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Mood, anxiety, and incomplete seizure

control affect quality of life after epilepsy
surgery

ABSTRACT

Objective: We examined the complex relationship between depression, anxiety, and seizure con-
trol and quality of life (QOL) outcomes after epilepsy surgery.

Methods: Seven epilepsy centers enrolled 373 patients and completed a comprehensive diagnostic
workup and psychiatric and follow-up QOL evaluation. Subjects were evaluated before surgery and
thenat 3, 6,12, 24, 48, and 60 months after surgery. Standardized assessments included the Qual-
ity of Life in Epilepsy Inventory-89, Beck Depression Inventory (BDI), and Beck Anxiety Inventory
(BAI). A mixed-model repeated-measures analysis was used to analyze associations of depression,
anxiety, seizure outcome, and seizure history with overall QOL score and QOL subscores (cognitive
distress, physical health, mental health, epilepsy-targeted) prospectively.

Results: The groups with excellent and good seizure control showed a significant positive effect
on the overall QOL compared to the groups with fair and poor seizure control. The BDI and BAI
scores were both highly and negatively associated with overall QOL; increases in BDI and BAI
scores were associated with decreased overall QOL score.

Conclusions: Depression and anxiety are strongly and independently associated with worse QOL
after epilepsy surgery. Interestingly, even partial seizure control, controlling for depression and
anxiety levels, improved QOL. Management of mood and anxiety is a critical component to post-
surgical care. Neurology® 2014;82:887-894

GLOSSARY

AED = antiepileptic drug; BAI = Beck Anxiety Inventory; BDI = Beck Depression Inventory; QOL = quality of life; QOLIE-
89 = Quality of Life in Epilepsy Inventory-89.

Quality of life (QOL) in people with epilepsy is lowered by antiepileptic drug (AED) side effects,
cognitive impairment, underlying neurologic disease, perceived stigma, comorbid psychiatric ill-

2-6

ness, and poor seizure control." While QOL improves with seizure freedom,> reductions in

seizure frequency have a small effect on QOL.”” In patients with epilepsy, mood and anxiety

1013 However, cross-sectional studies demonstrating

are often the strongest predictors of QOL.
that higher depression and anxiety scores strongly correlate with higher QOL cannot assess
relationships among mood, anxiety, QOL, and seizure control over time.

In a prospective multicenter study of resective epilepsy surgery, we found clinically significant
improvements in QOL in patients who were seizure-free 5 years after surgery®; however, such
gains were not observed in individuals with incomplete seizure control. Subsequently, we found
that when incomplete seizure control is stratified, there are differences in the course of depression
between individuals with “good” seizure outcomes (incomplete control over 5 years but 2 or more
years of seizure freedom) and “fair” outcomes (only 1 year of seizure freedom).'* Those with good
seizure control showed less depression than those with fair seizure control 5 years after surgery.'*"

It remains unclear how these mood improvements affect overall QOL, particularly with incomplete
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seizure control. In the current study, we exam-
ined the association between depression, anxiety,
and seizure outcomes and QOL over time. We
hypothesized that better seizure control and
improvement in depressive and anxiety symp-
toms would be independently associated with

gains in all QOL domains.

METHODS The design, measures, and subject recruitment of the

16

Epilepsy Multicenter Study were detailed elsewhere.'® Seven tertiary
epilepsy centers enrolled 396 patients and completed a comprehen-
sive diagnostic workup that included an extensive medical history
and physical examination; neuropsychological, neuroimaging, and
neurophysiologic testing; and a psychiatric as well as QOL evalua-
tion. Subjects were evaluated at baseline, before surgery, and then 3,

6, 12, 24, 48, and 60 months after surgery.

Standard protocol approvals, registrations, and patient
consents. Institutional review boards for each respective center
approved all procedures in the study.

Table 1

Demographic characteristics and seizure surgical experience of

subjects (N = 373)

Characteristics

Age at first seizure, y (n = 372)

Age at surgery, y (n = 373)

Sex
Female
Male

Ethnicity

Black or African American, not of Hispanic origin

Hispanic

White, not of Hispanic origin

Other
Education

High school or less

College or partial college

Graduate school or professional school

Surgery type

Extratemporal lobe resection

Temporal lobe resection

Side of surgery
Left

Right

N (%)® or
mean = SD

148 + 116

37.7 104

200 (53.6)
173 (46.4)

33(8.9)
20 (5.4)
302 (81.2)
17 (4.6)

150 (40.4)
172 (46.4)
49 (13.2)

48 (12.9)
325(87.1)

182 (48.8)
191 (51.2)

Seizure control status over 5-y period

Complete seizure freedom for 5 y after surgery (excellent)

>2 consecutive years of seizure freedom but at least 1 seizure within

the 5-y period (good)

>1 y but less than 2 consecutive years of seizure freedom (fair)

Never 1 full year of seizure freedom throughout the 5-y period (poor)

108 (35.2)
105 (34.2)

36 (11.7)
58 (18.9)

2Numbers may not sum to totals because of missing data, and column percentages may not
sum to 100% because of rounding.
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Subjects. Subjects were enrolled as part of a 7-center prospective
observational study of resective epilepsy surgery outcomes, the
details of which have been published previously.'® Subjects, older
than 12 years, were recruited between June 1996 and January
2001, at the time of their initial referral, for possible resective
epilepsy surgery. They were included if they had no prior epilepsy
surgical treatment, had continuing complex partial seizures with or
without secondarily generalized seizures despite treatment with 2 or
more AEDs, and with more than 20 seizures in the 2 years before
recruitment. Evaluation was standardized across the 7 centers.'® For
this analysis, only adult subjects (17 years or older) at the time of the
surgery (N = 379) were included.

Measures. An extensive preoperative interview and medical record
review provided demographic, historical, and seizure-related
information on all patients. We included adult subjects who
had seizure control and QOL outcome data after epilepsy
surgery. Standardized postoperative assessments included a measure
of QOL, the Quality of Life in Epilepsy Inventory—89 (QOLIE-
89), Beck Depression Inventory (BDI), and Beck Anxiety Inventory
(BAI). The QOLIE-89 is a self-report, comprehensive, epilepsy-
targeted health-related QOL instrument that includes a generic
core, the 36-Item Short Form Health Survey. Reliability, validity,
and responsiveness to change have been reported for the QOLIE-
89." The QOLIE-89 yields an overall score, 17 multi-item scales,
and 4 dimension scores (cognitive distress, physical health, mental
health, epilepsy-targeted) derived from a previously published factor
analysis of the 17 multi-item scales and reported in an article
describing the initial development of the QOLIE-89. Our analysis
used the overall and 4 dimension scores, converting factor scores to
T scores (mean, 50; SD, 10) for ease of interpretation. Greater
T-score values indicate better QOL. The BDI and BAI are
reliable and validated general measures of depression and anxiety'®
that are scaled from 0 to 63 with higher scores reflecting more severe
symptoms. The QOLIE-89, BAI, and BDI were administered at
baseline, within 3 months of surgery, and at intervals approximately
1, 2, 3, 4, and 5 years after surgery.

Seizure control was operationalized using 2 different models.
The first seizure control definition, “5-year control,” is a fixed co-
variate that captures relative seizure control between subjects across
the 5 years of follow-up. For the 5-year control variable, seizure
outcome was classified into 1 of 4 categories: “excellent” for subjects
seizure-free (and no auras) for all 5 years, “good” for 2 consecutive
years but not all 5, “fair” if subjects were seizure-free for 1 year but
never 2 consecutive years, and “poor” if subjects never had a 1-year
period of seizure freedom. The second seizure control definition,
“seizure breakthrough,” is a time-varying indicator that captures
when a subject is no longer seizure-free within the 5-year period.
Starting at baseline, this variable was coded as 0 and would remain 0
throughout the follow-up or switch to 1 at an assessment (and all
subsequent assessments) when a seizure was reported. For instance,
if a subject had a seizure at 9 months (which they reported at the
12-month assessment), they would have a time-varying vector for
the seizure breakthrough variable of 00 1 1 1 1 1 corresponding to
months 0, 3, 12, 24, 306, 48, 60, respectively.

Statistical analysis. Analyses were performed in SAS 9.3, and 3D
surface plots were created in SAS (SAS Institute, Cary, NC) using
SAS Macro Program: surface.sas.”” Mixed-model repeated-
measures analyses (implemented with SAS PROC MIXED)
were used to evaluate the relations of depression, anxiety, and
either 5-year seizure control or seizure breakthrough on
trajectories of change in several measures of QOL (overall QOL
score and the 4 dimension subscores: cognitive distress, physical

health, mental health, epilepsy-targeted) over time.”* Depression



(BDI score) and anxiety (BAI score) were both included as time-
varying covariates allowing their values to change upon annual
reassessment. Models also included fixed effects for sex, race,
number of years with epilepsy before surgery, education, laterality of
seizure focus, resection location, number of AEDs taken at each
follow-up period postsurgery, and time. Interactions of primary
independent variables (i.e., seizure-control variables, depression, and
anxiety) with time were included to determine whether they modified
the slope of change in QOL outcomes. Random effects were included
for intercepts and slopes to allow for the dependence of observations
obtained from the same individuals. Regression estimates from these
models reflect the difference in the QOL outcome for a l-unit

difference in the independent variable.

RESULTS Detailed demographics, seizure history, and
seizure location are shown in table 1. Of the 379 adults
who were included in the analysis, 373 subjects com-
pleted a baseline QOL assessment, 359 subjects had
baseline QOL assessment and at least one QOL assess-
ment during follow-up, and 255 of those who
completed a baseline QOL assessment had 5-year
follow-up (table e-1 on the Neurolog/® Web site at
Neurology.org). We examined the difference in QOL
scores between subjects who withdrew from the study
and those who completed each follow-up interval,
and we found no significant difference (no p value
was <0.13). Of the 373 subjects who completed at
least one QOL assessment, 200 subjects were female,
60 were not white, 150 subjects had high school-level
education or less, 325 subjects (87.1%) had temporal
lobe resection, 182 subjects had left-sided resections,
and 108 subjects were seizure-free 5 years after their

surgery. Overall QOL and each of the QOL subscores
improved over time (p < 0.001; see figures 1 and e-1
and tables 2 and e-2) as evidenced by the positive
regression estimates for time. Both quadratic and cubic
polynomials of time were significant, suggesting (as
illustrated in figures 1 and e-1) that QOL changes
over time plots on a complex curve as opposed to a
straight line. At baseline, the groups with excellent and
good seizure control had higher overall QOL compared
with the groups with fair and poor seizure control (p <
0.0001). There was a significant interaction between
seizure control and time (p = 0.02) whereby the rate
of increase in overall QOL was greater in the “excellent”
and “good” groups. For example, the group with
“excellent” seizure control demonstrated a 0.05-unit
per month greater increase in QOL score compared
with the group with “poor” seizure control. Over a
period of 5 years this translates into a greater increase
of 3.0 units. This relation was apparent in the seizure
(p < 0.001) and physical (p = 0.008) QOL subscores.
The seizure breakthrough model (table e-2) demon-
strated similar relations of seizure control with QOL.
The transition from seizure-free to the presence of a
seizure was associated with a decrease in overall QOL
(» < 0.0001) and all subscores (p < 0.001) with the
exception of cognitive (p = 0.09). For seizure break-
through, with the exception of the mental health
subscore, interactions of the time-varying indicator
with time were not significant, indicating that the
effect of the transition was persistent for the remainder

[ Figure 1 QOL stratified by seizure control over time

e—e—o Excellent
e—e—o Good 4
e—e—e [ajr 5:
e—e—o Poor 6:

58
57
56
55
54
53
52
51
50
49
48
47
46
T

Estimated overall QOL t score vs time

Pre- 3
surgery

60
Month

Least squares mean plot based on the modeling results shown in table 2 (5-year seizure-control variable) demonstrates the
relationship between quality of life (QOL) and seizure control over time. The y-axis provides overall QOL T scores and color
codes the seizure-control status (excellent, good, fair, and poor). The x-axis shows time in months, with the O point desig-
nated as the presurgical evaluation. Six pairwise comparisons of overall effect of different seizure-control groups over QOL
T score: 1 = excellent vs good; 2 = excellent vs fair; 3 = excellent vs poor; 4 = good vs fair; 5 = good vs poor; 6 = fair vs
poor. The p value is represented as N = not significant; *p < 0.05; **p < 0.01; *** p < 0.001.
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Table 2

QOL and QOL subscores

Characteristics
Time
Time*time
Time*time*time
No. of AEDs (full dose)
Seizure control
Excellent
Good
Fair

Poor

Multivariable repeated-measures regression estimates of the effects of 5-year seizure control, depression, and anxiety on overall

Time and seizure control interaction

Time and excellent
Time and good
Time and fair

Time and poor

Duration of seizure history, y

Sex
Female
Male
Race
Nonwhite
White
Education

Graduate school

College or partial college

High school or less
Resection location
Extratemporal
Temporal
Side of brain
Left
Right
BDI score
Time and BDI interaction
BAI score
Time and BAI interaction

BDI and BAl interaction

Overall QOL Seizure QOL Physical QOL Mental health QOL Cognitive QOL
Estimate p Value Estimate p Value Estimate p Value Estimate p Value Estimate p Value
0.45 <0.0001 0.74 <0.0001 0.33 <0.0001 0.25 <0.0001 0.24 <0.0001
-0.02 <0.0001 -0.03 <0.0001 -0.01 <0.0001 -0.009 <0.0001 -0.009 <0.0001
0.0002 <0.0001 0.0002 <0.0001 0.0001 <0.0001 0.0001 0.0001 0.0001 <0.0001
-0.38 0.12 -0.63 0.02 -0.23 0.43 -0.06 0.80 -0.36 0.25
<0.0001 <0.0001 0.002 0.0002 0.05
3.78 <0.0001 3.74 <0.0001 57 0.0005 2.89 0.0003 2.95 0.01
0.58 0.6 -0.23 0.85 0.73 0.58 -0.33 0.75 1.87 0.22
2.69 0.002 2.82 0.003 1.48 0.15 1.99 0.01 3.08 0.01
Ref Ref Ref Ref Ref
0.06 <0.0001 0.02 0.52 0.43
0.05 0.01 0.11 <0.0001 0.05 0.01 -0.01 0.42 0.02 0.33
0.02 0.37 0.06 0.009 0.02 0.34 —-0.009 0.69 -0.009 0.73
0.04 0.03 0.08 0.0001 0.06 0.004 0.007 0.72 -0.004 0.86
Ref Ref Ref Ref Ref
0.01 0.5 0.06 0.007 -0.01 0.65 -0.001 0.95 -0.003 0.93
0.10 0.85 0.54 0.31 -0.63 0.30 0.67 0.12 -0.38 0.61
Ref Ref Ref Ref Ref
0.76 0.25 0.48 0.49 1.46 0.06 1.16 0.04 -0.64 0.51
Ref Ref Ref Ref Ref
0.99 0.14 0.43 0.29 0.51
-0.05 0.95 -1.58 0.06 0.91 0.34 -0.83 0.22 1.27 0.28
-0.07 0.9 -0.75 0.20 0.77 0.24 -0.65 017 0.63 0.44
Ref Ref Ref Ref Ref
0.09 0.9 0.49 QIS5 -0.95 0.30 -0.14 0.83 111 0.33
Ref Ref Ref Ref Ref
-0.84 0.09 -0.24 0.66 0.22 0.72 0.08 0.84 -2.74 0.0002
Ref Ref Ref Ref Ref
-0.83 <0.0001 -0.68 <0.0001 -0.63 <0.0001 -0.86 <0.0001 -0.67 <0.0001
0.003 0.0009 0.004 0.001 0.003 0.01 0.002 0.13 0.004 0.0005
-0.44 <0.0001 -0.41 <0.0001 -0.38 <0.0001 -0.48 <0.0001 -0.24 <0.0001
-0.002 0.03 -0.001 0.29 -0.001 0.24 —0.0009 0.36 -0.004 0.0002
0.009 <0.0001 0.008 <0.0001 0.005 0.007 0.009 <0.0001 0.007 <0.0001

Abbreviations: AED = antiepileptic drug; BAl = Beck Anxiety Inventory; BDI = Beck Depression Inventory; QOL = quality of life; Ref = reference.
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of follow-up. The positive estimate of this interaction for
mental health suggested that the immediate effect of
having a seizure attenuated over time.

As illustrated in figures 2 and 3 (and tables -2 and
e-3), BDIL, BAI, and overall QOL varied across time.
Higher BDI and BAI scores were associated with lower

Neurology 82 March 11, 2014

QOL scores (p < 0.0001) when either 5-year seizure
control or seizure breakthrough was included in the
model. The effect of BDI on overall QOL diminished
with time (p = 0.001) as indicated by its positive inter-
action with time, whereas the inverse effect of BAI on

overall QOL increased with time (p = 0.04). Although



[ Figure 2 Estimated least squares mean of overall QOL and BDI score over time
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Surface plots demonstrate the relationship between quality of life (QOL) and depression scores (Beck Depression Inventory [BDI]) over time. The z-axis pro-
vides QOL T scores and color codes lowest scores blue to highest scores red. The x-axis shows changes in QOL and BDI over time in months, with the O point
designated as the presurgical evaluation. The y-axis shows the BDI scores, with high scores indicating more severe depression. Figure parts A, B, C, and D
represent subjects with excellent, good, fair, and poor seizure control, respectively. The scatter plots clearly show more dark red, reflecting better QOL, in
subjects with better seizure control. Furthermore, with the exception of fair seizure control, the QOL improves (becomes more red) with time. Finally, there is

improved QOL with lower BDI scores across each level of seizure control.

the BDI was associated with lower QOL subscores, the
diminished effect of BDI over time was only consis-
tently demonstrated on the seizure and cognitive sub-
scores. Similarly, BAI was associated with lower QOL
subscores, but the change over time seen on the overall
QOL was only significanty demonstrated in the cog-
nitive subscore. Relations of BDI and BAI were not
significantly modified by either 5-year seizure control
(p = 0.12, p = 0.79, respectively) or seizure break-
through (p = 0.50, p = 0.07, respectively).

DISCUSSION Our findings prospectively demonstrate
that improved but incomplete seizure control is associ-
ated with a significant improvement in QOL. Prior
studies showed that QOL improved only with com-
plete seizure freedom®>¢; however, we found that good
control with only rare breakthrough seizures also im-
proves QOL. Most studies showing a poor correlation
between scizure frequency and QOL were cross-
sectional, before treatment intervention, and their
results were affected by biased recall and subjects with
more severe disease. Our finding that QOL improved

in the group with incomplete seizure control over time
is likely attributable to the increased sensitivity of
repeated-measures linear mixed-effect analysis, in
which subjects serve as their own controls. While the
ultimate clinical goal remains seizure freedom, subjects
with a rare breakthrough seizure can show significant
QOL improvements from epilepsy surgery. Our
findings support a recent International League Against
Epilepsy consensus recommendation suggesting that a
single breakthrough seizure within 1 year of an
intervention or within 3 times the length of the prior
longest  seizure-free interval should not constitute
treatment failure.”!

Our large sample size, prospective design, and linear
mixed-effect statistical analysis allowed us to untangle
the complex interactions among anxiety, depression,
seizure control, and QOL longitudinally, up to 5 years
after epilepsy surgery. We demonstrated that improve-
ment in anxiety and depression was independently asso-
ciated with QOL scores across levels of seizure control
over time. Additionally, we showed that when depres-
sion and anxiety symptoms are analyzed separately,
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[ Figure 3 Estimated least squares mean of overall QOL and BAI score over time ]
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Surface plots demonstrate the relationship between quality of life (QOL) and anxiety scores (Beck Anxiety Inventory [BAI]) over time. The z-axis provides QOL
T scores and color codes lowest scores blue to highest scores red. The x-axis shows changes in QOL and BAI over time in months, with the O point designated
as the presurgical evaluation. The y-axis shows the BAI scores, with high scores indicating more severe anxiety. Figure parts A, B, C, and D represent sub-
jects with excellent, good, fair, and poor seizure control, respectively. The scatter plots clearly show more dark red, reflecting better QOL, in subjects with
better seizure control. Furthermore, with the exception of fair seizure control, the QOL improves (becomes more red) with time. Furthermore, there is
improved QOL with lower BAI scores across each level of seizure control.

there is an interaction between seizure control and  to this finding. The role of amygdala in emotional pro-
depression severity on QOL, as well as an interaction  cessing and, specifically, the psychopathology of anxiety
between seizure control and anxiety severity on QOL.  disorders is well established. Dysfunctional, epilepto-
These findings demonstrate that the effect of seizure  genic amygdala may be associated with heightened anx-
control on QOL varies as a function of depression iety symptoms, and surgical resection of the injured
and anxiety severity. In other words, QOL gains with  amygdala may account for the improvement in anxiety
better seizure control are diminished when depression  symptoms. Only one other study attempted to system-
and anxiety symptoms are elevated. atically explore differences in psychiatric outcome

Both depression and anxiety symptoms improve between temporal lobe and extratemporal lobe resec-

152224 Because depression and  tion.”” In contrast to our study, the authors did not

after epilepsy surgery.
anxiety are highly comorbid and share many symp- find any association between psychopathology and sei-
toms, improvement in both sets of scores may result  zure control 1 and 3 months postoperatively. However,
from an interaction effect or colinearity. Anxiety and among the 43 subjects with temporal lobe epilepsy,
depression scores were highly correlated in our analy-  23% had anxiety before surgery, and among the 17
ses, but when the interaction was controlled for, both  subjects with extratemporal lobe epilepsy, 18% had
anxiety and depression independently were associated — anxiety before surgery; thus, this study was poorly pow-
with QOL scores. ered to demonstrate the interactions among seizure con-
Anxiety scores had a slightly stronger independent  trol, temporal lobe epilepsy vs extratemporal lobe
effect on QOL than depression scores over time; how-  epilepsy, and anxiety. They did not report data related
ever, it is unclear whether this effect is clinically signif-  to amygdala resections.
icant. The partial or complete amygdala resection in QOL is a multidimensional construct, and the mea-
more than 90% of patients in this study may contribute  sure of QOL we used is comprehensive, encompassing

892 Neurology 82 March 11, 2014



mental health as well as other domains. Depression and
anxiety are aspects of mental health, and thus measures
of depression and anxiety are expected to be associated
with the mental health domain of the QOLIE-89.
Nonetheless, our analyses demonstrated that anxiety
and depression were strongly and independently associ-
ated with epilepsy-targeted, physical health, and cogni-
tive components of QOL.

Left-sided resections were associated with less overall
QOL gains than right-sided resections; however, this
effect was driven by the cognitive dimension, because
none of the other QOL dimensions were related to side
of surgery. This finding is consistent with prior research
that showed greater cognitive morbidity after left-sided
surgery (recently reviewed, reference 26), which can
worsen QOL, particularly (from our cohort) in the
context of persistent seizures.”” While the adverse side
effects of AEDs negatively affect QOL?® and decreasing
AED-related adverse side effects improves QOL,* we
were only able to accurately obtain number of AEDs
used at each of the follow-up intervals. Number of
AEDs may serve as a surrogate to capture the effect
of AED side effects on QOL. Interestingly, number
of AEDs had an independent negative effect on
seizure-related QOL, not mental, cognitive, or physical
components of QOL as would be expected (table 2).
However, the negative of number of AEDs was not
significant enough to affect overall QOL. We suspect
that the number of AEDs may more reflect how
“refractory” the seizures were, hence worse seizure-
related QOL scores, rather than adverse effect of drugs.

In the context of excellent or good seizure control,
our results show that health-related QOL can return
to a level equivalent with the normal population; how-
ever, this potential is lessened by persistent anxiety or
depression symptoms. In a prior study, complete and
incomplete seizure control in individuals without
depression was associated with a higher QOL than indi-
viduals with depression without a history of epilepsy.”
This highlights the importance of affective symptoms
on subjective appraisal of QOL. In fact, affective symp-
toms show up to 2 times larger contribution to QOL in
epilepsy than seizure control.*

While our study demonstrates the complex associa-
tion and effect of depression, anxiety, and seizure control
on QOL, there are a few limitations in our methods.
BDI and BAI are self-reported scales that quantify psy-
chiatric symptoms but do not provide clinical diagnoses.
However, we validated, in this population, the BDI and
BAI using the World Health Organization Composite
International Diagnostic Interview.'* We cannot deter-
mine whether depression or anxiety relates to poor QOL
through another confounder or mediator such as loss of
sleep, medication noncompliance, or drug/alcohol use.
Furthermore, because QOL is subjective and therefore
sensitive to patients’ expectations, perception of their

illness, and coping skills, depression and anxiety can bias
appraisal of their treatment response in a negative way.

Our study suggests that people who have medically
resistant epilepsy and comorbid depression or anxiety
generally may have improved QOL with successful epi-
lepsy surgery. Comorbid depression and anxiety should
not delay referral for epilepsy surgery.
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