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Abstract

Delirium superimposed on dementia (DSD) occurs when patients with pre-existing dementia develop
delirium. This complication causes patients to become impaired, posing safety concerns for both hospital
staff and patients. Furthermore, there is an increased risk of worsening functional disability and death.
Despite medical advances, DSD provides both diagnostic and therapeutic challenges to providers. Identifying
at-risk patients and providing personalized medicine and patient care can decrease disease burden in a
time-efficient manner.

This review delves into bioinformatics-based studies of DSD in order to design and implement a
personalized medicine-based approach. Our findings suggest alternative medical treatment methods based
on gene-gene interactions, gene-microRNA (miRNA) interactions, gene-drug interactions, and
pharmacogenetic variants involved in dementia and psychiatric disorders.

We identify 17 genes commonly associated with both dementia and delirium including apolipoprotein

E (ApoE), brain-derived neurotrophic factor (BDNF), catechol-O-methyltransferase (COMT),
butyrylcholinesterase (BChE), acetylcholinesterase (AChE), DNA methyltransferase 1 (DNMT1), prion
protein (PrP), tumor necrosis factor (TNF), serine palmitoyltransferase long chain base subunit 1 (SPTLC1),
microtubule-associated protein tau (MAPT), alpha-synuclein (aS), superoxide dismutase 1 (SOD1), amyloid
beta precursor protein (APP), neurofilament light (NFL), neurofilament heavy, 5-hydroxytryptamine
receptor 2A (HTR2A), and serpin family A member 3 (ERAP3). In addition, we identify six main genes that
form an inner concentric model, as well as their associated miRNA. The FDA-approved medications that
were found to be effective against the six main genes were identified. Furthermore, the PharmGKB database
was used to identify variants of these six genes in order to suggest future treatment options.

We also looked at previous research and evidence on biomarkers that could be used to detect DSD.
According to research, there are three types of biomarkers that can be used depending on the stage of
delirium. The pathological mechanisms underlying delirium are also discussed. This review will identify
treatment and diagnostic options for personalized DSD management.

Categories: Neurology, Psychiatry, Geriatrics
Keywords: neurology, psychiatry, delirium, dementia, geriatrics, bioinformatics, delirium superimposed dementia,
hsa-mir-17

Introduction And Background

Dementia is a progressive cognitive decline that significantly impairs an individual’s well-being and social
function [1]. In contrast, delirium is characterized by an acute, transient, usually reversible, altered mental
status that features inattention and an altered level of consciousness [2]. Each condition increases the risk of
the other. Neuropsychiatric symptoms such as hallucinations, delusions, aggression, and sleep problems
often persist as dementia progresses [3]. Delirium contributes to increased hospitalization, functional
disability, and mortality, impacting healthcare utilization and costs. Despite medical and nursing
interventions, 70% of individuals with delirium remain undiagnosed [4].

While delirium and dementia are distinct clinically, delirium superimposed on dementia (DSD) occurs when
a person with pre-existing dementia develops delirium [5]. Delirium may cause hospitalized patients to
become violent; therefore, identifying at-risk patients can enhance the safety of both patients and staff [6].
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Three motor subtypes of delirium aid clinicians in diagnosis: 1) hyperactive delirium, characterized by
restlessness, irritability, belligerence, or agitation; 2) hypoactive delirium, causing lethargy, reduced
alertness, decreased motor activity, and unawareness; and 3) mixed delirium, exhibiting both hypoactive
and hyperactive symptoms [2].

Quality in medicine is synonymous with patient safety. In our caring society, patients with dementia require
high-quality, safe care. Traditionally, patient safety measures have focused on younger patients, particularly
in high-stakes fields such as surgery and obstetrics, where concerns may be more apparent. However, it is
essential to concentrate on vulnerable elderly individuals with dementia. Enhancing safety for dementia
patients benefits all patients, primarily by promoting person-centered care and improving the hospital
environment. Acute care systems for complex patients with multiple comorbidities warrant increased
attention to address this issue [7].

Healthcare-related harm often manifests as geriatric syndromes, including falls, delirium, incontinence, and
functional decline in elderly individuals [8-9]. Raising awareness and understanding of these issues is
crucial. A “low expectation” mindset, which conflicts with the necessary “safety culture,” makes the
presentation and identification of mild adverse events in dementia patients even more challenging [10].
Preventing delirium in an elderly dementia patient should be as critical as preventing wound infection in a
young surgical patient [11-12].

Due to the inter-related nature of dementia and delirium, diagnosing and prognosing individuals based on
personalized medicine can be time-efficient, cost-effective, precise, and molecularly targeted. Such studies
may pave the way for DSD treatment without resorting to physical or violent interventions. This review
focused on bioinformatics-based investigations of DSD and comprehensively examined the literature. The
aim was to introduce novel gene-gene interactions (GGI), protein-protein interactions, gene-drug
interactions (GDI), and gene-microRNA (miRNA) interactions (GMI). Discoveries in GMI may help identify
circulating agents, such as miRNAs and long noncoding RNAs, in the plasma of individuals suspected of
having DSD. GDIs can introduce potential candidate drugs to reduce aggressive actions and alleviate
negative manifestations associated with DSD.

Review
Bioinformatics for delirium

Some 17 genes are common between dementia and delirium, including apolipoprotein E (ApoE), brain-
derived neurotrophic factor (BDNF), catechol-O-methyltransferase (COMT), butyrylcholinesterase (BChE),
acetylcholinesterase (AChE), DNA methyltransferase 1 (DNMT1), prion protein (PrP), tumor necrosis factor
(TNF), serine palmitoyltransferase long chain base subunit 1 (SPTLC1), microtubule-associated protein tau
(MAPT), alpha-synuclein (aS), superoxide dismutase 1 (SOD1), amyloid beta precursor protein (APP),
neurofilament light (NFL), neurofilament heavy, 5-hydroxytryptamine receptor 2A (HTR2A), and serpin
family A member 3 (ERAP3). The evidence revealed that six main genes are in the inner concentric model,
including SNCA, APP, BDNF, DNMT1, APOE, and TNF. Furthermore, the miRNA associated with these genes
was hsa-miR-17-5p, the most interactive and important miRNA. The fourth level of analyses investigated the
GDIs for the six aforementioned genes in the concentric model. Drugs with unknown pharmacological
actions were discarded, and considering this cutoff, TNF, APP, and DNMT1 genes exhibited reliable FDA-
approved drugs (Table 1) [13-22].

2023 Jahangir et al. Cureus 15(5): €38627. DOI 10.7759/cureus.38627 20f10


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Gene
TNF
TNF
TNF
TNF
TNF
TNF
TNF
TNF
APP
APP
APP
APP
APP
DNMT1

DNMT1

Drug

Etanercept
Adalimumab
Infliximab
Certolizumab pegol
Pomalidomide
Golimumab
Foreskin keratinocyte [neonatal]
Glycyrrhizic acid
Florbetaben [18F]
Flutemetamol [18F]
Florbetapir [18F]
Gantenerumab
Lecanemab
Decitabine

Azacitidine

Drug category
Inhibitor
Inhibitor
Inhibitor
Neutralizer
Inhibitor
Antibody
Agonist
Antagonist
Binder

Binder

Binder
Binder/antagonist
Binder

Inhibitor

Inhibitor

TABLE 1: Gene-drug interactions of candidate genes for DSD.

DSD, dementia superimposed delirium; APP, amyloid precursor protein; DB, DrugBank; DNMT1, DNA methyltransferase 1; TNF; tumor necrosis factor

DB ID

DB00005

DB00051

DB00065

DB08904

DB08910

DB06674

DB10772

DB13751

DB09148

DB09151

DB09149

DB12034

DB14580

DB01262

DB00928

2023 Jahangir et al. Cureus 15(5): €38627. DOI 10.7759/cureus.38627

Based on the findings of the present review, personalized medicine for DSD was performed. The strategy to
identify significant and actionable suggestions involved finding variants related to dementia, delirium, and
other psychiatric manifestations. To search for plausible variants for future treatments of individuals with
DSD based on personalized medicine, the PharmGKB database was used to determine variant annotations of
the six candidate genes. The data revealed 205 variant annotations for BDNF, APOE, and TNF genes, while
the other three had no variant annotations yet. After filtering for significant variants and applying specific
cutoffs related to psychiatric phenotypes, 105 variant annotations were found. Among these, 15 annotations
of BDNF and APOE genes indicated a relationship with DSD. Finally, seven variants were notable for further
studies: rs11030104, rs6265, rs7103411, rs7124442, rs962369, rs405509, and rs429358 (Table 2) [13-22].
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Gene

BDNF

BDNF

BDNF

BDNF

BDNF

BDNF

BDNF

BDNF

BDNF

BDNF

APOE

APOE

APOE

TABLE 2: Candidate variant based on pharmacogenetics perspective of DSD personalized

Variant

rs11030104

rs6265

rs6265

rs6265

rs6265

rs6265

rs6265

rs7103411

rs7124442

rs962369

rs405509

rs429358

rs429358

medicine.

APOE, apolipoprotein E; BDNF, brain-derived neurotrophic factor; DSD, delirium superimposed on dementia; HMG-CoA, hydroxymethylglutaryl-coenzyme

Drugs

Antipsychotics

Analgesics; anti-

inflammatory agents, non-

steroids; ergot alkaloids;

opioids; sumatriptan

Risperidone

Citalopram

Paroxetine

Methylphenidate

Antipsychotics

Citalopram

Citalopram

Escitalopram; nortriptyline

SSRIs

HMG-CoA reductase
inhibitors

Donepezil; galantamine;

rivastigmine

Association

Genotypes AG + GG is associated with increased resistance to
antipsychotics in people with schizophrenia as compared to genotype AA.

Allele T is associated with decreased likelihood of headache disorders and
substance withdrawal syndrome in people not taking analgesics, anti-
inflammatory agents, non-steroids, ergot alkaloids, opioids and

sumatriptan as compared to allele C.

Genotype TT is associated with decreased severity of weight gain due to
risperidone in people with schizophrenia as compared to genotype CC.

Genotype CC is associated with decreased response to citalopram in
people with depressive disorder, major as compared to genotype TT.

Genotypes CC + CT is associated with decreased response to paroxetine
in women with depressive disorder, major as compared to genotype TT.

Genotype CC is associated with increased response to methylphenidate
in children with attention deficit disorder with hyperactivity as compared to
genotypes CT + TT.

Genotypes CT + TT is associated with increased resistance to
antipsychotics in people with schizophrenia as compared to genotype CC.

Genotype TT is associated with decreased response to citalopram in
people with depressive disorder, major as compared to genotype CC.

Genotype tt is associated with decreased response to citalopram in people
with depressive disorder, major as compared to genotypes CC + CT.

Allele C is associated with increased likelihood of suicidal ideation when
treated with escitalopram or nortriptyline in people with depressive
disorder, major as compared to allele T.

Genotype TT is associated with increased response to Selective serotonin
reuptake inhibitors in people with depressive disorder, major as compared
to genotypes GG + GT.

Genotype CC is associated with increased response to HMG-CoA
reductase inhibitors in people with Alzheimer disease as compared to
genotypes CT + TT.

Genotypes CC + CT is associated with decreased response to donepezil,
galantamine and rivastigmine in people with Alzheimer disease as
compared to genotype TT.

A; PMID, PubMed Identification; PMCID, PubMed Central Identification; SSRI, selective serotonin reuptake inhibitors

p-Value

0.00004

0.001

0.001

0.019

0.0002

0.0013

0.003

<0.05

0.04

<0.01

0.023

Literature

Zhang, et
al., 2013
[13]

Cargnin et
al., 2014
[14]

Lane et
al., 2006
[15]

Domschke
etal.,
2010[16]

Wang et
al., 2014
[17]

Kim et al.,
2011 (18]

Zhang et
al., 2013
[13]

Domschke
etal.,
2010[16]

Domschke
etal.,
2010[16]

Perroud et
al., 2009
[19]

Yuan et
al., 2020
[20]

Geifman
etal.,
2017 [21]

Braga et
al., 2015
[22]

Pathophysiology of delirium

The exact pathophysiology of delirium is unknown, but it is thought to be a multifactorial process resulting

in brain dysfunction. The attentional deficit that serves as a marker of delirium has diffuse localization

within the brain. As evidenced by the discovery of symmetrical activity slowing on an electroencephalogram
(EEG), which is a non-specific finding, delirium typically occurs from diffuse abnormalities in cortical and
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subcortical regions of the brain [23]. Inflammation, hypoxia, and oxidative stress increase the brain's
exposure to toxins and create a state of low acetylcholine and high dopamine [24]. For example, in cases
such as sepsis, where there is a systemic inflammatory response, proinflammatory cytokines released into
the bloodstream can enter the central nervous system, leading to changes in the function of endothelial
cells, decreased perfusion, activation of microglia, and death of neurons as well as neurotoxicity [25].
Transient episodes of subclinical hypoxia can result in reduced acetylcholine production, the primary
neurotransmitter responsible for the functioning of the reticular activating system. The reticular activating
system is vital in regulating alertness and attention, and its impairment is a crucial characteristic of
delirium [24]. For example, the binding of anticholinergic medications to nicotinic and muscarinic receptors
in the brain can worsen or trigger delirium by affecting cognitive function and arousal, providing further
evidence for the role of cholinergic deficiency in delirium [25]. Furthermore, stress of any kind may suppress
parasympathetic tone and enhance sympathetic tone, affecting cholinergic function and causing delirium. It
mainly concerns older individuals, who are more vulnerable to reduced cholinergic transmission and are,
therefore, at higher risk of developing delirium [26]. There is a suggestion that dopamine is a contributing
part of the perceptual problems in delirium. In addition, oxidative damage may trigger the body to release
dopamine, which can have this effect [24]. Irrespective of the root cause, delirium leads to a decline in the
functioning of the cerebral hemispheres and the arousal mechanisms in the thalamus and reticular
activating system located in the brain stem [26].

Epidemiology of delirium

Delirium is more prevalent among hospitalized elderly patients, with its occurrence depending on risk
factors, clinical context, and diagnostic techniques. In conventional hospitals, delirium occurs in 14%-24%
of patients before hospital admission and 6%-56% during hospitalization. Although delirium affects 1%-2%
of the general population, this percentage increases to 14% among individuals over 85 years old [27-29].

Screening and diagnosis of delirium

Available delirium screening tests often exhibit low sensitivity and specificity in detecting dementia. The
confusion assessment technique (CAM), based on the Diagnostic and Statistical Manual of Mental Disorders
(DSM)-III-R criteria, demonstrates a 96% specificity and a 77% sensitivity in identifying delirium
superimposed on dementia [30-36]. The CAM is widely used in both clinical and research settings and
assesses patients through interviews and cognitive tests based on four criteria: 1) acute onset and
fluctuating course; 2) inattention; 3) disorganized thinking; and 4) level of consciousness [7].

Delirium and dementia

Delirium is more commonly associated with psychosis, anxiety, and psychoactive medications that induce
postural hypotension, drowsiness, and extrapyramidal symptoms [37]. While restraints are known to be
dangerous, data suggest that older, cognitively impaired individuals, such as those with dementia,
experience negative emotional responses like anger, anxiety, resistance, shame, and demoralization when
restrained in a hospital setting. These individuals often recall the episode after discharge [7]. Physical
restraints contribute to sleep loss and disrupt the sleep-wake cycle by keeping patients in one position. This
disruption can alter melatonin secretion, a peptide hormone regulating circadian rhythm, potentially
leading to delirium [38-39]. Several principles for managing patients with delirium include reorientation,
cognitive stimulation, adequate nutrition and hydration, sensory stimulation, early mobilization,
multidisciplinary medication review, restraint avoidance, visual and hearing screening, and optimizing pain
management [40].

Prevention and management of delirium

Effective delirium management involves identifying and addressing predisposing risk factors, creating an
optimal environment for brain recovery, minimizing neurological consequences, addressing patient
concerns, monitoring for resolution, and educating sitters and caregivers about the risk of relapse [40-41].
Recent clinical recommendations advocate for multifaceted measures to prevent and treat delirium [40].
Restraints have been associated with psychoactive and sedative drug use, delirium, and language
impairments. Delirious patients experience physical restraints more frequently than non-delirious patients;
thus, reducing delirium may decrease restraint utilization. The ABCDE approach (Awakening and Breathing
coordination, Delirium monitoring, and Exercise/early mobility) can help reduce delirium incidence [42].
When non-pharmacological treatments prove ineffective, antipsychotics can treat delirium [43]. Low-dose
antipsychotics may alleviate the distressing symptoms of delirium or chemically restrain individuals at risk
of causing harm to themselves or others [44-45]. The primary strategies for reducing complications in
patients with DSD include pressure area care, fall prevention, early mobilization, judicious use of
antipsychotics, prompt communication, and caregiver education [46].

GGils, GMIs, GDIs, and personalized medicine

The current study assessed molecular investigations of DSD using bioinformatics analyses and obtained
intriguing results. Here, we review publications that have reported evidence and suggestions based on
various biomarkers for detecting DSD. According to Marcantonio et al., serum biomarkers indicating
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delirium can be divided into three primary groups: 1) those present or increased before disease initiation
indicators, 2) those increasing with initiation and diminishing with recovery-disease markers, and 3) those
arising in relation to disease consequences-and outcomes [47]. They also summarized previously reported
biomarkers, including serum chemistries related to renal function, the APOE4 allele, the A9 allele of the
dopamine transporter, serum anticholinergic activity, serum amino acids like tryptophan, serum melatonin,
cytokines or inflammatory markers, hypercortisolism, neuron-specific enolase, and S-100 beta (tau
protein) [47].

De Jonghe et al. found that melatonin administration reduces sundowning/agitated behavior in dementia
patients [48]. This finding suggests that melatonin medication may share a common cause, such as
disruption of the circadian rhythm, and have similar beneficial effects in delirium patients. In a
comprehensive study, van den Boogard et al. evaluated 100 intensive care unit patients with or without
delirium and discovered that the underlying mechanism regulating delirium onset differs between patients
with or without infection/systemic inflammatory response syndrome [49].

Studies have also investigated the role of biomarkers in diagnosing and understanding the etiology of
specific syndromes, such as Wernicke-Korsakoff syndrome [50] and Alzheimer’s disease [51-53]. Hov et al.
found that cerebrospinal fluid (CSF) S100B levels were higher in patients with acute delirium and
pathological Alzheimer’s disease biomarker P-tau levels, suggesting susceptibility induced by astrocytic
activation and tau pathology [52]. Henjum et al. supported the concept of primed microglia in
neurodegenerative diseases and proposed that a CSF neuroinflammation biomarker panel could be useful in
preventing delirium by identifying patients at risk [53].

Genome-wide association studies have also discovered new loci for delirium risk, with McCoy Jr. et al.
identifying linked variations on chromosomes 2, 6, 7, 10, and 20, associated with genes such as IL1, IRL1,
IL18R1, IL18RAP, MIR4772, SLC9A2, SLC9A4, PDE7B, CDH26, FAM217B, PPP1R3D, and SYCP2 [54].
Vasunilashorn et al. found that APOE 4 genotype carrier status may alter the link between postoperative day
two C-reactive protein levels and postoperative delirium (POD) [55]. Other studies have also investigated the
associations between plasma markers of inflammation, coagulation, brain injury, and delirium duration in
elderly hospitalized patients [56] and the interaction between APOE €4 allele and vitamin D variations [57].

Research by Wang et al. analyzed delirium literature, revealing that few studies have shown a link between
amyloid and tau biomarkers [58]. However, their separate study suggested that dysregulated innate
immunity could deleteriously impact the blood-brain interface, causing delirium and exacerbating
Alzheimer’s disease neuropathology [59]. Furthermore, Fong et al. found a relationship between CSF
biomarkers for Alzheimer’s disease and POD in older adults, supported by the gradient effect, which
indicates that when delirium occurs in individuals with any amyloid, tau, and neurodegeneration (ATN)
biomarker, the severity of the delirium increases beyond the level of either delirium or ATN biomarkers
alone [60]. In a recent study, Wang et al. conducted a meta-analysis to identify biomarkers for Alzheimer’s
and related dementias associated with POD [61]. This meta-analysis revealed a connection between POD and
specific inflammatory and neural damage biomarkers.

The bioinformatics findings of the current review suggested that BDNF and APOE variants might be
candidates for personalized medicine-based detection of DSD. There are conflicting reports regarding the
genetic association of APOE with delirium. For example, Adamis et al. and van Munster et al. reported an
association between APOE and delirium [62-63], whereas studies by Bryson et al., Vasunilashorn et al., and
another by Adamis et al. showed no relationship [64-66]. The current review was inconsistent with the
results of Adamis et al. and van Munster but aligned with the findings of Bryson, Vasunilashorn et al., and
Adamis et al.’s later study. Most publications investigated the serum levels of BDNF in various ways [67-71],
and only a few studies focused on the genetic basis of BDNF in the context of delirium [72-73]. Therefore,
this study recommends conducting more genetic association studies on BDNF candidate variants and
individuals with DSD.

This review also introduced a miRNA (hsa-miR-17-5p) as a potential candidate circulating biomarker for
detecting individuals with DSD. Evidence has demonstrated the roles of various miRNAs in dementia and
delirium separately in both human and animal studies [74-75]. A recent report by Estfanous et al. presented
an intriguing study on a mouse model and human tissues, showing elevated expression levels of MiR-17 in
the microglia of Alzheimer’s patients, disrupting autophagy-mediated amyloid-beta degradation [76]. Very
few studies exist regarding the miRNAs involved in delirium pathogenicity in circulating plasma. Wang et al.
suggested that MiRNA-320 may contribute to the up-regulation of insulin-like growth factor-1 messenger
RNA and APP protein levels, offering a new strategy for treating POD [77].

Despite the comprehensive search strategy and rigorous eligibility criteria, this review had some limitations.
The quality of the included studies was not assessed; therefore, some studies may have a high risk of bias.
Furthermore, the concept of personalized medicine is comparatively new, and there is limited consensus on
its definition and implementation, which restricts the applicability of the study findings to clinical practice.

Conclusions

Delirium is a brief mental state that can lead to hospitalization, functional disability, and death, and
personalized medicine is accurate, cost-effective, and molecularly targeted. Delirium is more common in
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psychosis, anxiety, and psychoactive medications, and physical restraints can disrupt the sleep-wake cycle,
causing melatonin disruption. Some 70% of delirious patients go undiagnosed, increasing hospitalization,
functional disability, and death. Bioinformatics-based DSD studies revealed new gene-gene, protein-
protein, gene-drug, and gene-microRNA interactions. Six essential genes, SNCA, APP, BDNF, DNMT1,
APOE, and TNF, showed FDA-approved drugs with reliable pharmacological effects. Delirium management
involves identifying and addressing risk factors, creating an optimal brain recovery environment, minimizing
neurological consequences, managing patient concerns, monitoring for resolution, and educating caregivers
about relapse. DSD biomarker studies from molecular bioinformatics are intriguing. We discovered that
delirium-indicating serum biomarkers existed in three categories: those present or increased before disease
initiation, those increasing with initiation and decreasing with recovery, and those related to disease
outcomes and consequences. We found that infection/sIRS causes delirium. Genome-wide association
studies discovered delirium risk loci. Plasma inflammation, brain injury, coagulation, and delirium duration
are linked. In this article, we analyzed Alzheimer's and dementia POD biomarkers. The review proposed
BDNF and APOE variants for personalized medicine-based DSD identification. Delirium and APOE genetics
are inconsistent, but this review supported Bryson, Vasunilashorn, et al. Hsa-miR-17-5p is a DSD biomarker.
Personalized medicine's definition and implementation limit the study's clinical relevance.
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