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ABSTRACT – Aims. Obstructive sleep apnea affects up to 30% of patients
with epilepsy. As obstructive sleep apnea represents a clinical risk factor
for cognitive deficits, its occurrence in epilepsy patients may exacerbate
cognitive deficits associated with this condition. However, the cognitive
burden of obstructive sleep apnea in epilepsy remains poorly understood.
We conducted a retrospective record review of adults with epilepsy who
underwent a polysomnography and a neuropsychological assessment at
Brigham and Women’s Hospital.
Methods. We examined the relationship between obstructive sleep apnea
severity and cognitive functioning, particularly attention/executive func-
tions, memory, and processing speed in untreated obstructive sleep apnea
patients with epilepsy. Twenty patients with epilepsy and mild-to-severe
obstructive sleep apnea were included in the analyses.
Results. We found significant positive correlations between the oxygen sat-
uration levels during rapid-eye-movement sleep and attention/executive
tests (p<0.05), as well as time spent with saturation levels ≤90% and exec-
utive functioning (p=0.008). Similarly, worse verbal memory performances
were associated with lower oxygen levels (p=0.003). In addition, more severe
respiratory events during rapid-eye-movement sleep were associated with
worse performances on attention tests (p=0.03).
Conclusions. Our findings indicate that more severe obstructive sleep
apnea-related hypoxemia during sleep is associated with poorer cognitive
performances on tests that assess attention/executive functions and ver-
bal memory in patients with epilepsy. Overall, these results are consistent
with the sleep apnea literature, and suggest that patients with epilepsy are
also vulnerable to the effects of obstructive sleep apnea. Future prospec-
tive studies will help in determining whether treatment of obstructive sleep
apnea may help improve cognitive functioning in patients with epilepsy.

Key words: epilepsy, polysomnography, obstructive sleep apnea, neuropsy-
chology, cognition

mailto:vlatreille@bwh.harvard.edu


Journal Identification = EPD Article Identification = 1029 Date: February 21, 2019 Time: 1:56 pm

E

S
t
e
2
a
w
a
(
m
2
o
t
a
W
h
t
(
(
n
2
t
c
m
p
a
t
t
m
B
b
f
o
e
c
e
C
w
l
s
t
p
a
i
c
m
t
u
s
a
W
e
t
h
a
o
p

M

P

W
i
a
p
c
o
b
r
D
e
a
s
a
m
a
F
i
(
(
t
(
q
d
A
s
S

P

A
r
t
d
c
s
b
g
r
i
s
u
a
3
1
d
a
of all apnea and hypopnea events divided by total
leep-related breathing disorders, such as obstruc-
ive sleep apnea (OSA), are common in adults with
pilepsy, affecting up to one third of patients (Lin et al.,
017). OSA is one of the most common reported factors
ssociated with reduced quality of life in individuals
ith epilepsy (Piperidou et al., 2008). These patients

lso frequently report excessive daytime sleepiness
Manni et al., 2003; Gammino et al., 2016) and are

ore likely to have seizures during sleep (Malow et al.,
000; Manni et al., 2003). OSA may exacerbate seizure
ccurrence by causing nocturnal episodes of intermit-

ent hypoxemia and electroencephalographic (EEG)
rousals (Devinsky et al., 1994).

hen left untreated, OSA can have major negative
ealth consequences; it increases the risk of hyper-

ension, type 2 diabetes, and cardiovascular diseases
Shahar et al., 2001); for a review see Maeder et al.
2016). OSA is also a well-known risk factor for cog-
itive deficits (Yaffe et al., 2011; Rosenzweig et al.,
015). Indeed, accumulating evidence demonstrates
he negative impacts of OSA on nearly all domains of
ognition, though larger effect sizes are more com-
only found for attention, executive functions, and

sychomotor speed (Rosenzweig et al., 2015; Stranks
nd Crowe, 2016). Several facets of executive func-
ioning are impaired in adults with OSA as compared
o healthy controls, including set-shifting, working

emory, inhibition, and problem-solving (Olaithe and
ucks, 2013; Bucks et al., 2017). The mechanisms
y which OSA may impair cognition are not yet

ully clear, but it is postulated that the combination
f sleep fragmentation, cyclical intermittent hypox-
mia, and hypercapnia, as well as ensuing metabolic
onsequences, may all play a role (Rosenzweig
t al., 2015).
ognitive problems are also often reported in patients
ith various epilepsy syndromes. On neuropsycho-

ogical testing, many studies have demonstrated
ignificant impairments in cognitive flexibility, atten-
ion, psychomotor speed, and memory functions in
atients with epilepsy (Elger et al., 2004; Hermann et
l., 2007; Loughman et al., 2014). As OSA is frequent
n epilepsy and represents a clinical risk factor for
ognitive deficits, its occurrence in epilepsy patients
ight worsen initial cognitive impairments. However,

he cognitive burden of OSA in epilepsy is poorly
nderstood, and only one study to date investigated
ubjective cognitive functioning in epilepsy patients
t risk of OSA (Piperidou et al., 2008).
e conducted a retrospective study to examine the

ffects of sleep apnea severity on cognitive func-
pileptic Disord, Vol. 21, No. 1, February 2019

ioning in untreated OSA patients with epilepsy. We
ypothesized that more severe OSA would be associ-
ted with poorer cognitive performances, particularly
n tests assessing attention/executive functions and
rocessing speed.

s
B
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Sleep apnea, cognition, and epilepsy

aterial and methods

articipants

e retrospectively reviewed clinical data of all adult
ndividuals with epilepsy seen in the neurology clinic
t Brigham and Women’s Hospital who underwent a
olysomnography (PSG) for evaluation of OSA and
omplete neuropsychological testing (with an interval
f less than 18 months), from May 2012 to Novem-
er 2017. The study was approved by the institutional
eview board.
iagnosis of epilepsy was confirmed by expert
pileptologists using history, seizure semiology, EEG,
nd neuroimaging data. Patients with non-epileptic
eizures were not included in the study. Subjects were
lso excluded from the analysis if they received treat-
ent for OSA at the time of the neuropsychological

ssessment, and if they were diagnosed with dementia.
or each subject, we examined demographic and clin-
cal data, including education level, body mass index
BMI), neck circumference, cardiovascular risk factors
such as hypertension, diabetes, and hypercholes-
erolemia), smoking status, epilepsy refractoriness
defined as the persistence of seizures despite ade-
uate trials of two antiepileptic drugs [AEDs]), epilepsy
uration, seizure characteristics, and the number of
EDs. We also collected data on subjective daytime
leepiness, as measured by the Epworth Sleepiness
cale (ESS), when available.

olysomnographic recordings

ll subjects underwent in-laboratory overnight sleep
ecordings. The PSG montage included EEG, elec-
rooculography, electromyography, and electrocar-
iography recordings. Respiration was monitored
ontinuously using nasal thermistor flow, nasal pres-
ure, pharyngeal snoring, and thoracic and abdominal
elts. Oxygen saturation was monitored using fin-
er pulse oximetry sensors. Leg movements were
ecorded using surface electrodes on anterior tib-
alis muscles. Sleep stages were visually scored per
tandard criteria (Iber et al., 2007). Apneas were doc-
mented if they occurred for 10 seconds or longer
nd hypopneas were scored when there was at least
0% decrement in nasal pressure signal for at least
0 seconds in combination with either a 3% oxygen
esaturation or EEG arousal (Berry et al., 2012). The
pnea-hypopnea index (AHI) was defined as the sum
79

leep time.
aseline PSG variables included total sleep time,
leep latency and efficiency, rapid-eye-movement
REM) sleep latency, wakefulness after sleep onset,
pnea-hypopnea arousal index (number of apnea and



Journal Identification = EPD Article Identification = 1029 Date: February 21, 2019 Time: 1:56 pm

8

V

h
h
a
s
a
a
u
S
b
e
n
t
i
i
s

N

C
a
t
t
t
c
f
s
c
s
i
(
w
t
M
o
i
t
w
o
f
i
M
f
o
F
t
m
t
s
u
w
e
T
L
t
a
(

(
t
r
r
r
a
d
A
t
d
e
e

S

A
M
(
O
t
v
F
a
(
a
(
i
s
i
c
n
s
w
u
v
a
n

R

A
w
w
H
p
h
r

. Latreille, et al.

ypopnea events associated with an EEG arousal per
our), periodic limb movement during sleep index,
nd duration of sleep stages. In addition to the well-
tudied AHI in OSA research, we also included for
nalysis variables that reflected the severity of OSA
ssociated hypoxemia, such as the nadir oxygen sat-
ration (SaO2) levels and percent of time spent with
aO2 levels lower or equal to 90%. Such variables have
een suggested to be more sensitive measures of the
ffects of OSA on cognition, as compared to solely the
umber of apnea events (Quan et al., 2011). Thus, in

he present analysis, OSA-related variables of interest
ncluded total and REM AHI, apnea-hypopnea arousal
ndex, total and REM nadir SaO2, and percent of total
leep time with SaO2 ≤90%.

europsychological assessment

omplete neuropsychological testing was performed
t Brigham and Women’s Hospital either as part of
he pre-surgical assessment or upon referral from
he treating physician (as part of the epilepsy evalua-
ion). The neuropsychological battery assessed several
ognitive domains, including attention, executive
unctions, episodic memory, language, visuospatial
kills, and speed processing. To focus the number of
omparisons, and given that previous studies have
hown more consistently that OSA has a negative
mpact on attention, executive, and speed functions
Rosenzweig et al., 2015; Stranks and Crowe, 2016),
e included tests that assess attention/executive func-

ions, episodic memory, and processing speed.
oreover, because the testing was performed as part

f a clinical investigation, and therefore individual-
zed for each patient, we selected for analysis only
he tests for which sufficient data (>50% of patients)
ere available (with the exception of episodic mem-
ry tests; see details below). Converted z-scores of the

ollowing neuropsychological variables were included
n the analyses: (1) Attention/Executive functions: Trail

aking Test Part A and B (time), Digit Span subtest
rom the Wechsler Adult Intelligence Scale (WAIS-III
r IV editions), and Phonemic (F, A, and S) Verbal
luency; and (2) Speed processing: the Coding sub-
est from the WAIS-III or IV editions. For episodic

emory tests, composite scores were computed for
he verbal and non-verbal domains using averaged z-
cores to account for the large heterogeneity of tests
sed to assess memory processes. The following tests
0

ere included in the composite scores for (3) Verbal
pisodic memory: the Rey Auditory Verbal Learning
est (learning trials, immediate and delayed recalls),
ogical Memory (immediate and delayed recalls) sub-
est from the Wechsler Memory Scale-Third Edition,
nd California Verbal Learning Test-Second edition
learning trials, short and long delay free recalls); and

m
p
i
a
e
y
s

4) Non-verbal episodic memory: the Brief Visuospa-
ial Memory Test-Revised (learning trials and delayed
ecall), 7/24 Spatial Recall Test (immediate and delayed
ecalls), Visual Reproduction (immediate and delayed
ecalls) from the Wechsler Memory Scale-IV Edition,
nd Rey-Osterrieth Complex Figure (immediate and
elayed recalls).
ll the neuropsychological test scores were converted

o age-corrected z-scores using standard normative
ata. The Trail Making Test, Verbal Fluency, and
pisodic memory scores were also corrected for
ducation.

tatistical analyses

ll neuropsychological z-scores, except the Trail
aking Test Part B, followed a normal distribution

Shapiro-Wilk test; p>0.05). However, none of the
SA-related variables were normally distributed, and

herefore non-parametric tests were used for these
ariables.
irst, to identify potential clinical confounding vari-
bles, we performed correlations between clinical data
age, BMI, number of AEDs, and duration of epilepsy)
nd our variables of interest, including both OSA
total AHI, REM sleep AHI, apnea-hypopnea arousal
ndex, nadir SaO2, REM sleep nadir SaO2, and time
pent in SaO2 ≤90%) and neuropsychological variables
n all patients. Partial correlation was then used to
ontrol for potential confounding factors when a sig-
ificant relationship was found, and this was done
eparately for each analysis. If no confounding factors
ere identified, Pearson or Spearman correlation was
sed to assess the relationship between OSA-related
ariables and neuropsychological scores. Statistical
nalyses were performed using SPSS, version 24. Sig-
ificance was set at p<0.05.

esults

total of 34 adults diagnosed with epilepsy under-
ent a PSG and a neuropsychological assessment
ithin an 18-month interval at Brigham and Women’s
ospital between May 2012 and November 2017. All
atients reported complaints of sleep apnea, including
ypersomnolence and snoring, and one patient also
eported insomnia symptoms. Twenty-eight patients
Epileptic Disord, Vol. 21, No. 1, February 2019

et OSA criteria (AHI ≥5). Of that sample, eight
atients were excluded because of dementia (n=1),

nitiation of OSA therapy at the time of testing (n=6),
nd invalid test results (n=1). Thus, 20 patients with
pilepsy and comorbid OSA were included in the anal-
sis. Demographic, clinical, and sleep data of our study
ample of epilepsy patients are presented in table 1.
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Table 1. Demographic, clinical, and sleep data of all epilepsy patients.

Clinical characteristics Patients,
n = 20

Polysomnographic data Patients,
n = 20

Age (years) 50.3 ± 15.1 Total AHI 22.4 ± 20.3

Gender (M/F) 13/7 REM sleep AHI 26.5 ± 28.5

Education (years) 15.1 ± 2.9 Total nadir SaO2 85.8 ± 5.4

Body mass index 30.8 ± 8.9 REM sleep nadir SaO2 88.6 ± 5.4

Neck circumference (inches) 15.4 ± 1.7 % total sleep time with SaO2 ≤90% 4.1 ± 5.2

ESS score 10.4 ± 6.9 PLMS index 8.7 ± 23.3

Cardiovascular risk factors (n [%]) Total sleep time (minutes) 293.5 ± 95.4
0
1-2
>3

13 (65%)
6 (30%)
1 (5%)

Sleep latency (minutes)

Sleep efficiency (%)

41.9 ± 69.4

73.6 ± 19.2

Active smoking status (n [%]) 2 (10%) Wakefulness after sleep onset (minutes) 76.0 ± 55.5

Duration of epilepsy (years) 22.9 ± 20.0 Apnea-hypopnea arousal index 14.6 ± 14.7

Drug-resistant epilepsy (n [%]) 6 (30%) Stage N1 (%) 15.6 ± 12.0

Seizure frequency per month (range) 3.8 ± 9.1 (0-30) Stage N2 (%) 54.9 ± 13.9

Nocturnal seizures (n [%]) 7 (35%) Stage N3 (%) 9.0 ± 8.8

Number of antiepileptic drugs 1.7 ± 0.8 Stage REM (%) 18.6 ± 8.5

Epilepsy type (n [%])
Focal 16 (80%)

E and i
R periodic limb movement during sleep.

M
a
p
a
≥
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T
s
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P
(
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n
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w

Table 2. Neuropsychological z-scores of all epilepsy
patients.

Neuropsychological variables Z-score

Trail Making Test Part A -0.86 ± 1.66

Trail Making Test Part B -3.81 ± 4.76

Digit Span -0.32 ± 1.11

Phonemic Verbal Fluency -0.72 ± 1.51
Generalized 4 (20%)

SS: Epworth Sleepiness Score; ED: epileptiform discharges (ictal
EM: rapid eye movement; OSA: obstructive sleep apnea; PLMS:

ost patients had left temporal lobe epilepsy (60%)
nd seizures were medically well-controlled in 70% of
atients. Nine (45%) patients had mild OSA (AHI ≥5
nd <15), five (25%) patients had moderate OSA (AHI
15 and <30), and six (30%) patients had severe OSA

AHI ≥30). Of note, none of the patients had a seizure
uring the PSG recordings.
able 2 shows the averaged neuropsychological z-
cores of all epilepsy patients. Overall, worse group
erformances were observed for the Trail Making Test
art B and the non-verbal memory composite score
mean <1 standard deviation).
pileptic Disord, Vol. 21, No. 1, February 2019

ssociation of OSA severity with
europsychological variables

ignificant negative correlations were found between
he BMI and REM sleep nadir SaO2 (r=-0.52, p=0.02), as
ell as between the number of AEDs and scores on
nterictal); AHI: apnea/hypopnea index; SaO2: oxygen saturation;
81

Coding -0.60 ± 1.03

Verbal memory composite score -0.48 ± 1.16

Non-verbal memory composite score -1.22 ± 1.37
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igure 1. Scatter plots of relationships between OSA-related var
atients. BMI-adjusted REM nadir SaO2 data are represented u
pilepsy patients; empty dots represent medically controlled ep
EM: rapid eye movement; SaO2: oxygen saturation; AHI: apnea-

he Digit Span (r=-0.49, p=0.04). No significant corre-
ation was found for any other potential confounding
actors (age and duration of epilepsy). The BMI and
umber of AEDs were therefore used as covariates for

hese specific analyses.
ignificant correlations were observed between OSA-
elated variables and neuropsychological z-scores in
pilepsy patients (a subset of these correlations is

llustrated in figure 1). More specifically, we found a sig-
ificant positive correlation between REM sleep nadir
aO2 and scores on the Trail Making Test Part A (r=0.50,
=0.047) (figure 1A) and B (r=0.52, p=0.038) (figure 1B),

ndicating that lower oxygen level during REM sleep is
elated to lower attentional and executive functioning.

oreover, increased time spent with SaO2 levels ≤90%
s associated with worse performances on the Trail

aking Test Part B (r=-0.62, p=0.008). We also found
ignificant correlations between the verbal memory
2

omposite scores and total nadir SaO2 levels (r=0.63,
=0.003) (figure 1C) and time spent with SaO2 levels
90% (r=-0.55, p=0.015), suggesting that higher oxygen

evels during sleep were associated with better verbal
emory performances in patients.

n addition, we found significant negative correlations
etween the REM sleep AHI and scores on the Trail

e
p
d
d
e
W
n

s and neuropsychological and sleepiness outcomes in epilepsy
unstandardized residuals. Filled dots represent drug-resistant
patients.

pnea index; ESS: Epworth Sleepiness Scale.

aking Test Part A (r=-0.55, p=0.019) (figure 1D) and
oding (r=-0.50; p=0.031), indicating that higher OSA

everity during REM sleep is associated with poorer
ognitive performances on tests assessing attention
nd processing speed in epilepsy patients. One patient
ith drug-resistant epilepsy showed a remarkably high
EM sleep AHI (126 events/hour; 3 standard deviations
bove the mean of the sample). The scatter plot shows
hat this patient strongly affects the correlation analysis
figure 1D). Upon exclusion of this subject, the corre-
ation between the REM AHI and Trail Making Test Part

remained (r=-0.53, p=0.03), however REM AHI was no
onger associated with scores on the Coding subtest
p>0.05).
iven the limited sample size, supplementary anal-

sis of the relationship between OSA severity and
europsychological scores according to epilepsy
efractoriness was not performed (drug-resistant
Epileptic Disord, Vol. 21, No. 1, February 2019

pilepsy; n=6). However, as illustrated in figure 1, these
atients were identified using a different symbol, with
rug-resistant epilepsy patients represented by filled
ots. Overall, there does not seem to be a clear pattern
merging from the data.
e also performed correlations between the ESS and

europsychological scores and found a significant
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egative correlation with the Trail Making Test Part
(r=-0.49, p=0.041), indicating that higher daytime

leepiness is associated with worse executive function-
ng in epilepsy patients (figure 1E).
inally, although we initially included the number of
EDs as a potential confounding factor in our analyses,
ur sample size limited specific analysis of AED types
nd dosages, particularly the AEDs with known cog-
itive side effects (such as phenobarbital, phenytoin,

opiramate, valproic acid, and benzodiazepines) (Eddy
t al., 2011; Witt and Helmstaedter, 2017). Neverthe-

ess, we examined the number of patients taking these
EDs, and found that only a small number were taking
alproic acid (n=6) and benzodiazepines (for anxiety,
=2). None of the subjects were taking phenobarbital,
henytoin, or topiramate at the time of testing, which
re the ones associated with the most negative cog-
itive profile (Eddy et al., 2011; Witt and Helmstaedter,
017). Again, given the limited sample size, supplemen-
ary analysis according to polytherapy (n=13) status
as not performed, but data are presented visually

n supplementary figure 1. Patients on polytherapy are
epresented by the filled stars. Overall, there does not
eem to be a clear pattern, with patients on polytherapy
eing spread at both ends of the data spectrum.

iscussion

ur findings indicate that higher OSA severity and
ssociated intermittent nocturnal hypoxemia is linked
o worse cognitive performances in adults with
pilepsy. More specifically, we found that lower oxy-
en levels across all sleep stages are associated with

ower scores on tests assessing executive functioning
nd verbal memory. Impaired breathing during REM
leep appears to have a strong relationship with cogni-
ion, affecting predominantly attention and executive
unctions. Epilepsy patients who reported more day-
ime sleepiness were also more likely to have lower
xecutive functioning.
o our knowledge, this is the first study that has
xamined the effects of OSA severity on cognitive
unctioning as assessed by comprehensive neuropsy-
hological testing in adults with epilepsy. Our results
re consistent with the literature findings in the OSA
opulation, showing that OSA is linked with poorer
ognitive performances, especially based on tests
ssessing attention, and executive and psychomotor
pileptic Disord, Vol. 21, No. 1, February 2019

peed functions (Rosenzweig et al., 2015; Stranks and
rowe, 2016). Although larger effect sizes are usually

ound for the above-mentioned cognitive domains,
pisodic verbal memory (mainly retrieval processes,
hich are closely related to executive capacity) has

lso been reported to be impacted by OSA (Bucks
t al., 2017).

m
O
i
v
a
i
a

Sleep apnea, cognition, and epilepsy

ur results also extend previous reports that OSA-
elated hypoxemia variables may be more sensitive
easures of the effects of OSA on cognition, by con-

rast to the frequency of apnea events per hour (Quan
t al., 2011). Similarly, in older adults with OSA, noc-
urnal hypoxemia was found to be a significant risk
actor of future cognitive decline, while the number of
espiratory events was not (Yaffe et al., 2011). Besides,
e found no significant relationship between OSA-

ssociated arousals (apnea-hypopnea arousal index)
nd any cognitive measure in our patients. Although
e did not have a group of healthy controls as compari-

on, sleep architecture variables such as sleep latency,
uration of sleep stages, and number of awakenings
ere overall within the normal range. Therefore, our

esults suggest that nocturnal hypoxemia may be more
ebilitating for cognition than the number of apnea
vents and global sleep architecture in adults with
pilepsy.
he mechanisms by which OSA may impair cognition
re not fully understood. Yet, it has been proposed
hat both sleep fragmentation and intermittent hypox-
mia may play a role (Rosenzweig et al., 2015). Several
tudies have demonstrated that OSA is associated
ith structural and functional cerebral abnormalities,
hich are thought to underlie the cognitive deficits
bserved in these patients. Indeed, adults with OSA
ave reduced grey matter volume (Shi et al., 2017),
hite matter fiber integrity (Castronovo et al., 2014),

nd cerebral glucose metabolism (Yaouhi et al., 2009; Ju
t al., 2012) in multiple areas, including the frontal and
emporal lobes. These areas are known to be involved
n executive functions and memory processes, and
hus may explain why these are particularly impaired
n OSA individuals. Although no study to date has
nvestigated the effects of OSA on specific areas of
he brain in patients with epilepsy, it may be postu-
ated that these patients may be more vulnerable and
how more pronounced brain abnormalities relative
o individuals with OSA but without epilepsy. Future
arge case-control prospective studies will be needed
o examine whether epilepsy patients are indeed more
ulnerable to the effects of OSA from a cognitive
nd neuronal standpoint. Moreover, whether a spe-
ific seizure onset zone has a differential vulnerability
o the effects of OSA will require further investigation.
mportantly, these brain abnormalities and asso-
iated cognitive consequences can be, at least
artially, reversed by consistent and accurate treat-
83

ent. Indeed, meta-analytic studies in patients with
SA have shown that treatment with continuous pos-

tive airway pressure (CPAP) therapy may improve
igilance, attention, and executive functions (Olaithe
nd Bucks, 2013; Pan et al., 2015). These improvements
n cognitive functioning in OSA patients, compli-
ntly treated with CPAP, were paralleled by positive
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hanges in grey and white matter integrity and cere-
ral glucose metabolism (Canessa et al., 2011; Ju et
l., 2012; Castronovo et al., 2014). Other treatments
uch as mandibular advancement has also been found
o improve executive functioning, psychomotor skills,
aytime sleepiness, and quality of life in OSA patients

Galic et al., 2016). In epilepsy patients, studies have
lso shown that patients treated with CPAP were
ore than five times more likely to have a significant

eduction in seizure frequency and daytime sleepi-
ess compared to untreated patients (Lin et al., 2017).
hese results suggest that CPAP may help reduce
leep apnea-related hypoxemia and arousals, further
mproving sleep stability, and thereby reducing seizure
usceptibility. CPAP might also help in reducing OSA
onsequences in epilepsy patients such as cogni-
ive impairment, but also apnea-related cardiovascular,

etabolic, and neuronal dysfunctions.

imitations

ome limitations of our study should be noted. It is a
etrospective chart review and uses a patient popula-
ion that is seen in the regular epilepsy clinic, and as
uch, our inclusion criteria were more limited. Thus,
e cannot exclude that some potential confound-

ng factors such as other OSA-related comorbidities
r the effects of AEDs could have had an impact
n our sleep and cognitive measurements. However,
e have included the number of AEDs as a poten-

ial confounding factor in our analysis so that it was
ontrolled for when significantly associated with our
ariables of interest. Moreover, a minority of subjects
ere taking AEDs with known cognitive side effects.
hile this does not preclude any potential contri-

ution of drug-related cognitive side effects on our
ain results, it is unlikely to explain all of our find-

ngs. Visual analysis of the relationships between our
SA and neuropsychological variables according to

rug polytherapy status also revealed no clear pat-
ern, with patients on polytherapy being spread at both
nds of the OSA or cognitive spectrum. Additionally,
he retrospective nature of the study (medical chart
eview) limited extensive evaluation of OSA-related
linical outcomes, such as duration of OSA symp-
oms. One could hypothesize that longer duration of

SA symptoms would lead to more severe cognitive
mpairment in the long-term. However, based on the
4

linical notes, patients usually reported unclear onset
f symptoms (‘for several years’), long-standing day-

ime sleepiness (‘always been sleepy’), and/or no bed
artner to confirm snoring or witness apneas. We also
ad a small number of patients, which precluded a
ore detailed analysis of the effects of OSA on cogni-

ion in relation to epilepsy types (e.g. temporal versus

t

C

O
t

xtra-temporal) or seizure characteristics, in particular,
eizure frequency. Since only six patients had drug-
esistant epilepsy (with large heterogeneity in seizure
requency), we lacked statistical power to perform
orrelations between seizure frequency and cognitive
unctioning/OSA-related variables. Yet, it was shown
reviously in a cohort of older adults with epilepsy that
SA was associated with a higher seizure frequency

Chihorek et al., 2007). In this study, it was not just
he hypoxemia, but also probably the arousals from
pnea/hypopnea that lead to the worsening of seizure
requency (Chihorek et al., 2007). Moreover, noctur-
al seizures were reported in some patients (7/20). It

s likely that nocturnal seizures contribute to worsen
leep quality (sleep fragmentation, lighter sleep), and
ice-versa. Yet it is still undetermined whether cogni-
ive dysfunction in epilepsy patients is driven by the
mpact of nocturnal seizures on sleep quality. It is not
ossible with our current sample to examine this ques-

ion, but future work using a mediation model with a
arge sample of patients could help better understand
hese mechanisms.
inally, we acknowledge that the use of a delay interval
f up to 18 months between the PSG and neu-
opsychological testing constitutes a limitation. Ideally,
n a prospective study, the PSG would have been
erformed at the same time as the neuropsycholog-

cal testing (and review of epilepsy-related data). For
atients with the longest intervals, it is possible that the
linical profile (OSA severity, cognition, and seizure
requency) changed, thereby modifying the relation-
hips we observed. Yet, only a minority of patients
n=3) had more than 12 months delay between the PSG
nd neuropsychological examination.
s far as we know, this is the first study that has
xamined the relationship between OSA severity and
ognitive dysfunctions in patients with epilepsy using
bjective measures. These results remain to be tested

or replication in larger cohorts of epilepsy patients.
lthough no comparison group was included, this is a
rst step towards a better understanding of the poten-

ial consequences of OSA in epilepsy. In fact, we were
uite surprised that from our chart review, only a
mall number of patients who were referred for a neu-
opsychological assessment also underwent PSG. Yet
leep disorders are very common in epilepsy, with OSA
ffecting up to one third of patients (Lin et al., 2017).
his highlights the need for clinicians to screen, on a
egular basis, their patients at high risk of OSA so that
Epileptic Disord, Vol. 21, No. 1, February 2019

hey can be referred and treated accordingly.

onclusions

SA is frequent in adults with epilepsy and is one of
he most common reported factors associated with
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educed quality of life. Our study shows that OSA is
lso associated with worse cognitive functioning in
pilepsy, affecting primarily attention, executive func-
ions, and verbal memory processes. These results are
onsistent with the OSA literature and suggest that
atients with epilepsy are also vulnerable to the effects
f OSA. Future prospective studies will help in deter-
ining whether treatment of OSA may help improve

ognitive functioning in patients with epilepsy. �

upplementary data.
upplementary figure is available on the
ww.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) When left untreated, obstructive sleep apnea can have major impact on cognition. Which cognitive domains
are particularly affected by obstructive sleep apnea in the general population?

(2) According to this study, which cognitive domains seem particularly affected by more severe obstructive
sleep apnea in epilepsy?

(3) When designing a prospective study to examine the effects of obstructive sleep apnea on cognitive func-

Yaffe K, Laffan AM, Harrison SL, et al. Sleep-disordered
breathing, hypoxia, and risk of mild cognitive impairment and
dementia in older women. JAMA 2011; 306: 613-9.

Yaouhi K, Bertran F, Clochon P, et al. A combined neu-
ropsychological and brain imaging study of obstructive sleep
apnea. J Sleep Res 2009; 18: 36-48.
6

tioning in patients with epilepsy and whether treatment of
what would be the most sensitive OSA-related measure?

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 21, No. 1, February 2019

obstructive sleep apnea may help improve cognition,

uestions. Correct answers may be accessed on the
“The EpiCentre”.

http://www.ncbi.nlm.nih.gov/pubmed?term=The cognitive effects of obstructive sleep apnea: an updated meta-analysis
http://www.ncbi.nlm.nih.gov/pubmed?term=How can we overcome neuropsychological adverse effects of antiepileptic drugs?
http://www.ncbi.nlm.nih.gov/pubmed?term=Sleep-disordered breathing, hypoxia, and risk of mild cognitive impairment and dementia in older women
http://www.ncbi.nlm.nih.gov/pubmed?term=A combined neuropsychological and brain imaging study of obstructive sleep apnea


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


