepileptic drug; eeg, electroencephalogram; Mri, magnetic resonance imaging; MMAs, Morisky Medication Adherence 
scale; AnOVA, analysis of variance; iQr, interquartile range.
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