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ABSTRACT 
Delirium is the most common neuropsychiatric syndrome in elderly ill patients. 

Previously, associations between delirium and the dopamine transporter gene 
(solute carrier family 6, member 3 (SLC6A3)) and dopamine receptor 2 gene 
(DRD2) were found. The aim of this study was to validate whether markers of 
the SLC6A3 and DRD2 genes are were associated with delirium in independent 
populations. Six European populations collected DNA of older delirious 
patients. Associations were determined per population and results were 
combined in a meta-analysis. In total 820 medical inpatients, 185 cardiac 
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surgery patients, 134 non-cardiac surgery patients and 502 population-based 
elderly subjects were included. Mean age was 82 years (SD 7.5 years), 598 
(36%) were male, 665 (41%) had pre-existing cognitive impairment, and 558 
(34%) experienced delirium. The SLC6A3 rs393795 homozygous AA genotype 
was more frequent in patients without delirium in all populations. The meta-
analysis showed an Odds Ratio (OR) for delirium of 0.4 (95% confidence 
interval (C.I.) 0.2–0.6, P=0.0003) for subjects with AA genotype compared to 
the AG and GG genotypes. SLC6A3 marker rs1042098 showed no association 
with delirium. In meta-analysis the DRD2 rs6276 homozygous GG genotype 
showed an OR of 0.8 for delirium (95% C.I. 0.6–1.1, P=0.24). When subjects 
were stratified for cognitive status the rs6276 GG genotype showed ORs of 0.6 
(95% C.I. 0.4–1.0, P=0.06) and 0.8 (95% C.I. 0.5–1.5, P=0.51) for delirium in 
patients with and without cognitive impairment, respectively. In independent 
cohorts, a variation in the SLC6A3 gene and possibly the DRD2 gene were 
found to protect for delirium. © 2009 Wiley-Liss, Inc. 

INTRODUCTION 
Delirium is an acute neuropsychiatric syndrome precipitated by a somatic factor, like any 

medical disease, surgery, substance intoxication or substance withdrawal [American 
Psychiatric Association, 1990]. It is characterized by fluctuating changes in consciousness 
and reduced attention and manifests itself in up to 50% of elderly hospital inpatients, many 
with pre-existing dementia [Cole, 2004]. Though patients usually recover after treating the 
precipitating factor, having delirium is independently associated with increased mortality, 
impaired physical and cognitive recovery and increased healthcare costs [Inouye, 2006]. In 
spite of the fact that delirium is the most frequently encountered neuropsychiatric syndrome 
among elderly patients, the pathophysiological process is still largely hypothetical. Although 
genetics offers the possibility to contribute knowledge, studies on genetics in delirium in 
elderly patients have been scarce until now [Adamis et al., 2009; van Munster et al., 2009]. 

A recently performed candidate gene association study on delirium in the elderly showed 
that the AA genotype of the dopamine transporter gene (solute carrier family 6, member 3 
(SLC6A3)) (rs393795) protected for the development of delirium [van Munster et al., 2009]. 
Furthermore, after adjustment for age, cognitive impairment and functional impairment, two 
single nucleotide polymorphisms (SNPs) in the SLC6A3 gene (rs393795 and rs1042098) and 
one SNP in the dopamine receptor 2 (DRD2) gene (rs6276) were independently associated 
with delirium. The SLC6A3 gene on the 5p15.3 chromosome is coding for the dopamine 
transporter which regulates extracellular dopamine concentrations [van Dyck et al., 2005]. 
Up to now, these polymorphisms have never been described in relation to another disease 
than delirium. The DRD2 gene on the 11q22-q24 chromosome is one of the most frequently 
studied genes in complex behavioral disorders and is associated with diverse delirium-
overlapping phenotypes, like Attention Deficit Hyperactivity Disorder, schizophrenia and 
movement disorders [Noble, 2003]. The rs6276 SNP in the 3′ untranslated region has been 
described in association with various alcohol related phenotypes which might be due to a 
lower transcription/translation rate resulting in decreased D2 receptor availability [Lucht et 
al., 2007]. 

The most widely propagated pathophysiological theory states that (relative) dopamine 
excess compared to acetylcholine could mediate the characteristic symptoms of delirium 
[Trzepacz, 2000]. It is possible that the mutant genotype of the SLC6A3 gene or the DRD2 
gene leads to a lower cerebral basal dopamine activity in patients and therefore reduces the 
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risk for delirium. The previous results suggest a role for dopamine via the dopamine 
transporter and DRD2 in the pathogenesis of delirium; nonetheless validation in independent 
study cohorts is needed to rule out spurious associations. The aim of this study was to 
investigate whether rs393795 and rs1042098 in the SLC6A3 gene and rs6276 in the DRD2 
were associated with delirium in various European populations of older patients. 

MATERIALS AND METHODS 
An extensive search was done to find validation cohorts. Inclusion criteria were studies that 

included patients of 65 years and older with information on delirium and were able to 
provide DNA and that were approved by the institutional Medical Ethics Committee. An 
appeal was done for cohorts to cooperate at the European Delirium Association Meeting 
2008 [Maclullich et al., 2007]. Additionally, authors who published genetic results of 
delirium in elderly population were invited to participate [Adamis et al., 2007; Ely et al., 
2007; Leung et al., 2007; Tagarakis et al., 2007]. Five new cohorts fulfilled the inclusion 
criteria and were able to participate. An overview of all cohorts will be presented below and 
in Table I; detailed information of all cohorts can be found in the corresponding original 
publications.  

(1) The Amsterdam cohort is an ongoing study in the Academic Medical Centre in 
Amsterdam aimed at elucidating pathophysiological and risk factors for delirium [van 
Munster et al., 2009]. The included cohort consisted of 720 patients aged 65 years and older, 
acutely admitted to the medical department or to the surgical department following hip 
fracture. No results were obtained for the 3 SNPs in 18 patients. Delirium was diagnosed by 
the Confusion Assessment Method [Inouye et al., 1990]. The “Informant Questionnaire on 
Cognitive Decline-short form” was used to score predelirium global cognitive impairment 
with a cut-off of 62.4 [Jorm, 1994; de Jonghe et al., 1997]. Functional impairment was 
scored by the Katz Index of Activities of Daily Living (ADL) for functionality; patients with 
a score of 7 or more were considered as functionally impaired [Weinberger et al., 1992].  

(2) The study cohort of Haarlem (unpublished) was performed by the same methods of the 
Amsterdam cohort on the high care department of medicine in the Kennemer Gasthuis in 
Haarlem. Eighty-nine patients were included, but DNA of 26 patients was unsuccessfully 
genotyped and of 8 patients the CAM score was missing. 

(3) The Finland cohort is composed of two studies. We combined results of the population-
based Vantaa 85+ study cohort with the hospital-based Helsinki cohort because this large 
Finnish study only included patients with delirium (cases) without controls.The Vantaa 85+ 
study [Rahkonen et al., 2001; Peuralinna et al., 2008] is a population based health survey 
focused on the clinical epidemiology and pathology of dementia and related cognitive 
disorders. The basic population consisted of all people (n=601) born before April 1906 living 
in the city of Vantaa, Southern Finland on April 1991. Delirium (based on DSM-III-R) was 
scored using data from a follow-up period of 3 years with all medical records from hospitals 
and municipal health centers in the region as well as retrospectively from the patients' 
medical history [American Psychiatric Association, 1990]. Cognitive and functional 
impairment using information from proxies, neurologist's clinical examination, the Mini-
Mental State examination [Folstein et al., 1975], Activities of Daily Living (ADL) [Katz et 
al., 1963] and Instrumental Activities of Daily Living (IADL) [Lawton and Brody, 1969]. 
The consensus of two neurologists was needed before the diagnosis of dementia was made 
(using the DSM-III-R criteria). Of 518 people DNA was available, of 15 patients the 3 SNPs 
could not be determined and of 1 patient the DSM III-R was missing. 

(4) The Helsinki cohort was retrieved from a randomized controlled trial with 
multicomponent geriatric intervention in patients with delirium admitted to an acute geriatric 
hospital in Helsinki [Pitkala et al., 2008]. Delirium was screened with CAM and confirmed 
with DSM-IV criteria. Each patient's premorbid dementia status was based on information 
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from interviews of proxies, the Clinical Dementia Rating scale, DSM-IV criteria of 
dementia, and reviews of medical records confirming whether these patients had undergone 
full assessment for diagnosis of dementia [Hughes et al., 1982]. Functional impairment was 
based on a Barthel score below 90 [Mahoney and Barthel, 1965]. Of the 174 included 
patients, DNA was available of 107 and DNA results for 106 patients. 

(5) The London cohort was used for genetic analysis before [Adamis et al., 2007]. A cohort 
of 164 acutely ill patients, 70 years or older, admitted to an elderly medical unit were studied 
to identify and follow the clinical course of delirium. Delirium was scored by the CAM. 
Cognitive impairment was based on the medical history and functional impairment on the 
10-item Barthel questionnaire below 13 points [Granger et al., 1979]. DNA was available for 
100 patients, but genotyping of 5 patients was unsuccessful for all SNPs. Unfortunately 
rs393795 could not be determined for any patient, even not in duplo. 

(6) The Rotterdam cohort is an ongoing study in patients over 65 years of age admitted for 
elective cardiothoracic surgery at the Erasmus Medical Center in Rotterdam [Osse et al., 
2009]. The included cohort consisted of 211 patients whereof DNA was unavailable or 
insufficient of quality for 18 patients. Delirium was scored by the CAM-ICU, but for 9 
patients it was impossible to apply the scale [Ely et al., 2001]. Pre-existent cognitive 
impairment was measured by the MMSE pre-operatively, with a cutoff below 24 indicating 
impairment [Folstein et al., 1975; Heeren et al., 1990]. Patients were considered functionally 
impaired when they received any help in ADL. 

[TABLE 1] 

GENOTYPING 
Genotyping was performed blinded for delirium status. SNPs were determined using 

Taqman allelic discrimination Assay-By-Design (Applied Biosystems, Foster City, CA). 
Primer and probe sequences are presented in the Supplement Table I. We used the reverse 
strand design for rs1042098 and rs393795 polymorphisms of the SLC6A3 gene. The assays 
utilized 2ng of genomic DNA and 2µl reaction volumes. The amplification and extension 
protocol was as follows: an initial activation step of 10min at 95° proceeded 40 cycles of 
denaturation at 95° for 15sec and annealing and extension at 50° for 60sec. Allele-specific 
fluorescence was then analyzed on an ABI prism 7900HT sequence detection system version 
2.2 (Applied Biosystems). 

STATISTICS 
Statistical Package for the Social Sciences (SPSS) version 15.0 was used for data analysis. 

Chi-square tests were used for association analysis between delirium and genotypes. A two-
tailed P-value of below 0.05 was considered statistically significant. An univariable and a 
multivariable logistic regression analysis with backward selection procedure was performed 
with delirium as dependent variable and age (years), rs393795, rs1042098, rs6276 pre-
existent cognitive, and functional impairment as independent variables. 

The meta-analysis was performed with Review Manager 5 software of The Cochrane 
Collaboration. The odds ratio (OR) and 95% confidence interval (CI) for delirium in 
homozygotic carriers of the mutation with reference to the heterozygotic and homozygotic 
wild-type were calculated for each study and the average OR over all the studies was 
calculated by Mantel–Haenszel method for fixed effects. The weight for each study 
determining how much each individual study contributed to the pooled estimate was 
calculated on the basis of the variance in OR in each study. Heterogeneity in OR between 
studies was tested with the Chi-square test and I-square statistics. 
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RESULTS 
In total 1,641 patients were included: 820 medical inpatients, 185 cardiac surgery patients, 

134 non-cardiac surgery patients, and 502 population-based elderly subjects (Table I). Of the 
total population 598 (36%) were male, 558 (34%) experienced delirium, and the mean age 
was 82 years (SD: 7.5). Six hundred sixty-five (41%) had pre-existing cognitive impairment 
and in all cohorts pre-existing cognitive impairment was significantly associated with 
delirium except for the cohort of Haarlem. 

Tables IIa–IIc show the association between the three different SNPs and delirium 
separately for every population. The genotype distribution of rs393795 in the SLC6A3 gene 
was significantly different between patients with delirium and patients without delirium, 
with the homozygous AA genotype being more frequent in patients without delirium in all 
populations separately except for the population of Haarlem (P=0.001–0.67). For the 
rs1042098 in the SLC6A3 gene, the trend for association with delirium was different for all 
populations. The homozygous TT genotype was significantly more frequent than the CT and 
CC genotype together in the post hoc test in patients without delirium in the London 
population (P=0.04), but less frequent in patients without delirium in the Amsterdam 
population (P=0.03) (Table IIb). Finally, for the rs6276 in the DRD2 gene a trend was found 
in the two Dutch cohorts and the two Finnish cohorts, with the homozygous mutant being 
more frequent in patients without delirium (P=0.06–0.41). 

[TABLE 2A] 

[TABLE 2B] 

[TABLE 2C] 
In the populations combined, delirium was associated with older age (OR=1.03, 95% CI: 

1.01–1.04, P=0.002), cognitive impairment (OR=5.4, 95% CI: 4.2–6.9, P<0.001) and 
functional impairment (OR=1.8 CI: 1.4–2.2, P<0.001) in univariate logistic regression 
analyses. In a multivariable logistic regression analysis cognitive impairment, rs393795 
(SLC6A3) and rs6276 (DRD2) were significantly associated with delirium (Table III). 
Homozygous AA genotype of the SLC6A3 gene showed a 70% decrease for the risk of 
delirium and the homozygous GG genotype of the DRD2 gene a 50% decrease. Pre-existing 
cognitive impairment was significantly associated with rs6276, with an OR of 1.54 (95% CI: 
1.11–2.13, P=0.02) for the homozygous GG genotype compared to AA and AG genotypes. 

[TABLE 3] 
In the meta-analysis, no heterogeneity was detected in the different OR's between studies. 

Figure 1a,b shows the unadjusted ORs of the two SNPs in the SLC6A3 gene for the different 
populations separately and combined. The model of rs393795 shows a reduced risk for 
delirium in homozygous AA genotype (OR=0.37, 95% CI 0.21–0.63, P=0.0003) (Fig. 1a). 
The association was also significant without the data of the original Amsterdam cohort 
(OR=0.5, 95% CI 0.2–1.0, P=0.04). The rs6276 SNP shows no significant association with 
delirium in the meta-analysis of the total populations (OR=0.8, 95% CI 0.6–1.1, P=0.24) 
(Fig. 1c). If this SNP is analyzed in the populations stratified for pre-existing cognitive 
impairment, the OR is 0.6 (95% CI 0.4–1.0, P=0.06) in patients with cognitive impairment 
and 0.8 (95% CI 0.5–1.5, P=0.51) in patients without cognitive impairment. 
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[FIGURE 1] 

DISCUSSION 
In this international validation study among elderly hospital patients the homozygous AA 

genotype of rs393795 in the SLC6A3 gene was more frequent in patients without delirium in 
all available populations as well as in the meta-analysis Furthermore, the homozygous GG 
genotype of rs6276 in the DRD2 gene was more frequent in patients without delirium after 
adjustment for cognitive impairment. The rs1042098 in the SLC6A3 gene showed no 
association with delirium in all analyses. 

Given the fact that in all cohorts separately, and in the total cohort without the original 
cohort, the rs393795 in the SLC6A3 gene was associated with delirium, this variation seems 
truly associated with delirium. The genetic constitution of the SLC6A3 gene can affect the 
availability or function of dopamine transporters in the striatum and modulate cerebral 
dopamine concentration [van Dyck et al., 2005; Nikolaus et al., 2007]. A lower cerebral 
basal dopamine concentration in patients with the mutant genotype of the SLC6A3 gene 
could diminish the risk for delirium. The rs393795 SNP is intronic, but shows linkage 
disequilibrium with three exons nearby. As far as we know, there is no functional SNP 
known that is highly correlated with rs393795. On the other hand numerous intronic 
sequences have recently been found to encode microRNAs, small single-stranded regulatory 
RNAs which are responsible for RNA-mediated gene silencing [Ying and Lin, 2009]. A 
future step could involve sequencing this region in search for functional variants. 

After stratification for pre-existing cognitive impairment the rs6276 SNP in the DRD2 gene 
diminishes the risk for delirium, which is borderline significant only in patients with 
cognitive impairment. This statistical significance is possibly based on the higher power of 
the group of patients with cognitive impairment in comparison to the group of patients 
without cognitive impairment due to the higher frequency of delirium (55% vs. 19%) and the 
G-allele (16% vs. 11%) in the cognitively impaired population. These higher frequencies are 
related to the fact that rs6276 increases the risk for cognitive impairment and cognitive 
impairment increases the risk for delirium. Remarkably, as far as we know, no associations 
between dementia or cognitive impairment and the DRD2 have been found before, despite 
GWA studies on this subject. A reliable diagnosis of cognitive impairment during or after 
delirium is complicated, since cognitive impairment can be a feature as well as a 
consequence of delirium itself. It could be that the pre-existing cognitive impairment is 
partly caused by depression which is frequently present in the elderly and associated with the 
DRD2 [Noble, 2003]. Still, limited to the results of the DRD2 gene in the meta-analysis 
without stratification, a protective effect of rs6276 can be suspected. Verification in larger 
cohorts in the future would be interesting since a causal relation could be suspected based on 
the fact that DRD2 antagonists are helpful in providing symptomatic relief of delirium 
[Alagiakrishnan and Wiens, 2004]. Interestingly, interaction between the dopamine 
transporter and the DRD2 gene could also play a role since a different polymorphism in the 
DRD2 gene (rs1800497) is associated with higher density of the dopamine transporter [Laine 
et al., 2001]. 

An important limitation for the meta-analysis is the sample size of the majority of the 
populations. However, genetic research in delirium is only starting and large cohorts for 
reliable validation are not yet available [Adamis et al., 2009]. The two largest populations, 
Amsterdam and the combined Finnish cohort, showed the same trend for the two SNPs of 
interest. The sample size of the combined cohort is large enough for genetic association 
studies [Edwards et al., 2005]. Although, the results in all cohorts showed no important 
statistical heterogeneity in the various meta-analyses, clinical and methodological diversity 
cannot be ruled out. The difference in assessment of delirium might could have led to 
misclassification of cases in the Vantaa cohort in which delirium was diagnosed 
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retrospectively by medical records. Moreover, the reliability of the diagnosis of pre-existing 
cognitive impairment by IQCODE, MMSE, CDR or medical history, varied among cohorts. 
However by all different methods, pre-existing cognitive impairment was correctly identified 
as risk factor for delirium in four of the five cohorts [Elie et al., 1998]. The two largest 
cohorts did measure the highest frequency of cognitive impairment, next to the London 
cohort, which could be related to the difference in assessment or to the true difference in 
frequency of pre-existing cognitive impairment. Different predisposing and precipitating 
factors could theoretically lead to a variation in the contribution of genetics to the risk for 
delirium. The protective effect of genetic factors will be largest in patients without delirium 
despite the presence of major predisposing and precipitating factors. 

In conclusion, this study showed that the SLC6A3 gene (rs393795) and possibly the DRD2 
gene (rs6276) were associated with delirium. Future utilization of large-scale association 
studies followed by multivariable analyses, which include risk factors as well as genetic data, 
will hopefully further disentangle the complex genetics of delirium. 
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