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Obstructive sleep apnea and epilepsy:
understanding the pathophysiology of the comorbidity
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Abstract: Obstructive sleep apnea (0SA) is a sleep disorder of significant health concern with a high prevalence in
the general population. It has been found to exhibit a high incidence of comorbidity with epilepsy, the exact underly-
ing pathophysiology of which still remains poorly understood. OSA is characterized by apnea/hypopnea spells and
arousals, leading to intermittent hypoxemia and sleep deprivation. Both sleep deprivation and hypoxemia adversely
affect the cortical excitability and favor epileptogenesis and worsening of pre-existing epilepsy, if any. In patients
with OSA, deprivation of rapid eye movement sleep (REMS) phase (known for its strong antiepileptic influence) is
relatively more than that non rapid eye movement sleep phase leading to postulation of REMS deprivation as a sig-
nificant factor in the development of epilepsy as a comorbidity in patients with OSA. Furthermore, OSA and epilepsy
both have shown to exercise a bidirectional influence on one another and are also likely to exacerbate each other
through a positive feedback mechanism. This is especially based on the reports of improved control of epilepsy
upon treatment of comorbid OSA. This brief paper attempts to present an underlying pathophysiological basis of
the comorbidity of OSA and epilepsy based upon sleep deprivation and hypoxemia that are characteristic features

observed in patients with OSA.
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Introduction

Obstructive sleep apnea (OSA) is a sleep disor-
der characterized by spells of apnea and hypop-
nea due to the collapse of the upper airways
during sleep, resulting in frequent arousals and
microarousals. Diagnosis of OSA is based on
an apnea/hypopnea index (AHI) > 5 per hour
with associated symptoms such as snoring,
choking, daytime sleepiness, and fatigue, or an
AHI > 15 per hour [1]. Obstructive sleep apnea
is of significant health concern and its preva-
lence is increasing over the years. According to
Wisconsin Sleep Cohort Study in 1993, the
prevalence reported was 24% in men and 9% in
women [2]. However, between 2008 and 2013
the prevalence rose to 37% in men and 50% in
women [3]. This increase in prevalence is partly
due to less strict criteria for diagnosing OSA
i.e., AHI > 5 per hour. In a recent HypnolLaus
study cohort, involving 2121 participants,
49.7% of men and 23.4% of women had moder-
ate to severe OSA (based on AHI > 15 per hour)

[4]. Another recent study estimated that approx-
imately 936 million adults aged 30-69 years
(both men and women) worldwide have mild to
severe obstructive sleep apnea and approxi-
mately 425 million adults aged 30-69 years
globally have moderate to severe obstructive
sleep apnea (AHI > 15) [5]. The increase in
OSA prevalence could be attributed to lifestyle
changes, increase in obesity [6], increased
awareness and improved diagnostic facilities
31

Epilepsy is a worldwide common neurological
disorder with an incidence rate of 61.4 per
100,000 person-years and the pooled lifetime
prevalence of 7.6 per 1,000 persons [7]. The
International League Against Epilepsy defined
epilepsy to be a disease of the brain character-
ized by any of the following conditions: i) At least
two unprovoked (or reflex) seizures occurring >
24 hours apart; ii) One unprovoked (or reflex)
seizure and a probability of further seizures
similar to the general recurrence risk (at least
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60%) after two unprovoked seizures, occurring
over the next 10 years; iii) Diagnosis of an epi-
lepsy syndrome [8]. Approximately one-third of
patients with epilepsy (PWE) do not respond
satisfactorily to antiepileptic drugs (AEDs) and
are categorized as drug-resistant or intractable
epilepsy patients [9].

Obstructive sleep apnea and epilepsy: the co-
morbidity

Comorbidity of OSA and epilepsy has been
studied for decades and several authors have
reported a high incidence of this comorbidity. In
a recent meta-analysis based on 26 studies,
33.4% of PWE (40% adults and 26% children)
were reported to have OSA (AHI > 5 and RDI >
5) [10]. Among these individuals both focal as
well as generalized seizures were observed,
accounting for 32% and 28.2% respectively,
and a substantial proportion (19.5%) of these
cases were refractory seizures [10]. In a recent
multicentric PSG study of 166 patients with epi-
lepsy, the prevalence of OSA was 38% [11].
Conversely, a study on 139 young children
(0-17 months of age) with OSA, reported that
approximately 17% of subjects had epilepsy as
a comorbidity [12]. Another study, reported that
out of 480 adult patients with sleep apnea syn-
drome, 4% had seizures [13]; in this study group
almost all types of seizures were observed with
a preponderance of primary generalized tonic-
clonic seizure (> 50%) [13]. On account of the
higher incidence of OSA in PWE, it has been
suggested that all PWE should undergo sleep
studies [14] for better evaluation and manage-
ment, as treatment of OSA in PWE has resulted
in better control of epilepsy [15-17].

Effect of epilepsy on obstructive sleep apnea

Epilepsy is known to exert a selective and spe-
cific influence on sleep and breathing. Epilepsy
has been reported to lead to central apnea as
well as obstructive apnea [18]; Seizures can
potentially affect the firing in nerves innervat-
ing airway muscles. Central sleep apnea has
been reported to be associated with electro-
graphic seizures [19]. In a rat model of penicil-
lin-induced seizures, decreased activity was
seen in hypoglossal and vagal nerve with intact
phrenic nerve activity initially leading to obstr-
uctive apnea, followed by decreased activity in
phrenic nerve leading to central apnea [20].
Vagus nerve stimulation (VNS), an established

and FDA-approved adjunctive therapy for medi-
cally refractory epilepsy, can lead to OSA or
worsen pre-existing OSA [21, 22]. These effects
of VNS may be due to peripheral recurrent
laryngeal nerve mediated vocal cord adduction
[23] and centrally via vagal projections to med-
ullary and pontine reticular formation [24]. Sei-
zures of insular origin are known to be associ-
ated with apnea and feeling of choking [25].
Conversely, in one case of medically refractory
epilepsy with OSA, resolution of clinically signifi-
cant OSA was observed following left frontal
lobe resection leading to a near seizure-free
state [26]. Two case studies have reported an
association of epileptiform discharges also wi-
th apneic episodes [27, 28]. One case study
has reported that nocturnal frontal lobe epilep-
sy (NFLE) with bifrontal epileptiform discharges
on EEG manifested as an OSA [27], suggesting
NFLE may potentially cause OSA. Therefore,
epilepsy exhibits a strong predisposition to
sleep apnea or worsening of a pre-existing OSA.

In addition, antiepileptic drugs can also influ-
ence symptoms of OSA [29]. Multiple AEDs are
associated with weight gain, which could poten-
tially worsen or increase the risk of OSA. AEDs
causing weight gain include valproic acid, pre-
gabalin, perampanel, and to a lesser degree,
gabapentin and vigabatrin [30]. Patients with
drug-resistant epilepsy on AED polytherapy
may be at increased risk of obesity compared
with those on monotherapy [31]. One case
report documented weight gain associated
with vigabatrin and the subsequent develop-
ment of OSA in a patient with drug-resistant
epilepsy [32]. Benzodiazepines, including clo-
bazam and clonazepam, are often used in the
treatment of drug-resistant epilepsy [33]. The
use of benzodiazepines is associated with
reduced upper airway muscle tone and ventila-
tory response to hypoxia [34]. Studies investi-
gating the effect of benzodiazepines on OSA
suggest that their use may be associated with
a modest increase and prolongation of apneic
events [35, 36]. This highlights the importance
of considering the risks and benefits of differ-
ent AEDs when choosing a treatment plan for
patients with epilepsy.

Effect of OSA on epilepsy

The exact underlying pathophysiology of the
comorbidity of OSA and epilepsy, however, re-
mains poorly understood. In OSA hypoxemia
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and sleep deprivation have been proposed to
exacerbate epilepsy.

The hypoxemia theory

One of the pathophysiologic mechanisms lead-
ing to epilepsy or worsening of pre-existing
epilepsy in OSA could be due to varying de-
grees of hypoxemia that occur intermittently
during apnea/hypopnea spells [37-39]. Hypo-
xemic ischemic encephalopathy is one of the
most common underlying causes of neonatal
seizures [40]. The susceptibility to epilepsy is
still higher in the immature brain as the devel-
opment of the inhibitory neurotransmitter sys-
tem (GABA) lags behind the excitatory neu-
rotransmitter system [41]. In the mature brain
100, hypoxemia may lead to seizure occurrence.
A review of 44 studies (between 1954 and
2013) indicates that hypoxemic brain injury
may lead to epilepsy even later in life [42].

Apart from direct ischemic damage, several
other mechanisms have been proposed for the
genesis of epilepsy due to hypoxemia. In classi-
cal experiments with dogs and cats, the seizure
threshold for convulsant drugs was found to
reduce after exposure to hypoxemia [43], sup-
posedly due to the release of subcortical struc-
tures from cortical control [43]. Different brain
areas have different susceptibility to damage
by hypoxemia; and neocortex, which is respon-
sible for the desynchronized activity, has been
found to be relatively more susceptible [44,
45]. Damage to the neocortex at moderate
hypoxemia may allow subcortical structures to
lead to synchronization [43], probably through
thalamocortical oscillations. In humans acute
anoxic episodes, requiring resuscitation, have
been reported to result in epilepsy due to
hypoxemic/anoxic damage of neural structures
[46).

In OSA, intermittent rather than prolonged epi-
sodes of hypoxemia are generally observed.
Alternating periods of intermittent hypoxemia
(lasting usually for 10-40 seconds) and nor-
moxia occur recurrently during sleep in OSA
[47]. The intermittent hypoxia, a characteristic
feature of OSA, has been shown to produce oxi-
dative stress leading to increased apoptosis in
the hippocampus [48]. Intermittent hypoxia
has also been shown to induce a relatively
more extensive neuronal damage than a similar
degree of sustained hypoxia in rat pheochro-

mocytoma PC12 neuronal cells [49]. Chronic
intermittent hypoxia also has been shown to
induce neural apoptosis in the hippocampus
and prefrontal cortex in rats [50]. This intermit-
tent hypoxia-induced neuronal injury is mediat-
ed via multiple pathways involving increased
metabolism, induction of stress-induced pro-
teins and apoptosis, leading to disruption of
structural proteins and cellular integrity [51].
Hypoxemia in OSA may cause oxidative stress,
which may in turn activate inflammatory path-
way and production of interleukin-6 and tumor
necrosis factor-a, that may cause seizures [52].
The brain’s unique susceptibility to oxidative
stress and bioenergetic insults likely drives or
at least exacerbates neuronal excitability dur-
ing epileptogenesis because of high metabolic
demand in hypersynchronous circuits [53].

However, several studies present contradictory
evidence for the incriminatory role of hypox-
emia, particularly with regard to comorbidity
with OSA. The degree of desaturations and
their durations observed in PWE and OSA are
not severe and prolonged because apneic
spells are terminated spontaneously or with
brief arousals [54]. In some studies, hypoxemia
was not considered the primary cause of sei-
zures as the oxygen desaturation in PWE with
OSA was not severe enough [14, 16, 55]. Fur-
thermore, hypercapnia that generally accompa-
nies hypoxemia during apneic spells in OSA can
potentially protect against neuronal hyperexcit-
ability [56]. Indeed, experimental studies in
rats, macaques and humans have shown that
five percent carbon dioxide inhalation has an
anticonvulsant effect [57].

While hypoxemia, may exacerbate existing epi-
lepsy through one or more mechanisms, the
degree and duration of hypoxemia and along
with co-occurring hypercapnia in OSA, chal-
lenge the theory of its incriminatory role in the
comorbidity of OSA and epilepsy [58].

The sleep deprivation theory

The primary pathophysiologic mechanism re-
sponsible for the comorbidity of OSA and epi-
lepsy could be due to sleep deprivation ensuing
from intermittent and varying periods of arous-
als that occur during the apneic spells and sev-
eral studies have reported an increase in sei-
zure frequency after sleep deprivation [59, 60]
in PWE.
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Increase in cortical excitability has been ob-
served with total sleep deprivation in patients
with juvenile myoclonic epilepsy, as determined
by transcranial magnetic stimulation (TMS)
[61]. In healthy subjects, the influence of sleep
deprivation on cortical excitability as assessed
by TMS is not in unison and the results are con-
tradictory [62-68]. In one 120-hour sleep depri-
vation study [69] conducted on sixteen healthy
subjects, five subjects showed an increased
high voltage paroxysmal activity in their EEGs.
In animal models also, sleep deprivation has
been shown to increase the susceptibility to
focal and generalized seizures [70, 71]. Several
authors have also implicated sleep deprivation
and sleep fragmentation in the increased inci-
dence of epilepsy in patients with OSA [16, 72,
73].

The cyclic alternating pattern (CAP) is a se-
qguence of transient electrocortical events that
recur at approximately 1-min intervals and are
distinct from the tonic background activity.
Phase A of CAP, characterized by synchronized
EEG pattern with delta bursts and sequences
of K-complexes, has been shown to correlate
with interictal epileptiform discharges (IEDs)
and occurrence of seizures [74-76]. Sleep de-
privation increases the instability of morning
recovery sleep and particularly enhances CAP
Al phases in patients with temporal lobe epi-
lepsy (TLE) and has been proposed as a possi-
ble mechanism for the increased IED yield
in sleep-deprived EEG in TLE patients [77].
Alterations in sleep micro-architecture such as
increased CAP rates, duration and cycles have
been reported in patients with OSA with exces-
sive daytime sleepiness [78]. However, another
study reported reduced CAP rate, longer dura-
tion of B phase and decreased Al phase per-
centage in OSA subjects [79]. Therefore, the
role of alterations in the microstructure of
sleep in the comorbidity of OSA and epilepsy
needs further exploration.

Sleep deprivation has been in vogue since long
as a provocative technique for performing EEG
in suspected cases of epilepsy [80, 81]. The
guidelines for sleep deprivation recommend
total sleep deprivation for 24 hours [82]. How-
ever, in usual clinical practice, patients are
advised to wake up 3-4 hours earlier than their
usual waking time, which actually leads to par-
tial sleep deprivation. The rapid eye movement
sleep (REMS) distribution changes over succes-

sive sleep cycles and it gets proportionately
longer during later cycles [83]. Therefore, par-
tial sleep deprivation protocol actually leads to
proportionately and relatively more of REMS
deprivation than non rapid eye movement
sleep. In humans, greater REMS rebound has
been noticed with partial sleep deprivation
compared to total sleep deprivation [84].

Selective rapid eye movement sleep depriva-
tion theory

Rapid eye movement sleep is proposed to be
inherently protective against epilepsy due to its
characteristic feature, namely EEG-desynch-
ronization, and REMS deprivation can poten-
tially lead to epileptogenesis [85-87]. Apneic
events occur more commonly during REMS due
to accompanied decrease in airways muscle
tone [88]; furthermore, the events are of rela-
tively longer duration in REMS in comparison to
non-rapid eye movement sleep [89, 90]. Sleep
architecture also alters in OSA and arousals
during REMS can potentially restart sleep
cycles resulting not only in shorter epochs and
reduced total quantum of REMS but also frag-
mentation and poor quality of sleep [91]. An
increase in stage N1 and N2 sleep with a cor-
responding decrease in REMS have been re-
ported in adult patients with OSA [92-94], chil-
dren [95] and in infants with sleep-disordered
breathing (SDB) [96]. In these studies, increase
with the severity of OSA was associated with
reduction in REMS quanta. Another recent
study reported significantly decreased REM
sleep in OSA patients with comorbid epilepsy
than patients with OSA without epilepsy [97].
Deprivation, fragmentation and poor quality of
REMS have been reported in patients with OSA
[93, 98-100]. Interestingly, REMS rebound has
been observed in many studies after treatment
in patients with OSA indicating some degree
of REMS deprivation prior to the treatment. In
a meta-analysis of 14 studies evaluating the
effect of continuous positive airway pressure
(CPAP) on sleep architecture, 11 studies report-
ed REMS rebound with 57% relative increase
during the titration night compared to baseline
sleep studies [101]. Some studies have report-
ed increased total duration of REMS [98, 99];
albeit, REMS fragmentation results in its poor
quality [94]. An increase in REMS duration in
such cases may be an adaptive compensatory
behavior for the depth and quality of REMS.
Another recent study has also highlighted the
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Figure 1. Mechanisms underlying the bidirectional relationship between OSA and epilepsy.

significance of REMS deprivation in the comor-
bidity of epilepsy and OSA [102].

In animal studies also REMS has been found
to influence epileptogenesis. Rapid eye move-
ment sleep deprivation decreased the thresh-
old to electroconvulsive shock and nicotine-
induced seizures in rats [103, 104] and pentyl-
enetetrazol-induced convulsions in mice [105].
On the other hand, enhancing REMS with car-
bachol resulted in decreased excitability in
amygdala-kindled rats [106].

Several studies have reported an improvement
in seizure control after OSA treatment in PWE
[15-17]. In some studies, the improvement in
seizure control was accompanied by improved
sleep architecture and REMS rebound [37,
107]. In one case report, there was a transient
initial increase in seizures after institution of
CPAP followed by a final decrease [108]. The
REMS percent in that particular case initially
showed a transient decrease that probably
might have led to the initial increase in the sei-
zure frequency.

Therefore, sleep deprivation and particularly
REMS deprivation, appears to play a prominent
role in the pathophysiology of the comorbi-
dity of OSA and epilepsy. Further studies are
required with selective REMS deprivation for
exploring its role in this comorbidity.

Bidirectional relationship between OSA and
epilepsy

Thus, the above evidence reveal an intimate
and intrinsic association exhibiting a bidirec-
tional relationship between OSA and epilepsy
as illustrated in Figure 1. It appears that OSA
and epilepsy exacerbate one another in a posi-

tive feedback manner, possibly through their
actions on the neural networks involved in
breathing control and sleep regulation, chang-
es in cortical excitability or inflammatory pro-
cesses, which can happen in both the condi-
tions [61]. OSA can exacerbate epilepsy by ca-
using sleep deprivation. Sleep deprivation can
lead to increased neuronal excitability, which
can enhance seizures [50-56]. Additionally,
OSA can disrupt the body’s natural sleep-wake
cycle, which can further increase the risk of sei-
zures. Another way that OSA can exacerbate
epilepsy is by causing hypoxemia. This can hap-
pen during apneic episodes in OSA, when the
airway collapses and breathing stops for a few
seconds. Hypoxemia can damage brain cells
and make seizures more likely [25-27]. Epilepsy
can also exacerbate OSA. Seizures (especially
nocturnal) can disrupt sleep, which can lead to
sleep deprivation. Additionally, seizures can
weaken the muscles in the upper airway, which
can make OSA worse [20]. Also anti-epileptic
drugs are known to worsen OSA [29]. The posi-
tive feedback mechanisms between epilepsy
and OSA has important implications for the
management of both the conditions. Therefore,
screening of OSA in patients with epilepsy and
selection of AEDs accordingly would be a pru-
dent approach. Treating either of the two condi-
tions can exercise a better control and allevia-
tion of the other disorder, which can reflect
directly on the quality of life of such patients.

Conclusion

The prevalence of OSA in patients with epilepsy
(PWE) and vice versa is significant, indicating
a potential interplay between the two disor-
ders. The comorbidity of obstructive sleep ap-
nea (OSA) and epilepsy is a complex and bidi-
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rectional relationship and both can exacerbate
one another in a positive feedback manner
through their actions on the neural networks
involved in breathing control and sleep regula-
tion, changes in cortical excitability or inflam-
matory processes. The comorbidity of OSA and
epilepsy poses a unique challenge for clinicians
in terms of diagnosis and management. Given
the bidirectional influence between the two
conditions, comprehensive evaluation and tre-
atment should be considered for patients with
either disorder. Future research is needed to
elucidate the specific biological, neurophysio-
logical, and genetic factors that contribute to
the bidirectional influence between the two
conditions. A better understanding of the com-
plex relationship between OSA and epilepsy will
pave the way for more effective therapeutic
interventions and improved patient outcomes.
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