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SUMMARY

Purpose: Little is known about subgroups of children with epilepsy who may experi-
ence less favorable outcomes over time. The objectives of this study were to document
trajectories of health-related quality of life (HRQL) and to identify predictors of the
trajectory group in children with new-onset epilepsy.

Methods: Data were obtained from the Health Related Quality of Life in Children with
Epilepsy Study, a prospective multisite study of children 4-12 years old with new-onset
epilepsy followed for 24 months. Health-related quality of life was measured using the
Quality of Life in Childhood Epilepsy questionnaire. Trajectories of HRQL were inves-
tigated using latent class trajectory modeling. Multinomial logistic regression was used
to identify child, parent, and family predictors of HRQL trajectories.

Key Findings: A total of 374 families responded at baseline and 283 (76%) completed
the study. Five HRQL trajectories were observed: low-increasing (4%), moderate-
decreasing (12%), moderate-increasing (22%), high-increasing (32%), and high-stable
(30%). Many children in the low-increasing, moderate-increasing, high-increasing, and
high-stable had clinically meaningful improvements in HRQL: 82%, 47%, 63%, and 44%,
respectively. In contrast, the majority of children in the moderate-decreasing group
(56%) experienced clinically meaningful declines in their HRQL. Factors predicting tra-
jectories were number of antiepileptic drugs prescribed, presence of comorbid behav-
ior or cognitive problems, parent depression, and family functioning and demands.
Significance: Results suggested that children with epilepsy are not homogenous but
rather consist of groups with different trajectories and unique predictors of HRQL.
Problems associated with child behavior and cognition were the strongest predictors
identified. Given that several risk factors are modifiable, it is important to examine
these as potential targets within a family-centered framework to improve HRQL of
children with new-onset epilepsy.

KEY WORDS: Cohort studies, Epilepsy, Family, Quality of life, Risk factors, Statistical
models.
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Assessing health-related quality of life (HRQL) in chil-
dren with epilepsy has important implications for their
health care, as it may enhance understanding of the impact
that epilepsy and its treatments have on children, allowing
for more informed medical decisions. Indeed, health regula-
tory agencies now advocate for the evaluation of such
patient-reported outcomes (PCORI, 2012).

Previous research has shown that children with epilepsy
have compromised HRQL compared to healthy controls
(Miller et al., 2003) and children with other conditions
(Austin et al., 1994; Hoare et al., 2000). Few studies have
prospectively assessed HRQL over time (Oostrom et al.,
2003, 2005); previous longitudinal studies have provided
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basic comparisons in HRQL over time often based on pres-
urgery and postsurgery assessments (van Empelen et al.,
2005; von Lehe et al., 2006) of particular subsamples of
patients with epilepsy (Jakovljevic et al., 2008), or describ-
ing single, average trajectories of change (Modi et al.,
2011; Speechley et al., 2012).

In addition, previous research has documented that sev-
eral clinical, psychosocial, and family environmental fac-
tors influence HRQL in children with epilepsy. Modi et al.
(2011) observed seizure activity and medication side effects
to be inversely associated with child HRQL. Sherman et al.
(2007), Williams et al. (2003), and Yong et al. (2006) have
all highlighted the strong correlation of behavior and cogni-
tive problems with HRQL in children with epilepsy. Paren-
tal psychopathology, particularly maternal depression, poor
family functioning, and high family stress appear to be con-
sistent risk factors for worse HRQL (Fastenau et al., 2004;
Austin et al., 2010; Ferro et al., 2011; Speechley et al.,
2012).

Given the considerable variation in levels of HRQL we
observed previously in children’s HRQL during the first
24 months after diagnosis (Speechley et al., 2012), it is
important to explore the extent to which distinct trajectories
of change in HRQL exist that are not captured by modeling
a single average trajectory of HRQL over time. Understand-
ing patterns of differential risk for poor HRQL provides
additional insight above and beyond previous investigations
by identifying at-risk children and their families and the
processes or factors by which these children become vulner-
able. There is a dearth of rigorous evidence regarding health
outcome trajectories in epilepsy in general, and in pediatric
epilepsy in particular. This information may advance our
understanding of which types of children have a propensity
for poor or favorable HRQL over the course of epilepsy.

The objectives were the following: (1) to identify distinc-
tive trajectories of HRQL over the first 24 months after diag-
nosis in children with epilepsy; and (2) to examine factors
predicting individual trajectories of HRQL. Although the
method used to identify trajectories of HRQL is relatively
new and largely data-driven, we hypothesized three HRQL
trajectories would be identified (increasing, decreasing, and
stable) and that both clinical and psychosocial factors,
particularly epilepsy-related comorbidities and family envi-
ronment factors, would be associated with distinctive trajec-
tories of HRQL. In other words, favorable trajectories of
HRQL would be associated with less severe clinical and psy-
chosocial factors (comorbidities and family environment),
whereas less favorable trajectories would be associated with
more severe clinical and worse psychosocial factors.

METHODS

Sample
The sample for this study has been described elsewhere
(Speechley et al., 2012). Briefly, data were collected in the

Epilepsia, 54(11):1889-1897, 2013
doi: 10.1111/epi.12388

Health-Related Quality of Life Study in Children with Epi-
lepsy Study (HERQULES), a multicenter prospective
cohort study of children 4-12 years of age newly diagnosed
with epilepsy. Pediatric neurologists across Canada seeing
children with new-onset epilepsy approached parents of eli-
gible children about the study. Inclusion criteria were chil-
dren 4—12 years of age presenting as a new case of epilepsy
(>2 unprovoked seizures), in whom diagnosis had not been
confirmed previously, seen for the first time by a pediatric
neurologist, and who had a parent with sufficient English
language skills and that was primarily responsible for the
child’s care for at least 6 months. Children with major co-
morbid, nonneurologic conditions known to affect HRQL
(e.g., asthma requiring daily medication) were excluded.
Parents and neurologists completed four mailed question-
naires: postdiagnosis (baseline), and 6, 12, and 24 months
later. Neurologists completed a brief form providing clinical
information. Of the 456 eligible children, 374 (82%) parents
returned completed postdiagnosis questionnaires. A total of
283 (62%) completed all four questionnaires. Baseline
questionnaires were sent to participants 20 days postdiag-
nosis, on average, and 73% completed the baseline ques-
tionnaire within 6 weeks of diagnosis. The study protocol
received approval from all relevant ethics boards.

Measures

Children’s HRQL was assessed using the 76-item, par-
ent-report, epilepsy-specific Quality of Life in Children
with Epilepsy Questionnaire (QOLCE; Sabaz et al., 2003).
The composite HRQL score is the unweighted average of 16
QOLCE subscales, ranging from 0 to 100. Higher scores
indicate better HRQL. The QOLCE has been found to be
valid and reliable (Sabaz et al., 2000, 2003). In HERQ-
ULES, Cronbach’s oo = 0.92.

Severity of epilepsy was assessed with the neurologist-
reported Global Assessment of Severity of Epilepsy
(GASE; Speechley et al., 2008), a single-item measure
where neurologists rated the overall severity of each child’s
epilepsy since their last visit using a 7-point scale, with
lower scores indicating more severe epilepsy. The GASE
demonstrated adequate validity and reliability (Speechley
et al., 2008).

Neurologists also reported on seizure type (generalized;
localization-related [partial]; partial onset, secondary gener-
alization; undetermined) and frequency (7-point scale rang-
ing from “not at all frequent” to “extremely frequent™), side
effects (same 7-point scale), medication, and age of onset.
Seizure frequency was based on an overall assessment by
the neurologist regarding the period since the last clinic
visit. Children rated as “not at all frequent” may have
included children in remission. Neurologists rated the pres-
ence of behavior or cognitive problems using single-item
measures by scoring each child as having severe, moderate,
mild, or no problems. Given the distribution of scoring,
child behavior and cognitive problems were then recoded as
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either present or absent. Evaluation of child cognitive and
behavior problems noted by the neurologist during each
visit were not based on any formal diagnostic assessments,
unless additional information was provided by the parent or
teacher, or neuropsychological records obtained from the
school or hospital at the time of diagnosis or thereafter.

Parents completed four measures describing family envi-
ronment. The Family Adaptability, Partnership, Growth,
Affection, and Resolve (Family APGAR) was used to assess
satisfaction with family relationships (Smilkstein, 1978). It
is a five-item instrument using a 5-point Likert response
scale with higher scores (range 0-20) indicating greater sat-
isfaction. The Family APGAR has been found to be valid
and reliable (Smilkstein, 1978; Smilkstein et al., 1982). The
Family Inventory of Resources for Management (FIRM)
was utilized to assess resources available to aid families’
adaptation to stressful events (McCubbin et al., 1996b). For
this study, two subscales (family mastery and health,
extended family social support) found to be associated with
adaptation to childhood epilepsy were used (Austin et al.,
1992). Higher scores indicate more family resources (24
items, range: 0-72). The FIRM has demonstrated adequate
reliability and validity (McCubbin et al., 1996b). Family
demands were quantified using the 71-item Family Inven-
tory of Life Events and Changes (FILE), which assesses
changes in life events experienced by a family during the
previous year (McCubbin et al., 1996a). Higher scores indi-
cate more demands (range: 0-71). FILE’s reliability and
validity are well-established (McCubbin et al., 1996a).

Parent depression was measured with the Center for Epi-
demiological Studies Depression Scale (CES-D), a 20-item
questionnaire designed to assess depressive symptoms over
the past week (Radloff, 1977). The total score spans from 0
to 60, with higher scores indicating greater impairment.

Analysis

Children’s HRQL was described using descriptive statis-
tics and frequency distributions. Trajectories of HRQL were
investigated using latent class growth curve modeling,
which permits the modeling of multiple subgroup trajecto-
ries as opposed to a single average trajectory for the entire
sample (Nagin, 2005; Ferro & Speechley, 2012). Model
parameters were estimated using maximum-likelihood
method approach, which used all individuals having >1
assessment, assuming data were missing at random. Base-
line child, parental, and family characteristics previously
found to be associated with HRQL were compared across
trajectory groups using analysis of variance and chi-square
tests. Multinomial logistic regression analysis was con-
ducted to identify predictors of HRQL trajectories. A stan-
dard error of measurement (SEM) criterion was calculated
for our sample at baseline (SEM = 4.01) and used to iden-
tify children who achieved clinically meaningful changes in
HRQL (Wyrwich et al., 1999). Details of the analyses are
described in Appendix S1.

RESULTS

Sample characteristics have been described elsewhere
(Speechley et al., 2012). At baseline (N = 374), children
had a mean age of 7.5 (2.3) years and 52% were male.
Thirty-nine percent of children had generalized epilepsy.
The mean scores on the QOLCE and GASE were 70.5
(13.9) and 5.4 (1.2), respectively, indicating that children
had relatively good HRQL and “somewhat severe” to “a lit-
tle severe” epilepsy on average. Behavior and cognitive
problems were found in 15% and 20% of children, respec-
tively (7% had both). Children with complete data were less
likely to have cognitive problems (p = 0.0126) compared to
those lost during follow-up; however, no differences were
observed for seizure type, epilepsy severity, behavior prob-
lems, or HRQL.

The mean age of parents was 37.6 (6.1) years at base-
line. Parents were mostly married (81%), employed (67%),
and had postsecondary education (67%). The mean score
on the CES-D was 14.3 (10.3), and 33% of parents had
clinically relevant levels of depressive symptoms (CES-
D > 16). Mean scores on family environment measures
were the following: Family APGAR 13.9 (3.8), FIRM 50.1
(11.1), and FILE 9.5 (6.5). This indicated that families
were functioning well, had adequate resources, and had rel-
atively few demands on them. Compared to published
norms, these families had significantly higher FIRM (48.0
[11.0]) and FILE scores (8.8 [5.9]) (McCubbin et al.,
1996a,b) and significantly lower Family APGAR scores
(16.4 [2.1]) (Smilkstein et al., 1982). Additional character-
istics are shown in Table 1.

A five-group trajectory model was adopted for analysis,
as it had the highest probability of being the correct model
compared to models with the number of groups ranging
from 3 to 7. The Bayesian Information Criterion (BIC) fit
index was the lowest among competing models (—4481.9)
and the mean posterior probability of group membership
was 0.80, ranging from 0.70 to 0.86. All groups were best
modeled with a linear slope, with the exception of group 4,
which required the inclusion of a quadratic term to capture
the concave shape of the trajectory. The predicted and
observed trajectories of HRQL corresponded well, suggest-
ing good model fit (Fig. 1).

Scores on the QOLCE for each group at each measure-
ment occasion are shown in Table 2. The first trajectory
consisted of children with low QOLCE scores at baseline
that increased over time (low-increasing; n = 15, 4%). The
second trajectory consisted of moderate baseline QOLCE
scores that decreased (moderate-decreasing; n = 44, 12%).
The third trajectory comprised moderate baseline QOLCE
scores that increased from 63.2 to 69.5 (moderate-increas-
ing; n = 84, 23%). In the fourth trajectory, children had
high baseline QOLCE scores that increased substantially at
6 months, and then plateaued between 6 and 24 months
(high-increasing; n = 120, 32%). In the fifth group of

Epilepsia, 54(11):1889-1897, 2013
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Table |. Characteristics of the study sample at baseline
and 24 months*
Baseline 24 months
(n=374) (n = 283)
Child characteristics
Age (years) 7.5(2.3) 9.5(2.3)
Sex (%)
Male 52.4 51.6
Female 47.6 48.4
Epilepsy syndrome type (%)
Generalized 385 38.0
Localization-related (partial) 39.6 42.6
Partial onset, secondary generalization ~ 20.0 16.7
Undetermined 1.9 2.7
Seizure frequency (%)
Low 65.6 94.2
Moderate 1.4 4.0
High 23.0 1.8
No. AEDs currently prescribed (%)
0 333 235
| 63.6 65.3
>2 3.1 1.2
Quality of life, QOLCE 70.5(13.9) 76.3(13.9)
Epilepsy severity, GASE 54(1.2) 6.3(1.1)
Comorbidities (%)
Behavior problems 15.1 234
Cognitive problems 19.5 29.1
Parent characteristics
Age (years) 37.6 (6.1) 40.3 (5.6)
Sex (%)
Male 72 7.1
Female 92.8 92.9
Marital status (%)
Not married 19.3 17.4
Married” 80.7 82.6
Employment status (%)
Not employed 329 23.0
Employed 67.1 77.0
Education (%)
Primary school 1.9 0.4
Secondary school 31.5 238
Postsecondary school 66.6 74.8
Depressive symptoms, CES-D 14.3(10.3) 11.8(9.9)
Family characteristics
Functioning, APGAR 13.9(3.8) 14.1 (3.9)
Resources, FIRM 50.1(11.1) 507 (11.5)
Demands, FILE 9.5(6.5) 78(5.7)
Annual household income (%)
<$20,000 8.0 3.9
$20,000-39,999 14.3 1.5
$40,000-59,999 21.4 19.2
$60,000-79,999 20.4 20.4
>$80,000 37.0 45.0
AEDs, antiepileptic drugs.
“Reported as mean (standard deviation), unless otherwise stated. Fre-
quency distributions may not add up to 100% due to rounding or missing data.
bIncludes those in married and common-law relationships.

children had persistently high QOLCE scores during the
24-month follow-up (high-stable; n = 111, 30%). QOLCE
scores were significantly different across groups, except for

Epilepsia, 54(11):1889-1897, 2013
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Figure 1.

Trajectories of children’s health-related quality of life during the
first 24 months after epilepsy diagnosis. Solid lines depict observed
trajectories (mean QOLCE score) and dashed lines predicted tra-
jectories.
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the difference between the low-increasing and moderate-
decreasing groups, which was not statistically significant at
24 months.

Across all groups combined, 50% of children had a clini-
cal improvement and 18% had a clinical decline in HRQL
(Speechley et al., 2012). Many children in the low-increas-
ing, moderate-increasing, high-increasing, and high-stable
had clinically meaningful improvements in HRQL: 82%,
47%, 63%, and 44%, respectively. In contrast, the majority
of children in the moderate-decreasing group (56%) experi-
enced clinically meaningful declines in their HRQL.

Table 3 summarizes the comparison of baseline child and
family characteristics across trajectory groups. Significant
overall differences among groups were observed for the
number of antiepileptic drugs (AEDs) currently prescribed,;
child behavior and cognitive problems; parental depres-
sive symptoms; and, family functioning, resources, and
demands. No significant differences across trajectory
groups were observed for seizure type or frequency at
baseline (Table 3) or at 24 months (xz =7.62,p = 04710;
x> =17.33,p =0.1197).

Predictors of children’s HRQL trajectories were exam-
ined using multinomial logistic regression, with only those
variables demonstrating significant effects in the unadjusted
analysis (odds ratios [ORs] and 95% confidence intervals
[CIs] in Table 4). Using the high-stable group as the refer-
ence, the low-increasing group had more AEDs currently
prescribed, more behavior and cognitive problems, parents
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Table 2. Differences in children’s health-related quality of life over 24 months by trajectory group?
Low-increasing Moderate-decreasing Moderate-increasing High-increasing High-stable
Measurement (n=15) (n = 44) (n = 84) (n = 120) (n=111) F p-Value
Baseline 38.6(7.3) 57.6 (8.0) 63.2(8.5) 71.6(7.5) 84.8(5.6) 229.7 <0.0001°
6 months 45.1 (8.1) 56.3(8.8) 66.5(7.2) 77.1 (5.8) 86.5(5.3) 236.7 <0.0001°
12 months 45.6 (7.1) 54.1(7.7) 66.8 (6.9) 79.8(5.6) 87.0(5.2) 281.6 <0.0001°
24 months 55.2(13.6) 51.3(8.4) 69.5(5.3) 79.8(7.6) 88.2(5.1) 196.4 <0.0001°
“Reported as mean (standard deviation).
®No significant difference between low-increasing and moderate-decreasing groups.
Table 3. Comparison of baseline sample characteristics across trajectory groups®
Low- Moderate- Moderate-
increasing decreasing increasing High-increasing High-stable Pairwise
(n=15) (n = 44) (n=84) (n = 120) (n=111) Fly? p-Value contrasts
Child characteristics
Age (years) 7.2(2.6) 7.5(2.5) 7.5(2.3) 75(2.2) 7.3(2.4) 0.22 0.9263
Male (%) 47.1 63.4 53.2 48.8 50.0 2.54 0.6381
Partial seizures (%) 56.3 56.1 59.5 60.3 63.9 3.63 0.8895
Age at seizure onset 6.5(3.3) 7.0(2.4) 7.0(2.3) 6.9 (2.5) 6.7 (2.4) 0.29 0.8860
No. AEDs prescribed 0.9 0.9 0.7 0.7 0.6 345 0.0088 5<2
Epilepsy severity, GASE 5.5(1.0) 5.0(1.3) 5.3(1.1) 5.5(1.2) 5.5(1.2) 2.19 0.0697
Low seizure frequency (%) 47.1 65.9 65.0 66.2 71.3 4.09 0.3935
Behavior problems (%) 56.3 26.8 21.5 12.9 2.8 41.40 <0.0001 5<1-+4
4<1,2
2,3<1
Cognitive problems (%) 50.0 48.8 22.8 16.4 5.6 46.58 <0.0001 5<1-3
3,4< 1,2
Parent characteristics
Age (years) 36.9(7.1) 37.8(7.3) 37.7 (5.6) 36.9(5.7) 38.6 (6.2) .14 0.3382
Female (%) 100.0 97.6 94.9 923 88.9 5.77 0.2175
Married (%)° 76.5 732 734 81.4 88.9 9.08 0.0593
Employed (%) 70.6 70.7 60.3 66.4 71.0 2.77 0.5977
College/University (%) 58.8 61.0 58.2 68.2 74.1 7.08 0.5299
Depression, CES-D 22.4(11.7) 17.7 (9.7) 16.3 (10.9) 14.9 (10.1) 9.6 (8.1) 11.42 <0.0001 5<1-+4
Family characteristics
Functioning, APGAR 10.9 (4.7) 12.3(3.7) 13.0(3.6) 142 (3.7) 15.4 (3.0 11.59 <0.0001 5> 13
4> 1
Resources, FIRM 42.0(11.4) 46.2(11.4) 46.1 (10.4) 50.2(10.5) 55.4(9.9) 13.54 <0.0001 5> 14
Demands, FILE 14.3 (6.5) 11.8(6.6) 10.9 (7.0) 9.2 (6.6) 7.2(4.9) 84| <0.0001 5<1-3
4<1
Income >$80,000 (%) 29.4 29.0 37.8 375 40.2 6.42 0.1706
AED:s, antiepileptic drugs.
“Reported as mean (standard deviation), unless otherwise stated.
®Includes those in married and common-law relationships.
with more depressive symptoms, worse family functioning,
DISCUSSION

and more family demands. The moderate-decreasing group
was also prescribed AEDs, had more cognitive problems,
worse family functioning, and more family demands. The
moderate-increasing group had more behavior and cogni-
tive problems, parents with more depressive symptoms,
worse family functioning, and more family demands. The
high-increasing group had parents with more depressive
symptoms compared to the high-stable group.

Five trajectories of HRQL were identified during the first
24 months after diagnosis. The largest group was composed
of children with high-increasing QOLCE scores. The shape
of this trajectory was similar to that of the HRQL trajecto-
ries described previously (van Empelen et al., 2005;
Speechley et al., 2012). This trajectory described children
with good HRQL at baseline with the greatest improvement

Epilepsia, 54(11):1889-1897, 2013
doi: 10.1111/epi.12388
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Table 4. Baseline predictors of children’s health-related quality of life trajectory group®

Low-increasing Moderate-decreasing Moderate-increasing High-increasing High-stable

(n=15) (n = 44) (n=284) (n = 120) (n=111)°
No. AEDs currently prescribed 2.72 (1.30-5.70) 2.16 (1.14-4.10) 1.07 (0.62—1.87) 1.48 (0.93-2.37) 1.00
Behavior problems 18.65 (3.28-105.99) 4.08 (0.92-18.04) 5.57 (1.43-21.62) 3.54 (0.95-13.25) 1.00
Cognitive problems 5.67 (1.18-27.18) 10.18 (3.21-32.33) 3.29 (1.12-9.65) 2.41(0.88-6.61) 1.00
Parental depressive symptoms 1.08 (1.01-1.15) 1.05 (1.00-1.10) 1.05 (1.01-1.09) 1.05 (1.01-1.09) 1.00
Family functioning 0.79 (0.66-0.94) 0.83 (0.73-0.94) 0.88 (0.80-0.97) 0.96 (0.88-1.05) 1.00
Family demands 1.13(1.03-10.23) 1.10(1.03-1.18) 1.09 (1.02-1.15) 1.05 (0.99-1.11) 1.00

AEDs, antiepileptic drugs.

“Reported as odds ratio (95% confidence interval).
bReference group.

Predictors were identified using multinomial logistic regression. Significant associations are shown in bold.

in HRQL during the first 6 months after diagnosis, which
then plateaued. The mean QOLCE scores in the high-
increasing trajectory were similar to those reported previ-
ously in a sample of children with benign rolandic epilepsy
(Connolly et al., 2006). The second largest group consisted
of children with high-stable HRQL who, for the most part,
had the most favorable characteristics, including the lowest
proportion of children with behavior or cognitive problems
and more nurturing family environment. The third largest
group was the moderate-increasing group, which was com-
posed of children who had moderately good HRQL at base-
line that increased over time. The next largest group had
children with moderate-decreasing HRQL over time. This
group had QOLCE scores similar to those of children with
refractory epilepsy with intellectual disability (Sabaz et al.,
2001). This finding is not surprising given that about half of
the children in this trajectory group were reported to have
cognitive problems and were comparable to children with
intellectual disability. As this is the only group to demon-
strate a decline in HRQL over time, they represent an impor-
tant and substantial subset of children for further study to
better understand the mechanisms contributing to unfavor-
able changes in HRQL. The smallest group consisted of
children with low-increasing HRQL. This group of children
had the largest improvement in HRQL between diagnosis
and 24 months.

The discordance between our hypothesis of three trajecto-
ries and the observed results was attributable to the fact that
we expected the moderate-increasing, high-increasing, and
high-stable groups to form a single stable trajectory. How-
ever, collapsing these groups and re-specifying the model
resulted in substantially worse model fit, suggesting that
these trajectories represent distinct subgroups of children
with epilepsy.

The predictive model demonstrated that fewer AEDs
currently prescribed, fewer behavior and cognitive prob-
lems, fewer parental depressive symptoms, better family
functioning, and fewer demands were associated with a
more favorable HRQL trajectory. These associations have
also been observed in previous cross-sectional studies:
AEDs prescribed (Miller et al., 2003; Yong et al., 2006);
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behavior and cognitive problems (Williams et al., 2003;
Yong et al., 2006; Sherman et al., 2007); parental depres-
sion (Adewuya, 2006; Wood et al., 2008); and family envi-
ronment (Rodenburg et al., 2005). Risk factors identified
were similar to baseline factors predicting average HRQL at
24 months in this sample (Speechley et al., 2012). Results
from the current and previous studies allow these risk fac-
tors to be ranked in terms of strength in predicting HRQL in
children with epilepsy: cognitive problems, behavior
problems, number of AEDs prescribed, family functioning,
family demands/stress, and parental depression. Although
the exact ranking of these variables is arguable, they remain
a robust set of risk factors in which to better understand
changes in HRQL in children with epilepsy. Of importance,
this study adds to the growing literature exposing the strong
influence of family factors (Oostrom et al., 2003, 2005;
Fastenau et al., 2004; Rodenburg et al., 2005; Austin et al.,
2010; Speechley et al., 2012), which for some children,
may have a greater impact on their HRQL compared to
clinical characteristics of epilepsy.

Only three longitudinal studies, independent of the cur-
rent work (Ferro et al., 2011), have prospectively docu-
mented factors for HRQL in children with epilepsy, and
findings were mixed. Modi et al. (2011), reported that
HRQL was stable over a 7-month period; seizures and
adverse effects of medications predicted HRQL. Austin
et al. (2010) observed that among children with a first sei-
zure, mental health improved over time and family func-
tioning protected against declines in children’s self-esteem,
a component of HRQL. In another study by Austin et al.
(2011), behavior problems were observed to decrease dur-
ing a 3-year follow-up in children with a first recognized
seizure; family factors, including functioning and resources,
were predictive behavior problems in these children. These
studies reported average outcome trajectories and none
conducted subgroup analysis.

Given that two domains of the QOLCE capture behavior
and cognition, it was not surprising that child behavior and
cognitive problems would exert a greater influence on
HRQL compared to the other risk factors identified. How-
ever, the large effects observed were interesting: cognitive
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problems were the strongest risk factor for the moderate-
decreasing group and behavior problems were the strongest
risk factor, followed by cognitive problems, for the
low-increasing and moderate-increasing groups. The wide
confidence intervals limit the utility of these estimates and
can be attributed to the relatively small number of children
with behavior or cognitive problems, especially in the low-
increasing group. Therefore, the magnitude of these effects
should be interpreted with caution. In addition, given that
those participants lost to follow-up were more likely have to
cognitive problems, the findings may underestimate the
effect of cognitive problems on child HRQL over time.
Despite having a large proportion of children with behavior
and cognitive problems, the low-increasing and moderate-
increasing groups showed improvement in their HRQL over
time. This positive outcome should not distract from the
importance of considering behavior and cognitive problems
in an effort to achieve more favorable HRQL outcomes
more rapidly for children and families.

This predictive model may be useful for physicians who
are caring for children with epilepsy, in that it can identify
children who are at particularly high risk for compromised
HRQL. By assessing the extent to which children and their
families match the collection of risk factors, the model can
aid in predicting which HRQL trajectory a child newly
diagnosed with epilepsy might follow. At a practical level,
neurologists can use several tools to stratify children by risk
into HRQL trajectories. One option, the two-item Patient
Health Questionnaire, can screen parents for depression and
is preferred for its brevity (Pignone et al., 2002). In the
absence of other risk factors, children whose parents screen
positive for depression are likely to be in the high-increas-
ing trajectory. Although there is considerable overlap of risk
factors for the remaining trajectories, patterns do emerge
that allow neurologists to stratify patients. Review of the
medical record and subjective assessment of behavior and
cognitive problems can be used to predict HRQL trajectory—
comorbid behavior and cognitive problems and multiple
AED use suggest low-increasing; cognitive problems in iso-
lation with multiple AEDs suggest moderate-decreasing;
and comorbid behavior and cognitive problems suggest
moderate-increasing. Furthermore, neurologists should
observe family dynamic during clinical encounters and doc-
ument cues indicative of family dysfunction and stress.
Although clinical interpretation of latent class analysis is
still its infancy, future research examining how changes in
psychosocial and clinical risk factors over time influence
HRQL trajectories could make an important contribution to
pediatric epilepsy.

The risk factors identified may present avenues for inter-
vention to improve unfavorable trajectories, specifically,
those that encompass the family environment—parental
depressive symptoms, family functioning, and family
demands—as these risk factors are amenable to intervention
through the adoption of family-centered care practices

(Smith et al., 2002; Law et al., 2003). Family-centered care
is a multidisciplinary model of health care delivery that can
be adopted in pediatric neurology to include the following:
psychology, psychiatry, social work, family counseling, and
local epilepsy support centers immediately after diagnosis
for proactive and prevention-based psychosocial care in an
effort to optimize outcomes for families and children.
Although clinical factors including epilepsy severity and
seizure frequency were not associated with HRQL trajecto-
ries, number of AEDs was a risk factor. Given that AED use
is strongly linked to epilepsy severity and seizure frequency
(Perucca et al., 1998), it may be that AED use is a proxy for
these clinical features, an indicator of the difficulty in man-
aging a child’s epilepsy. Furthermore, although an earlier
study found that AED side effects were associated with
worse HRQL (Modi et al., 2011), results from the current
sample did not show differences in AED side effects across
HRQL trajectories (data not shown). Instead, AED side
effects were found to be associated with number of AEDs
currently prescribed. Different methods of assessing AED
side effects may also explain discrepant findings with previ-
ous research. Nonetheless, these clinical descriptors should
be monitored and incorporated into the family-centered
approach.

Given the heterogeneity of pediatric neurology clinics
and the resources available to families, it is often difficult
to operationalize family-centered care in the context of
daily clinical care. Referrals to family counseling for each
child diagnosed with epilepsy may not be feasible; instead
referrals to community epilepsy support centers could be
offered to families soon after diagnosis. In an effort to
provide individualized care within the family-centered
approach, clinicians should strive to be attuned to the
family climate and proceed with recommendations (e.g.,
counseling for parental depression) on a case-by-case
basis.

This study has several strengths. To our knowledge
HERQULES is the first large-scale, multisite study to docu-
ment HRQL in children with new-onset epilepsy. The rela-
tively large sample and good initial participation and
retention rates increase the external validity of findings.
Second, this study utilized the QOLCE, an established
instrument, to measure children’s HRQL. Third, this study
focused on incident rather than prevalent cases of childhood
epilepsy. Results may be useful for clinicians as part of the
initial consultation when diagnosing children with epilepsy
to prevent unfavorable trajectories of HRQL during the first
24 months postdiagnosis. Identifying risk factors for spe-
cific subgroups of children has unique implications beyond
prior findings such that targets for limited health care
funding can be further narrowed and directed at children
and families in greatest need in an effort to provide more
individualized care.

This study also has limitations. First, the sample was
recruited from pediatric neurology practices and may not
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be representative of all families of a child with epilepsy,
potentially limiting external validity. However, previous
work demonstrated that it is feasible to recruit a representa-
tive population-based sample of children with epilepsy
given that family physicians in Canada reported they would
refer almost all of their patients with childhood epilepsy to a
pediatric neurologist (Speechley et al., 1999). In addition, it
is not possible to comment on trajectories of HRQL for chil-
dren with major comorbid, nonneurologic conditions known
to impact HRQL who were not studied in this sample. Com-
pared to recent studies of HRQL in children with epilepsy
(Taylor et al., 2011; Baca et al., 2012), our study reports on
families where parents are more likely to be married and to
have postsecondary education. However, it is important to
note that our sample is in line with the Canadian population
with regard to marital status and postsecondary education
(HRSDC, 2013).

Second, as with all longitudinal studies, selection bias
resulting from differential losses to follow-up may affect
the validity of the results. Comparison of the trajectory-wise
distribution of completers and those lost to follow-up were
similar (Table S1) and assuage concerns regarding this
potential bias. Although larger differences were apparent in
the high-increasing and high-stable groups between compl-
eters and noncompleters, these trajectories showed minimal
differences in the risk factor analysis further tempering this
potential bias.

Third, there are two measurement limitations to note. The
evaluation of cognitive and behavior problems are based on
the subjective opinion of the pediatric neurologist and are
not formal diagnoses based on any specified testing or diag-
nostic procedures. Therefore, the nature of such problems is
difficult to evaluate in the context of the study findings.
Furthermore, the clinical implications that can be drawn
from the assessment of seizure frequency are somewhat
limited by the lack of a numerical count of seizures within a
specified time period.

Finally, because this study relied on parents’ perceptions
for both exposures and outcomes, there was potential for
parents’ reports to be biased, which would threaten the study
validity. This phenomenon was investigated and results sug-
gested no evidence of informant discrepancy (Ferro et al.,
2010). In addition, no child self-report data were available.
Due to the difficulty in obtaining reliable reports from very
young children, parent informants were employed as valid
proxy reporters (Theunissen et al., 1998). However, recent
evidence in pediatric neurology suggests that there may be
discordance between parent and child self-reports of child
HRQL (Bacaet al., 2010).

CONCLUSION

Our study suggests that children newly diagnosed with
epilepsy are not homogeneous but consist of distinct sub-
groups with different trajectories of HRQL. The results of
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this study are encouraging given that only a small propor-
tion of children can be considered at-risk for poor HRQL.
Scarce health care resources should be allocated to this
group of children. Although child behavior or cognitive
problems were the strongest risk factors in the model, this
study demonstrated that the family environment plays a sub-
stantial role in children’s HRQL. This finding contrasts epi-
lepsy-specific variables such as seizure type, frequency, and
epilepsy severity that did not have a significant impact on
children’s HRQL. Given that family factors are modifiable,
it is important that physicians in the pediatric neurology
setting adopt family-centered care practices to potentially
alter trajectories of HRQL in children to more favorable out-
comes.
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