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SUMMARY

Aims: To review recent evidence that suggests inflammation plays a simi-
lar role in the pathogenesis of delirium and dementia. Methods: We per-
formed a literature search of original research and review articles in PubMed
using the keywords: delirium, dementia, and inflammation. We summarized
the evidence linking inflammation to the pathogenesis of delirium and de-
mentia. Discussion: Delirium and dementia share similarities in clinical and
pathogenic features, leading to the speculation that instead of being distinct
clinical entities, the two age-related conditions may be linked by a common
pathogenic mechanism. Inflammatory markers have been shown to be ele-
vated in both delirium and dementia, thereby implicating inflammation as a
possible mediating factor in their genesis. There is evidence in both basic sci-
ence and clinical research literature that elevated cytokines play a crucial role
in the development of cognitive dysfunction observed in both dementia and
delirium. Conclusion: Mounting evidence supports the role of inflammation
in the development of both dementia and delirium. Further studies are needed
to elucidate the mechanisms underlying these relationships.

Introduction

The human immune system is a complex system of
adaptive and innate responses that provides protection
from external and internal threats. The cells of the im-
mune system (e.g., neutrophils and macrophages) com-
municate via cytokines, which are hormone-like proteins
produced by a variety of immune cells. Cytokines are im-
portant mediators of the immune response, which initi-
ate, perpetuate, or downregulate the response. Cytokines
include interleukins (IL), tumor necrosis factors (TNF),
and transforming growth factors (TGF-β 1–3). Certain cy-
tokines are considered proinflammatory (IL-1, IL-6, and
TNF-α), and others are anti-inflammatory (IL-4, IL-10,
and IL-13) (Table 1).

Inflammation and Cognition

Systemic inflammation is present in many conditions
that are known to precipitate cognitive changes in older

adults, including infections, cancer, and surgery. Delir-
ium and dementia are examples of acute and chronic de-
clines in cognition, respectively, likewise associated with
acute and chronic inflammatory states. Aging alone can
cause an increase in peripheral cytokines, including IL-6
[1,2] and TNF-α [3]. However, the preponderance of both
basic science and epidemiological evidence that inflam-
mation plays a role in the pathogenesis of the two age-
related diseases delirium and dementia begs the ques-
tions whether they are simply comorbid conditions, or
whether inflammation plays a more central role in link-
ing the two conditions. A recent study examining the re-
lationship of acute and chronic inflammation on cogni-
tive decline in patients with Alzheimer’s disease showed
that acute systemic inflammatory events were associated
with an increase in serum levels of TNF-α and a 2-fold in-
crease in rate of cognitive decline over a 6-month period
[4]. Subjects with higher baseline levels of TNF-α were
more likely to have delirium and were associated with a
4-fold increased rate of cognitive decline over a 6-month
period compared to those with low TNF-α levels.
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Table 1 Inflammatory markers and studies that show their link to delirium and dementia

Marker Pro/anti-inflammatory Role in delirium and dementia

IL-1 Proinflammatory Increases neuronal tau phosphorylation [45] and activates astrocytes [46]; polymorphism linked to

increased risk of AD [47,49,50]; levels elevated in AD [66,72]

IL-6 Proinflammatory Levels elevated in delirium [26–29,30]; polymorphism linked to increased risk of AD [47]; levels linked to

gray matter volume and memory function [51]; levels elevated in non-AD dementia [73]

IL-8 Proinflammatory Levels elevated in delirium [26,27]

IL-RA Anti-inflammatory Levels decreased in delirium [32]

TNF-α Proinflammatory Polymorphism linked to increased risk of AD [47–48]; levels elevated in AD [67,70,72]; elevated levels

linked to cognitive decline [4]

IGF-1 Anti-inflammatory Levels decreased in delirium [32,35,36]

IFN-γ Proinflammatory Levels decreased in delirium [32,35,36]

CRP Proinflammatory Higher levels linked to poor cognitive performance/increased risk of cognitive decline [68]

Cognitive Disorders: Dementia and Delirium

Delirium is a condition characterized by an acute change
in attention and cognition [5]. With a lack of reliable
biomarkers, the diagnosis of delirium remains primarily
clinical, and as such, screening tools like the confusion as-
sessment method (CAM) have been developed [6], which
allows recognition of delirium by the presence of four di-
agnostic criteria: (1) acute onset and fluctuating course,
(2) inattention, and either (3) a change in level of con-
sciousness, or (4) disorganized thinking.

Unlike delirium, dementia is a chronic and progres-
sive neurodegenerative disease characterized by deficits
in multiple cognitive domains, neuropsychiatric symp-
toms, and functional decline. It is important to note that
dementia is a chronic condition associated with chronic
inflammation, whereas delirium is an acute condition as-
sociated with high systemic stress such as hospitalization,
infection, or trauma.

Systemic Inflammation and the Brain

Despite the protection of the blood–brain barrier, it is now
recognized that the brain is in communication with the
immune system, thereby allowing systemic, peripheral
inflammatory reactions to influence brain function, mak-
ing the brain susceptible to the consequences of systemic
inflammation [7,8]. It appears that peripheral cytokines
can influence cognition directly through neurodegener-
ation, or indirectly, with effects on neurotransmission,
sleep, and nutritional intake [8,9]. It should be noted that
the exact mechanisms by which systemic inflammation
affects the brain are still being worked out.

One proposed mechanism by which peripheral cy-
tokines influence the brain is through cellular commu-
nication across the blood–brain barrier. Studies show that
systemic inflammation activates vascular endothelial cells

and perivascular cells located at the blood–brain barrier,
which propagates the inflammatory cascade and directly
or indirectly injures neurons [10]. When postmortem hu-
man brains were analyzed for evidence of this activa-
tion, brains with preexisting brain lesions from dementia
also showed low activation of vascular endothelial cells,
even in the absence of systemic inflammation, possibly
explaining the vulnerability of patients with dementia to
developing delirium. Clinical observational studies have
shown increased permeability of the blood–brain barrier
in patients with periventricular white-matter hyperinten-
sities, a condition linked to cognitive impairment, vascu-
lar dementia, and other cardiovascular diseases [11,12].

A second mechanism by which cytokines may influ-
ence the brain is through stimulation of peripheral sen-
sory neural afferents, such as the Vagus nerve, which
leads to central cytokine production [8,9]. A third mech-
anism by which cytokines influence the brain is through
altered neurotransmission, and in support of this, it
has been shown that both central and peripheral cy-
tokines alter noradrenergic, dopaminergic, and seroton-
ergic metabolism in the brain [8].

Inflammation and Delirium

Pathogenesis of Delirium

Although the definitive pathogenesis of delirium remains
unclear, several mechanisms have been proposed, includ-
ing (1) neurotransmitter imbalance, with acetylcholine
deficiency and dopamine excess; (2) reduced cerebral
blood flow and metabolism; (3) dysregulation of stress re-
sponse and the sleep–wake cycle; and (4) inflammation.
The discussion in this paper will focus on the role of in-
flammation, but all of the listed pathogenic mechanisms
may be interrelated and likely, two or more of these are
at play in inducing delirium [13].
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Inflammatory Markers in Delirium

Dysregulation of cytokines is believed to be the key in-
citer of neurodegeneration and subsequent cognitive im-
pairment in delirium that results from activation of the
systemic inflammatory cascade [8,9]. Therapeutic and in-
vestigational uses of interleukins in human and rat mod-
els induce symptoms of delirium [14,15], alter acetyl-
choline levels and activity [16,17], and mediate exotoxic
neurodegeneration [18]. Risk factors for cytokine dys-
regulation include age as well as acute illness, infection,
and trauma. Aging alters CNS and peripheral levels of
certain cytokines even in the absence of disease or in-
flammation [1–3]. Further, studies in mice indicate that
aging brains are predisposed to exacerbated neuroinflam-
matory cytokine responses as a result of changes in glial
reactivity [19]. It is also becoming clear that the impact of
peripheral inflammatory signals on the brain depends on
existing levels of inflammation, as occurs in dementia or
other direct brain lesions [9]. Administration of therapeu-
tic levels of systemic cytokines in oncology patients can
result in neuropsychiatric side effects, including impaired
thought processing [20]. Peripheral cytokines (along with
prostaglandins) are also thought to be responsible for the
central behavioral changes seen with the syndrome of
“sickness behavior,” which refers to a constellation of
symptoms associated with illness and delirium, such as
lethargy, decreased learning, reduced mobility, reduced
social activity, and increased sleep [8,9]. Sickness behav-
ior is seen in conditions associated with systemic inflam-
mation, such as infection or acute flares of chronic dis-
ease.

Cytokine dysregulation can lead to neuronal injury
through a variety of mechanisms, including (1) altered
neurotransmission, (2) apoptosis, and (3) activation of
microglia and astrocytes which leads to production of
free radicals, complement factors, glutamate, and nitric
oxide [8]. Also, the consequences of “sickness behav-
ior” induced by cytokine dysregulation, including altered
sleep, anorexia, and impaired nutrition may further im-
pair cognition. Activation of the inflammatory cascade
alters peripheral and/or central cytokines, leading to a
central neurodegenerative inflammatory process that be-
comes clinically apparent as cognitive impairment when
the cognitive reserve is breached.

Clinical Studies of Inflammation and Delirium

To further understand the role that inflammation plays
in delirium, researchers have studied and measured
levels of inflammatory markers in acutely ill patients.
Precipitants of delirium, such as extracerebral infection,
general surgery, head trauma, and cerebral ischemia, in-

duce systemic or local acute phase responses, often in as-
sociation with delirium. After cardiac surgery, for exam-
ple, elevated levels of chemokines in a case-control trial
were associated with delirium, although methods of mea-
surement did not allow analyses of the roles of individual
cytokines [21].

Inflammatory markers can be easily measured; how-
ever, interpretation may be difficult due to clustering
of markers into groups that rise and fall with a specific
time course, and due to confounding by other risk factors
for delirium [22]. C-reactive protein (CRP), although an
acute-phase reactant, is not useful as a surrogate of in-
flammation in delirium since it is nonspecific, and moni-
toring levels of CRP is not clinically useful in the manage-
ment of delirium. Although there are conflicting results of
studies of CRP in delirium, a small study showed that lev-
els of CRP in serum collected at or soon after admission
were highly predictive of delirium and recovery from it in
acutely ill older adults [23]. Delirium in post-hip surgery
patients and sepsis are also associated with elevated levels
of CRP [24,25].

Detection of a sensitive and specific marker for delir-
ium could aid in establishing the diagnosis. There is sub-
stantial evidence linking elevated levels of interleukins
IL-6 and IL-8 to delirium. A study of elderly patients
acutely admitted to the hospital found that patients who
developed delirium were significantly more likely to have
detectable levels of the peripheral cytokines IL-6 and Il-8,
even after adjusting for infection, age, and baseline cogni-
tive impairment [26]. Peripheral IL-6 and IL-8 levels were
similarly elevated in patients who developed delirium in
a prospective study of elderly patients admitted for acute
surgical repair of hip fracture [27]. Interestingly, IL-6 was
specifically associated with the hyperactive form of delir-
ium, whereas IL-8 was highest in the days preceding the
onset of delirium. Elevated IL-6 in association with delir-
ium was similarly found in a study of elderly patients after
abdominal surgery [28], however not in sepsis-associated
delirium in a study of adults of all ages [24]. Interest-
ingly, elevated levels of IL-6 were also detected in both
the chronic and acute forms of schizophrenia, a psychotic
disorder which shares some similar clinical features with
delirium and which perhaps inflammation may also play
a role in the pathogenesis of [29]. CSF levels of inter-
leukins during delirium in a young population with SLE
also showed an association with IL-6, but not other mark-
ers of inflammation [30].

Not all clinical studies on inflammation and delirium
have found similar results however. A prospective case-
control study of CRP, IL-6, and IGF-1 in patients before
and after surgery for hip fracture did not find any relation
between preoperative levels of these markers of inflam-
mation and subsequent development of delirium [31]. A
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recent observational prospective study of hospitalized el-
derly patients in an elderly acute care unit did not find
elevated levels if IL-6 with delirium [32]. The researchers
did, however, find that lower levels of the neuroprotec-
tive cytokines IGF-1 and IL-1RA were associated with
delirium, and that high IFN-γ and low IGF-1 had signif-
icant effects on delirium severity. Interestingly, IL-1RA
blocks the actions of other proinflammatory cytokines,
and other studies have found that IL-RA levels are in-
creased by haloperidol [33], an antipsychotic medication
sometimes used to treat delirium and investigated as a
possible prophylactic for delirium in elderly hip-surgery
patients [34]. Low levels of IGF-1 in patients admitted
to the hospital in a different small study were similarly
found to be predictive of subsequent delirium [35]. An-
other study found similar associations between levels of
IGF-1 and IFN-γ and delirium in acutely ill older patients,
but not IL-6 or IL-RA [36]. Thus, a reliable biological
marker for delirium remains elusive and is an area of in-
tense investigation.

Inflammation and Alzheimer’s Disease

Pathogenesis of Alzheimer’s Disease

Alzheimer’s disease (AD) is the most common form of de-
mentia, and much of the evidence regarding the role of
inflammation in dementia pertains to this subtype. The
brain pathology of AD is characterized by the presence of
β-amyloid neuritic plaques, intraneuronal tau neurofib-
rillary tangles, neuronal death and generalized cortical
atrophy [37].

Inflammation and Alzheimer’s Disease

As in delirium, several lines of scientific evidence have
implicated inflammation in the pathogenesis of AD [38].
However, unlike delirium, where there is an acute cog-
nitive deficit associated with an acute insult and associ-
ated inflammatory response, the cognitive decline of AD
typically develops over years, and the associated inflam-
mation is more likely to be a lower level but chronic
response. Many neuroinflammatory mediators, includ-
ing cytokines, chemokines, prostaglandins, and free rad-
icals, are upregulated in areas of the brain affected by
AD pathology. Postmortem studies of the brain in AD
demonstrate the presence of acute-phase reactants (in-
cluding CRP, proinflammatory cytokines, and activated
complement cascade proteins) in the senile plaques and
neurofibrillary tangles [39,40]. The concentration of in-
flammatory markers is intense, with levels higher than
that seen in infarcted hearts, atherosclerotic plaques, or
replaced joints [41]. The implications of this finding are
unclear, but proinflammatory cytokines are known to

alter the expression and processing of β-amyloid pre-
cursor protein [42,43], and fibrillar β-amyloid in turn
promotes the production of proinflammatory cytokines
by microglial and monocytic cell lines [44]. IL-1 also
increases neuronal tau phosphorylation [45] and acti-
vates astrocytes [46]. On a parallel note, polymorphisms
of some inflammatory genes, including IL-1, IL-6, and
TNF-α have been associated with an increased risk of
developing AD [47–50], thereby indirectly incriminating
inflammatory responses in the development of the dis-
ease. Peripheral IL-6 levels in healthy subjects aged 30–54
years have been shown to be inversely related to hip-
pocampal gray matter volume and memory function,
suggesting a role of systemic inflammation in both neu-
rodegeneration and cognitive decline [51].

Chronic inflammation is also thought to play a role in
the pathogenesis of vascular dementia, a form of cog-
nitive impairment characterized by large vessel disease
with strategic single and multiple strokes and small vessel
disease with progressive damage to the deep white mat-
ter [52]. Binswanger disease is a subtype of vascular de-
mentia characterized by progressive small vessel damage.
Pathologically, the brains of patients with Binswanger
disease show gliosis of the white matter with inflamma-
tory cells around blood vessels, where markers of inflam-
mation including cyclooxygenase-2 are also present [53].
Microglia activation, reactive astrocytes, and fibrinogen
are found in areas of demyelination [54].

Clinical Studies on Inflammation and Dementia

The concept that anti-inflammatory agents might play
a role in AD risk modification arose from the find-
ings of activated microglia and acute phase reactants
associated with amyloid plaques and neurofibrillary
tangles in AD brains. Several clinical investigations look-
ing at the potential role of inflammation in AD have
supported a possible link between inflammation and de-
mentia. Six of seven case-control studies showed that a
diagnosis of arthritis reduced the risk for AD, perhaps
due to the chronic use of anti-inflammatory drugs [55].
Nonsteroidal antiinflammatory drugs (NSAIDs) may in-
fluence the neuroinflammatory response through sev-
eral mechanisms: (1) by inhibiting cyclooxygenase-1 and
cyclooxygenase-2, (2) by activating the peroxisome pro-
liferator g (PPARg) nuclear transcription factor, and (3)
by reducing cellular responses to glutamate [56].

A number of observational population-based studies
have likewise linked anti-inflammatory interventions to
a lowered risk of developing AD. In the Rotterdam Study,
the intake of NSAIDs for more than 24 months was
associated with a relative risk for AD of 0.2 (95% CI
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0.05–0.83) while the use of NSAIDS for shorter periods
of 1 to 23 months was associated with a non-significant
risk reduction (95% CI 0.62–1.11) [56]. Similar AD risk
reductions were seen in chronic NSAID users in the Bal-
timore Longitudinal Study on Aging [57], Cache County
Study [58], and Canadian Study on Health and Aging
[59]. An inherent challenge in epidemiological studies
that attempt to relate AD risk with NSAID use is the
possibility of confounding by other, as yet unidentified
variables that distinguish subjects with arthritis and other
indications for chronic use of anti-inflammatory medica-
tions, and possible risk of increased complications from
NSAID use. In addition, a randomized placebo-controlled
clinical trial of rofecoxib or naproxen vs. placebo failed
to demonstrate a beneficial effect of nonsteroidal anti-
inflammatory drugs (NSAIDs) on the progression of AD
[60]. Observational studies that have evaluated the re-
lations of markers of systemic inflammation to AD risk
have been inconclusive; circulating cytokines have been
reported to be elevated [61,62], decreased [63], or un-
altered [64,65] in AD patients compared to cognitively-
intact controls. Cross-sectional studies that explored the
association between circulating inflammatory cytokines
and AD showed that both IL-1 [66] and TNF-α [67] blood
levels were elevated in patients with AD. High plasma
levels of CRP and IL-6 have been associated with poorer
cognitive performance at baseline and with a greater risk
of cognitive decline over a 2-year follow-up period in
some studies [68], although the Women’s Health Study
found no evidence of a link between high sensitivity CRP
and decrements in cognitive function [69]. One possible
explanation for the conflicting findings of studies on the
relation of serum cytokines and AD may be that circu-
lating levels of cytokines reflect systemic inflammation,
but may not adequately mirror intracerebral inflamma-
tory responses. For example, prior studies have reported
higher CSF levels of TNF-α relative to serum levels in AD
patients [70]. Of note, brain perivascular macrophages
and microglia that participate in intraparenchymal in-
flammation are derived from circulating macrophages
[71]. Thus, measurement of the spontaneous production
of cytokines (such as IL-1 and TNF-α) by peripheral blood
mononuclear cells (PBMC) may better reflect their poten-
tial to contribute to intracerebral inflammation compared
to assessment of serum cytokine levels. At the Fram-
ingham Study, we observed that higher levels of PBMC
production of the inflammatory cytokines IL-1 or TNF-
α were associated with an increased risk of developing
AD. In addition, we found that the presence of unfavor-
able levels of several PBMC cytokines was associated with
an approximately 2-fold increase in risk of AD compared
to those with favorable levels [72]. More recently, an-
other prospective study found that serum IL-6, hsCRP,

SAA, and PGF-2α levels are not associated with the risk
of AD, but high serum IL-6 levels may be associated with
increased risk of non-AD dementia [73].

Conclusion

Dementia and delirium are distinct clinical syndromes,
yet linked by overlapping clinical features and shared
pathogenic mechanisms. Dementia is recognized as one
of the most common risk factors for delirium, and con-
versely, delirium can alter the course of dementia by con-
tributing to a more rapid progression of cognitive dete-
rioration, functional decline, and loss of independence
[5,7,13]. Delirium can also be the initial presentation of
dementia, leading one to question whether these are co-
morbid but distinct entities or whether a more intimate
relationship exists [5,7]. This paper has explored the link
between dementia and delirium, specifically focusing on
the evidence that supports inflammation as a common
pathogenic mechanism in both syndromes.

Although the results of studies published thus far have
not consistently identified specific cytokines that are most
likely to play a role in either condition, there is ade-
quate evidence to justify future studies examining possi-
ble mediation of delirium and dementia by inflammatory
cytokines. Rather than serum levels alone, investigators
should consider using levels of PBMC-released cytokines,
which may be more reflective of intracerebral inflamma-
tion than serum cytokine levels.

Only with further studies can we clarify whether
inflammation is a true risk factor for delirium and
dementia, elucidate the underlying pathophysiologic
mechanisms for these associations, and identify potential
therapeutic opportunities to intervene and mitigate the
risk for subsequent cognitive decline.
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