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Antiepileptic drugs (AEDs) may affect mood and behavior in people with epilepsy and intellectual disabil-
ity. A high AED load, derived from AED polytherapy and/or high doses of AEDs, has been suggested to be a

risk factor for behavioral side effects. Data were drawn from Wave 3 of the Intellectual Disability
Supplement to the Irish Longitudinal Study on Ageing (IDS-TILDA). The Behavior Problems Inventory
Short Form (BPI-S) was used to assess challenging behaviors. AED load was calculated and median
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AED loads obtained. Non-parametric tests and binary logistic regression were performed to determine
the relationship between AED load and challenging behaviors. Of participants with a reported diagnosis
of epilepsy who were taking a regular AED and had completed BPI-S (n = 142), 62.7% (n = 89) exhibited
challenging behaviors. Challenging behavior was found to be more prevalent in those with more severe
levels of intellectual disability (p <0.001). Aggressive/destructive behavior and stereotyped behavior
were significantly more likely in participants living in residential/campus settings. For participants with
a severe/profound intellectual disability, a significantly higher median AED load was found for partici-
pants exhibiting aggressive/destructive behavior and self-injurious behavior (SIB) compared to partici-
pants not exhibiting these behaviors, indicating a high AED load may contribute to some behavioral
problems in this population group. However, many factors can influence behavioral outcomes, creating
difficulties in determining those that are associated and the nature of the association. Careful monitoring
of AED load, together with increased vigilance for breakthrough behavioral issues is essential for dealing
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with these complex cases. Larger studies are needed to account for the potential confounding factors.
© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The burden of epilepsy is associated with psychiatric, cognitive,
and behavioral comorbidity [1,2], factors more prevalent in people
with intellectual disability [2]. Challenging behaviors occur in over
50% of people with intellectual disability, and are severe in 10%
[3,4]. Self-injurious behavior (SIB), aggression, destruction, disrup-
tive, and stereotyped behavior are frequently observed, resulting
sometimes with the person being excluded from services or activ-
ities, or subjected to restrictive practices [5-7]. The etiology of
challenging behavior is multifactorial, including physical symp-
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toms, for example, constipation, pain; behavioral phenotypes; psy-
chiatric disorders; psychological or social factors; and attention
seeking, and avoidance behaviors [6]. A meta-analytic study exam-
ining risk factors for challenging behavior in people with intellec-
tual disability found people with severe/profound intellectual
disability were more likely to exhibit challenging behaviors (self-
injury and stereotypy) compared to those with a mild/moderate
level of intellectual disability [8].

Systematic reviews examining epilepsy as a possible marker [5]
for challenging behaviors in people with intellectual disability
have yielded inconclusive results [2,5,9,10], with some studies
showing an increased prevalence in people with epilepsy and addi-
tional factors such as seizures of greater frequency and/or severity,
medication side effects, and generalized EEG activity [10]. A meta-
analysis of studies of adults with intellectual disability showed a
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significantly higher rate of challenging behaviors in the epilepsy
group compared with the non-epilepsy group, and a significantly
higher rate of aggression and SIB in the epilepsy group [9]. How-
ever, the authors suggested that the effects may not be clinically
significant because of small effect sizes [9].

Antiepileptic drugs (AEDs) may also affect mood and behavior
in people with epilepsy [11] and intellectual disability [12]. The
psychotropic effects of AEDs arise from the AEDs’ mechanism of
action (GABA or glutamate), underlying neurological condition
and familial or personal history of psychiatric disorders [13,14].
Antiepileptic drugs with mood stabilizing properties (valproic acid,
carbamazepine, lamotrigine) [15] are known to have positive
effects on mental health and are used in the treatment of bipolar
disorder [16]. However, lamotrigine has been reported to cause
aggression in people with intellectual disability [17]. Other AEDs
associated with a higher risk of precipitating challenging behaviors
in people with intellectual disability include clobazam, clon-
azepam, levetiracetam, phenobarbital, perampanel, topiramate,
tiagabine, vigabatrin, and zonisamide [9].

It is also suggested that people with epilepsy have a greater sus-
ceptibility to adverse behavioral effects of AEDs [16]. Levetirac-
etam has been known to incite aggressive behavior and
irritability [11]. A systematic review examining the behavioral
effects of levetiracetam in adults with epilepsy, cognitive disorders,
or an anxiety disorder during clinical trials found adverse beha-
vioral effects occurred significantly more frequently among
patients with epilepsy compared to patients with cognition or anx-
iety difficulties being treated with levetiracetam [18].

Negative behavioral effects of AEDs may be associated with a
higher AED load [12]. Total drug load has been defined as “the
amount of drug exposure for a certain indication” [ 19]. Total AED load
can be quantified as the sum of the prescribed daily dose (PDD)
divided by the defined daily dose (DDD) (average maintenance
dose) ratios (PDD/DDD) for each AED prescribed [20]. Use of AED
polytherapy and high doses with rapid titration is associated with
greater adverse cognitive and behavioral effects [21,22]. Indeed,
consensus guidelines rank the impact of AEDs on behavior and cog-
nition as second out of 11 priority areas [23].

The aim of this study was to examine the prevalence of chal-
lenging behaviors and its relationship with AEDs and AED load,
in older adults with intellectual disability who report a diagnosis
of epilepsy.

The objectives of this study were:

(a) To describe the demographic characteristics of older adults
with intellectual disability reporting a diagnosis of epilepsy
and exhibiting challenging behaviors.

(b) To examine the clinical characteristics of participants in this
epilepsy cohort, exhibiting SIB, aggressive/destructive and/
or stereotyped behavior, and the patterns of AED use, type
of AED therapy, AED load, and co-prescribed psychotropic
drugs.

(c) To examine the relationship between AED load and demo-
graphic and clinical characteristics and investigate its associ-
ation with exhibiting SIB, aggressive/destructive, and
stereotyped behavior.

2. Methods
2.1. Study design

The data for this study were drawn from Wave 3 (2016/2017) of
the Intellectual Disability Supplement to the Irish Longitudinal
Study on Ageing (IDS-TILDA). IDS-TILDA is a nationally representa-
tive, longitudinal study of older adults with intellectual disability
in Ireland aimed at investigating the aging profile, physical and
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behavioral health, medication use, health service needs, social net-
works, living situations, community participation, and employ-
ment [24]. The original sample (Wave 1) was randomly selected
using the National Intellectual Disability Database (NIDD) of Ire-
land, a database that gathers information on people with intellec-
tual disability that use or are entitled to avail of services. Inclusion
criteria consisted of age >40 years with intellectual disability (to
reflect the lower longevity of people with intellectual disability),
to be registered with the NIDD and to provide written consent to
participate and/or family/guardian written agreement if required.

2.2. Participants

A total of 753 people aged between 41 and 90 years with intel-
lectual disability were recruited in Wave 1 (2009/2010) following
consent and protocol completion, representing 8.9% of people aged
40 years and over who were registered on the 2008 NIDD database
[24]. If an individual could not provide consent themselves, a fam-
ily member or guardian could sign a letter of agreement for their
relative to participate. McCarron et al. undertook a comparison of
demographics, showing the IDS-TILDA sample to be representative
of this population group [25]. Level of intellectual disability is asso-
ciated with intelligence quotient scores [26] - mild (50-69), mod-
erate (35-49), severe (20-34) and profound (<20). Case notes for
each participant where possible, confirmed the correct classifica-
tion. For this study, the number of people taking part in Wave 3
was 609 with 44.2% male and 55.8% female [27]. The age range
for Wave 3 was 48-95 years with a mean of 59.1 years (SD: 8.81)
[27]. Overall in Wave 3, 24.8% had a mild intellectual disability,
46.2% a moderate intellectual disability, and 29.1% a severe/pro-
found intellectual disability [27]. Participants live independently/
with family, in community group homes, or in residential/campus
settings. The response rate for Wave 2 (2013/2014) respondents
who were alive at Wave 3 was 95.5% [27].

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) standardized reporting guideli-
nes for cross-sectional studies [28]. The IDS-TILDA study received
ethics approval from the Faculty of Health Sciences, Ethics Com-
mittee at Trinity College Dublin and 138 intellectual disability ser-
vice providers. To comply with the General Data Protection
Regulation (GDPR) and the Irish Health Research Regulations
(2018), a consent declaration waiver was obtained for the study
from the Irish Health Research Consent Declaration Committee
(HRCDC), for any data supplied in the past or future by people
unable to consent themselves.

2.3. Measures

A pre-interview questionnaire (PIQ) was sent to each partici-
pant one week prior to the interview. This gave participants time
to prepare and locate any information that may be needed (e.g.,
medication data), enhancing the reliability of the data. CAPI (Com-
puter Assisted Personal Interviewing) interviews were completed
by trained field workers, experienced in working with people with
intellectual disability, utilizing laptops to answer the study ques-
tions. Advantages included the automatic rerouting of questions
and detection of inadmissible replies. Different interviewing styles
were undertaken by participants depending on their level of intel-
lectual disability and capacity to communicate. There were three
styles of interviewing; self-report, proxy assisted (where the per-
son with intellectual disability answered some but not all ques-
tions), and proxy only, where the carer/support person answered
the questions on the persons’ behalf. To act as a proxy, the individ-
ual was required to know the person with intellectual disability for
a minimum of six months. In terms of questions relating to epi-
lepsy and the focus of this study, 20.8% of interviews were self-
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report only, 48.5% used a proxy interview style, and 30.7% used a
combination of self-report and proxy style [29].

2.4. Report of a diagnosis of epilepsy

During Wave 1 data collection, each participant/proxy was
asked in the PIQ if the individual with intellectual disability was
ever diagnosed by a doctor/relevant health professional with epi-
lepsy. In the face-to-face interview, confirmation of a report of a
diagnosis of epilepsy and medications in the PIQ were made. In
successive Waves (2 and 3) of the study, each participant/proxy
was asked ‘since your last interview, has a doctor ever told you that
you have epilepsy?’. Consequently, a variable for prevalence was
created [29]. Following reported epilepsy diagnosis confirmation,
subsequent questions were asked regarding the reported diagnosis
e.g., ‘When were you first told by a Doctor that you had epilepsy?’.
Additional free text detailed and confirmed any additional infor-
mation. Reported epilepsy diagnosis data were not available for
one (0.2%) participant with medication data (Fig. 1) [29].

2.5. Medication exposure

Participants were asked which medications they take on a reg-
ular basis including prescribed, over-the-counter, and herbal
medicines [30]. Medicines were recorded on the PIQ as either
brand or generic name/International non-proprietary name, dose,
frequency, route of administration, and date when medication
was commenced. At the time of interview, trained interviewers
checked all medication data for accuracy. Medications were coded
using the World Health Organization Anatomical Therapeutic
Chemical Classification (ATC) System by two pharmacists JOC
and HA [29]. For Wave 3, medication data were available for 549
(90.1%) participants (Fig. 1). Of the 60 participants missing medica-
tion data, 4 (6.7%) participants refused to provide these data. Fif-
teen (25%) participants and/or proxies did not return the PIQ
which contained the medication record detailing the participants’
medication usage. Medication data were not available for the
remaining 41 (68.3%) participants [29]. The author (RM) reviewed
and confirmed all medication entries in this study.

2.6. Drug class categorization

Antiepileptic drugs were defined as those with the ATC code
NO3A. All AEDs were split into those taken by a participant with
a reported diagnosis of epilepsy and those without a reported diag-
nosis [29]. Clobazam was included in the AED category as it is pri-
marily used for epilepsy. Midazolam was excluded from the NO5C
class as it is used for acute seizure control only [31]. Regular AEDs
were then categorized into number of AEDs prescribed and subse-
quently into ‘monotherapy’ and ‘polytherapy’ [29]. Antiepileptic
polytherapy was defined as concurrent treatment with two or
more regular AEDs. Drugs indicated for the emergency treatment
of acute seizures were recorded separately from the other AEDs
and included midazolam.

Psychotropic co-medication examined were antipsychotics
(NO5A), antidepressants (NO6A), anxiolytics (NO5B), hypnotics &
sedatives (NO5C), drugs for dementia (NO6D), and anti-
cholinergic drugs (NO4A). Lithium was classified as a mood stabi-
lizer and prochlorperazine was not included in the antipsychotic
category as all the doses reported in this study fell within the rec-
ommended range used for the treatment of Meniere’s syndrome,
labyrinthitis, and nausea and vomiting (10-40 mg daily).
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2.7. AED load

The AED PDD/DDD ratio [19,32] was calculated for all partici-
pants with medication data taking a regular AED. Due to incom-
plete dosage data for six participants (excluded from analysis),
this ratio was calculated for 96.6% (168/174) of those with a
reported diagnosis of epilepsy and taking a regular AED in this
study. The PDD/DDD ratio is the ratio of prescribed daily dose
(PDD) to defined daily dose (DDD) [15]. The DDD is the assumed
average maintenance daily dose, for a drug taken for its main indi-
cation in adults [15] (Supplementary Table 9). The PDD is the
actual prescribed daily dose. A PDD/DDD ratio can be used as a
measure of drug load [15]. This analysis was completed using
Microsoft Excel and a cumulative ratio of all AEDs being taken,
calculated.

PDD;
DDD;
Numerical descriptive measures, namely median and interquar-

tile range (IQR), of the total AED load variable were obtained and
analyzed.

total drug load = .

2.8. Challenging behaviors

The Behavior Problems Inventory-Short Form (BPI-S), an infor-
mant-based questionnaire, was used to assess challenging beha-
viors [33]. The instrument examines three subtypes of
challenging behaviors; self-injurious behavior (SIB) (8 items),
aggressive/destructive behavior (10 items), and stereotyped beha-
vior (12 items) [34] (Supplementary Table 2). A study investigating
reliability and factorial validity of the BPI-S found acceptable reli-
ability regarding internal consistency, inter-rater agreement, and
test-retest reliability [34]. This section was completed by the
carer/key worker/support person who knew the person with intel-
lectual disability very well (minimum of 6 months). These data
were collected via the PIQ, giving the informant time to fill out
the information required prior to the CAPI interview. Broad defini-
tions of each type of behavior were given in the PIQ (Supplemen-
tary Table 10).

Individuals providing these data were instructed to describe
behaviors in the person with intellectual disability during the pre-
vious two months:

1. How often a described behavior typically occurs.
2. How serious a problem the behavior is.

If the behavior did not occur during the previous two months
and therefore, posed no problem, they were instructed to check
“never/no problem”. If the behavior had occurred, they were asked
to rate the approximate frequency of its occurrence and its sever-
ity. Each level of severity (mild/moderate/severe) was clearly
defined. They were not required to provide a severity level for
stereotyped behavior and no scale/severity definition was pro-
vided. For the purpose of this study, a positive response to fre-
quency indicated the presence of challenging behaviors. This
allowed for the creation of a variable (YES/NO) for individual types
of behaviors which were grouped into SIB, aggressive/destructive,
and stereotyped behavior per the BPI-S scale [33] and then
grouped into overall presence of challenging behaviors.

2.9. Covariates

Covariates investigated were gender (male/female), age
(<50/50-64/65+ years), level of intellectual disability (mild/moder
ate/severe/profound/unverified), place of residence (independent/-
family/community group home/residential/campus), cause of
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Total Wave 3 participants n=609

Medication data not available
n=60
n=4 Refused
n=15 No PIQ returned
n=41 No data available

n=549 (90.1%)

Medication data available for analysis

No report of a diagnosis Data not available
of epilepsy and no — > | for reported
prescription of AED epilepsy diagnosis
n=282 n=1
\
n=266
Prescription of AED with o
no report of a diagnosis
of epilepsy n=70
Report of a diagnosis of
epilepsy and
medication data n=196 Report of a
- diagnosis of
" | epilepsy and no
AED n=22
Report of a diagnosis of

AED n=174

epilepsy and prescription of

Data not available

for challenging

\4

l

behaviours analysis

Challenging
behaviours
data n=142

n=32

Data not available

» | for AED load

!

analysis

Data for AED
load analysis
n=137

n=5

Fig. 1. Flow chart of epilepsy diagnosis, challenging behavior and AED use.

intellectual disability (Down Syndrome/other etiology/unknown
cause), psychotropic medications (antipsychotics/antidepres
sants/lithium/anxiolytics/hypnotics and sedatives/drugs for
dementia/anti-cholinergic), comorbid mental health conditions,
any challenging behaviors, categorized challenging behaviors
(SIB/aggressive/destructive/stereotyped behavior), type of seizures
(generalized/other), seizure frequency (none in the last year/at
least one in the last year), and AEDs. Psychotic disorder includes

reported doctor’s diagnosis of hallucinations, schizophrenia, and
psychosis. Mood disorder includes reported doctor’s diagnosis of
depression, manic depression, mood swings, and emotional prob-
lems and anxiety disorder includes reported doctor’s diagnosis of
anxiety and Post-Traumatic Stress Disorder (PTSD), although there
were no reports of PTSD in this study [29].

Mood stabilizing AEDs include valproic acid, carbamazepine,
and lamotrigine. The categorized seizure type was based on the
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2017 International League Against Epilepsy (ILAE) classification of
seizures [35]. Generalized seizures include tonic-clonic, tonic, clo-
nic, atonic, myoclonic, and absence. Focal seizures include simple
partial seizures and complex partial seizures. ‘Other’ seizure cate-
gory includes both focal and unknown seizures due to low num-
bers of reported focal seizures (n = 3).

Residential/campus settings were defined as living arrange-
ments where 10 or more people share a single living unit or where
the living arrangements are campus based. Community group
homes are in a community setting with staff support for small
groups of people with intellectual disabilities.

2.10. Statistical analyses

Descriptive statistics described the characteristics of the popu-
lation being studied. The Chi Squared (x?) test for independence
was used to test for significant association between categorical
variables at bivariate level. Fisher’s Exact test was used to test
for significant association between categorical variables where
the sample size in subgroups was small (n < 5). To control for prob-
lems associated with multiple comparisons, thereby increasing the
likelihood of Type 1 error (rejecting the null hypothesis when it is
true and the false discovery rate), a Bonferroni correction was
applied to all bivariate Chi Squared/Fisher’s Exact tests [36]. Vari-
ables that had small numbers in their subgroups were collapsed.
This included type of residence, where participants who lived inde-
pendently or with family were collapsed with participants living in
community group homes. Participants with severe intellectual dis-
ability and profound intellectual disability were collapsed into a
single group of severe/profound intellectual disability. The Kol-
mogorov-Smirnov test and Shapiro-Wilk test were used to assess
if the numerical variable for AED load (PDD/DDD) was normally
distributed. As the AED load data significantly deviated from a nor-
mal distribution, the non-parametric test, Mann-Whitney U, was
used to analyze the numerical data for AED load. Descriptive statis-
tics, including medians (with 95% CI) and interquartile range (IQR)
were used to describe the groups. Levene’s test for homogeneity of
variance was used to assess this assumption for non-parametric
tests.

Three binary logistic regressions were performed to identify
factors associated with exhibiting (a) SIB, (b) aggressive/destruc-
tive behavior, and (c) stereotyped behavior. In the three models,
the possible outcomes for the dichotomous dependent variable
were exhibiting (a) SIB yes/no, (b) aggressive/destructive behavior
yes/no, or (c) stereotyped behavior yes/no. All the variables were
entered into each regression model simultaneously. Demographic
variables included in each of the models were age, level of intellec-
tual disability, and place of residence. Antiepileptic drug load was
included in the models as this was of interest in the study and fol-
lowing positive associations found in non-parametric tests under-
taken. Small case numbers prohibited other demographic (for
example, gender) and clinical variables (for example, type of sei-
zures) from being included. The variance inflation factor (VIF)
was utilized to test for multicollinearity between independent
variables. All variables were found to have a VIF below the desig-
nated threshold of >2 indicating no multicollinearity. The logistic
regression results are presented as odds ratios with corresponding
95% confidence intervals.

The sample size for the logistic regression was determined
using the guidelines of Peduzzi et al. namely that n =10 k/p where
k is the number of covariates (independent variables), p is the
smallest of the proportions of negative or positive cases in the pop-
ulation, and k/p is the number of events per variable [37]. Four
covariates (k) were included in the three models and p was (a)
SIB (exhibit)- 52/141 = 0.369, (b) aggressive/destructive behavior
(exhibit )- 54/137 =0.394, and (c) stereotyped behavior (do not
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exhibit )- 70/141 =0.496. Therefore, the minimum numbers of
cases needed ranged from n =81-108. The samples used here for
each logistic regression (n=125-129) exceeded these minimum
requirements.

All statistical analyses were carried out using the Statistical
Package for Social Sciences, version 25.0 (SPSS Inc., Chicago, IL,
USA). Statistical significance was set at <0.05.

3. Results
3.1. Demographic & clinical characteristics of participants

Of participants with a reported diagnosis of epilepsy, taking at
least one regular AED and having completed BPI-S (n = 142), chal-
lenging behaviors were found to be exhibited by 62.7% (n = 89)
(Table 1). The level of intellectual disability was found to be signif-
icantly associated with exhibiting challenging behaviors
(p <0.001) with a higher prevalence of challenging behaviors asso-
ciated with greater severity of intellectual disability. Most partici-
pants (70.8%, 63 of 89) exhibiting challenging behaviors lived in a
residential/campus setting. Of those exhibiting challenging beha-
viors, 52.8% reported taking AED polytherapy. The median AED
load for participants exhibiting challenging behaviors was 1.26
(95%CI 0.93-1.66) compared with 1.30 (95%CI 0.80-1.76) for par-
ticipants not exhibiting challenging behaviors. Of those exhibiting
challenging behaviors, 39.3% (n=35) reported suffering from a
mood disorder and 7.9% (n = 7) a psychotic disorder. Reporting an
anxiety disorder was found to be significantly associated with
exhibiting challenging behaviors (41.6%, n =37, p=0.022). Half of
the participants (49.4%; n =44) exhibiting challenging behaviors
reported prescription of antipsychotics compared to a quarter
(24.5%; n = 13) of participants not exhibiting challenging behaviors
(p =0.003).

3.2. Demographic & clinical characteristics of participants with
categorized challenging behaviors

Participants exhibiting SIB (61.5%; n=32; p=0.001) or stereo-
typed behavior (59.7%; n = 40; p < 0.001) were more likely to have
a severe/profound level of intellectual disability. Over 70% of par-
ticipants exhibiting each behavior type lived in residential/campus
settings. The highest median AED load was found in participants
exhibiting aggressive/destructive behavior (1.47, 95%CI 1.00-
2.13) with the lowest median AED load found in participants
exhibiting stereotyped behavior (1.09, 95%CI 0.70-1.57). Antipsy-
chotics were reported for over half of participants exhibiting cat-
egorized challenging behaviors with 55.8% (n=29) of those
exhibiting SIB (P = 0.005), 57.4% (n = 31) exhibiting aggressive/de-
structive behavior (p = 0.001), and 53.5% (n = 38) exhibiting stereo-
typed behavior (p = 0.001) reporting prescription of antipsychotics
(Table 2).

3.3. Relationship between AED load, demographic and clinical
characteristics with regard to exhibiting SIB, aggressive/destructive,
and stereotyped behavior

A significantly higher median AED load was found for partici-
pants with a severe/profound intellectual disability exhibiting
aggressive/destructive behavior (p=0.001) (1.55, 95%CI 1.33-
3.34) (Supplementary Table 7) and SIB (p=0.048) (1.42, 95%CI
1.00-1.67) (Supplementary Table 6), compared to not exhibiting
aggressive/destructive behavior (0.64, 95%CI 0.53-1.30) and SIB
(0.71, 95%CI 0.53-1.47). A significantly higher median AED load
(p=0.007) was also found for participants taking AED monother-
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Table 1
Bivariate analysis of exhibiting challenging behaviors among those with a reported epilepsy diagnosis, taking a regular AED & completed BPI-S (n = 142).

Characteristic Total Exhibit challenging behaviors Does not exhibit challenging behaviors P value
n=142 n=_89 n=>53

Gender 0.043

Male 61 (43.0) 44 (49.4) 17 (32.1)

Female 81 (57.0) 45 (50.6) 36 (67.9)

Age 0.203

<50 years 16 (11.3) 3(14.6) 3(5.7)

50-64 years 95 (66.9) 59 (66.3) 36 (67.9)

65+ years 31 (21.8) 7 (19.1) 14 (26.4)

Level of intellectual disability n=134 n=85 n=49 <0.001*

Mild 21 (15.7) 6(7.1) 15 (30.6)

Moderate 53 (39.6) 31 (36.5) 22 (44.9)

Severe/Profound 60 (44.8) 48 (56.5) 12 (24.5)

Place of residence 0.003

Independent/Family/Community group home 55 (38.7) 26 (29.2) 29 (54.7)

Residential/Campus 87 (61.3) 63 (70.8) 24 (45.3)

Cause of intellectual disability n=140 n=287 n=>53 0.397

Down Syndrome 9 (13.6) 14 (16.1) 5(9.4)

Other etiology 38 (27.1) 21 (24.1) 17 (32.1)

Unknown etiology 83 (59.3) 52 (59.8) 31 (58.5)

Type of seizures 0.935

Generalized 81 (57.0) 51 (57.3) 30 (56.6)

Other 61 (43.0) 38 (42.7) 23 (43.4)

Seizure frequency n=139 n=287 n=>52 0.208

None in last year 79 (56.8) 53 (60.9) 26 (50.0)

At least one in last year 60 (43.2) 34 (39.1) 26 (50.0)

Type of therapy 0.380

Monotherapy 63 (44.4) 42 (47.2) 21 (39.6)

Polytherapy (Median = 2, Max =5) 79 (55.6) 47 (52.8) 32 (60.4)

Median AED load (PDD/DDD) 1.30 (1.00-1.53) 1.26 (0.93-1.66) 1.30 (0.80-1.76) 0.984°

(95% CI) (n=137)

Mood stabilizing AED 1.000 ?

Yes 129 (90.8) 81 (91.0) 48 (90.6)

No 13 (9.2) 8(9.0) 5(9.4)

Comorbid mental health disorder

Psychotic disorder 11(7.7) 7(7.9) 4(7.5) 1.000 *

Mood disorder 48 (33.8) 35(39.3) 13 (24.5) 0.071

Anxiety disorder 49 (34.5) 37 (41.6) 12 (22.6) 0.022*

Co-prescribed psychotropic drugs

Antipsychotics 7 (40.1) 44 (49.4) 13 (24.5) 0.003

Antidepressants 5(31.7) 8 (31.5) 17 (32.1) 0.939

Anxiolytics 5(17.6) 0(22.5) 5(9.4) 0.048

Hypnotics & sedatives 19 (13.4) 3(14.6) 6(11.3) 0.578

Lithium 4(2.8) 4 (4.5) (0) 0.297 *

Drugs for dementia 4 (2.8) 3(3.4) 1(1.9) 1.000 ?

Anti-cholinergic (N0O4A) 6(11.3) 1(12.4) 5(9.4) 0.594

P value: Chi Square, ® Fisher Exact Test (2 sided). ® Mann Whitney U mean rank- exhibit challenging behavior = 68.95 (n = 86), do not exhibit challenging behavior = 69.09
(n=51). P value: for Chi-Square Test after applying Bonferroni correction o = 0.05/20 = 0.0025 thus p < 0.0025 for significance.
Statistically significant results (after applying Bonferroni correction) marked in bold and with an asterisk *.

apy and exhibiting SIB (0.67, 95%CI 0.60-0.93) compared to not
exhibiting SIB (0.57, 95%CI 0.40-0.67).

In addition, a significantly higher median AED load (p = 0.006)
was found for participants reporting at least one seizure in the last
year and exhibiting aggressive/destructive behavior (3.62, 95%CI
2.67-5.07), compared to not exhibiting aggressive/destructive
behavior (1.75, 95%Cl 1.17-2.73). Participants not reporting
antipsychotics and antidepressants and exhibiting aggressive/de-
structive behavior were found to have significantly (p = 0.042 and
p =0.005, respectively) higher median AED loads (2.27, 95%CI
1.17-3.62 and 2.00, 95%CI 1.00-3.60, respectively) compared to
those not exhibiting aggressive/destructive behavior (1.00, 95%CI
0.67-1.76 and 0.84, 95%CI 0.67-1.40, respectively).

The median AED loads of participants reporting antipsychotic
medications and exhibiting SIB (1.00, 95%CI 0.70-1.57), aggres-
sive/destructive (1.07, 95%CI 0.80-1.87) and stereotyped behavior

(1.09, 95%CI 0.67-1.66) (Supplementary Table 8) were not signifi-
cantly different from those not exhibiting these behaviors (SIB
1.32, 95%CI 0.87-2.43; aggressive/destructive behavior 1.30, 95%
Cl 0.75-1.73; stereotyped behavior 1.30, 95%Cl 0.87-2.43,
respectively).

3.4. Factors associated with exhibiting SIB, aggressive/destructive, and
stereotyped behavior

Binary logistic regression models (Table 3) demonstrated that
having a severe/profound intellectual disability [OR 9.528 (95%
Cl: 1.904-47.681), p=0.006] was significantly associated with
exhibiting SIB. Living in a residential/campus setting [OR 3.098
(95% CI: 1.267-7.577), p=0.013] and having a higher AED load
[OR 1.298 (95% CI: 1.013-1.662), p=0.039] were significantly
associated with exhibiting aggressive/destructive behavior after



Table 2
Bivariate analysis of demographic & clinical factors among those with a report of an epilepsy diagnosis, taking a regular AED and exhibiting SIB (n = 141), aggressive/destructive behavior (n = 137), and stereotyped behavior (n = 141).

Characteristic Total Exhibit SIB Pvalue Total Exhibit aggressive/destructive ~ P value Total Exhibit stereotyped P value
behavior behavior
SIB aggressive/destructive stereotyped
behavior behavior

n=141 n=>52 n=137 n=>54 n=141 n=71
Gender 0.379 0.333 0.049
Male 61 (43.3) 20 (38.5) 59 (43.1) 26 (48.1) 60 (42.6) 36 (50.7)
Female 80 (56.7) 32 (61.5) 78 (56.9) 28 (51.9) 81 (57.4) 35 (49.3)
Age 0.460 0.831 0.218
<50 years 16 (11.3) 8 (15.4) 15 (10.9) 7 (13.0) 16 (11.3) 11 (15.5)
50-64 years 94 (66.7) 32 (61.5) 91 (66.4) 35 (64.8) 94 (66.7) 47 (66.2)
65+ years 31 (22.0) 12 (23.1) 31(22.6) 12 (22.2) 31 (22.0) 13 (18.3)
Level of intellectual disability n=133 n=>52 0.001* n=129 n=>52 0.293 n=133 n=67 <0.001*
Mild 21 (15.8) 2(3.8) 21(16.3) 6 (11.5) 21 (15.8) 3(4.5)
Moderate 54 (40.6) 18 (34.6) 53 (41.1) 20 (38.5) 53 (39.8) 24 (35.8)
Severe/Profound 58 (43.6) 32 (61.5) 55 (42.6) 26 (50.0) 59 (44.4) 40 (59.7)
Place of residence 0.025 0.025 0.003
Independent/Family/Community group home 55 (39.0) 14 (26.9) 54 (39.4) 15 (27.8) 55 (39.0) 19 (26.8)
Residential/Campus 86 (61.0) 38 (73.1) 83 (60.6) 39 (72.2) 86 (61.0) 52 (73.2)
Cause of intellectual disability n=139 n=>51 0.246 n=136 n=>53 0.115 n=140 n=71 0.195
Down Syndrome 18 (12.9) 4(7.8) 18 (13.2) 4(7.5) 19 (13.6) 12 (16.9)
Other etiology 37 (26.6) 12 (23.5) 37 (27.2) 12 (22.6) 38 (27.1) 15 (21.1)
Unknown etiology 84 (60.4) 35 (68.6) 81 (59.6) 37 (69.8) 83 (59.3) 44 (62.0)
Type of seizures 0.217 0.737 0.560
Generalized 80 (56.7) 26 (50.0) 76 (55.5) 29 (53.7) 80 (56.7) 42 (59.2)
Other 61 (43.3) 26 (50.0) 61 (44.5) 25 (46.3) 61 (43.3) 29 (40.8)
Seizure frequency n=138 n=51 0.011 n=134 n=>52 0.370 n=138 n=70 0.041
None in last year 78 (56.5) 36 (70.6) 76 (56.7) 32 (61.5) 79 (57.2) 46 (65.7)
At least one in last year 60 (43.5) 15 (29.4) 58 (43.3) 20 (38.5) 59 (42.8) 24 (34.3)
Type of therapy 0.217 0.819 0.267
Monotherapy 61 (43.3) 26 (50.0) 60 (43.8) 23 (42.6) 63 (44.7) 35 (49.3)
Polytherapy 80 (56.7) 26 (50.0) 77 (56.2) 31 (57.4) 78 (55.3) 36 (50.7)
Median AED load (PDD/DDD) (95%CI) 1.32(1.00-1.57) 1.35(0.95-1.66) 0.838° 1.32 (1.00-1.57) 1.47 (1.00-2.13) 0.090° 1.29 (1.00-1.50)  1.09 (0.70-1.57) 0.379¢
Mood stabilizing AED 1.000 ° 0.601 0.368
Yes 128 (90.8) 47 (90.4) 124 (90.5) 48 (88.9) 128 (90.8) 66 (93.0)
No 13 (9.2) 5(9.6) 13 (9.5) 6(11.1) 13 (9.2) 5(7.0)
Comorbid mental health disorder
Psychotic disorder 11 (7.8) 4(7.7) 1.000° 11 (8.0) 4(7.4) 1.000° 11 (7.8) 6 (8.5) 0.772
Mood disorder 49 (34.8) 24 (46.2) 0.030 46 (33.6) 26 (48.1) 0.004 48 (34.0) 32 (45.1) 0.005
Anxiety disorder 49 (34.8) 24 (46.2) 0.030 46 (33.6) 24 (44.4) 0.030 49 (34.8) 31 (43.7) 0.025
Co-prescribed psychotropic drugs
Antipsychotics 57 (40.4) 9 (55.8) 0.005 55 (40.1) 31 (57.4) 0.001* 57 (40.4) 38 (53.5) 0.001*
Antidepressants 46 (32.6) 7 (32.7) 0.989 44 (32.1) 24 (44.4) 0.013 5(31.9) 20 (28.2) 0.337
Anxiolytics 25(17.7) 1(21.2) 0.416 24 (17.5) 15 (27.8) 0.011 5(17.7) 16 (22.5) 0.132
Hypnotics & sedatives 19 (13.5) 0(19.2) 0.126 19 (13.9) 9 (16.7) 0.445 19 (13.5) 11 (15.5) 0.480
Lithium 4(2.8) 3 (5.8) 0.142 ¢  4(29) 4(7.4) 0.023 ¢ 4(2.8) 3(4.2) 0.620 °
Drugs for dementia 4(2.8) 1(1.9) 1.000 ¢ 4(2.9) 2(3.7) 0.647 *  4(2.8) 2(2.8) 1.000 °
Anti-cholinergic NO4A 15 (10.6) 8 (15.4) 0.162 14 (10.2) 7 (13.0) 0.392 16 (11.3) 9 (12.7) 0.616

‘D 32 SNNT "y “U2Amd,Q 21D ‘UDYSDUOI Y

P value: Chi Square Test.
Statistically significant results (after applying Bonferroni correction) marked in bold and with an asterisk *.
2 Fisher Exact Test (2 sided). P value: for Chi Squared Test after applying Bonferroni correction o = 0.05/20 = 0.0025 thus p < 0.0025 for significance.
5 Mann-Whitney U Test: Exhibit mean rank = 69.39 (n=51), do not exhibit mean rank = 67.96 (n = 85). Do not exhibit SIB median AED load: 1.30 (95%CI 0.80-1.87).
¢ Aggressive/Destructive Behavior Mann-Whitney U Test: Exhibit mean rank = 73.62 (n = 51), do not exhibit mean rank = 62.02 (n = 81). Do not exhibit aggressive/destructive behavior median AED load 1.11 (95%CI 0.80-1.57).
d Stereotyped Behavior Mann-Whitney U Test: Exhibit mean rank = 65.53 (n = 68), do not exhibit mean rank = 71.47 (n = 68). Do not exhibit stereotyped behavior median AED load 1.30 (95%CI 1.00-2.25).
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Table 3

Binary logistic regression of factors associated with exhibiting SIB, aggressive/destructive and stereotyped behavior among older people with intellectual disability.

Epilepsy & Behavior 122 (2021) 108191

Characteristic

Self-Injurious Behavior (SIB)

Aggressive/Destructive Behavior

Stereotyped Behavior

n=129 n=125 n=129

0Odds Ratio (95%CI) P Value 0Odds Ratio (95%CI) P Value 0Odds Ratio (95%CI) P Value
Age
<50 years 1 (Reference) 1 (Reference) 1 (Reference)
50-64 years 0.659 (0.195-2.231) 0.503 0.592 (0.154-2.277) 0.446 0.341 (0.086-1.343) 0.124
65+ years 0.813 (0.199-3.324) 0.773 0.969 (0.218-4.313) 0.967 0.220 (0.047-1.035) 0.055
Level of intellectual disability
Mild 1 (Reference) 1 (Reference) 1 (Reference)
Moderate 4,018 (0.818-19.741) 0.087 0.969 (0.294-3.192) 0.959 4.281 (1.060-17.294) 0.041*
Severe/Profound 9.528 (1.904-47.681) 0.006* 1.098 (0.320-3.760) 0.882 8.113 (1.969-33.430) 0.004*
Type of residence
Family/Independent/Community Group Home 1 (Reference) 1 (Reference) 1 (Reference)
Residential/Campus 1.403 (0.591-3.331) 0.442 3.098 (1.267-7.577) 0.013* 2.897 (1.214-6.911) 0.017*
AED load 0.952 (0.749-1.209) 0.686 1.298 (1.013-1.662) 0.039* 0.915 (0.714-1.173) 0.484

Reference groups - <50 years, mild intellectual disability, family/independent/community group home.

Statistically significant results marked in bold and with an asterisk*.
SIB: Reference category: Does not exhibit SIB.
Cox & Snell R? 0.125, Nagelkerke R? 0.170.

Aggressive/Destructive Behavior: Reference category: Does not exhibit aggressive/destructive behavior.

Cox & Snell R? 0.099, Nagelkerke R? 0.134.
Stereotyped Behavior: Reference category: Does not exhibit stereotyped behavior.
Cox & Snell R? 0.191, Nagelkerke R? 0.255.

adjusting for confounders. Having a moderate [OR 4.281 (95%
CI: 1.060-17.294), p = 0.041] or severe/profound intellectual dis-
ability [OR 8.113 (95% CI: 1.969-33.430), p=0.004], and living
in a residential/campus setting [OR 2.897 (95% CI: 1.214-
6.911), p=0.017] were associated with exhibiting stereotyped
behavior. Age was not found to be associated with exhibiting
SIB, aggressive/destructive behavior, or stereotyped behavior
(Table 3).

4. Discussion
4.1. Main findings

To our knowledge, this is the first study examining AED load
(PDD/DDD) and challenging behaviors in older adults with intellec-
tual disability and a diagnosis of epilepsy. Almost two-thirds of
participants with epilepsy and available information reported
exhibiting challenging behaviors with an increased prevalence
among those with greater severity of intellectual disability. Aggres-
sive/destructive and stereotyped behaviors were associated with
living in residential/campus settings, adjusting for confounders.
Over half of participants exhibiting challenging behaviors reported
taking AED polytherapy. The highest median AED load was found
in participants exhibiting aggressive/destructive behavior. Partici-
pants with a severe/profound intellectual disability exhibiting SIB
and aggressive/destructive behavior had significantly higher med-
ian AED loads compared to participants not exhibiting these beha-
viors. Higher AED load was associated with exhibiting aggressive/
destructive behavior after adjusting for confounders.

4.2. Comparison with other studies

Many AEDs have been associated with adverse behavioral
effects in people with epilepsy, although there is little evidence
from randomized controlled trials [38,39]. A report examining
behavioral disorder in people with intellectual disability and epi-
lepsy concluded that AEDs may provoke either positive or negative
behavioral side effects in people with intellectual disability [12].
Antiepileptic drug polytherapy has also been associated with
drug-related behavioral problems like irritability and aggressive

behavior [40,41]. In this study, we did not find a significant associ-
ation between AED use (monotherapy or polytherapy) and report-
ing challenging behaviors. A higher prevalence of challenging
behaviors has been found in some studies of people with intellec-
tual disability and epilepsy who take AED polytherapy [9,42]. How-
ever, a meta-analysis examining this association did not find a
definite correlation between the rate of challenging behaviors
and polytherapy with AED medications [9].

Increased levels of refractory epilepsy [43] in this population
group often necessitate use of high AED doses and polytherapy,
thus contributing to higher AED loads [44] and increasing the risk
of adverse effects [45]. We found higher median AED loads (PDD/
DDD) were associated with exhibiting both SIB and aggressive/de-
structive behavior among specific subgroups when comparing
demographic and clinical characteristics. While high AED doses
and polytherapy might be expected among participants reporting
increased seizure frequency, we also found that a higher median
AED load in this subgroup was associated only with participants
exhibiting aggressive/destructive behavior. Significantly higher
median AED loads were also found in participants taking AED
monotherapy and exhibiting SIB compared to not exhibiting SIB,
requiring caution in all therapy regimens. Taking antipsychotics
or antidepressants was not associated with a higher median AED
load across all behavior types.

Furthermore, in participants with the most severe intellectual
disability, where the greatest prevalence of challenging behaviors
were found (56.5%), significantly higher median AED loads were
found among participants exhibiting both SIB and aggressive/de-
structive behavior compared to participants with severe/profound
intellectual disability not exhibiting these behaviors (SIB and
aggressive/destructive behavior, respectively) indicating a higher
AED load (PDD/DDD) may be an increased risk for some behavioral
problems in people with greater severity of intellectual disability.
The overall median AED load for participants exhibiting challeng-
ing behavior was found to be lower than for participants not
exhibiting challenging behavior due to lower AED loads for stereo-
typed behavior.

We did not find any study allowing direct comparisons of AED
load (PDD/DDD) and challenging behavior, either in people with
intellectual disability or in the general population. Mood stabiliz-
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ing AEDs were widely prescribed to participants exhibiting chal-
lenging behaviors in this study, but they are recognized first line
treatments for many seizure types. It is plausible that the mood
stabilizing properties of some AEDs were exploited and the associ-
ation between AED load and some behaviors may occur as the
presence of behaviors prompts a response, and one response is to
prescribe. However, although a systematic review found beha-
vioral improvement with the use of some antiepileptic medication
[46], this was in 2008, and there is still little high quality evidence
to support their use.

Therefore, our findings pose the question of whether the pres-
ence of challenging behaviors in people with epilepsy and intellec-
tual disability leads to greater prescribing of some AEDs for their
mood stabilizing properties, thus contributing to higher AED loads;
or if the dosages of AED medication required to treat refractory sei-
zures produces high AED loads, leading to greater levels of chal-
lenging behaviors. Polytherapy and high AED dosages have also
been found to be associated with numerous comorbidities includ-
ing poor bone health [47], fracture risk [48], and adverse cognitive
effects [49] necessitating greater caution.

4.3. Implications for practice

Numerous factors can impact on behavioral outcomes, includ-
ing the level of intellectual disability [50], AED type [11], dosage
[51], titration speed [51], epilepsy diagnosis [18], polytherapy
[42,51,52], previous psychiatric illness [53], and individual patient
tolerability [ 11,54], therefore making it difficult to determine those
that are associated and the nature of the association. Identifying
possible adverse effects of AEDs (which may present as challenging
behaviors) in people with intellectual disability is a substantial
challenge, due in part to limited verbal and communication skills
[55-57], particularly in people with severe/profound intellectual
disability, those who are probably most at risk [8]. To add to the
complexity, high levels of psychotropic prescribing are found in
people with intellectual disability, often to treat behavioral rather
than psychiatric problems [58] leading to an increased likelihood
of drug-drug interactions with AEDs and adverse effects, meriting
increased vigilance for breakthrough behavioral problems and
avoidance of high dosages.

Residential/campus settings are most strongly associated with
these issues, necessitating the provision of long-term care that is
complex, burdensome, and resource intensive. In this study, resi-
dential/campus settings were the most common type of residence
for people exhibiting challenging behaviors (70.8%), and were asso-
ciated with exhibiting both aggressive/destructive and stereotyped
behaviors. Moreover, as people with intellectual disability living in
community-based settings get older, their care needs grow in com-
plexity. For those with a diagnosis of epilepsy, regular and compre-
hensive assessment of their needs is warranted to enable them to
live in a type of setting that protects both them and others, yet
offering them the greatest amount of freedom.

4.4. Strengths of study

Our study used a large, nationally representative sample of
older Irish adults with intellectual disability and representative
of the older population of people with intellectual disability in Ire-
land. Detailed medication data for 90.1% of Wave 3 participants
were obtained which was confirmed by interviewers at the time
of the interview. The design of the medication record allowed for
high quality acquisition of medication data. All participants and/
or their proxies received the PIQ which contained the medication
record/challenging behaviors section one week prior to the face-
to-face interview giving them an opportunity to consult the partic-
ipants’ medication/health records. A stringent VIF cutoff threshold
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(<2) was employed to rule out multicollinearity between variables
in the regression analysis, contributing to the strength of the study.

4.5. Limitations of study

Data were not available concerning medications for 19 partici-
pants, for 32 participants regarding challenging behaviors, and
regarding AED load for six participants, therefore, our sample
was under-powered to evaluate small sub-groups. As a result, asso-
ciations found in this study are based on small group sizes. Liver
and/or renal function was not taken into consideration for AED
load PDD/DDD ratio. We found low numbers of participants report-
ing focal seizures, which necessitated grouping focal with
unknown seizures. Due to the observational cross-sectional study
design, we can only describe associations between challenging
behaviors and demographic and clinical factors. This study was
not randomized to match the activities of AEDs in relation to chal-
lenging behaviors with controls. In our multivariate analysis, any
probable bias was removed where possible by adjusting for con-
founders. Nevertheless, residual confounding factors may remain.
Additionally, due to small sample sizes for our binary logistic
regression, we were limited to examining four predictors.

5. Conclusion

Our findings suggest that challenging behaviors are a consider-
able problem for older people with intellectual disability and a
diagnosis of epilepsy. Significantly higher median AED loads were
found in some subgroups, including those with severe/profound
intellectual disability who exhibit SIB and aggressive/destructive
behavior, raising the question as to whether AED load is a precip-
itating factor or a consequence in these people. However, a large
number of possible contributory and interacting factors exist, thus
larger, better powered studies are needed to discern if AED load
contributes to behavioral problems in sub groups with different
seizure types, and to enable different causal factors to be assessed.
In addition, more discriminatory and easy to use tools are required
to enable regular comprehensive reviews to be performed, consid-
ering (1) the epilepsy and its impact; (2) the behaviors and poten-
tial associated factors; (3) the AED(s) used to treatepilepsy; (4) any
AED(s) used for behavioral problems; and (5) any psychotropic
drugs prescribed, particularly those without a clear indication.
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