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Abstract
Health-related quality of life (HRQOL) is associated with seizure recency amongst adults with
epilepsy. In a prospective, community-based study of long-term outcomes of childhood-onset
epilepsy, we evaluated whether worse HRQOL is associated with more recent seizures amongst
children and adolescents with epilepsy. We used the Child Health Questionnaire (CHQ), a generic
measure with child and parent-proxy versions, to measure HRQOL. Amongst 277 children with
epilepsy (CWE) assessed 9 years after diagnosis, parent-proxy reported but not child self-reported
HRQOL was significantly worse for those having seizures in the prior year compared to those who
were seizure-free ≥1 year across the majority of scales. There were no differences between CWE
in remission for 1–5 years compared to ≥ 5 years for child and parent-proxy reported HRQOL
with the exception of the parent emotional impact scale, thereby suggesting that HRQOL
differences related to seizure recency level off after the initial year of remission.
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I. Introduction
Given its broad physical and psychosocial impacts, assessment of health-related quality of
life (HRQOL) is a critical patient-reported outcome measure for persons with childhood-
onset epilepsy [1–2]. In a community-based study of children with newly diagnosed epilepsy
followed prospectively for 9-years after diagnosis, we previously found that, based on
parent-proxy report, children with epilepsy (CWE) had worse HRQOL than sibling controls.
By contrast, based on self-report, CWE had HRQOL comparable to sibling controls [3].
Prior research has supported the notion that there is a gradient of HRQOL related to the
level of “active” epilepsy amongst CWE. In particular, Austin et al. and Cramer et al.
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demonstrated that CWE with “more severe” or “active” epilepsy have worse HRQOL
compared to those with “less severe” or “inactive” epilepsy [4–5]. In theses studies, “active”
epilepsy was defined by a composite score established by metrics of both seizure frequency
and type and, in the case of Austin et al., number of anti-epileptic drugs (AEDs) and
associated side-effects; “active” epilepsy was not defined by remission status. Although
seizure remission status has been shown to be an important predictor of improved HRQOL
in pediatric epilepsy surgical cohort studies, such studies did not examine whether variable
remission times differentially impact HRQOL [6–8].

To our knowledge, no studies to date have examined the impact of seizure remission
duration on HRQOL in CWE. We aim to determine if there is a gradient between seizure
recency, or duration of seizure remission, and HRQOL at a 9-year follow-up. Given
evidence from adult epilepsy surgery cohorts that has demonstrated improvements in
HRQOL that are noted most significantly in the first 6 months to 2 years after surgery and
then subsequently level off, we hypothesized that there is an analogous gradient among
CWE with worse HRQOL associated with more recent seizures (seizures within the past
year) compared to better HRQOL amongst CWE seizure-free for 1–5 year or ≥ 5 years
amongst CWE at 9 year follow-up [9–12]. Additionally, because CWE and their parents can
have different perspectives about the overall impact of epilepsy with HRQOL, a secondary
aim was to determine if parents and children report associations between seizure recency
and HROQL differently; we hypothesized that parent-child differences will exist [3, 13–15].

II. Methods
a. Sample

The Connecticut Study of Epilepsy is a prospective, community-based cohort study that
recruited 613 children with newly diagnosed epilepsy (January 1993 to December 1997).
Details of methods, recruitment, and follow-up procedures have been previously published
[3, 16–18]. The characteristics of the CWE in this Connecticut cohort are highly comparable
to those of a Canadian study that is generally accepted as population-based with respect to
age at onset, gender, proportion of participants with certain well-recognized forms of
epilepsy, intellectual disability and mortality [16, 19–23].

Eight to nine years after enrollment (March 2002 to February 2006) CWE and family
members from the original cohort participated in a reassessment protocol. Retention in this
9-year assessment was high with 83% (n=502) of the original cohort participating. The 111
children from the original cohort that did not participate in this 9-year follow-up included 13
children who died, 70 children who were lost to follow-up and 28 children who declined
participation. This 9-year assessment protocol included evaluation of HRQOL of the child
with epilepsy by both the child with epilepsy and the child's parent. HRQOL was assessed in
CWE who were less than 18 years old at the time of the 9-year assessment using the Child
Health Questionnaire (CHQ). Of the 502 children who participated in the 9-year assessment
protocol at any level, 374 were less than 18 years old, of whom 278 parent-child dyads
completed the CHQ. One child-parent dyad was subsequently excluded from this analysis
for confidential reasons making the final sample 277 parent-child dyads.

Institutional Review Board approval was obtained at all sites. At the time of initial
enrollment and at the 9-year assessment, written informed consent was obtained from the
parent and written assent from the child.

b. Data collection
Clinical and demographic data of children and parents were obtained via structured in-
person interview with the parent by trained research associates during initial enrollment and
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at the 9-year assessment, in conjunction with ongoing review of neurological medical
records and interim telephone interviews. Details of this data collection protocol have been
previously published [3, 17–18]. At the 9-year assessment, remission status was defined as
being 5-years seizure-free or not, a definition consistent with prior literature that has
examined outcomes amongst persons with childhood-onset epilepsy and is in accordance
with the definition of remission set forth by the 1993 epidemiologic guidelines of the
International League Against Epilepsy (ILAE) [24–28]. CWE were classified as either
currently taking or not taking AEDs. To more closely examine the association of seizure
remission duration, or time since last seizure, children were further categorized into the
following seizure recency groups: (a) those seizure-free ≥ 5 years, (b) those seizure free 1 to
5 years, and (c) those who were not seizure-free and had experienced a seizure within the
past year, or seizure-free < 1 year. These categories were based in part on the frequency
distribution of the time since last seizure for the cohort at the time of the 9-year assessment,
agreement amongst authors, in addition to prior literature from adult epilepsy surgical
cohorts [9, 11–12, 29–30].

c. Measures
As previously noted, HRQOL of CWE was assessed using the CHQ, a self-administered,
generic HRQOL measure with child (CHQ-CF87) and parent-proxy reported (CHQ-PF50)
versions [31]. The child version includes 87 items in 11 scales and 2 global items. The
CHQPF50 includes 50 items in 12 scales and 2 summary scores. Raw scores for each scale
are transformed to a 0 to 100 scale, with higher scores indicating better health (100 = best
health). Physical and psychosocial summary scores (CHQ-PF50 version only) are
transformed to T-scored (mean = 50; SD = 10) calculated against a general reference U.S.
population.

d. Analysis
Sociodemographic and clinical characteristics of CWE and parents were calculated using
univariate statistics. Internal consistency reliability for each scale of the CHQ-CF87 and the
CHQ-PF50 were estimated using Cronbach's alpha. We examined the relationship between
seizure recency and HRQOL at 9-year assessment by comparing child and parent-proxy
reported HRQOL of children who were seizure-free: (a) ≥ 5 years, (b) 1–5 years or (c) < 1
year using age- and gender-adjusted analysis of covariance (ANCOVA) with Type III sums
of squares using each respective CHQ-CF87 or CHQ-PF50 scale, global item or summary
score as the dependent variable. ANCOVAs were not adjusted for current AED status
because it was highly correlated with seizure recency groups (r ≥ 0.70). We used the Tukey-
Kramer multiple range test to assess differences in adjusted means between the 3 different
seizure recency groups. All analyses were performed using SAS (9.2), setting an a priori p-
value of p ≤ 0.05 for statistical significance.

III. Results
a. Sociodemographic and clinical characteristics of CWE and their parents

As previously noted, 277 child-parent dyads completed the CHQ at the time of the 9-year
assessment; sociodemographic and clinical characteristics for these CWE and their parents
are shown in Table 1. The mean age of epilepsy onset was 4.4 (SD=2.6) years; 46.6% were
female. The average age of parents was 42.5 years (SD=5.4), over 90% were female and
nearly half of parents had at least a college education. At the time of the 9-year assessment
CWE were, on average, 13.0 years old (SD=2.6 years); nearly one-third were taking AEDs.
Nearly two-thirds (n=177; 63.9%) were seizure-free ≥ 5 years; 18.4% had been seizure-free
for 1–5 years, while 17.7% had experienced a seizure within the past year and were thus
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categorized as seizure-free < 1 year. Internal consistency reliability was high (Cronbach's α
≥ 0.75) for all child and parent-proxy scales.

b. The association of seizure recency with HRQOL in CWE
In age- and gender-adjusted ANCOVAs of HRQOL and seizure recency, there were
significant seizure recency between-group differences (Type III sum of squares) for child-
reported HRQOL on 4 of 11 scales and for parent-proxy reported HRQOL on 10 of 12
scales, 2 of 2 items and both summary scores (all p's ≤ 0.03; Table 2). Comparison of
seizure recency group adjusted means revealed no significant differences between CWE
who were ≥ 5 years seizure-free compared to those who were 1–5 years seizure-free on any
child-reported or parent-proxy reported scale or item with the exception of the parent-
reported parental emotional impact scale (p < 0.0001; Table 2; Figure 1b). There were,
however, significant differences in HRQOL amongst CWE that were seizure free <1 year
compared to those were seizure free ≥ 5 years or 1–5 years for both child-reported and
parent-proxy reported HRQOL (Table 2; Figure 1a, 1b). Specifically, compared those that
were seizure free ≥ 1, CWE who were seizure free < 1 year had lower (worse) mean
HRQOL scores on 2 of 11 child-reported scales including role/social limitations – physical
and family activities scales (p≤0.05; Table 2; Figure 1a). Furthermore, CWE who were
seizure-free < 1 year had lower HRQOL compared to those seizure free ≥ 5 years on 2 of 11
child-reported scales including physical function and behavior scales (p≤0.05; Table 2;
Figure 1a). Findings from parent-proxy reported HROQL were similar, although much more
pervasive than child-reported HRQOL. Notably, CWE who were seizure free < 1 year had
lower mean parent-proxy reported HRQOL on 9 of 12 scales, global general health items
and physical and psychosocial summary scores compared to those were seizure-free ≥ 1 year
(p≤0.05; Table 2; Figure 1b). Furthermore, CWE who were seizure-free < 1 year had lower
HRQOL compared to those seizure free ≥ 5 years on the mental health scale and the global
behavior item (p≤0.05; Table 2; Figure 1b). Significant differences between seizure recency
groups were not seen for the bodily pain/discomfort and family cohesion parent-proxy
reported scales (Table 2; Figure 1b).

IV. Discussion
In this 9-year follow-up of adolescents with newly diagnosed epilepsy in childhood followed
prospectively, we found that HRQOL is worse for those having seizures in the prior year
compared to those who were seizure-free for one year or more. Parent-proxy reports were
pervasive across the majority of scales, items and summary scores, while child-reported
differences were noted on a smaller proportion of scales. There were no differences,
however, between CWE in remission for 1–5 years compared to those in remission for ≥ 5
years for both child and parent-proxy reported HRQOL, with the exception of the parent
emotional impact scales. While such findings suggest that HRQOL differences related to
seizure recency are not linear and level off after the initial year of remission, they also
highlight the hidden cost that childhood-onset epilepsy has on parents and families,
particularly if children have experienced seizures recently.

To our knowledge, this is the first study to examine the relationship between HRQOL and
seizure recency, or duration of seizure remission, in CWE. Several studies of adults with
epilepsy, however, have demonstrated that HRQOL is associated with seizure-free duration.
Notably, in a study of 136 adults with epilepsy on AEDs from three outpatient clinics in the
UK, Wagner et al. found that HRQOL decrements were related to the time since last seizure;
patients who were seizure-free for > 6 months had better HROQL scores compared to those
with more recent seizures [32]. Similarly, Jacoby found that improved feelings about
epilepsy and its impact on quality of life was associated with a longer duration of seizure
freedom amongst adults seizure-free ≥ 2 years, while Pulsipher et al. found that days since
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last seizure was the strongest predictor of epilepsy-related effects in the QOLIE-89 in a
multivariate analysis of 93 adult with temporal lobe epilepsy [30, 33]. Interestingly, Cramer
et al. found that amongst 201 adult patients with partial epilepsy on two or more AEDs,
decrements in perceived (hypothetical) health, if experiencing a seizure today, were greatest
for those with more recent seizures [34]. In contrast, however, in a non-surgical sample of
139 adults with epilepsy from three US centers, time since last seizure was not uniquely
related to HRQOL as measured by the SF-36 in a multivariate analysis [35].

Our finding that HRQOL is worse for those having seizures in the prior year compared to
those who were seizure-free for ≥1 year, with minimal differences between seizure free 1–5
and ≥ 5 year groups, suggests that the relationship between HROQL and seizure recency is
not linear, a finding that is consistent with prior literature of HRQOL in adult epilepsy
surgical cohorts [9–10, 12]. In adult epilepsy surgical cohort studies by Elsharkawy et al.,
time since last seizure was a significant predictor of improved HRQOL as measured by the
QOLIE-31, with most subscales demonstrating a steep, non-linear increase in scores within
the first 2–3 years of seizure freedom that then remained stable [9–10]. In the Multicenter
Study of Epilepsy Surgery, Spencer et al. demonstrated improvements in QOLIE-89 scores
within the first 6 months after epilepsy surgery, regardless of seizure outcome, with
subsequent improvements, however, that paralleled the length of time seizure free and then
stabilized at 2 years; McLachlan et al. similarly found that changes in HRQOL were not
evident until the second post-operative year amongst those seizure-free and those with at
least a 90% reduction in seizure frequency [11–12].

While seizure recency was strongly associated across multiple domains of HROQL in CWE
for parent-proxy reports, such findings were less robust across child self-reported HRQOL.
Differences in seizure recency groups in child-reported HRQOL were primarily seen across
scales related to physical function, role/social limitations physical, behavior and family
activities while differences in parent-rated HRQOL of CWE were pervasive across the
majority of scales, items and summary scores. Such child-parent differences are consistent
with our prior findings of parent-child differences in report of HRQOL of CWE; parent
proxies rated children with epilepsy's HRQOL as worse than sibling controls, while children
with epilepsy (CWE) self-reported HRQOL comparable to sibling controls that parents [3].
Furthermore, this parent-child reporting discrepancy may, indeed, reflect differences in the
perception of HRQOL in CWE as has been found in several studies to date. In a study by
Hamiwka et al., parents rated HRQOL of children who had experienced a first time seizure
as lower than normative controls on one-half of parent-proxy CHQ scales, including the two
parent impact scales, although children did not, while Verhey et al. found that parents rated
children's HRQOL lower compared with child's report as measured by an epilepsy-specific
measure, the CHEQOL-25 [13, 15]. These parent-child differences may, in part, reflect the
large impact that childhood-onset epilepsy has on parents and families with regard to day to
day functioning, family activities and even parental mood, all of which may impact a
parent's rating of their child's HROQL [36–38]. In fact, compared to parents without
epilepsy, parents of CWE often have higher levels of psychological distress and depression
and report poorer QOL [39–40]. Alternatively, the parent-child reporting differences of the
association of seizure recency with HRQOL in CWE may reflect that the CHQ-PF50
(parent-proxy version) has better construct validity for epilepsy disease severity compared to
the CHQ-CF87 (child self-report version).

There are several limitations to our study. The observed differences in parent-proxy versus
child reports of the association of seizure recency with HRQOL in CWE may be due in part
to the fact that the CHQ is a generic instrument that is not sensitive to the nuances of
epilepsy severity, particularly for child-report. In this regard, the CHQ-CF87 may have less
construct validity for epilepsy severity compared to the CHQ-PF50. Secondly, differences in
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child and parent-proxy reports represent general trends only because the CHQ-CF87 and
CHQ-PF50 have varied wording of similar items, some distinct items altogether, a few
scales with non-overlapping content, and content that maps from one scale of one version to
multiple scales of the other version. For example, the parent “physical function” scale has 6
questions while the child “physical function” scale is comprised of 9 questions. On the
parent version “role limitations emotional/behavioral” is one scale, while on the child
version it is two scales, “role limitations – behavioral” and “role limitations – emotional”.
Two scales on the parent version, “parent impact on time” and “parent emotional impact” do
not exist on the child version. Similarly, physical and psychosocial summary scores only
exist for the parent version. As such, direct child and parent-proxy comparisons are limited
and we have previously shown that parent-child agreement is low [3]. Lastly, because the
subjects in our sample were recruited from one US state (Connecticut), were predominantly
Caucasian (>80%) and had parents that were highly educated (nearly half had college
education or more) and employed (78%), the generalizability of our findings may be limited.

At 9-year follow-up of a cohort of CWE, HRQOL is worse for those having seizures in the
prior year compared to those who were seizure-free for one year or more; HRQOL
differences related to seizure recency amongst CWE are not linear and level off after the
initial year of remission. Associations of seizure recency with HRQOL in CWE were more
pronounced for parent-proxy reported HRQOL than for child-reported HRQOL, the findings
of which may reflect differences in perspectives of children and their parents that are
indicative of the large impact that childhood-onset epilepsy has on parents and families,
particularly if children have experienced seizures recently. In contrast, these reporting
differences may suggest that the parent-version of the CHQ has better construct validity for
epilepsy disease severity compared to the child self-report version.
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Figure 1.
Adjusted predicted HRQOL mean scale scores (± CI's) calculated from ANCOVAs for
seizure recency.
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Table 1

Demographic and clinical characteristics for children with epilepsy and parents (n=277 dyads)

Child demographics and clinical characteristics N (%)

Female 129 (46.6)

Age of epilepsy onset, yrs, mean (SD) 4.4 (2.6)

Age of epilepsy diagnosis, yrs, mean (SD) 5.1 (2.5)

Age at CHQ administration, yrs, mean (SD) 13.0 (2.6)

Education level at CHQ administration¶

 Preschool – 5th grade 67 (24.5)

 6th grade – 8th grade 107 (39.2)

 9th grade – 12th grade 99 (36.3)

Seizure remission status at 9-year follow-up

 Seizure-free ≥ 5 years 177 (63.9)

 Seizure free 1 to 5 years 51 (18.4)

 Seizure free for < 1 year 49 (17.7)

Currently taking anti-epileptic drugs (AEDs) 87 (31.4)

Full Scale IQ ≥ 80† 230 (83.0)

Normal neurological exam¥ 232 (83.8)

Parent-respondent demographics N (%)

Female 252 (91.0)

Age, yrs, mean (SD) 42.5 (5.4)

Race¶

 Caucasian 222 (80.4)

 African American 33 (12.0)

 Other§ 21 (7.6)

College education or higher¶ 119 (43.1)

Employed full or part time¶ 216 (78.3)

Married¶ 198 (71.7)

Biological Parent 265 (95.7)

¶
Missing data from child education (2 children graduated high school and 2 children were in vocational school), 1 missing from parent race, parent

education, parent employment, and parent marital status

†
At 9-year follow-up

¥
At baseline or 9-year follow-up

§
Includes Hispanic and Asian and Other
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