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ABSTRACT
Dopamine excess appears to be critical in the final common pathway of
delirium. The aim of this study was to investigate whether genetic
polymorphisms in three dopamine-related genes (the dopamine receptor 2
(DRD2), dopamine receptor 3 (DRD3), and the dopamine transporter (SLC6A3)
gene) were associated with delirium. Patients aged 65 years and older acutely
admitted to the medical department or to the surgical department following hip
fracture were included. Delirium was diagnosed by the Confusion Assessment
Method. Sixteen single nucleotide polymorphisms (SNPs) and one variable
number of tandem repeats in the SLC6A3 gene, nine SNPs in the DRD2 gene,
and six SNPs in the DRD3 gene were genotyped. Fifty percent of the 115
surgical patients and 34% of the 605 medical patients experienced delirium.
Delirious patients were older and had more frequently pre-existing functional
and cognitive impairment (P<0.001). After correction for multiple testing, one
SNP in the SLC6A3 gene (rs393795) was associated with reduced risk of
delirium (P=0.032). Adjusted for age, cognitive impairment, and functional
impairment, three SNPs in the DRD2 gene and seven SNPs in the SLC6A3 gene
were associated with delirium; none of these associations was significant after
correction for multiple testing. Variations in the SLC6A3 gene and possibly the
DRD2 gene were associated with delirium. Although validation of these results
is needed our results support a role for the dopamine transporter and dopamine
receptor 2 in the pathogenesis of delirium. © 2009 Wiley-Liss, Inc.
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INTRODUCTION
Delirium is an acute neuropsychiatric syndrome characterized by fluctuating changes in
consciousness and attention. A somatic factor, like any medical disease, surgery, substance
intoxication, or substance withdrawal, can induce delirium [Frances, 2000]. The syndrome
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].
There are a few candidate gene association studies on delirium in the elderly, yet they are
performed in small populations and mostly limited to the association with the apolipoprotein
ε4 allele, with conflicting results [Adamis et al., 2007; Leung et al., 2007; Tagarakis et al.,
2007; van Munster et al., 2007b; Gunther et al., 2008]. Genetics of delirium due to alcohol
withdrawal has been studied more often, mainly in small studies as well [van Munster et al.,
2007a]. In two independent study populations, polymorphisms in the dopamine receptor 3
gene (DRD3) on the 3q13.3 chromosome and the dopamine transporter (SLC6A3) gene on
the 5p15.3 chromosome were found to be associated with alcohol withdrawal delirium [van
Munster et al., 2007a].
Although the pathophysiological mechanisms of alcohol withdrawal delirium and delirium
in the elderly may differ, dopamine appears to have a role in both syndromes [Trzepacz,
2000; van Munster et al., 2007a]. Dopamine is involved in all characteristics that are often
disturbed during delirium like attention, locomotion, memory, and perception. Dopaminergic
substances can contribute to delirium, and dopamine receptor 2 antagonists are helpful in
providing symptomatic relief of delirium [Alagiakrishnan and Wiens, 2004]. The dopamine
receptor 2 (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. The SLC6A3 gene is coding for the dopamine transporter, which regulates
extracellular dopamine concentrations [van Dyck et al., 2005]. A subpopulation of DRD3
receptors modulate neuronal activity of dopamine [Levant, 1997].
These findings suggest that the DRD2, the DRD3, and the SLC6A3 genes are eligible
candidate genes for association studies with delirium. The aim of this study was to
investigate whether genetic polymorphisms in the DRD2, the DRD3, and the SLC6A3 genes
were associated with delirium in a population of acutely admitted older patients.
MATERIALS AND METHODS
Patients
From April 2003 through August 2007, consecutive medical patients 65 years of age or
older who were acutely admitted to the Academic Medical Centre, Amsterdam, were invited
to participate. From June 2005 till August 2007 also hip fractures patients of 65 years and
above admitted to the Department of Orthopedic Surgery or Traumatology and scheduled for
surgery were included. Informed consent was obtained from all patients or closest proxy in
cases of cognitive impairment. Patients were excluded if they were unable to speak or
understand Dutch or English. The institutional Medical Ethics Committee approved the
study. The final sample size was limited by the time period for inclusion, which is time
consuming since the syndrome has to be diagnosed shortly after admission for an acute
illness.
Procedures
Two geriatric physicians, a fellow in geriatric medicine, and four research nurses trained in
geriatric medicine collected demographic and clinical data. The presence or absence of
delirium was scored within 48 hr of admission using the Confusion Assessment Method
(CAM) [Inouye et al., 1990]. We based our information for the diagnosis on our psychiatric
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examination of the patient, medical, and nursing records including the Delirium Observation
Screening Scale (DOS) [Schuurmans et al., 2003], and information given by the patient's
proxy. Possible confounding factors, including demography, use of alcohol, cognitive and
physical functioning, were registered for all patients.
Pre-existing cognitive functioning was scored at the time of hospital admission by two
validated instruments, the Informant Questionnaire on COgnitive DEcline (IQCODE) [Jorm,
1994] and the Mini-Mental State Examination (MMSE) [Folstein et al., 1975]. For the
IQCODE, the informant was asked to recollect the situation 2 weeks before the illness
started for which the patient had been admitted and to compare it with the situation 10 years
before. Patients with a mean score of 3.9 or more were considered to have global cognitive
impairment [de Jonghe, 1997]. We applied the MMSE as suggested by Heeren et al. 1990
and took a cut-off score of less than 24 indicating cognitive impairment. Pre-existing
cognition was scored to be impaired when participants had a medical history of dementia of
any cause or had an IQCODE above the cut-off score. In case of missing IQCODE we used
the MMSE for patients without delirium. To measure physical functionality, we asked
patients or their closest relative in cases of cognitive impairment to complete the 15-item
Katz Index of Activities of Daily Living (ADL) based on the situation 2 weeks prior to
admission [Weinberger et al., 1992]. Patients with a score of 7 and more were considered as
functional impaired.
Single Nucleotide Polymorphisms (SNPs) Selection and Genotyping
Genomic DNA was isolated from 10 ml of whole blood on an AutopureLS apparatus
according to a protocol provided by the manufacturer (Gentra Systems, Minneapolis, MN).
Genotyping was performed blinded. Based on HapMap (Phase 2) information on their ability
to tag major haplotype variation in the gene, with R2 cut-off 0.8 and minimum allele
frequency cut-off 0.2, 7 tagging SNPs were chosen for the DRD2 gene, 14 for the SLC6A3
gene, and 6 for the DRD3 gene. Based on potential functionality from the literature we added
two SNPs [rs27072, Ueno et al., 1999 and rs2652511, Rubie et al., 2001] and the variable
number of tandem repeats (VNTR) of
“ACTGGAGCGTGTACTACCCCAGGACGCATGCAGGGCCCCC” [Vandenbergh et al.,
1992] in the SLC6A3 gene, and two SNPs [rs1800497, Blum et al., 1990 and rs1799732,
Arinami et al., 1997] in the DRD2 gene. An important functional SNP in the DRD3 gene
[rs6280, van Munster et al., 2007a] was one of the tagging SNPs.
All 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 Ia–c. We used the reverse strand design for the rs6347, rs27072, rs10053602,
rs4975646, rs1042098, rs2975292, rs11133767, rs393795, rs27048 polymorphisms of the
SLC6A3 gene and rs6277, rs17601612, rs17529477, rs1800497, rs2734839 polymorphisms
of the DRD2 gene, and rs2134655, rs324035 polymorphisms of the DRD3 gene. The assays
utilized 2 ng of genomic DNA and 2 µl of reaction volumes. The amplification and extension
protocol was as follows: an initial activation step of 10 min at 95° preceded 40 cycles of
denaturation at 95° for 15 sec and annealing and extension at 50° for 60 sec. Allele-specific
fluorescence was then analyzed on an ABI prism 7900HT sequence detection system,
version 2.2 (Applied Biosystems). The VNTR in the SLC6A3 gene was amplified from the
DNA by polymerase chain reaction (PCR), following standard protocol and using the
primers described by Vandenbergh et al. 1992. The assays utilized 20 ng of DNA in a 10 µl
of reaction volume. PCR products for VNTR analysis were separated by gel electrophoresis
in 3% agarose gel stained with ethidium bromide. All results were scored blinded to delirium
status.
Statistics
Statistical Package for the Social Sciences (SPSS), version 15.0 was used for data analysis.
We tested for differences in characteristics in patients with and without delirium using t-tests
and Mann–Whitney U-tests. A two-tailed P-value of below 0.05 was considered statistically
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significant. Chi-square tests were used for Hardy–Weinberg and association analysis with
delirium of all SNPs and the 9 or 10 repeat of the VNTR separately. The association between
every SNPs and delirium was investigated by multivariable logistic regression analysis
adjusted for independent risk factors for delirium. Independent risk factors were determined
by backward selection procedure of multivariable logistic regression analyses with
significant factors of Table I. Correction for multiple testing was done by calculating false
discovery rate (FDR) [Benjamini and Hochberg, 2007], and we considered FDR P-value
below 0.05 as statistically significant. Next, multivariable logistic analyses with forward
selection procedure were performed with age, cognitive and functional impairment and all
SNPs with P-value below 0.05 of the former analyses. Haplotype blocks were identified
using the confidence intervals algorithm implemented in Haploview [Gabriel et al., 2002;
Barrett et al., 2005]. Haplotype effects and frequencies were jointly estimated using an EM
algorithm in which individual haplotypes were handled as missing data [Souverein et al.,
2006].
[TABLE 1]
RESULTS
Study Population
Figure 1 shows the flow diagram of the patient selection process. Of a total of 1,133
available patients, blood samples were available for 734 patients, of whom 8 CAM scores
were missing and 6 patients were not successfully genotyped for any of the SNPs. This
resulted in 115 patients admitted with a hip fracture (50% with delirium) and 605 acutely
admitted patients to the Department of Medicine (34% with delirium). There were no
significant differences in the included surgical patients compared with the non-included with
respect to age, length of stay, or frequency of delirium. The included medical patients were
slightly older (78 vs. 77, P=0.04) and were significantly longer admitted (median 9 vs. 6
days, P<0.001) compared to the non-included patients. Characteristics of these 720 patients
with and without delirium are presented in Table I. Delirious patients were significantly
older (P<0.001) and had more frequently pre-existing functional (P<0.001) and cognitive
impairment (P<.001) than patients without delirium.
[FIGURE 1]
Genotyping
Determination of SNPs had success rates between 92% and 97%. All SNPs in the three
candidate genes were in Hardy–Weinberg equilibrium (HWE) in the total study population.
Tables IIa–IIc show the analysis of delirium with all SNPs and the 9 and 10 repeat of the
VNTR. After correction for multiple testing a variation in the SLC6A3 gene (rs393795) was
shown to be protective for the development of delirium (P=0.032), while none of the
variations in the DRD3 gene and the DRD2 gene were significantly associated with delirium.
[TABLE 2A]
[TABLE 2B]
[TABLE 2C]
Delirium was independently associated with older age (odds ratio (OR)=1.08, 95% CI:
1.06–1.11, P<.001), cognitive impairment (OR=15.8, 95% CI: 10.5–23.7, P<0.001) and
functional impairment (OR=5.2 CI: 3.8–7.3, P<0.001) in logistic regression analyses. After
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adjusting for these three factors, three SNPs in the DRD2 gene and seven SNPs in the
SLC6A3 gene were significantly associated with delirium (Table III). After correction for
multiple testing, none of these associations remained significant. No significant associations
were found between delirium and the DRD3 gene. Combining the significant SNPs of the
DRD2 and SLC6A3 genes in a multivariable logistic regression model with age, cognitive
impairment, and functional impairment was possible in 565 patients and resulted in a
significant effect of two SNPs of the SLC6A3 gene (rs1042098, P=0.04) and (rs393795,
P=0.007) and one SNP of the DRD2 gene (rs6276, P=0.001) (Table III). Homozygous A
allele for SLC6A3 showed a 80% decrease for the risk of delirium (Table III). Haplotype
analysis in 425 patients with complete genotype revealed no statistically significant
association (data not shown).
[TABLE 3]
DISCUSSION
In this study among elderly patients acutely admitted to a medical department or surgical
department with hip fracture, the AA genotype of the SLC6A3 gene (rs393795) was shown
to be protective for the development of delirium. Furthermore, we observed that three SNPs
in the DRD2 gene and seven SNPs in the SLC6A3 gene, including rs393795, were
associated with delirium, after adjustment for age, cognitive impairment, and functional
impairment. The haplotype analysis revealed no results of interest, which could be explained
by the use of tagging SNPs, which are defined to cover haplotype blocks.
Our study population of acutely admitted elderly patients seemed to be a representative
cross-section of the elderly hospital population. The frequency of delirium of 50% in hip
fracture patients and of 34% in medical patients has been found in other large studies
[Siddiqi et al., 2006; Bruce et al., 2007]. Higher age, pre-existing functional and cognitive
impairment, and dependent living conditions are all associated with delirium according to
this study. These findings are in line with our expectations, since they are all well-known
risk factors for delirium in the literature [Elie et al., 1998]. The fact that after correction for
these well-known risk factors for delirium SNPs in the DRD2 and SLC6A3 gene were
associated with delirium makes the contribution of genetics in the development of delirium
plausible. Since delirium is a complex phenotype to define, heritability studies and linkage
analyses in families are lacking. Utilization of large-scale association studies followed by
multivariable analyses, which include environmental as well as genetic data, will likely be
far better than traditional candidate gene approach in disentangling the complex genetics of
psychiatric disorders. However, genetic research in delirium is only starting and large
cohorts for reliable validation are not yet available.
Given the fact that in all different analyses the SNP (rs393795) in the SLC6A3 gene was
associated with delirium, a true association seems probable. Up to now, this polymorphism
has never been described in relation to any disease. The genetic constitution of the SLC6A3
gene can affect the availability or function of dopamine transporters in the striatum and
because of that influence the 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 other SNP of interest in the
SLC6A3 gene rs40184 is associated with bipolar disorder and conduct disorder in children,
which shows some overlapping symptoms with delirium [Mick et al., 2008].
The three polymorphisms in the DRD2 gene (rs6276, rs6277, and rs2734839) were all
independently associated with delirium after adjustment for the most important risk factors
for delirium. All are non-coding polymorphisms, although two of them do have a possible
effect on the dopamine regulation. The rs6276 SNP has been described in association with
various alcohol-related phenotypes, which might be due to a lower transcription/translation
rate resulting in decreased D2 protein availability [Lucht et al., 2007]. The rs6277 SNP,
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which alters mRNA stability and dopamine-induced up regulation of DRD2 expression in
cell cultures and DRD2 mRNA translation in vitro, is described in association with
schizophrenia [Monakhov et al., 2008]. Interestingly, interaction between the dopamine
transporter and the DRD2 gene could possibly 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].
Based on polymorphisms associated with alcohol-withdrawal delirium, we would have
expected to find also an association between delirium and SNPs in the DRD3 gene [van
Munster et al., 2007a]. A possible explanation for the lack of association in the present study
is that alcohol-withdrawal delirium is a syndrome with overlapping symptoms but with a
different pathophysiology.
In conclusion, this study adds to the evidence of the role of genetics in the development of
delirium. Although validation of these results is needed, the positive associations of
polymorphisms in both the SLC6A3 and DRD2 gene with delirium make a role for the
dopamine transporter and dopamine receptor 2 in the pathogenesis of delirium plausible.
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