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independently associated with an increase in mortality, 
impaired physical and cognitive recovery, and increased 
healthcare costs  [2] . Since the proportion of elderly peo-
ple with greater risk for delirium continues to grow, the 
absolute number of patients with delirium and associated 
problems can be expected to rise in the future.

  Despite its large impact, the pathophysiological 
mechanisms leading to delirium are still largely un-
known  [3] . Furthermore, the delirium recognition rates 
are low (12–43%), and its management remains conse-
quently inadequate in up to 80% of the patients  [1] . Ge-
netics, the science of heredity and variation, has been 
named as the most promising technique to contribute to 
both of these gaps  [4, 5] . Despite the fact that they offer 
unique possibilities to learn more about the pathophys-
iology of delirium, studies on genetics in delirium in 
elderly patients have been scarce until now. The field of 
genetics has already acquired a prominent place in 
pathophysiological research in other psychiatric disor-
ders like dementia, schizophrenia and depression  [6–8] . 
In these disorders, its value has been demonstrated due 
to both common variations of the human genome that 
are becoming available as well as new high-throughput 
technologies  [9] .

  The scarcity of genetic studies in delirium may be due 
to the characteristics and etiology of the syndrome; ge-
netic association studies in delirium are less straightfor-
ward than genetic association studies in other diseases of 
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 Abstract 

  Delirium is an important neuropsychiatric syndrome in the 
elderly that is associated with an increase in mortality, im-
paired physical and cognitive recovery, and increased health-
care costs. Two important gaps in daily practice with deliri-
um are the pathophysiological obscurity and the low 
recognition rates. Genetics offers the possibility to contrib-
ute knowledge to both of these gaps with its unique and 
diverse techniques. However, genetic studies in delirium 
have been scarce until recently, due to the nature of the di-
agnosis, the etiology of the syndrome, and the pitfalls inher-
ent in the design of genetic studies. This review describes 
the barriers of this field of research and the implications for 
our current knowledge of delirium.    

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Delirium is an important neuropsychiatric syndrome 
with frequencies in the elderly population of up to 56% at 
and during admission  [1] . Though patients usually recov-
er after treatment of the precipitating factors, delirium is 
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old age. This review will discuss this topic in detail. Ad-
ditionally, we describe how genetics may contribute to 
knowledge regarding the pathophysiology of delirium 
and its implications for future research.

  The Syndrome of Delirium 

 Delirium is defined by a fluctuating alteration in 
consciousness and a change in cognition or a percep-
tual disturbance  [10] . It is evoked by a somatic factor, 
which can involve a variety of different illnesses, sur-
gery, or substance (medication) intoxication or with-
drawal. The different clinical subtypes of delirium in-
clude the hyperactive, hypoactive and mixed types. The 
diagnosis has to be made by an experienced clinician 
based on a classification scale like the Diagnostic and 
Statistical Manual of Mental Disorders  [10]  or the Inter-
national Classification of Diseases  [11] . Predisposing 
factors include higher age and cognitive and functional 
impairment, among others  [12] . In addition to cognitive 
impairment serving as an important risk factor for pa-
tients developing delirium, delirious patients are also 
more prone to exhibit deterioration in their cognitive 
functioning afterwards  [13] .

  The diagnosis is frequently missed due to the mani-
festation of the syndrome  [1] . First, symptoms develop 
acutely, and the duration of delirium is limited to a few 
days if the precipitating factor is adequately treated. 
Therefore, the time frame for making an adequate diag-
nosis is short  [14] . Second, symptoms of delirium fluctu-
ate over time; because they are the most apparent during 
the night, the patient has to be closely observed for 24 h. 
Finally, the hypoactive subtype, with its absence of overt 
distress or disturbance, is especially likely to be over-
looked  [15] . Apart from failure to recognize the symp-
toms, misdiagnosis is a considerable problem, since de-
pression and dementia are important differential diagno-
ses for hypoactive delirium. The hyperactive and mixed 
subtypes of delirium may falsely be diagnosed as func-
tional psychosis, dementia, (hypo)mania, anxiety disor-
ders or akathisia  [16] .

  The Pathophysiology of Delirium 

 A number of hypotheses have been put forward in an 
attempt to explain the pathophysiological processes lead-
ing to the development of delirium  [3, 5, 17, 18] . Several 
theories describe disturbances of different systems in the 

brain, such as the (1) ‘neurotransmitter’, (2) ‘inflamma-
tory’, (3) ‘physiological stress’, (4) ‘cellular signaling’, (5) 
‘oxygen supply’ or (6) ‘sleep-wake cycle’ systems. The 
burden of proof for the diverse hypotheses varies from 
almost hypothetical (the role of melatonin) to fairly prov-
en (dysbalance between dopamine and acetylcholine ac-
tivity in the brain).

  The most widely propagated theory focuses on the 
neurotransmitter system. This theory states that relative 
acetylcholine deficiency and dopamine excess could me-
diate the characteristic symptoms of delirium  [17] . This 
is supported on the one hand by the fact that delirium 
can be evoked by dopamine agonists and anticholinergic 
medication and on the other hand because delirium can 
be successfully treated with dopamine receptor antago-
nists and possibly also by cholinesterase inhibitors  [19] .

  Proinflammatory cytokines are known to contribute 
to the development of sickness behavior. This syndrome 
is characterized by symptoms overlapping with delirium 
and can be induced by a wide variety of clinical condi-
tions just like delirium  [20] . Recently, an association be-
tween the proinflammatory cytokines interleukin-6 and 
interleukin-8 and delirium was found in medical  [21]  and 
surgical  [22]  patients.

  There is some evidence that dysregulation of the lim-
bic-hypothalamic-pituitary-adrenal axis, with patholog-
ically sustained high levels of cortisol occurring with 
acute stress, can precipitate and/or sustain delirium  [3] .

  The ‘cellular signaling hypothesis’ suggests that more 
fundamental processes like intraneuronal signal trans-
duction may be disturbed, thereby affecting neurotrans-
mitter synthesis and release  [18] .

  The ‘oxygen deprivation hypothesis’ proposes that de-
creased oxidative metabolism in the brain causes cerebral 
dysfunction because of abnormalities in various neu-
rotransmitter systems  [18] .

  Disruption of the sleep-wake cycle is an important 
characteristic of delirium. Melatonin, a hormone involved 
in the circadian rhythm, could be responsible for the dis-
turbance in this system  [23] . Several studies have shown a 
difference in melatonin secretion in patients with deliri-
um compared to patients without delirium  [23, 24] .

  Since many of the above systems interact, these theo-
ries are probably not mutually exclusive. On the contrary, 
since the syndrome of delirium is the result of a wide va-
riety of combinations of predisposing and precipitating 
factors, the concept of a final common pathway seems to 
be the most plausible  [17] . The candidate system for this 
final common pathway that is most widely supported by 
the existing evidence is the neurotransmitter system.
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  The Phenotype Delirium 

 A phenotype is any observable characteristic of an or-
ganism, such as its morphology, development, biochemi-
cal or physiological properties, or behavior. Phenotypes 
result from the expression of an organism’s genes, influ-
ence of environmental factors and possible interactions 
between the two. Experiencing delirium is also a pheno-
type. This delirium phenotype is by definition dependent 
on environmental factors; a patient needs to cross a cer-
tain threshold with a combination of predisposing and 
precipitating factors to elucidate it  [25] .  Figure 1  suggests 
a possible relationship between predisposing and precip-
itating factors in the risk for delirium. While a person 
with many predisposing factors will only need a minor 
trigger to develop delirium (i.e. an old demented patient 
with a mild urinary tract infection), a person without 
predisposing factors requires a very serious trigger (i.e. a 
young patient with severe sepsis in the intensive care 
unit). This figure reveals that it is difficult to clearly clas-
sify a person as demonstrating a nondelirious phenotype: 
if there are no precipitating factors, the phenotype of de-
lirium is unknown. If there is a precipitating factor, how-
ever, the classification of the phenotype as delirious or 
not is strongly influenced by the severity of both the pre-
disposing and precipitating factors. The classification of 
the nondelirium phenotype can thus only be made with 

certainty in patients without delirium despite severe pre-
disposing and precipitating factors. In most other disor-
ders, the people are more reliably classified as controls 
because these disorders have already revealed themselves 
at higher age. Moreover, misclassification of controls is 
not substantial if the frequency of the disorder is rela-
tively low, whereas the frequency of delirium will become 
high with rising age.

  In addition to the uncertainty in delirium phenotype 
classification, we do not know if there is only one deliri-
um phenotype. In theory, it is possible that different eti-
ologies may lead to delirium via different pathophysio-
logical pathways. It could be possible, for example, that 
one patient will always experience delirium after surgery 
but never after infection. In the same respect, we do not 
know whether the hyperactive, hypoactive and mixed 
subtypes of delirium are all part of the same phenotype. 
Further, we do not know if the subtypes alternate during 
one episode of delirium  [16] .

  The Genotype Delirium 

 The genotype of an organism is comprised of the in-
herited instructions it carries within its genes. Variation 
among individuals may be due to genetic and/or environ-
mental factors. Heritability refers to the proportion of 
phenotypic variation in a population that is attributed to 
the genetic profile of the individual. Estimation of heri-
tability is done with twin or family studies. The heritabil-
ity of delirium is unknown, and there are no known fam-
ilies with a high frequency of affected members. How-
ever, that delirium might be heritable can be deduced 
from the estimated heritability of 30% for the occurrence 
of any psychotic episode in late-onset Alzheimer’s disease 
 [26] . The most important reason accounting for the lack 
of heritability studies is the fact that delirium develops 
mainly in elderly people. In a family, therefore, the phe-
notype of younger members will be unknown, whereas 
older siblings have already passed away. This difficulty, 
in addition to the challenges in the proper classification 
of the phenotype described earlier, explains why twin 
and family studies in delirium are hard to perform.

   Figure 1  shows the risk of delirium for different com-
binations of predisposing and precipitating factors. Pre-
disposing factors vary and will grow over time; in addi-
tion to age, the incidence of other important factors pre-
disposing to delirium (e.g. cognitive and functional 
impairment) rises with increasing age. Genetic features 
may also be part of these predisposing factors for deliri-
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 Fig. 1. Relationship between predisposing and precipitating fac-
tors. Darker shading indicates a higher risk for delirium. Genetic 
factors will play the largest role in the delirium phenotype in the 
light zone. In analogy, the contribution of genetics to the nonde-
lirium phenotype will be largest in the darker zone.   
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um. Since genetic factors are relatively independent of 
age, the proportion of phenotypic variation that is attrib-
uted to genetics declines with increasing age. The dimin-
ished role of genetic factors in the etiology of disease at 
advanced age is not unique for delirium but has also been 
demonstrated in other old-age diseases like dementia and 
osteoporosis  [27, 28] .

  We hypothesize that the contribution of genetics to the 
development of delirium will be largest in patients who 
become delirious despite minor predisposing and precip-
itating factors (lower left corner of  figure 1 ). In analogy, 
the protective effect of genetic factors or the contribution 
of genetics to the nondelirium phenotype will be largest 
in patients without delirium despite the presence of ma-
jor predisposing and precipitating factors (upper right 
corner in  fig. 1 ). Both of these groups of patients represent 
ideal study populations for identifying genetic factors as-
sociated with delirium. The first group has the disadvan-
tage of a low incidence of the delirium phenotype, where-
as the second could have the drawback of a low incidence 
of the nondelirium phenotype. In an elderly hospitalized 
population (placed near the upper right corner in  fig. 1 ), 
we would expect to identify more genetic factors that are 
protective rather than causative for delirium.

  Methods of Genetic Research in Delirium 

 A candidate gene is a gene that is thought to be likely 
to cause a disease. The gene may be a candidate because 
it is located in a particular chromosome region suspected 
of being involved in the disease, or its protein product 
may suggest that it could be the disease gene in question. 
Although most substances involved in the pathophysiol-
ogy are not proteins, many candidate genes can be de-
rived from the different hypotheses of the pathophysiol-
ogy of delirium.  Table 1  shows the most obvious candi-
date genes for different theories, but even more genes 
could be considered as relevant  [29] . Common and more 
complex diseases, like delirium, are usually not associ-
ated with a single gene but instead with a number of dif-
ferent genes  [30] . If there are indeed more genes involved, 
we can expect each of them to have a relatively small ef-
fect. One commonly used technique that is sufficiently 
powerful to detect these small effects is the candidate 
gene approach.

  Candidate gene association studies are relatively quick 
and inexpensive to perform. They can test the effect of 
genetic variants of a potential contributing gene (the can-
didate gene) in unrelated cases and controls. Most genes 

contain many known DNA sequence variations called 
single nucleotides polymorphisms (SNPs). The most in-
teresting variations for association studies are functional 
SNPs, which can influence the trait of interest by produc-
ing proteins with an altered structure, function or con-
centration. These SNPs can be easily determined in DNA 
obtained from somatic cells, e.g. white blood cells.

  While the candidate gene approach examines a single 
gene, genome-wide association studies simultaneous-
ly assay hundreds of thousands of SNPs using high-
throughput genotyping technologies. Because the entire 
genome is analyzed for the genetic associations of a par-
ticular disease, this technique allows the genetics of a dis-
ease to be investigated in a non-hypothesis-driven man-
ner. As multiple comparisons are being made, correction 
for multiple testing is required; this correction implies 
that large study populations are needed to provide suffi-
cient power to detect significant associations.

  Epigenetics refers to heritable changes in phenotype or 
gene expression caused by mechanisms other than chang-
es in the underlying DNA sequence. Biological, chemical 
and physical factors as well as cultural and educational 
backgrounds influence gene functioning  [30] . These 
gene-environment interactions may lead to epigenetic 
changes. For example, the methylation of DNA can affect 
genetic expression and thereby influence the risk of de-
lirium. It will be important to delirium to determine both 
the genetic polymorphisms and epigenetic alterations in 
order to provide a comprehensive picture of its genetic 
etiology.

  Advantages of Genetic Research in Delirium 

 Genetic research in relation to diseases offers two op-
portunities. The most important aim of genetic research 
into delirium is to learn more about the pathophysiology 
of the disease. Knowledge of the underlying processes is 
the starting point for the development of new medicines 
that have fewer adverse effects. Genetic research offers 
new possibilities in unraveling these mechanisms lacking 
in conventional research methods. First, conventional 
methods are hindered by the fact that delirium is a neu-
ropsychiatric disorder: pathophysiological processes of 
interest can best be derived from brain research. Methods 
for brain research in humans are limited, since lumbar 
punctures and scans of the brain for research purposes 
are considered unethical in restless patients with an im-
paired capacity to provide informed consent.
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  Second, in studies seeking to associate delirium with 
biochemical markers in the blood, both delirium and the 
marker of interest could be influenced by the causal com-
bination of predisposing and precipitating factors. Addi-
tionally, the moment in time over the 24-hour observa-
tion period plays a confusing role because the symptoms 
of delirium as well as concentrations of many substances 
of interest fluctuate during the day. A concrete example 
of this problem is the study of diurnal secreted cortisol 
and delirium  [31] . The level of cortisol is influenced by 
the predisposing factors of age and cognitive impair-
ment, but it is affected even more by the stressful precip-
itating factor of delirium. In contrast with the biochemi-
cal markers, variations in a gene are fixed variables. For 
example, possible associations between delirium and a 
variation in a candidate gene involved in cortisol metab-
olism are not influenced by the factors causing delirium. 
Finding a genetic association is a clue that the gene prod-
uct plays some role in the pathophysiological mechanism, 
but further research is needed to elucidate the gene’s ex-
act role.

  The second aim of genetic research is to identify pa-
tients potentially at high risk for a certain disease  [9] . The 
identification of genetic risk factors for delirium would 
permit individual patients prone to develop delirium to 
be recognized in advance. In this way, delirium would be 
missed less frequently. Preventive interventions could 
then be undertaken, and patients could be treated at an 

early stage. Moreover, the identification of genetic varia-
tions also provides an approach for adjusting pharmaco-
therapy at the individual level. Since delirium is a multi-
factorial disorder, the genetic make-up alone is likely in-
sufficient to identify high-risk patients. Most probably, 
the classic major risk factors for delirium (e.g. advanced 
age and cognitive impairment) might be more predictive 
of delirium than genetic factors.

  Challenges of Genetic Research in Delirium 

 The classic genetic research designs, such as family 
and twin studies, cannot be applied within the search for 
the heritability of delirium due to the reasons explained 
previously. Population-based gene studies can be useful 
to learn more about the association between genetic fac-
tors and delirium. A cross-sectional study design is the 
quickest method to find such an association, since phe-
notype and genotype are determined at the same time in 
a population of older people. Nonetheless, classifying the 
delirium phenotype adequately is impossible in this type 
of study. First, experienced clinicians can only properly 
diagnose delirium at the moment when the symptoms are 
present. Second, patients and their relatives are often un-
aware of whether they have ever experienced delirium. 
Therefore, a prospective study is the only design in which 
the diagnosis can be made adequately.

Table 1. Possible candidate genes deduced from the hypotheses of the pathophysiological mechanisms of de-
lirium

Function Candidate gene Symbol

Cytokine Interleukin-6 IL6
Cytokine Interleukin-6 receptor IL6R
Cytokine Interleukin-8 IL8
Acetylcholine Acetylcholinesterase ACHE
Cannabinoid Cannabinoid receptor 1a CNR1
Dopamine/norepinephrine Catechol-O-methyltransferase COMT
Dopamine Dopamine receptor D1 DRD1
Dopamine Dopamine receptor D2 DRD2
Dopamine Dopamine receptor D3a DRD3
Dopamine Solute carrier family 6, member 3a SLC6A3
Dopamine/norepinephrine Tyrosine hydroxylasea TH
Glucocorticoid receptor Nuclear receptor family 3, group C, member 1 NR3C1
Glutamate Glutamate receptor ionotropic, kainate 3a GRIK3
Melatonin Melatonin receptor 1A MTNR1A
Neuropeptide Brain-derived neurotrophic factora BDNF

a Based on studies showing an association with alcohol withdrawal delirium [29].
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  An additional challenge for genetic studies is the in-
clusion of delirious patients. A sample size of at least hun-
dreds of cases is required to provide sufficient power to 
discover a gene with a small effect  [32] . Choosing an el-
derly hospital population with a high risk of delirium pre-
vents the time-consuming and costly screening process 
that typically identifies too many controls without de-
lirium. Unfortunately, these patients at risk for delirium 
often have an impaired capacity to provide consent due 
to pre-existing cognitive impairment, severe illness and 
the nature of delirium itself  [33] . Current research regula-
tions are stringent and may impede the collection of large 
populations of patients with delirium. In genetic research 
in elderly patients with dementia, the development of a 
consensus statement stimulated ethically acceptable re-
search in this field  [34] . Considering the similarities be-
tween dementia and delirium, genetic research in the 
field of delirium could also benefit by incorporating this 
statement.

  A major pitfall in the comparison of genetic variations 
between cases and controls is that such a comparison 
could result in spurious associations if the controls are 
not completely matched to the cases with respect to fac-
tors influenced by an individual’s genetic composition. If 
an association between a genetic factor and delirium is 
detected, it could in theory be related to the association 
of the genetic factor with cognitive impairment, since de-
lirious patients are significantly more often cognitively 
impaired. Consequently, taking into account the influ-
ence of pre-existing cognitive impairment is an impor-
tant issue in genetic studies on delirium in the elderly. 
Adequately diagnosing cognitive impairment during de-
lirium poses a different problem, however, since tempo-
rary cognitive impairment is often one of the features of 
delirium itself. Assessing pre-existent cognitive function 
during delirium is only possible by interviewing a close 
relative. Instruments like the Informant Questionnaire 
on Cognitive Decline short form have been developed for 
this purpose, but they are not as reliable in assessing the 
patient’s pre-existing cognitive status as tests of cognitive 
function administered before delirium  [35] .

  Another challenge for successful genetic testing in de-
lirium is the existence of many different hypotheses re-
garding the pathophysiology of the disease, because these 
hypotheses result in an abundance of available candidate 
genes with many possible SNPs. This introduces the risk 
of finding an association only by chance (i.e. a type 1 er-
ror). Correction for multiple tests will partially prevent 
false associations, but it simultaneously introduces the 
risk of missing interesting associations. Validation of as-

sociations in an independent cohort offers extra certain-
ty that a possible finding is not spurious. If the associa-
tion is not replicated in a second cohort, however, hetero-
geneity could be responsible for the discrepancy. Although 
heterogeneity is not a unique difficulty for delirium stud-
ies, it is certainly larger in this phenotype due to problems 
in making an objective diagnosis as well as the underly-
ing predisposing and precipitating factors. Consequently, 
validation under ideal conditions has to be performed in 
several hundreds of cases and control patients from dif-
ferent cohorts.

  Current Findings in Delirium Research 

 Studies on genetics in delirium in elderly patients are 
scarce  [36–42] . In addition to the obstacles discussed in 
this paper, the relative genetic ignorance of clinicians in-
terested in delirium and geneticists’ lack of knowledge of 
this syndrome may contribute to this scarcity. Up until 
now, 7 genetic studies on delirium have been published, 
all of them quite recently ( table 2 ). Five of these studies 
examined the association of delirium with the apolipo-
protein  � 4 allele  [36, 38–41] . Given that (1) cognitive im-
pairment is a strong risk factor for delirium and (2) cogni-
tive impairment or dementia is associated with the apoli-
poprotein  � 4 allele, a link between delirium and the 
apolipoprotein  � 4 allele could be expected. The major role 
of APOE is to regulate cholesterol metabolism. In addi-
tion, it has been suggested that APOE in the central ner-
vous system plays a role in neural plasticity, the repair of 
damaged neurons, as a neurotrophic factor, and in neural 
transmission  [43] . The 3 different alleles ( � 2,  � 3 or  � 4) are 
translated into the different apolipoproteins E (APOE2, 
APOE3 or APOE4), which vary in functionality and ca-
tabolism rates (the APOE4 being catabolized faster)  [43, 
44] . In animal studies it was shown that the APOE  � 4 
genotype is associated with increased inflammation  [45] . 
Additionally, the APOE  � 4 genotype reduces the cholin-
ergic activity in the brain  [17, 46] . These theories of re-
duced cholinergic activity and the proinflammatory state 
are not mutually exclusive, since there is interaction be-
tween these systems. Animal studies have demonstrated 
that cytokines can cause a reduction in the acetylcholin-
ergic pathways  [47] . All of the above mechanisms could 
play a role in the enlarged risk on delirium in APOE  � 4 
carriers.

  Still, 4 of the 5 studies did not confirm this hypothesis, 
although 2 observed an association between the apolipo-
protein  � 4 allele and a longer duration of delirium  [36, 
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40] . The largest study population contains 264 patients, a 
number that is still far too small for a candidate gene 
study. Moreover, most of the trials did not take into ac-
count the important association existing between the 
apolipoprotein  � 4 allele and pre-existing cognitive im-
pairment. Due to these limitations, we cannot definitely 
conclude that there is indeed no association between the 
apolipoprotein  � 4 allele and delirium.

  The genetics of delirium due to alcohol withdrawal 
have been investigated more frequently, although these 
studies have also been conducted primarily with small 
numbers of patients  [29] . Positive associations with alco-
hol withdrawal delirium were found for 3 different can-
didate genes involved in dopamine transmission: 1 gene 
involved in the glutamate pathway, 1 neuropeptide gene 
and 1 cannabinoid gene. Variations in 2 candidate genes 
involved in the dopamine transmission (the dopamine 
receptor D3 and the dopamine transporter) were validat-
ed in independent study populations. These analyses sug-
gest that dopaminergic neurotransmission may play an 
important role in alcohol withdrawal delirium  [29] . The 
findings in the DRD3 gene were not confirmed in an el-
derly population with delirium  [42] . In the SLC6A3 gene, 
the variable number of tandem repeats was associated 
with alcohol withdrawal delirium. Although this varia-
tion was not confirmed in elderly patients with delirium, 
2 other SNPs, rs393795 and rs1042098, in this gene were 
associated with delirium. Up to now, these polymor-
phisms have never been described in relation to any dis-
ease. One polymorphism in the DRD2 gene (rs6276) was 
associated with delirium after adjustment for the most 
important risk factors. The noncoding rs6276 SNP has 
been described in association with various alcohol-relat-
ed phenotypes  [48] . In conclusion, a protective effect for 

delirium in the elderly was found for 2 different genes in-
volved in dopamine metabolism. The hypothesis of do-
paminergic hyperactivity in delirium would be support-
ed by these findings if the variations reduced the dopa-
minergic activity in the brain by, for example, changed 
availability or action of dopamine receptors or reduced 
attachment to these receptors  [49, 50] . Although the vari-
ations were all nonfunctional SNPs, they could be in link-
age equilibrium with functional SNPs that do influence 
the dopaminergic activity. As this is yet unknown, it is 
speculative to state that these findings support the hy-
pothesis of delirium being caused by enhanced dopami-
nergic activity in the brain.

  Future of Genetics in Delirium R esearch

 In this review, we have elucidated a possible role for 
genetics in delirium. The genetics of delirium are still in 
their infancy, but some progress is being made. Although 
studies on the genetics of delirium are hampered by many 
issues, we strongly urge the continuation of this type of 
research; the results are valuable tools for elucidating the 
pathophysiology of the disease. The fact that the investi-
gation of delirium is relatively new in the field of genetic 
research allows us to learn from mistakes already made 
in genetic studies in other psychiatric disorders. For in-
stance, many underpowered association studies in those 
psychiatric disorders were published but could not be 
replicated in validation trials  [51] . Well-designed genetic 
association studies in delirium must utilize sufficient 
numbers of patients, proper classification of cases and 
controls, and adjustment for factors that could be falsely 
responsible for possible genetic associations. Moreover, 

Table 2. Genetic studies in delirium in the elderly

Study Study population Defi nition of 
delirium

Total
population

Delirium
%

Candidate 
gene

Association

Adamis et al. [40], 2007 elderly medical CAM 116 34 APOE –
Ely et al. [36], 2007 intensive care CAM-ICU 53 89 APOE –
Leung et al. [39], 2007 noncardiac surgery CAM 190 15 APOE +
Tagarakis et al. [38], 2007 cardiac surgery DRS 137 33 APOE –
Tagarakis et al. [37], 2007 cardiac surgery DRS 137 33 SOAT-1 –
Van Munster et al. [41], 2007 elderly medical CAM 264 35 APOE –
Van Munster et al. [42], 2009 elderly medical

noncardiac surgery
CAM 720 37 DRD2

DRD3
SLC6A

+
–
+
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the validation of new results in independent study co-
horts is essential.

  Currently, new cohort studies on delirium have start-
ed to collect DNA along with clinical parameters. Be-
cause of the small size of known delirium cohorts, inter-
national cooperation is warranted to perform candidate 
gene studies on a larger scale to permit any further prog-
ress. A meta-analysis of different study cohorts could 
provide an alternative tool to examine the data from these 
separate studies jointly. Even larger populations are need-
ed to perform genome-wide association studies, which 
could generate new hypotheses about the pathophysiol-

ogy of the disease  [52] . If we continue on this road, we 
may in a few years understand more about the patho-
physiology of delirium. Based on these findings, we may 
even develop improved markers or treatments for this 
population of vulnerable patients.
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