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Background and Purpose: Epilepsy patients are more likely to experience depressive symptoms and
cognitive impairment compared to individuals in the general population. As the reasons for this are not
definitively known, we sought to determine what factors correlate most strongly with cognition and a
screening test for depression in epilepsy patients.

Methods: Our study population included 379 adult patients diagnosed with epilepsy or seizure in our
neurology clinic. We collected detailed demographic and clinical data during patient visits using structured
clinical documentation support tools that we have built within our commercial electronic medical records
system (Epic), including a depression score (Neurological Disorders Depression Inventory for Epilepsy,
NDDIE) and cognition score test measures (specifically in this study, Mini-Mental State Examination
[MMSE]). Medication, age, gender, body mass index, duration of epilepsy, seizure frequency, current
number of anti-epileptic medications, years of education were assessed in relation to baseline score as
well as change in score from initial visit to first annual follow-up.

Results: Of the analyzed factors, two statistically significant associations were found after correction for
multiple testing. Male gender and lower anti-seizure medication count were associated with better mood,
as assessed by NDDIE score, at initial visit. Specifically, male gender was associated with a 1.3 decrease
in NDDIE and for each additional anti-seizure medication, there was an associated 1.2 increase in NDDIE.
Conclusions: However, these factors were not associated with change in NDDIE score from initial to first
annual follow-up visit. These findings, although interesting, are preliminary. Additionally, these findings were
based on a homogenous (mainly Caucasian) clinic-based population and detailed information on previous
medication use was lacking. Further work is needed to replicate these findings and to understand any
mechanisms that may explain these associations. (2019;9:103-110)
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epilepsy than in the general population of same-aged healthy in-
dividuals,” and a bidirectional shared neurobiology has been

Epilepsy is a relatively common neurological disorder. Approximately,
70 million people have epilepsy globally. Epilepsy incidence is gen-
erally bimodal with peaks in younger and older age groups.' The clin-
ical course and severity of epilepsy are variable depending on age,
co-morbidities, and other factors.' For patients with more severe or
treatment-refractory epilepsy, there is a significant impact on quality
of life. Not surprisingly, depression is more common in patients with

proposed.” However, there is considerable variability among epilepsy
patients’ frequency and severity of depression. Interestingly, it is not
clearif it is entirely dependent on quality of life, suggesting other fac-
tors may be important in predicting the risk of depression in these
patients. Similarly, cognitive impairment is more common in epilepsy
patients compared to same-age healthy controls.” Because both cog-
nitive impairment and depression can have significant effects on qual-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



104 Journal of Epilepsy Research Vol. 9, No. 2, 2019

ity of life, it is important to understand what factors may predict mood
and cognitive impairment, particularly if there are modifiable factors
or factors that would benefit from early intervention. The relationship
between mood and cognitive impairment in epilepsy is likely
multifactorial. Possible explanations include shared neurobiology, co-
morbidities, medication effects, and socio-economic factors, among
others.""* Understanding these relationships will improve the care giv-
en to patients with epilepsy, who already have a condition which im-
poses a significant impact on their quality of life.

The aim of our study is to determine factors that have significant
association with depression and cognitive impairment in patients
with epilepsy. The study design involves a point of care structured da-
ta collection from patients with epilepsy in the epilepsy dlinic during
their office visit and analysis of the data collected to address the
study aim.

Methods

Study population

Our study population included all adult patients (ages 18 and
above) who were seen at the epilepsy clinic for their initial visit at
Northshore University HealthSystem between January 21, 2014 and
April 12, 2019, and had a final diagnosis of seizure or epilepsy. We
identified 666 patients who met these criteria during the study
period. We restricted our analyses to patients with the relevant out-
come measure documented (total number in regression for
Neurological Disorders Depression Inventory for Epilepsy [NDDIE]
was 377 and for Mini-Mental State Examination [MMSE] was 369).
Of these patients, a sub-set have returned for first annual follow-up
visits and are included in the longitudinal analyses (190 for analysis
of NDDIE and 189 for analysis of MMSE).

Design methods

Data was collected at the point of care during the outpatient clinic
visit, using structured clinical documentation support tools that we
have built within our commercial electronic medical records (EMR)
system (Epic).'*" The tools navigate care according to best practices,
capture several hundred fields of epilepsy data per office visit and
write notes at initial and annual follow-up visits. A validated screen-
ing tool for depressive symptoms was administered using the
NDDIE." The 6-item NDDIE was used as validated by Gilliam et al."®
A score of 15 had a specificity of 90%, a sensitivity of 81%, and a
positive predictive value of 0.62 for a diagnosis of major
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depression.'® Therefore, a score of 15 was used as the cut-off for ma-
jor depression.

Initially, for cognitive assessment, we used the Montreal Cognitive
Assessment (MoCA)."” However, due to licensing permissions, the
burden to the nursing staff and physician request, we switched to the
Short Test of Mental Status (STMS). STMS was used as defined by
Kokmen et al."” A score of 29 (out of a maximum of 38) or less is con-
sidered screening positive for dementia. The reported sensitivity was
92% and specificity was 91%."” Because both scores (MoCA and
STMS) can be converted to the MMSE using published nomograms'®
for MOCA and unpublished nomograms for STMS. For comparability,
we present all scores as their MIMISE converted score. For MMSE,
scores of 23 or less are commonly considered abnormal.'® We chose
other variables of interest based on a priori knowledge from pub-
lished literature,*" including age (years), gender, body mass index
(BMI; kg/m?), use of commonly prescribed epilepsy medications (le-
vetiracetam, lamotrigine, valproic acid and carbamazepine), years of
education, duration of epilepsy, seizure frequency (defined as num-
ber of seizures per day), and number of current anti-epileptic drugs
(AEDs). In addition, we screened for commonly prescribed anti-de-
pressant medications (fluoxetine, paroxetine, sertraline, citalopram,
escitalopram, and venlafaxine). Medication use was determined
from the physician’s review of the patient’s medications at each of-
fice visit. We dichotomized anti-depressant medication use based on
whether a patient reported current use of one of the listed anti-de-
pressant medications.

Statistical methods

Multivariable linear regression models were used to assess the lin-
ear association between NDDIE or MMSE, age, gender, medications,
duration of epilepsy, seizure frequency, number of current anti-seiz-
ure medications, years of education and BMI. The open source stat-
istical software R (version 3.3.2; Microsoft, Seattle, WA, USA) was
used for all analyses. We conducted two sets of analyses, and the first
considered the association between the covariates and MMSE or
NDDIE at initial baseline visit. In longitudinal analyses, we further ad-
justed for baseline NDDIE or MMSE score and assessed the associa-
tion between the covariates at baseline and change in NDDIE or
MMSE from initial to first annual visit. To assess for potential con-
founding by anti-depressant medication use, we ran baseline and
longitudinal analyses with and without anti-depressant medications
and compared the point estimates of variables of interest between
the two models. Because this was an exploratory study, we used a



Bonferroni correction to determine statistical significance. p-values
were considered significant if p<0.0045 (0.05 divided by 11 tests).
We restricted our analyses to patients with the relevant outcome
measure documented (total number in regression for NDDIE was 377
and for MMSE was 369). Of these patients, a sub-set have returned
for first annual visits and are included in the longitudinal analyses
(190 for analysis of NDDIE and 189 for analysis of MMSE).

Results

Baseline characteristics of our study population are shown in Table 1.
Results of multivariable regression analyses assessing the relation-
ship between age, BMI, gender, medication use, epilepsy duration,
epilepsy severity, and years of education with NDDIE or MSSE are
shown in Table 2 for initial visit and Table 3 for change from initial to
first annual follow-up visit. In addition, multivariable regression anal-
yses including anti-depressant medication use for the initial visit and
the change from initial to annual follow-up visits are included in
Tables 4 and 5, respectively. The time between the first annual fol-
low-up visit and initial visit ranged from 9-15 months.

NDDIE

In multivariable models, for the association with baseline NDDIE,
we found that male gender (Aincorectes=0.004) and lower number of
anti-seizure medications (fncoreces=0.001) were associated with bet-
ter mood after adjustment for multiple comparisons. Specifically, men
had on average, NDDIE scores that were 1.3 points lower than
women. For AED count, use of each additional AED medication
(increasing count) was associated with a 1.2 increase in NDDIE. None
of the medications (lamotrigine, valproic acid, levetiracetam, and car-
bamazepine) analyzed had a significant association with mood. For
change in NDDIE, there was an association with valproic acid use. Use
of valproic acid was associated with a higher NDDIE score (1.9 points).
However, this was no longer significant after correction for multiple
testing (Aincorrected>0.0045). None of the other factors studied showed
a statistically significant association with change in NDDIE scores in-
cluding levetiracetam, lamotrigine and carbamazepine.

MMSE

As expected, there was a significant association between ages
(Ancorrected=0.002), with each increasing year of age being associated
with a -0.02 decrease in MMSE score. Additionally, number of years
of education and MMSE scores were strongly associated
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(Duncorrected<<0.001). Each additional year of education was associated
with a 0.28 increase in MMSE. The other significant association was
between MMSE score and seizure frequency (fincorectes=0.03).
Patients with more frequent seizures had a significantly lower cogni-
tive status. However, this was no longer significant after adjustment
for multiple testing. No other significant associations were observed.

For the change in MMSE scores from initial visit to first annual fol-

Table 1. Descriptive characteristics for 385 epilepsy patients included
in analysis

Value (n=385)

Age at encounter 45 (18-94)
Age at onset 27 (0-91)
Age at diagnosis 26 (0-93)
Disease duration 7.8 (0-70)
Female 203 (52)
Race
Caucasian 306 (80)
African-American 34 (9)
Hispanic/Latino 26 (7)
Asian 18 (5)
American Indian or Alaskan Native 1 (<1)
BMI 26 (17-659)
Years of education 16 (6-30)
Smoking history
Never 235 (61)
Former 111 (29)
Current 38 (10)
Passive 1 (<)
NDDIE: signs or symptoms of major 79 (21)
depression, cutoff score 15
NDDIE score 11 (6-24)
MMSE: possible cognitive impairment, score 21 (6)
of >23 abnormal
MMSE score 28 (10-30)
Anti-epileptic drugs
Levetiracetam 182 (47)
Lamotrigine 52 (14)
Valproic acid 49 (13)
Carbamazepine 32 (8)
Monotherapy 268 (70)
Polytherapy 90 (23)
Seizure frequency per day 0.001 (0.0003-0.57)
Anti-depressant drugs 16 (4)

Values are presented as median (range) or number (%).
BMI, body mass index; NDDIE, Neurological Disorders Depression
Inventory for Epilepsy; MMSE, Mini-Mental State Examination.
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low-up visit, there was suggestion of an association with BMI
(Pincorrected=0.008). Each one unit increase in BMI was associated
with a 0.06 decrease in MMSE. However, this association was no lon-
ger significant after correction for multiple testing. No other sig-
nificant associations were observed.

Discussion

The structured data collection for epilepsy toolkit that we have in-
corporated into our EMR system (Epic) offers a powerful way of col-
lecting several hundred fields of epilepsy related data per office visit,
which allows for conducting research conduct research at the
point-of-care.”” We sought to investigate the correlation between se-

Table 2. p-values from linear regression of baseline NDDIE or MMSE and age, gender, BMI, medication use, seizure frequency, number of
anti-seizure medications, duration of epilepsy, and years of education at baseline

NDDIE (n=377)

MSSE (n=369)

Coefficients SE p-value Coefficients SE p-value
Age -0.013 0.013 0.33 -0.023 0.007 0.002*
BMI 0.072 0.036 0.047 -0.011 0.021 0.59
Gender -1.34 0.45 0.003* -0.065 0.26 0.81
Years of education -0.08 0.078 0.31 0.28 0.046 <0.00001*
Disease duration -0.019 0.016 0.25 -0.004 0.009 0.68
# AEDs 1.24 0.37 0.001* -0.22 0.22 0.33
Seizure frequency 3.18 3.25 0.33 -4.04 1.86 0.03
Levetiracetam -0.92 0.55 0.1 0.0004 0.32 0.999
Lamotrigine -0.31 0.72 0.67 0.14 0.42 0.73
Valproic acid -0.57 0.77 0.46 -0.84 0.46 0.067
Carbamazepine -1.47 0.85 0.08 0.67 0.50 0.18

p-values shown in table are uncorrected values. Significant after correction for multiple testing AED.
NDDIE, Neurological Disorders Depression Inventory for Epilepsy; MMSE, Mini-Mental State Examination; BMI, body mass index; SE, standard

error; AEDs, anti-epileptic drugs.
*pvalues that are significant after multiple hypothesis correction.

Table 3. p-values from linear regression for change in NDDIE or MMSE from initial to annual follow-up visit

NDDIE (n=190)

MMSE (n=189)

Coefficients SE p-value Coefficients SE p-value
Initial score -0.38 0.055 <0.00001* -0.27 0.057 <0.0001*
Age 0.01 0.014 0.50 -0.005 0.009 0.60
BMI 0.02 0.04 0.63 -0.065 0.024 0.008
Gender -0.47 0.50 0.34 0.22 0.30 0.47
Years of education -0.14 0.08 0.08 0.072 0.05 0.17
Disease duration -0.03 0.017 0.08 0.014 0.01 0.15
# AEDs -0.57 0.41 0.16 -0.39 0.26 0.14
Seizure frequency -4.70 3.21 0.14 0.52 1.90 0.79
Levetiracetam -0.35 0.59 0.55 -0.084 0.36 0.81
Lamotrigine 0.21 0.78 0.79 -0.33 0.46 0.48
Valproic acid 1.92 0.84 0.02 0.95 0.55 0.08
Carbamazepine -0.31 0.85 0.71 -0.30 0.52 0.57

p-values shown in table are uncorrected p-values. Significant after correction for multiple testing AED.
NDDIE, Neurological Disorders Depression Inventory for Epilepsy; MMSE, Mini-Mental State Examination; BMI, body mass index; SE, standard

error; AEDs, anti-epileptic drugs.
*pvalues that are significant after multiple hypothesis correction.
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lect patient characteristics, and NDDIE or MMSE scores. We analyzed  cations and NDDIE and MMSE scores at initial visit and over time.
the association between age, gender, BMI, levetiracetam, lamo-  Duration of each medication use was not included since the in-
trigine, valproic acid, carbamazepine, duration of epilepsy, seizure  formation was collected during the office visit from patient reports
frequency, years of education, current number of anti-seizure medi-  and many of the patients were not sure about how long they had

Table 4. pvalues from linear regression of baseline NDDIE or MMSE and age, gender, BMI, medication use, seizure frequency, number of
anti-seizure medications, duration of epilepsy, years of education and anti-depressant medications at baseline

NDDIE (n=377) MSSE (n=369)

Coefficients SE p-value Coefficients SE p-value
Age -0.011 0.013 0.38 -0.023 0.007 0.002*
BMI 0.067 0.036 0.06 -0.011 0.021 0.60
Gender -1.33 0.45 0.003* -0.064 0.26 0.81
Years of education -0.068 0.077 0.38 0.28 0.046 <0.00001*
Disease duration -0.02 0.016 0.21 -0.004 0.009 0.69
# AEDs 1.31 0.37 0.0004* -0.22 0.22 0.33
Seizure frequency 2.24 3.21 0.49 -4.00 1.87 0.03
Levetiracetam -0.97 0.54 0.07 0.002 0.32 0.997
Lamotrigine -0.52 0.71 0.46 0.15 0.42 0.72
Valproic acid -0.70 0.76 0.35 -0.84 0.46 0.069
Carbamazepine -1.74 0.84 0.04 0.68 0.50 0.18
Anti-depressant 3.87 1.08 0.0004* -0.14 0.65 0.84

p-values shown in table are uncorrected values. Significant after correction for multiple testing AED.

NDDIE, Neurological Disorders Depression Inventory for Epilepsy; MMSE, Mini-Mental State Examination; BMI, body mass index; SE, standard
error; AEDs, anti-epileptic drugs.

*pvalues that are significant after multiple hypothesis correction.

Table 5. pvalues from linear regression for change in NDDIE or MMSE from initial to annual follow-up visit including anti-depressant
medications

NDDIE (n=190) MMSE (n=189)

Coefficients SE p-value Coefficients SE p-value
Initial score -0.38 0.056 <0.00001* -0.27 0.057 <0.0001*
Age 0.01 0.014 0.50 -0.005 0.008 0.60
BMI 0.02 0.04 0.63 -0.065 0.025 0.009
Gender -0.47 0.50 0.35 0.22 0.30 0.47
Years of education -0.14 0.08 0.08 0.072 0.05 0.17
Disease duration -0.03 0.017 0.08 0.014 0.01 0.15
# AEDs -0.57 0.41 0.17 -0.39 0.26 0.15
Seizure frequency -4.71 3.22 0.15 0.52 1.91 0.79
Levetiracetam -0.35 0.59 0.55 -0.086 0.36 0.81
Lamotrigine 0.21 0.78 0.79 -0.33 0.47 0.47
Valproic acid 1.92 0.85 0.02 0.95 0.55 0.08
Carbamazepine -0.31 0.87 0.73 -0.30 0.53 0.56
Anti-depressant -0.06 1.17 0.96 0.06 0.73 0.94

p-values shown in table are uncorrected p-values. Significant after correction for multiple testing AED.

NDDIE, Neurological Disorders Depression Inventory for Epilepsy; MMSE, Mini-Mental State Examination; BMI, body mass index; SE, standard
error; AEDs, anti-epileptic drugs.

*pvalues that are significant after multiple hypothesis correction.
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used a specific medication. After correction for multiple comparisons,
two statistically significant findings were observed between baseline
NDDIE score and number of AED, and baseline NDDIE score and male
gender. Specifically, increasing number of AEDs was associated with
increased NDDIE, indicating a higher risk of depressive symptoms.
Conversely, male gender was associated with decreased NDDIE
score. No other factors were associated with NDDIE or MMSE at
baseline or over time after correction for multiple comparisons.

Cognitive deficits are frequently seen in patients with epilepsy. The
association is likely multifactorial. Age of onset of epilepsy as well as
duration of epilepsy are likely relevant; patients with earlier age of
onset and longer duration of epilepsy show worse memory
performance.*" Anti-epileptic medications have also been shown to
contribute to cognitive decling,'®' poly-therapy being worse than
mono-therapy, although number of seizure medications was not as-
sociated with MMSE in our data. However, we were limited by small
sample size and our association, although not significant, was in the
expected direction with increasing number of medications associated
with a poor cognitive score. This direction could be due to patients on
more anti-seizure medications being likely to have more severe
epilepsy. However, we did not find a significant association between
lower MMSE score and frequency of seizures in our study.

Studies have found correlations between BMI and cognitive status
of patients®?” in select populations. However, the evidence is not
clear, and no definite association has been reported in patients with
epilepsy. Although we found suggestion of an association between
increasing BMI and decreasing MMSE score over 1 year, this associa-
tion was not significant after correction for multiple comparisons and
was a small clinical effect (0.06 decrease in MME for 1 unit increase
in BMI). Further investigation of this point with a larger sample size
would be very interesting.

Epilepsy is also associated with psychosocial problems, including
depressive symptoms.” Part of this could be related to the severity of
the epilepsy itself and also with how patients with epilepsy perceive
themselves.”*** A bidirectional relationship has been proposed be-
tween depression and epilepsy, which can be suggestive of some
shared neurobiology between the two.” Weatherburn et al.® has
proposed that the total burden of the co-morbid state is a
contributor. They found that people with epilepsy have more co-mor-
bidities than the general population, and depression increased with
increasing co-morbidities. However, we did not find an association
between either seizure frequency or disease duration and NDDIE in
our study, although we were limited by our small sample size, patient
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report of seizure frequency, and disease duration. Depression is
known to be more common in women across all age groups.” Per
our results, the gender gap seems to persist in people with epilepsy.
Part of this could be because men tend to report sadness less than
women on the scoring system, which has been pointed out in pre-
vious studies.”” It is interesting, though, that the gender gap seems
to persist in people with epilepsy despite the additional co-morbidity
of epilepsy, which adds work restrictions and life-style restrictions
that may impact males more.

Anti-epileptic medications have been reported to cause cognitive
and behavioral effects in epilepsy."" As such, we were interested in
whether we could identify particular medications that were more
strongly associated with cognitive decline or mood. Among the med-
ications we analyzed (levetiracetam, valproic acid, carbamazepine
and lamotrigine), valproic acid use was possibly correlated with a
higher depression score. This was surprising because given the side
effect profile of these medications, one would expect patients on lev-
etiracetam to have worse mood compared to those on other
medications. Given that this association did not persist after correc-
tion for multiple comparisons, it may likely be due to chance.
Additionally, we did not adjust for duration of medication use, which
could have affected the results to some extent. However, this is data
from real clinic patients and represents the situation that many clini-
cians face in deciding on treatment. Anti-epileptic medications have
been reported to contribute to cognitive impairment in epilepsy.'”"
Among the medications analyzed, we did not find any significant cor-
relation to cognitive score in our study. Again, however, we were lim-
ited by our small sample size and we may not have had adequate
statistical power to detect these effects. Inclusion of anti-depressants
did not markedly change the results of baseline or longitudinal
analyses. The use of anti-depressant medications was found to be
significant with respect to baseline NDDIE values. However, anti-de-
pressants did not have significant effects for baseline MMSE values
or any longitudinal analyses. It is worth noting that the proportion of
patients taking anti-depressants is quite low at 4% of the patient
population, which could limit the statistical power of detecting these
effects.

Despite the innovative design of point-of-care standardized gran-
ular data on a clinic population, there are limitations to our study. We
used NDDIE and MMSE scores for assessment, which are not a com-
plete inventory for depression and cognitive status. The study also in-
cluded only patients who could complete the score questionnaire for
NDDIE and the MOCA or STMS tests. It did not include patients who



could not complete these questionnaires or tests because they were
non-English speaking and or too cognitively impaired to complete
them. Also of note, we used NDDIE as a screening tool for depression
and it is not a diagnostic tool and just indicative of depressive
symptoms. However, it is unlikely that the bias introduced by this is
differential. Thus, any impact on our findings is likely to result in a di-
lution of effect as opposed to introducing an association where none
existed. Our population is also overwhelmingly Caucasian, so our
findings are not generalizable to other racial/ethnic groups.
Additionally, we did not have any specific medication exclusions, so
the possibility of confounding by past medication use affected our
results. Although we did include the use of anti-depressant medi-
cation in the analysis, the number of patients taking anti-depressants
was low, limiting the statistical power of this analysis. While the
physicians reviewed the use of all medications, the primary in-
formation regarding medication use was determined from patient re-
port, which may be subject to some misclassification. Additionally,
this was an observational trial in a clinic-based sample and not a
randomized study. Therefore, we cannot exclude the possibility of un-
measured confounders skewing the observed associations. Lastly, we
did have small sample sizes for some of the studied medications, thus
we may have been underpowered to detect these effects. Despite
these limitations, the methodology and novelty of this study provides
the opportunity to further investigate these preliminary findings and
provides an example of the opportunities for point-of-care research
to potentially improve care for epilepsy patients. To improve upon
these limitations, we will be continuing to collect data on more pa-
tients, including more races and ethnic groups, acquire valid cogni-
tive assessment tools in other languages, and collect more definitive
data on use of antidepressant medications.
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