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Abstract Delirium is a common problem among the
elderly. The incidence of delirium will increase consider-
ably in the coming decades as the proportion of the pop-
ulation over age 65 increases. Given that an FDA-approved
drug to treat delirium is not available, efforts geared toward
prevention are paramount. Several risk factors that pre-
dispose/precipitate delirium have been identified. A
recently described, reversible risk factor for postoperative
delirium is obstructive sleep apnea (OSA). In this review,
we focus on the molecular basis of delirium and its link to
OSA. We present evidence that OSA modulates the levels
of two factors, IGF-1 and cortisol, which both have been
linked to postoperative delirium.
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Introduction

Delirium is a frequently encountered problem among the
elderly [1, 2¢¢]. In 2012, 41.3 million Americans, or 13.7 %
of the population, were over the age of 65. This number is
predicted to increase to 79.7 million by 2040, with a con-
comitant increase in the incidence of delirium [3]. At this
time, there are no FDA-approved drugs to treat delirium;
therefore, efforts geared toward prevention are paramount.
Toward this goal, it is important to understand the factors
(physiological as well as environmental) that precipitate
delirium. By doing so, interventions that target reversible
causes of delirium may be designed. In this review, we will
provide a brief summary of the various factors that have
been implicated in delirium, with a focus on molecular
factors involved in the emerging relationship between
delirium, especially in the postoperative timeframe, and
obstructive sleep apnea.

Diagnosis of Delirium

The Diagnostic and Statistical Manual of Mental Disor-
ders, fifth edition (DSM-5) defines delirium as (a) a dis-
turbance in attention and awareness; (b) that represents a
change from baseline that develops over a short time-
frame with a tendency to fluctuate over the day;
(c) associated with a change in cognition; (d) that is not
due to a neurocognitive disorder or decreased arousal,
such as in a coma; (e) and that is secondary to another
medical condition, drug use or withdrawal, toxin, or a
combination of factors [4]. If delirium develops due to a
medication, as is the case in a large number of elderly
patients due to polypharmacy [5], then it is referred to as
medication-induced delirium.
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Postoperative Delirium

Delirium after surgery is quite common [6—10, 11e, 12, 13].
The incidence of postoperative delirium reported in the
literature varies with the vigilance of the observer, the
method of detection, the type of surgery, and the patient’s
pre-existing cognitive condition, age, and health. Conser-
vative estimates range from 10 to 25 % in patients over 65
for most types of surgeries; rates are higher for more
complex surgical procedures and for patients requiring
intensive care postoperatively [14—17]. Two common sur-
geries that older people undergo are coronary artery bypass
graft (CABG) and elective knee replacement. Both sur-
geries have a high incidence of delirium: 40-50 % after
CABG [18-20] and 25-32 % after elective knee replace-
ment [21, 22].

Consequences of POD

The development of delirium is associated with a greatly
increased risk of several adverse events. These complica-
tions include fractures due to falls, dislocations of intra-
venous and other invasive catheters, and damage to
bandages or wounds [23, 24]. Several reports have linked
POD with persistent cognitive decline detectable up to one
year after surgery [8, 11¢], but evidence is mixed [25]. In a
prospectively studied non-cardiac surgical population of
876 patients over age 50, delirium occurred in 9 % of
patients. Subjects diagnosed with delirium had a 15 %
incidence rate of major complications, compared with a
2 % rate among those without delirium [15]. There was a
4 % mortality rate in patients who developed delirium,
compared with a 0.3 % mortality rate in patients who did
not develop delirium. The mean length of hospital stay for
patients with delirium was 15 days, compared with
seven days for patients without delirium. The rate of dis-
charge to new long-term care rehabilitation facilities
among patients with delirium was 36 %, compared with
11 % among patients who did not develop delirium [15].

Risk Factors for POD

Risk factors for postoperative delirium have been divided
into predisposing factors and precipitating factors [26]. The
most significant predisposing factors include advanced age,
pre-existing dementia, history of stroke, sensory impair-
ment, and history of alcohol abuse. Among these, pre-
existing cognitive impairment is by far the greatest pre-
disposing factor [6, 11¢]. The most significant precipitating
factors include new acute medical condition, surgery, new
psychoactive medication, pain, electrolyte imbalance,
dehydration, and sepsis. Certain risk factors for POD may
be specific to certain surgeries. For example, a recent study
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in patients undergoing cardiac surgery identified four
variables independently associated with POD [20]. These
include (1) prior stroke or transient ischemic attack (TIA),
(2) lower Mini Mental State Examination Score, (3)
abnormal plasma albumin levels, and (4) higher Geriatric
Depression Scale score.

Obstructive Sleep Apnea

OSA is a sleep disorder in which the upper airway peri-
odically collapses. This results in decreased ventilation of
the lungs and sleep fragmentation due to frequent awak-
enings [27]. It is estimated that up to 5 % of adults in the
United States have symptomatic OSA. This proportion
increases with age, and many individuals are undiagnosed
[27-29]. OSA has many systemic repercussions on overall
health, contributing to hypertension [30], cardiovascular
disease [31], and abnormal glucose metabolism [32].

Pre-existing OSA and Postoperative Complications

The detrimental effects of sleep apnea and disordered sleep
are recognized to contribute significantly to adverse patient
outcomes [33-36]. The 2001 chart review study of Gupta
et al. [37] was the first study to implicate pre-existing OSA
in postoperative complications. This retrospective study,
performed at the Mayo Clinic in Rochester, MN, included
patients undergoing knee or hip replacement surgery
between January 1995 and December 1998 who had a
clinically suspected or documented diagnosis of OSA. The
study assumed that if a surgery was performed within
three years of the patient’s OSA diagnosis, the patient had
OSA at the time of surgery. A total of 101 patients were
identified as having OSA at the time of surgery. Among
these patients, 84 were diagnosed with OSA using poly-
somnography, and the remaining 17 patients had highly
abnormal overnight oximetry consistent with OSA. The
study was conducted in a case—control manner. The Total
Joint Registry, which contained prospectively collected
data on more than 67,000 joint replacements, was used to
identify 101 control patients matched for age, sex, operated
side (right versus left), type of operation (knee replacement
versus hip replacement and revision versus primary oper-
ation), mode of fixation of the components (cemented
versus not cemented), year of operation, surgeon, and type
of anesthesia. Postoperative complications were identified
by studying medical records. Complications were defined
as re-intubation, acute hypercapnia, episodic desaturations,
arrhythmias, myocardial ischemia or infarction, and delir-
ium noted by caregiver.

Postoperative complications were noted in 39 patients
(39 %) in the OSA group and 18 patients (18 %) in the
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control group (p = 0.001). Serious postoperative compli-
cations were found in 24 patients (24 %) in the OSA
group and nine patients (9 %) in the control group
(p = 0.004). Hospital stay was significantly longer for
OSA patients compared to control patients.

A more recent study of patients undergoing non-car-
diac surgery further confirmed an association between
pre-existing OSA and postoperative complications [34].
The study population was chosen from 39,771 patients
who underwent preoperative assessment between January
2002 and December 2006. Patients aged 18 and over
undergoing non-cardiac surgery within three years of
polysomnography were considered for the study. OSA
patients were identified as those with an apnea-hypopnea
(AHI) index value of >5, and control patients were
defined as those with an AHI value of <5. To adjust for
baseline differences in age, sex, race, BMI, type of
anesthesia, American Society of Anesthesiology (ASA)
class, and medical co-morbidities, the patients were
classified into five quintiles according to a propensity
Data on postoperative complications (which
included “postoperative hypoxemia, respiratory failure
(RF), congestive heart failure (CHF), myocardial infarc-
tion (MI), atrial fibrillation, delirium as defined in
medical records, death within 30 days, and hospital
stay”) were obtained from medical records. Of a total of
1,759 patients who underwent both polysomnography
and non-cardiac surgery, 471 were found to meet the
study criteria. Of these, 282 patients had OSA and 189
served as controls. Among the OSA patients, 131 (46 %)
had severe OSA (AHI >30), 79 (28 %) had moderate
OSA (AHI between 15 and 30), and the rest had mild
OSA. The study reported the following findings: “After
adjusting for the propensity score, presence of OSA was
associated with higher incidence of overall complications
(OR =6.9; p=0.003), postoperative hypoxemia
(OR =7.9; p=20.009), ICU transfer (OR 4.4;
p = 0.069) and higher length of hospital stay (LOS)
(OR = 1.65; p = 0.049).” The author did not comment
on delirium in OSA patients. The failure to identify an
association between OSA and delirium could be
explained by the use of medical records to determine the
occurrence of delirium; under-recognition of delirium is
well-known [38].

score.

Pre-existing OSA and Postoperative Delirium

Studies have assessed the effects of several pre-existing
disorders on the development of POD, including alcohol
and tobacco use, body mass index, cancer, depression,
diabetes, hypertension, hyperlipidemia, and stroke/TIA
[20]. However, OSA has been largely ignored in studies

designed to understand risk factors for POD. This is
striking, as sleep apnea is a very common disorder,
affecting up to 24 % of persons older than 65 years [28]. In
addition, the incidence of OSA in surgical patients is
known to be quite high, and OSA has been implicated in
several postoperative complications [33, 34, 37, 39, 40].
An association between OSA and delirium is expected, as
hypoxia is common in patients with OSA and is a known
risk factor for delirium [41-43]. Furthermore, neuropsy-
chological deficits are common in OSA patients [44, 45],
and cognitive deficits are known risk factors for delirium
[46, 47].

When assessed, several sources of evidence have
suggested a relationship between OSA and POD. Gupta
et al. also examined the effect of pre-existing OSA on
delirium in patients undergoing knee or hip replacement
surgeries [37]. It found that the incidence rate of POD in
OSA patients was almost twice the rate in patients
without OSA. However, this difference was not statisti-
cally significant (p = 0.07). One potential explanation
for the failure to find a correlation between OSA and
POD is the high rate of undiagnosed OSA. It has been
estimated that 80 % of men and 93 % of women with
moderate-to-severe sleep apnea are undiagnosed [40, 48].
In addition, the use of chart review to calculate the
incidence of POD may have led to under-recognition of
this complication, as cases of delirium often go undiag-
nosed [38]. A role for OSA in delirium has also been
suggested by several case reports [49-51]. Finally, our
prospective study found that pre-existing OSA is asso-
ciated with higher rates of POD [22]. In 91 patients
without OSA, the incidence of POD was 21 %, whereas
in 15 patients with OSA, the incidence of POD was
53 % (p = 0.01). To our knowledge, this is the first
prospective study to report an association between pre-
existing OSA and POD. This important finding should be
confirmed in a larger patient population.

Molecular Basis of a Link Between OSA and Delirium:
Roles of Cytokines and IGF-1

As stated previously, OSA is associated with hypoxia
and cognitive deficits, two known risk factors for POD
[41-47]. At the molecular level, several biochemical
alterations implicated in delirium are also seen in
patients with OSA. For example, the pro-inflammatory
cytokine IL-6 is increased in patients with OSA [52];
increased levels of plasma IL-6 have been shown to
correlate with delirium [43, 53]. Another pro-inflamma-
tory molecule that has been implicated in delirium is
C-reactive protein [54, 55], which is increased in patients
with OSA [56-58]. Finally, insulin-like growth factor-1
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(IGF-1) is known to decrease in patients with OSA
[59-61] with a concomitant rise in response to CPAP
usage [62], and has been implicated in delirium patho-
physiology (as discussed below).

A role for IGF-1 in delirium was first suggested by
Wilson et al. [63] in 2005. These investigators measured
the serum levels of IGF-1 in 100 acutely ill medical
inpatients at the time of their admission and found that the
12 patients who later developed delirium had lower levels
of IGF-1 (OR: 0.822, CI 0.69-0.97, p = 0.027). These
findings were confirmed by Adamis et al. [64, 65]; in
addition, Adamis’ group found a correlation between lower
levels of IGF-1 and delirium severity. Overall, the avail-
able evidence supports a relationship between low levels of
pre-surgery plasma IGF-1 and delirium, but further studies
are needed [66°°, 67].

Akey reason why lower levels of IGF-1 may be associated
with delirium is that IGF-1, like insulin, protects neurons
from apoptosis by activating the PI-3-Kinase pathway,
which is subsequently involved in Akt phosphorylation [68—
70]. In humans, serum IGF-1 levels decrease with age [70].
To determine whether the age-induced decrease in serum
IGF-1 levels is associated with the normal age-related
decline in cognitive function, Aleman et al. [71] enrolled 25
healthy older men and measured their serum IGF-1 levels
and performance on neuropsychological tests of functions
known to decrease with age. It was found that IGF-1 levels
positively correlated with performance on tests that measure
perceptual motor and mental processing speed. To confirm
that blood IGF-1 levels correlate with brain function, mice
with liver-specific targeted disruption of the IGF-1 gene
were generated, resulting in decreased serum IGF-1 levels
[72]. These mice had impaired performance in a hippo-
campal-dependent spatial recognition task and disrupted
long-term potentiation in the hippocampus. These behav-
ioral and synaptic deficits in the IGF-1-deficient mice
improved following prolonged systemic administration of
IGF-1. In addition, intranasal administration of IGF-1 has
been shown to attenuate hypoxic-ischemic brain injury in
neonatal rats [73].

Interestingly, a role for IGF-1 in the pathophysiology of
Alzheimer’s disease (AD) has also been suggested. Several
studies have demonstrated an inverse relationship between
circulating IGF-1 levels and AD [74-76]. Mutant mice
with low circulating levels of IGF-1 were found to have
high levels of amyloid-beta, a hallmark of AD pathology
[77]. Conversely, increasing serum levels of IGF-1 in rats
was found to counter the age-related increase in amyloid-
beta [77]. Finally, recent studies on biomarkers of AD
found that the IGF-1-binding protein, IGFBP 6, is
increased in plasma from AD patients [78, 79], and that
variability in the IGF-1 gene is associated with an
increased risk for AD [80].
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Molecular Basis of a Linkage Between OSA
and Postoperative Delirium: Role of Cortisol

The stress response has been hypothesized to contribute to
the pathogenesis of POD [81, 82¢]. The hormone cortisol is a
key mediator of this stress response. Glucocorticoids are
associated with a range of adverse psychiatric effects [83,
84]. In particular, cognitive deficits in verbal and working
memory and corresponding damage to hippocampal neurons
are seen with glucocorticoid therapy [84]. Glucocorticoids
may result in delirium in two ways: by causing delirium per
se, or by causing another cognitive deficit that then confers
an increased risk of developing delirium [6, 11, 20, 84].
Furthermore, elevated cortisol levels following acute coro-
nary syndrome and cardiac surgery have been shown to
predict an increased risk of postoperative delirium [81, 82¢,
85-88]. The current studies have only looked at cortisol
levels at a single time point after a stressor [81, 82e, 88].
Measurement of baseline cortisol may help to further eluci-
date its role in the pathogenesis of delirium. In addition,
future work should explore the temporal relationship of
cortisol elevation and POD, as it is currently unclear if
increased cortisol levels are a cause or effect of POD.

As mentioned previously, recent work has identified
perioperative hypoxia as a risk factor for POD [82e, 89].
The duration of hypoxia and cerebral hypoperfusion has
been shown to correlate with cortisol levels [82¢, 90]. This
suggests a mechanism by which OSA, with its intermittent
apneas and hypopneas, may contribute to the pathogenesis
of postoperative delirium. However, the correlation
between OSA and elevated cortisol has been debated. In a
systematic review, Tomfohr et al. [91] reported that few
studies have shown a difference in cortisol levels between
individuals with OSA and healthy controls. However,
many of these studies were limited by the measurement of
cortisol at a single time point [91, 92].

A recent, well-designed study by Edwards et al. [93¢e]
achieved a more complete view of cortisol levels in subjects
with OSA by measuring cortisol every 2 h for a 24-h period.
Severity of OSA, as measured by number of oxygen desatu-
rations per hour, was found to predict 24-h levels of cortisol,
thus definitively linking OSA and increased cortisol levels.
However, apneic events themselves were not found to be
associated with cortisol. This suggests that itis hypoxia, rather
than sleep fragmentation, that results in the stress response.
Edwards et al. further found that higher nighttime cortisol
levels in subjects with OSA were associated with greater
deficits in cognitive function, especially in learning, memory,
and working memory. Finally, individuals with OSA have
been observed to have volume loss in the hippocampus [94],
the same region implicated in cortisol-mediated cognitive
decline, including delirium [84]. Thus, cortisol may serve as a
molecular link between OSA and postoperative delirium.
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Conclusion

In summary, the incidence of postoperative delirium is
likely to increase considerably in the coming decades due
to the aging of US population. Currently, there are no
FDA-approved agents to treat delirium. Therefore, identi-
fying reversible causes for delirium and methods to miti-
gate these risk factors is the only option to limit the
economic and human toll of this widespread problem. OSA
is known to cause cognitive impairment, a risk factor for
delirium. As OSA is a manageable condition, it is an
attractive target for future interventions designed to
decrease the incidence of postoperative delirium. IGF-1
and cortisol have been identified as putative factors
involved in the pathogenesis of cognitive dysfunction and
delirium in the setting of OSA. IGF-1 and cortisol are
therefore two potential targets for future therapies to pre-
vent and treat delirium.
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