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INTRODUCTION
Advancement in quality of health care has
resulted in improved patient outcomes;
however, knowledge of delirium as well
as methods of treatment and its preven-
tion are not well known. The prevalence
of delirium in postoperative patients is
associated with an increase in mortality,
impaired recovery, and increased hospital
costs (Chu et al., 2011). Complex syn-
dromes, like delirium, are usually not asso-
ciated with a single independent cause but
instead with a number of different sources
(van Munster et al., 2011). Delirium is
defined by the Diagnostic and Statistical
Manual of Mental Disorders, fifth edition
(DSM-V) as a disturbance in attention
and awareness according to several criteria
(American Psychiatric Association, 2013).
Biomarkers are biochemical or molecular
traces related to the presence or severity
of a disease (Chu et al., 2011). Biomarkers
present before the onset of the disease can
be used as a risk marker, the rise and fall of
biomarkers during illness can be tracked as
a disease marker, and remaining biomark-
ers can be seen as an end product of a
disease (Chu et al., 2011). The aim of this
paper is to identify biomarkers that may
have a diagnostic and prognostic role in
delirium.

NEUROINFLAMMATION
There are many potential inflammatory
serum and genetic biomarkers to investi-
gate along with delirium and PD. However,
it may not be sufficient to simply ana-
lyze serum inflammatory proteins; a 2006
review noted multiple problems with
using inflammatory serum biomarkers as
a primary measure of inflammatory reac-
tion and delirium association, including

the large number of inflammatory cascade
proteins involved (levels of each can vary
on an individual basis) and the fact that
the cytokine response can be confounded
by many factors (age, type of insult,
comorbid conditions, etc.) (Munster et al.,
2011). A more promising strategy may
investigating delirium in conjunction with
the genetics underlying an individual’s
inflammatory response. A study investi-
gating Interleukin-6 (IL-6), Interleukin-8
(IL-8), and Interleukin-6 Receptor (IL-6R)
genetic variations and delirium, found no
polymorphisms associated with delirium
(Marcantonio et al., 2006; van Munster
et al., 2011). However, a preliminary case-
control investigation by the same research
group found a link between human brain
activity of microglia, astrocytes and IL-
6 and delirium, with elevated HLA-DR,
CD68, IL-6 being associated with an
increased prevalence of delirium, and the
biomarkers GFAP and IL-1β showing no
association (Munster et al., 2011). These
results suggest the possibility that there
could be an underlying mechanism asso-
ciated with brain-localized inflammation
precipitating delirium, a conclusion war-
ranting further investigation.

DOPAMINE RECEPTORS
Genetic variance in genes encoding
dopamine receptors has been studied in
possible relation to delirium. Genotyping
performed on DNA isolated from 720 hip
fracture elderly patients concluded that AA
genotype of the SLC6A3 gene (rs393795)
is protective for the development of
delirium while genetic polymorphisms
in the receptor DRD2 and dopamine
transporter genes, were associated with
delirium (rs6276, rs6277, and rs2734839)

(Munster et al., 2011). All seven SNPs in
the SLC6A3 gene were associated with
delirium; the gene affects the function of
dopamine transporters, effectively reduc-
ing the concentration of cerebral basal
dopamine and increasing delirium risk
(van Munster et al., 2010c). The rs6276
SNP has been associated with increased
alcohol use, which might be due to a lower
production rate, resulting in less D2 pro-
tein (Lucht et al., 2007). The rs6277 SNP
affects messenger RNA (mRNA) stability
and results in altered dopamine-induced
up regulation of DRD2 expression and
DRD2 mRNA translation (van Munster
et al., 2010c).

A further meta-analysis concluded that
the homozygous AA genotype of rs393795
in the SLC6A3 gene was more frequent
in patients without delirium, and the
homozygous GG genotype of rs6276 in the
DRD2 gene was more frequent in patients
without delirium after adjustment for cog-
nitive impairment (van Munster et al.,
2010b). The SLC6A3 gene could affect
availability or function of dopamine trans-
porters; lower cerebral basal dopamine
concentration could diminish risk for
delirium (van Munster et al., 2010b). The
rs393795 SNP is intronic, and intronic
sequences have been found to encode
microRNAs; future research could involve
sequencing this region for functional vari-
ants (van Munster et al., 2010b).

S-100B AND NEURON SPECIFIC
ENOLASE
Biomarkers of cerebral damage could
also potentially be used as a biomarker
of PD. S100B is elevated in blood and
cerebrospinal fluid (CSF) when ner-
vous system damage occurs as a result
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of cerebral damage (van Munster et al.,
2009b). A postoperative elevation in
S100B levels in elderly hip fracture repair
patients has been observed in conjunction
with PD along with elevated postopera-
tive IL-6 and IL-8 serum concentrations in
the same population (van Munster et al.,
2009b). However, no link between IL-6
and IL-8 genetics and delirium has yet
been found (van Munster et al., 2011).
Interestingly, Olivecrona and Koskinen
found in 2012 that traumatic brain injury
(TBI) patients with the APOE ε4 allele
exhibited significantly higher maximal
levels of the S-100B protein than those
without the allele suggesting that there
is a genetic susceptibility to increased
levels of S-100B following a neurologic
insult (TBI in this case) (Olivecrona and
Koskinen, 2012). No similar study has
been conducted to examine the interplay
of genetics and S-100B in PD, so it is a
potential area for future research. In this
same study, Olivecrona and Koskinen,
found that neuron specific enolase (NSE)
was also elevated in TBI patients with the
Alzheimer’s disease related APOE ε4 allele
compared to those without (Olivecrona
and Koskinen, 2012). NSE has also been
examined in patients with PD, but no sig-
nificant correlation between elevated levels
of NSE and PD has yet been found (van
Munster et al., 2009b).

APOE ε4
Genetic variations in the apolipopro-
tein E have been studied in relation to
delirium. A study done by Ely et al.
including mechanically ventilated criti-
cally ill patients, examined the APOE4
polymorphism and its relationship with
delirium and discovered a strong associ-
ation between the APOE4 polymorphism
and a longer duration of delirium (Ely
et al., 2007). APOE4 is less effective at
suppressing nervous system inflammation
(Ely et al., 2007). Another study, survey-
ing various topics relating genetics and
delirium noted the APOE4 genotype is
associated with increased inflammation
in animal models, and that cytokines
can cause a reduction in the acetyl
cholinergic pathways (van Munster et al.,
2009a). Another article summarizing the
known biomarkers for delirium notes on
the inconsistencies in the outcomes of
APOE E4 studies (Chu et al., 2011). The

lack of notification of pre-existing cog-
nitive impairment in most studies pre-
vents definite association between the
allele and delirium (van Munster et al.,
2009a).

HYPOTHALAMIC-PITUITARY-ADRENAL
(HPA) AXIS
The neuroadrenergic axis has been a
prominent focus of research on the etiol-
ogy of PD. PD is associated with elevated
cortisol and less frequent suppression of
IGF-I (Cerejeira et al., 2013). Similarly,
delirium is associated with higher lev-
els of cortisol in CSF measurements
(Pearson et al., 2010). Hip fracture patients
who were homozygous for BclI-TthIIII
haplotype (a haplotype associated with
increased sensitivity to glucocorticoids
and elevated diurnal cortisol levels) were
at a decreased risk of developing PD
(Manenschijn et al., 2011). One study
found no association between plasma glu-
cose and delirium, but did take note of
the hyperactivity of the HPA axis along
with high plasma and CSF cortisol lev-
els in patients with delirium compared
to those without (Bisschop et al., 2011).
This same study notes that delirium has
been reported in patients with Cushing’s
syndrome (characterized by excess corti-
sol), as well as in those undergoing gluco-
corticoid therapy (Bisschop et al., 2011).
Another study focused on the association
between serum composition and delirium
noted that HPA dysregulation in delirium
resulted in higher basal cortisol levels asso-
ciated with chronic cognitive impairment
and higher levels of cortisol under condi-
tions of acute stress; they concluded that
these acute elevations of cortisol could be
involved in development of delirium (van
Munster et al., 2010a).

ISCHEMIA
PD is a prominent cause of morbidity fol-
lowing hip arthroplasty, and cerebral fat
emboli often occur during the surgical
process—investigators have identified the
resulting cerebral ischemia as a potential
link worthy of investigation (Cox et al.,
2011).

There is extensive research on the
genetic biomarkers of cerebral ischemia.
MicroRNA-124 (miRNA-124) has been
reported to regulate differentiation of neu-
ral progenitor cells (Cheng et al., 2009). In

rats, a decrease in neurogenesis following
an induced ischemic stroke was associated
with decreased miRNA-124 expression
(Liu et al., 2011). There is evidence that a
reduced expression of miRNA-124 results
in decreased Ku70 expression and neu-
ronal death following ischemia and reper-
fusion injury (Zhu et al., 2014). Similarly,
there is also evidence that miRNA-124
plays a role in down regulating inflam-
matory cytokines (often indicated in
the pathogenesis of PD) (Deiner and
Silverstein, 2009; Sun et al., 2013). Further
research could elucidate a possible link
between the miR-124 molecular pathway
and PD. There are other miRNA associ-
ated with ischemic stroke and subsequent
neurogenesis, but they are not studied as
in depth as miR-124 (Yan et al., 2013).

SERUM ANTICHOLINERGIC ACTIVITY
Serum anticholinergic activity has also
been implicated in the pathogenesis of PD:
acetylcholinesterase (Ach) and butyryl-
cholinesterase (BuChE) are involved in the
production of inflammatory cytokines,
and are hypothesized to play a role in PD
development through this mechanism.
One study found significantly decreased
activity of these enzymes both preop-
eratively and postoperatively in patients
experiencing PD (Cerejeira et al., 2012).
Another study found a significant link
between lower cholinesterase activity
and increased inflammatory markers (C-
reactive protein, IL-6) (Cerejeira et al.,
2011). The finding of decreased pre-
operative cholinesterase activity in PD
patients suggests that cholinesterase activ-
ity could potentially be a predisposing
factor for PD. Cerejeira et al. men-
tioned that the preexisting difference in
anticholinergic activity could be due to
pharmacologic therapy, as well as overall
health, and genetic differences (Cerejeira
et al., 2012). The cholinergic system is
associated with a wide variety of physio-
logical processes in the brain that could
alter cognitive function (Cerejeira et al.,
2010). There are many polymorphisms
in the cholinesterase gene (Goodall,
2004). Cholinergic physiology has been
implicated in the pathophysiology of mul-
tiple neurodegenerative disorders (AD,
Parkinson’s) and inflammation related
diseases, and the complex genetics (includ-
ing both genetic polymorphisms and
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mi-RNA regulation) of the cholinergic
system have been proposed as a potential
area for identifying biomarkers of these
disorders (Shenhar-Tsarfaty et al., 2013).
Cholinesterase activity has been associated
with PD, so the investigation of biomark-
ers of cholinergic system dysfunction in
conjunction with PD is warranted.

CONCLUSIONS
The pathogenesis of PD is still poorly
understood. Further elucidation and
refinement of biomarkers to track the risk
and progression of this disorder would
help in the identification and treatment of
patients at risk for this devastating disor-
der. Future research should focus on both
identifying serum markers of delirium and
understanding the genetic basis behind
these processes. Hopefully, these efforts
will make important strides in improv-
ing outcomes of patients experiencing
delirium.

REFERENCES
American Psychiatric Association. (2013). Diagnostic

and Statistical Manual of Mental Disorders,
5th Edn. Arlington, VA: American Psychiatric
Association.

Bisschop, P. H., de Rooij, S. E., Zwinderman, A.
H., van Oosten, H. E., and van Munster, B. C.
(2011). Cortisol, insulin, and glucose and the risk
of delirium in older adults with hip fracture. J. Am.
Geriatr. Soc. 59, 1692–1696. doi: 10.1111/j.1532-
5415.2011.03575.x

Cerejeira, J., Batista, P., Nogueira, V., Firmino, H.,
Vaz-Serra, A., and Mukaetova-Ladinska, E. B.
(2011). Low preoperative plasma cholinesterase
activity as a risk marker of postoperative delirium
in elderly patients. Age Ageing 40, 621–626. doi:
10.1093/ageing/afr053

Cerejeira, J., Batista, P., Nogueira, V., Vaz-Serra,
A., and Mukaetova-Ladinska, E. B. (2013). The
stress response to surgery and postoperative delir-
ium: evidence of hypothalamic-pituitary-adrenal
axis hyperresponsiveness and decreased suppres-
sion of the GH/IGF-1 Axis. J. Geriatr. Psychiatry
Neurol. 26, 185–194. doi: 10.1177/089198871
3495449

Cerejeira, J., Firmino, H., Vaz-Serra, A., and
Mukaetova-Ladinska, E. B. (2010). The
neuroinflammatory hypothesis of delir-
ium. Acta Neuropathol. 119, 737–754. doi:
10.1007/s00401-010-0674-1

Cerejeira, J., Nogueira, V., Luis, P., Vaz-Serra, A., and
Mukaetova-Ladinska, E. B. (2012). The choliner-
gic system and inflammation: common pathways
in delirium pathophysiology. J. Am. Geriatr.
Soc. 60, 669–675. doi: 10.1111/j.1532-5415.
2011.03883.x

Cheng, L. C., Pastrana, E., Tavazoie, M., and
Doetsch, F. (2009). miR-124 regulates adult neu-
rogenesis in the subventricular zone stem cell
niche. Nat. Neurosci. 12, 399–408. doi: 10.1038/
nn.2294

Chu, C.-L., Liang, C.- K., Lin, Y.- T., Chow, P.
C., Pan, C.- C., Chou, M.- Y., et al. (2011).
Biomarkers of delirium: well evidenced or
not? J. Clin. Gerontol. Geriatr. 2, 100–104. doi:
10.1016/j.jcgg.2011.11.005

Cox, G., Tzioupis, C., Calori, G. M., Green, J.,
Seligson, D., and Giannoudis, P. V. (2011).
Cerebral fat emboli: a trigger of post-operative
delirium. Injury 42(Suppl. 4), S6–S10. doi:
10.1016/S0020-1383(11)70005-5

Deiner, S., and Silverstein, J. H. (2009). Postoperative
delirium and cognitive dysfunction. Br. J. Anaesth.
103(Suppl. 1), i41–i46. doi: 10.1093/bja/aep291

Ely, E. W., Girard, T. D., Shintani, A. K., Jackson,
J. C., Gordon, S. M., Thomason, J. W., et al.
(2007). Apolipoprotein E4 polymorphism as a
genetic predisposition to delirium in critically
ill patients. Crit. Care Med. 35, 112–117. doi:
10.1097/01.CCM.0000251925.18961.CA

Goodall, R. (2004). Cholinesterase: phenotyping and
genotyping. Ann. Clin. Biochem. 41(Pt 2), 98–110.
doi: 10.1258/000456304322879971

Liu, X. S., Chopp, M., Zhang, R. L., Tao, T., Wang,
X. L., Kassis, H., et al. (2011). MicroRNA pro-
filing in subventricular zone after stroke: MiR-
124a regulates proliferation of neural progenitor
cells through Notch signaling pathway. PLoS ONE
6:e23461. doi: 10.1371/journal.pone.0023461

Lucht, M., Barnow, S., Schroeder, W., Grabe, H.
J., Rosskopf, D., Brummer, C., et al. (2007).
Alcohol consumption is associated with an inter-
action between DRD2 exon 8 A/A genotype and
self-directedness in males. Neuropsychobiology 56,
24–31. doi: 10.1159/000109974

Manenschijn, L., van Rossum, E. F., Jetten, A. M.,
de Rooij, S. E., and van Munster, B. C. (2011).
Glucocorticoid receptor haplotype is associated
with a decreased risk of delirium in the elderly.
Am. J. Med. Genet. B Neuropsychiatr. Genet. 156b,
316–321. doi: 10.1002/ajmg.b.31165

Marcantonio, E. R., Rudolph, J. L., Culley, D.,
Crosby, G., Alsop, D., and Inouye, S. K. (2006).
Serum biomarkers for delirium. J. Gerontol.
A Biol. Sci. Med. Sci. 61, 1281–1286. doi:
10.1093/gerona/61.12.1281

Munster, B. C., Aronica, E., Zwinderman, A. H.,
Eikelenboom, P., Cunningham, C., and Rooij, S.
E. (2011). Neuroinflammation in delirium: a post-
mortem case-control study. Rejuvenation Res. 14,
615–622. doi: 10.1089/rej.2011.1185

Olivecrona, Z., and Koskinen, L. O. (2012). The
release of S-100B and NSE in severe traumatic
head injury is associated with APOE epsilon4. Acta
Neurochir. (Wien) 154, 675–680. discussion: 680.
doi: 10.1007/s00701-012-1292-6

Pearson, A., de Vries, A., Middleton, S. D., Gillies,
F., White, T. O., Armstrong, I. R., et al. (2010).
Cerebrospinal fluid cortisol levels are higher in
patients with delirium versus controls. BMC Res.
Notes. 3:33. doi: 10.1186/1756-0500-3-33

Shenhar-Tsarfaty, S., Berliner, S., Bornstein, N.
M., and Soreq, H. (2013). Cholinesterases as
biomarkers for parasympathetic dysfunction and
inflammation-related disease. J. Mol. Neurosci.
doi: 10.1007/s12031-013-0176-4. [Epub ahead of
print].

Sun, Y., Li, Q., Gui, H., Xu, D. P., Yang, Y. L.,
Su, D. F., et al. (2013). MicroRNA-124 mediates
the cholinergic anti-inflammatory action through
inhibiting the production of pro-inflammatory

cytokines. Cell Res. 23, 1270–1283. doi: 10.1038/cr.
2013.116

van Munster, B. C., Bisschop, P. H., Zwinderman, A.
H., Korevaar, J. C., Endert, E., Wiersinga, W. J.,
et al. (2010a). Cortisol, interleukins and S100B in
delirium in the elderly. Brain Cogn. 74, 18–23. doi:
10.1016/j.bandc.2010.05.010

van Munster, B. C., de Rooij, S. E., and Korevaar, J.
C. (2009a). The role of genetics in delirium in the
elderly patient. Dement. Geriatr. Cogn. Disord. 28,
187–195. doi: 10.1159/000235796

van Munster, B. C., de Rooij, S. E., Yazdanpanah,
M., Tienari, P. J., Pitkala, K. H., Osse, R. J.,
et al. (2010b). The association of the dopamine
transporter gene and the dopamine receptor 2
gene with delirium, a meta-analysis. Am. J. Med.
Genet. B Neuropsychiatr. Genet. 153b, 648–655.
doi: 10.1002/ajmg.b.31034

van Munster, B. C., Korse, C. M., de Rooij, S. E.,
Bonfrer, J. M., Zwinderman, A. H., and Korevaar,
J. C. (2009b). Markers of cerebral damage during
delirium in elderly patients with hip fracture. BMC
Neurol. 9:21. doi: 10.1186/1471-2377-9-21

van Munster, B. C., Yazdanpanah, M., Tanck, M. W.,
de Rooij, S. E., van de Giessen, E., Sijbrands,
E. J., et al. (2010c). Genetic polymorphisms
in the DRD2, DRD3, and SLC6A3 gene in
elderly patients with delirium. Am. J. Med.
Genet. B Neuropsychiatr. Genet. 153b, 38–45. doi:
10.1002/ajmg.b.30943

van Munster, B. C., Zwinderman, A. H., and de Rooij,
S. E. (2011). Genetic variations in the interleukin-
6 and interleukin-8 genes and the interleukin-6
receptor gene in delirium. Rejuvenation Res. 14,
425–428. doi: 10.1089/rej.2011.1155

Yan, H., Fang, M., and Liu, X. Y. (2013). Role of
microRNAs in stroke and poststroke depres-
sion. ScientificWorldJournal 2013:459692. doi:
10.1155/2013/459692

Zhu, F., Liu, J. L., Li, J. P., Xiao, F., Zhang, Z. X.,
and Zhang, L. (2014). MicroRNA-124 (miR-124)
regulates Ku70 expression and is correlated with
neuronal death induced by ischemia/reperfusion.
J. Mol. Neurosci. 52, 148–155. doi: 10.1007/s12031-
013-0155-9

Conflict of Interest Statement: The authors declare
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 27 March 2014; accepted: 28 March 2014;
published online: April 2014.
Citation: Stoicea N, McVicker S, Quinones A,
Agbenyefia P and Bergese SD (2014) Delirium—
biomarkers and genetic variance. Front. Pharmacol.
5:75. doi: 10.3389/fphar.2014.00075
This article was submitted to Cardiovascular and
Smooth Muscle Pharmacology, a section of the journal
Frontiers in Pharmacology.
Copyright © 2014 Stoicea, McVicker, Quinones,
Agbenyefia and Bergese. This is an open-access article
distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the
original publication in this journal is cited, in accor-
dance with accepted academic practice. No use, distribu-
tion or reproduction is permitted which does not comply
with these terms.

www.frontiersin.org April 2014 | Volume 5 | Article 75 | 3

16

http://dx.doi.org/10.3389/fphar.2014.00075
http://dx.doi.org/10.3389/fphar.2014.00075
http://dx.doi.org/10.3389/fphar.2014.00075
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org
http://www.frontiersin.org/Cardiovascular_and_Smooth_Muscle_Pharmacology/archive

	Delirium—biomarkers and genetic variance
	Introduction
	Neuroinflammation
	Dopamine Receptors
	S-100B and Neuron Specific Enolase
	APOE 4
	Hypothalamic-Pituitary-Adrenal (HPA) Axis
	Ischemia
	Serum Anticholinergic Activity
	Conclusions
	References


