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Abstract The dopamine transporter (DAT) and the

enzyme catechol-O-methyltransferase (COMT) both ter-

minate synaptic dopamine action. Here, we investigated the

influence of two polymorphisms in the respective genes:

DAT1 (SLC6A3) VNTR and COMT val158met (rs4680).

Startle magnitudes to intense noise bursts as measured with

the eye blink response were recorded during the presenta-

tion of pictures of three valence conditions (unpleasant,

pleasant and neutral) and during baseline without addi-

tional pictorial stimulation in a sample of healthy older

adults (N = 94). There was a significant Bonferroni cor-

rected main effect of COMT genotype on the overall startle

responses, with met/met homozygotes showing the highest

and participants with the val/val genotype showing the

lowest startle response, while participants with the val/met

genotype displayed intermediate reactions. There was also

a DAT1 VNTR main effect, which, after Bonferroni cor-

rection, still showed a tendency toward significance with

carriers of at least one 9-repeat (R) allele showing smaller

overall startle responses compared to 10R/10R homozy-

gotes. Thus, older adult carriers of COMT variants, which

result in lower enzyme activity and therefore probably

enhanced dopamine signaling, showed stronger startle

activity. Although the functional significance of DAT1

VNTR is less defined, our results point to a potential

influence of SLC6A3 on startle magnitude.

Keywords Acoustic startle response � COMT Val158Met �
DAT1 VNTR � Older adults � Fear � Anxiety

Introduction

Differences in emotional regulation are the result of com-

plex gene–gene and gene–environment interactions

(McClearn 2006). In addition, developmental as well as

pathological changes across the life span impact the pro-

cessing of emotional material (Diamond 2007; Lachman

2004). Since dopamine is a key regulator of several cog-

nitive and affective processes (Nieoullon and Coquerel

2003), genetic variation that affects dopaminergic neuro-

transmission was examined in association studies linking

polymorphisms to differences in emotional regulation and

neuropsychiatric outcomes. Among the candidates for

these studies are the catabolic enzyme catechol-O-meth-

yltransferase (COMT) and the dopamine transporter (DAT)

that both terminate synaptic dopamine action.

Catechol-O-methyltransferase facilitates metabolic

degradation of released dopamine (Chen et al. 2004;

Weinshilboum et al. 1999) and exists in two isoforms

resulting from different translation start sites: soluble

S-COMT, predominantly expressed in tissues such as liver,

blood and kidney, and membrane-bound MB-COMT,

mainly expressed in the brain, particularly in the prefrontal
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cortex (PFC) (Chen et al. 2004; Tenhunen et al. 1993;

Karoum et al. 1994; Matsumoto et al. 2003). The gene

encoding for COMT is located on chromosome 22q11 and

contains several single nucleotide polymorphisms (SNPs).

Among those is a G/A substitution (rs4680) at codon 158 in

MB-COMT (codon 108 in S-COMT), resulting in the

substitution of valine (val) to methionine (met). The

val158met SNP influences the thermal stability and activity

of COMT, which was reported to be 35–50% lower in the

prefrontal cortex at 37�C in postmortem human tissue in

met/met compared to val/val homozygotes (Chen et al.

2004), resulting probably in an enhanced dopamine sig-

naling in met allele carriers (Tunbridge et al. 2004) and

might therefore impact on cortical function.

The COMT val allele has been associated with deficient

prefrontal activation during tasks measuring cognitive

control and working memory in several fMRI and EEG

studies (Blasi et al. 2005; Egan et al. 2001; Winterer et al.

2006), as well as with poorer performance on prefrontally

mediated tasks (Joober et al. 2002; Malhotra et al. 2002;

Barnett et al. 2007; Goldberg et al. 2003), although the val

allele has also been suggested to be beneficial for tasks that

demand cognitive flexibility (Bilder et al. 2004). Further-

more, some association studies found a greater risk for

schizophrenia in val allele carriers, especially in the pres-

ence of other schizophrenia risk genes (Tunbridge et al.

2006; Nicodemus et al. 2007), although results were

inconsistent (Munafo et al. 2005). In addition, investiga-

tions of antisaccadic eye movements as a marker for

schizophrenia have yielded inconclusive results (Stefanis

et al. 2004; Ettinger et al. 2008; Haraldsson et al. 2010). In

contrast, the COMT met allele has been associated—

although inconsistently—with self-report measures of

negative emotionality including increased scores of neu-

roticism and reduced scores of extraversion (Reuter and

Hennig 2005; Stein et al. 2005) and sensation seeking

(Lang et al. 2007). COMT met allele carriers also have

been found to be more prone to develop anxiety disorders

(Enoch et al. 2003; Olsson et al. 2005; Woo et al. 2004).

These findings are supported by neurophysiological studies

with the met allele being associated with increased limbic

and prefrontal activation in response to emotionally nega-

tive pictures in fMRI studies (Smolka et al. 2005; Drabant

et al. 2006). Furthermore, these regions showed increased

functional coupling in met/met homozygotes, with the

magnitude of amygdala–orbitofrontal coupling being

inversely correlated with novelty seeking (Drabant et al.

2006). Smolka et al. (2007) found additive and combined

effects of COMT val158met and a polymorphism in the

promoter region of the serotonin transporter gene

(5-HTTLPR) on the processing of aversive stimuli,

accounting together for 40% of the interindividual variance

in the fMRI BOLD response. The findings of a recent meta-

analysis on neuroimaging studies further underscore the

significance of COMT val158met for emotional and exec-

utive cognitive paradigms (Mier et al. 2010).

In addition to fMRI data, COMT has been associated

with certain features of startle response. Roussos et al.

(2008) investigated the impact of COMT on prepulse

inhibition (PPI) in a male student sample and found the

highest PPI levels in met/met individuals, while val/val

homozygotes had the smallest values and val/met showed

intermediate levels. This finding was partly replicated by

Quednow et al. (2009), again, in the male, but not in the

female subsample of healthy adults: male met/met homo-

zygotes displayed the highest PPI levels, although in this

sample there was no difference between val/met and val/

val genotypes. Furthermore, COMT has been shown to

affect the emotional modulation of startle response at least

in one study (Montag et al. 2008), although another study

reported no influence of COMT on startle modulation or

baseline startle (Pauli et al. 2010).

DAT facilitates dopamine reuptake into the presynaptic

terminal and is a major target for various psychostimulants

such as amphetamine and cocaine. The human gene coding

for DAT (DAT1 or SLC6A3) is located on chromosome

5p15.3 and contains in its 30-untranslated region (30-UTR)

a 40 bp variable number of tandem repeats (VNTR)

polymorphism. The DAT1 9-repeat (9R) and 10R alleles

are the most common variants, although 3–13 repeats have

also been reported (Mignone et al. 2002; Dreher et al.

2009). DAT1 is mainly expressed in the striatum, midbrain

and hippocampus, and to a much lesser extent in the pre-

frontal cortex (Diamond 2007; Dreher et al. 2009; Sesack

et al. 1998). Concerning the functional significance of

DAT1 VNTR, results are inconclusive. Fuke et al. (2001)

reported enhanced gene expression in the presence of the

10R allele compared to the 7R or 9R allele. Consistently,

Mill et al. (2002) found significantly higher DAT1 mRNA

levels for the 10R compared to the 9R allele. However, the

9R allele has also been associated with higher levels of

DAT1 expression in some studies (Miller and Madras 2002;

Michelhaugh et al. 2001). In addition, results from human

neuroimaging studies also reported either elevated (Jac-

obsen et al. 2000; van Dyck et al. 2005) or reduced (Heinz

et al. 2000) striatal dopamine transporter binding for 9R,

while other studies did not observe differences between 9R

and 10R (Martinez et al. 2001; Lynch et al. 2003). Thus, it

remains unclear whether the DAT1 9R or the 10R allele

leads to a more active dopamine transporter. In association

studies, the 10R allele has been linked to increased

impulsivity and reduced inhibition (Congdon et al. 2009).

In addition, a small but significant relationship with

attention deficit hyperactivity disorder (ADHD) has been

reported (Yang et al. 2007; Faraone et al. 2005). Recently,

Hünnerkopf et al. (2007) reported a gene 9 gene
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interaction on personality traits: carriers of the DAT1 9R

allele and the met allele of the val66met polymorphism of

the gene encoding the brain-derived neurotrophic factor

(BDNF) showed significantly lower scores in neuroticism

and harm avoidance than non-carriers. In summary, COMT

and DAT1 both have been suggested to affect dopaminergic

neurotransmission and have been associated with differ-

ences in emotional regulation. However, to further under-

stand the respective underlying pathways, the investigation

of diverging endophenotypes of affective processes is

warranted. Here, we report further evidence of the influ-

ence of COMT and DAT1 on the acoustic startle response

(ASR) in a sample of older adults.

The ASR is evoked by sudden high-intensity noise

bursts. The startle reflex is probably a protective mecha-

nism involving contractions of facial, neck and skeletal

muscles, eyelid closure and preparation of a flight/fight

response (Davis et al. 1993; Koch 1999). The eyeblink

component of the ASR can be measured by electromyo-

graphic (EMG) recordings from the orbicularis oculi

muscle. The startle response can be further modulated by

presenting the startling noise in the presence of affective

stimuli: startle response is potentiated in the presence of

unpleasant stimuli (fear-potentiated startle, FPS) and

inhibited during the presentation of pleasant stimuli

(pleasure-attenuated startle, PAS) (Lang et al. 1990; Vrana

et al. 1988). While the startle modulation has thus been

used as a measure of emotional processing in numerous

studies, it has also been suggested that the startle stimulus

itself is sufficient to induce a state of fear (Leaton and

Cranney 1990), since intense noise has an aversive quality

(Blumenthal et al. 2005). Moreover, the overall startle

magnitude was found to be highly heritable (59–61%) in a

twin study by Anokhin et al. (2007), while there was no

evidence of heritability regarding the emotional startle

modulation, suggesting that functional genetic variation

might manifest its influence on the overall or baseline

startle.

In addition to genetic variation, developmental and

aging effects on emotionality, in general, and startle

response, in particular, shall be outlined briefly. Several

studies reported preferences for emotionally positive

stimuli and/or a disengagement from negative material in

older adults, which has been termed positivity effect

(Mather and Carstensen 2003; Isaacowitz et al. 2006;

Carstensen and Mikels 2005; Mikels et al. 2005; Murphy

and Isaacowitz 2008). Nevertheless, a recent meta-analysis

by Ruffman et al. (2008) found an age-related decline in

emotional processing across all emotions and modalities

and a general trend toward worsening of emotion recog-

nition with age, which was not consistent with the posi-

tivity effect. Regarding startle reflex, older subjects were

reported to be less responsive to startling noises (Ford et al.

1995), and considerably decreased ASR and increased

latency were found in older individuals, while there was an

inverted U-shaped function for PPI with the greatest levels

at intermediate ages and no age effect on startle habituation

(Ellwanger et al. 2003). However, while Ludewig et al.

(2003) reported significantly lower startle magnitudes, they

also found significantly more habituation in older individ-

uals but no age effect on PPI. Thus, there is consistency

regarding ASR reduction in older individuals, which is

further supported by animal studies (Varty et al. 1998), but

the effects of age on other features of startle response are

less clear. Nevertheless, in summary, the available data

suggest substantial differences in the processing of emo-

tional information in older compared to younger adults.

With regard to dopaminergic function, normal aging is

marked by significant losses in pre- and postsynaptic bio-

chemical markers of dopamine (for an overview see Rollo

2009; Bäckman et al. 2006). However, aging adults have

been found to be remarkably heterogeneous regarding

abilities under dopaminergic influence, such as working

memory or executive functions (Bäckman et al. 2011).

Thus, the influence of dopaminergic genetic variation on

cognitive and affective processes has been suggested to be

more pronounced in older compared to younger adults

(Nagel et al. 2008).

Based on the considerations outlined above, we

hypothesized that dopaminergic variation should impact on

the overall startle, particularly in older adults (Nagel et al.

2008). Regarding COMT, we expected a stronger startle

response in individuals with the met allele in a dosage-

dependent manner, i.e., met/met [ val/met [ val/val.

Since the functional significance of the DAT1 9R and 10R

allele was less clear, we hypothesized different overall

startle responses in carriers of the 9R allele compared to

10R/10R homozygotes.

Methods

Participants

All of our participants were of German/Middle European

ancestry and originally consisted of 62 female and 40 male

older adults. Of these, two participants did not complete the

startle experiment and the data of two participants were lost

due to technical problems. From the remaining sample, 94

participants were successfully genotyped for the COMT

val158met SNP, leaving 58 female and 36 male older par-

ticipants for the final COMT sample (mean age

61.13 years, SD = 2.57, range 54–68 years), and 92 par-

ticipants were successfully genotyped for the DAT1 VNTR

polymorphism, leaving 57 female and 35 male participants

for the final DAT sample (mean age 61.11 years,

COMT, DAT1 and acoustic startle response 1283
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SD = 2.53, range 54–68 years), respectively. All partici-

pants were non-smokers and reported to be in good health.

They were screened for psychiatric or neurological disor-

ders or treatment before participation. In addition, a

semistructured interview was conducted to assess critical

life events (data not reported here). As part of this inter-

view, medical problems including psychiatric conditions

were determined and participants who reported a history of

mental illness were excluded. Participants were informed

about the aims of the study before taking part. They gave

written informed consent and were paid for participation.

The study design was approved by the Ethics Committee of

the German Psychological Association.

Materials and design

Acoustic startle probes were presented alone and during

viewing of emotional pictures. The startle stimulus con-

sisted of a single 50-ms burst of white noise (95 dB SPL

with an instantaneous rise time) and was presented binau-

rally over Eartone A3 Audiometric Insert Earphones

(Aearo Company, Indianapolis, IN, USA). Images used and

modes of presentation are described in detail elsewhere

(Armbruster et al. 2009). Briefly, 40 affective color pic-

tures (16 unpleasant, 12 neutral and 12 pleasant) were

selected from the International Affective Picture System

(IAPS) (Lang et al. 1999), and eight additional unpleasant

black and white pictures of angry or fearful faces were

chosen from the Ekman series of facial affect (Ekman and

Friesen 1976). Each picture was presented for 6 s and the

images were grouped in four blocks of 12. For half of the

participants, the order of the four blocks was reversed.

During picture viewing, an acoustic startle probe was

administered at 0.5, 2.5 or 4.5 s after picture onset. The

timing of the startle probes was balanced across valence

categories. A total of 12 images were presented without a

startle probe and used as filler stimulus. Pictures were

organized such that not more than two pictures of the same

affective valence and not more than two pictures with the

same startle onset time could occur consecutively. Other-

wise, stimulus order was pseudo-randomized. Finally, 12

acoustic startle probes were delivered in the intertrial

interval (ITI) to measure the baseline startle response.

Physiological data collection and reduction

The eyeblink component of startle response was measured

by recording EMG activity over the orbicularis oculi

muscle beneath the left eye, using two Ag–AgCl electrodes

with 4-mm inner diameter. A ground electrode was

attached to the left mastoid. Impedance level was kept

below 10 kX. The raw EMG signal was amplified by a

SynAmps amplifier (NeuroScan Inc., El Paso, TX, USA),

sampled at 1,000 Hz, filtered (30–200 Hz band pass),

rectified and integrated. Responses to startle probes were

defined as EMG peak in a time window from 20 to 140 ms

after probe presentation. Trials with excessive EMG arti-

facts were excluded.

Affective rating

Evaluative judgments of pleasure and arousal were mea-

sured using the Self-Assessment Manikin (SAM) (Lang

1980). The SAM valence scale shows a graphic figure with

expressions ranging from happy to unhappy, and the SAM

arousal scale displays a graphical representation of a figure

with expressions ranging from calm and relaxed to excited.

Ratings of valence and arousal were made on nine-point

scales.

Procedure

After a telephone interview on basic inclusion criteria (e.g.,

age, health, or medication), participants were scheduled for

a laboratory session. Upon arrival, they were given an

overview of the study goals and protocol. All participants

were instructed that they could decline to participate at any

time. Then sensors were attached and the participants were

instructed that a series of affective pictures would be pre-

sented and that each picture should be viewed for the entire

presentation time, while occasional noises heard over ear-

phones could be ignored. A total of 48 pictures were pre-

sented, separated by randomly generated variable intertrial

intervals (ITIs) ranging from 11 to 24 s. During ITIs, a

fixation cross was displayed. After the picture series was

completed, participants were instructed on how to rate the

images on valence and arousal using the computerized

version of the Self-Assessment Manikin (SAM) rating

method (Lang 1980). All images were presented in the

same order a second time and subjective experience ratings

were obtained. At a separate appointment, participants

provided saliva, buccal cell or blood samples for later DNA

extraction and genotyping. Participants were subsequently

debriefed, paid for participation and thanked.

Genotyping

For genotyping, DNA was isolated either from EDTA

blood samples, saliva samples using the Oragene DNA

Extraction kits, or buccal cells using the BuccalAmp DNA

Extraction kits and protocol. For COMT val158met, the

polymorphic region was amplified by polymerase chain

reactions (PCR) carried out in 25 ll volumes containing

30 ng genomic DNA, 0.4 mM primers, 50 mM KCl,

10 mM Tris/HCl (pH 8.3), 0.025% Tween 20, 0.025 mg/ml

BSA, 1.5 mM magnesium chloride, 0.4 mM dNTP and 1U

1284 D. Armbruster et al.

123



Taq polymerase with the following oligonucleotide prim-

ers: forward-50 GGGGCCTACTGTGGCTACTC; reverse-

50 TTTTTCCAGGTCTGACAACG. After an initial dena-

turation for 5 min at 94�C, followed by 38 cycles of

denaturing at 94�C for 45 s, annealing at 58.4�C for 45 s

and extension of 72�C for 45 s were performed, followed

by a final extension step of 72�C for 5 min. PCR products

were digested with NlaIII. The undigested PCR product

(114 bp) carried the G variant (val) while the digested

product with two fragments of 96 and 13 bp contained the

A allele (met).

For DAT VNTR, PCRs were carried out in 25 ll volumes

containing 30 ng genomic DNA, 0.4 mM primers, 50 mM

KCl, 10 mM Tris/HCl (pH 8.3), 0.025% Tween 20,

0.025 mg/ml BSA, 1.5 mM magnesium chloride, 0.4 mM

dNTP and 1U Taq polymerase with the following primers:

forward-50 TGTGGTGTAGGGAACGGCCTGAG; reverse-

50 CTTCCTGGAGGTCACGGCTCAAGG. PCR conditions

were as follows: initial denaturation for 3 min at 95�C, 38

cycles of 45 s at 95�C, 45 s at 67.5�C, 45 s at 72�C, and final

extension at 72�C for 3 min. The resulting products for

COMT and DAT1 were separated on agarose gels containing

ethidium bromide and bands were visualized under UV light.

Statistical analysis

All analyses were performed using SPSS for Windows 16.0

(SPSS Inc., Chicago, IL, USA). The 48 startle variables

(36 for emotionally modulated startle and 12 for baseline

startle condition) were log-transformed because of the

highly skewed distribution of the raw startle variables

and the resulting deviation from the normal distribution

(Kolmogorov–Smirnov tests, P \ 0.20). The average startle

magnitudes in the four conditions (baseline, unpleasant,

neutral, pleasant) were computed, tested for univariate

normality (Kolmogorov–Smirnov-tests, P C 0.424) and

then entered into two repeated measures analyses of vari-

ance (ANOVA) with condition as a within-subject factor,

COMT and DAT genotype as between-subject factors and

sex as covariate. Logarithmized startle magnitudes in the

four conditions were highly intercorrelated (all r C 0.946;

all P B 0.01). Thus, a full Bonferroni correction to account

for multiple testing since four conditions were investigated

would have been too conservative. Therefore, the equivalent

numbers of independent variables were calculated based on

their intercorrelation (Li and Ji 2005; Nyholt 2004) using the

matSpD program (http://gump.qimr.edu.au/general/daleN/

matSpD/). The significance threshold required to keep the

type I error rate at 5% was estimated to be 0.0404. In

addition, since we investigated two (independent) poly-

morphisms, alpha was further adjusted to 0.0202 (Bonfer-

roni correction: 0.0404/2). Greenhouse–Geisser corrected

degrees of freedom were used where appropriate.

Results

Genotype frequencies

The genotype frequencies of the COMT val158met were

34.0% (n = 32) for val/val, 44.7% (n = 42) for val/met

and 21.3% (n = 20) for met/met. The percentages of the

DAT1 VNTR genotypes were 55.4% (n = 51) for 10R/

10R, 38.0% (n = 35) for 9R/10R and 6.5% (n = 6) for 9R/

9R. While at least some studies have reported differential

DAT1 expression in the 10R and 9R allele carriers (Fuke

et al. 2001; Mill et al. 2002), the overall results remain

inconclusive. Nevertheless, carriers of 9R allele (9R/9R

and 9R/10R) were grouped together (9? group) and

compared to 10R/10R homozygotes (9- group) to divide

participants into approximately equal-sized subsamples,

with the 9? group consisting of 41 subjects and the

9- group consisting of 51. Age and sex did not differ

by COMT val158met or DAT1 VNTR genotype (age:

ANOVAs, P C 0.300; sex: v2 tests, P C 0.195). The

genotypes were in Hardy–Weinberg equilibrium (COMT:

v2 = 0.78, P = 0.374; DAT1: v2 = 2.22, P = 0.998).

Affective picture ratings

As some of the valence and arousal ratings were not nor-

mally distributed (Kolmogorov–Smirnov-tests, P \ 0.20),

the medians of the valence and arousal ratings for the

different picture categories were compared using the non-

parametric Wilcoxon tests for paired samples. The median

valence ratings for unpleasant, neutral and pleasant pictures

were 2.42, 5.29 and 6.11, respectively, and the median

arousal ratings were 3.55, 1.58 and 2.81, respectively. All

two-way comparisons for valence and arousal were highly

significant (all P B 0.001).

COMT val158met genotype groups did not differ in

valence ratings of negative and neutral pictures and arousal

ratings of any picture category (nonparametric Mann–

Whitney tests, all P C 0.210). However, there was an

effect of COMT on the valence ratings of positive emo-

tional pictures that showed a tendency toward significance

(P = 0.098): COMT val/val homozygotes rated positive

pictures as slightly more pleasant. DAT1 VNTR genotype

groups did not differ in valence and arousal ratings of any

emotional image category (all P C 0.201).

Acoustic startle

Analysis of variance showed a significant main effect of

valence condition on the startle magnitude (F2.7,245.6 =

13.38, P \ 0.001, g2 = 0.13). Within-subject contrast

analyses revealed that the presentation of pleasant pictures

resulted in significant pleasure attenuation of the startle

COMT, DAT1 and acoustic startle response 1285
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(PAS; pleasant vs. neutral condition: F1,90 = 27.34,

P \ 0.001, g2 = 0.233). However, there was no significant

fear potentiation (FPS; negative vs. neutral condition:

P = 0.112). Contrary to our expectations, the startle

magnitudes in the baseline condition was slightly higher

than in the neutral condition (P = 0.005) and in the neg-

ative condition (P = 0.064). However, this was mainly due

to the male participants, since there was a significant

sex 9 condition interaction (P = 0.014) with only the

male subsample showing a baseline startle that was higher

than the startle response in the neutral and negative con-

dition. However, in males, these effects did not reach

significance due to sample size (N = 36; P = 0.068 and

P = 0.107, respectively).

Impact of COMT genotype on the startle response

There was a significant COMT val158met genotype effect

on average startle magnitudes across conditions

(F1,90 = 4.22, P = 0.018, g2 = 0.086), with met/met car-

riers showing the highest and participants with the val/val

genotype showing the lowest startle response, while par-

ticipants with the val/met genotype exhibited intermediate

reactions. This effect remained significant after Bonferroni

correction. There was no effect of COMT genotype on the

emotional modulation of the startle reflex as indicated by

the absence of a genotype 9 condition interaction effect

(P = 0.29). Table 1 presents the mean startle magnitudes

and standard errors of means for the four conditions and

Fig. 1 shows the COMT genotype group differences.

In a further step, habituation of startle response was

analyzed by investigating the startle magnitude over the

four experimental blocks. There was a main effect of block

(F2.1,187.2 = 19.17, P \ 0.001, g2 = 0.176) showing sub-

stantial habituation of the startle magnitude over the course

of the experiment. However, there was no influence of

COMT genotype on habituation, since there was no sig-

nificant block 9 genotype interaction effect (P = 0.22).

Impact of DAT1 VNTR genotype on the startle

response

DAT1 VNTR had a significant main effect on average

startle magnitudes across conditions (F1,89 = 4.94,

P = 0.029, g2 = 0.053) with participants with at least one

9R allele showing smaller overall startle magnitudes than

10R/10R homozygotes. After correction for multiple test-

ing, this effect was still marginally significant. There was

no COMT 9 DAT1 interaction effect on the average startle

magnitude (P = 0.683). Concerning emotional modulation

of startle response, there was a DAT1 genotype 9 condi-

tion interaction effect that showed a tendency toward sig-

nificance (P = 0.090). However, this effect did not survive

Bonferroni correction. Similarly to COMT, there was no

effect of DAT1 VNTR on the habituation of the startle

reflex, since we found no genotype 9 block interaction

effect (P = 0.19). Table 2 presents the mean startle mag-

nitudes and standard errors of means for the four condi-

tions. Figure 2 illustrates the DAT1 VNTR genotype

differences.

Discussion

We found that differences in the functioning of the dopa-

mine catabolic enzyme COMT and in dopamine transporter

function influence the overall startle magnitude in all three

valence conditions, as well as baseline startle, in a sample of

older adults. Concerning the COMT val158met polymor-

phism, participants with the low expressing met/met

genotype exhibited the strongest startle responses, while

val/val homozygotes showed the smallest response and val/

met heterozygotes had intermediate reactions. With regard

to the dopamine transporter, participants with at least one

Table 1 Mean log startle

magnitudes (SEM) for total

sample and COMT val158met

genotype groups

Sample N Condition

Unpleasant Neutral Pleasant Baseline

Total 94 -0.18 (0.12) -0.15 (0.12) -0.49 (0.12) -0.19 (0.12)

val/val 32 -0.59 (0.19) -0.54 (0.19) -0.90 (0.18) -0.56 (0.18)

val/met 42 -0.10 (0.19) -0.06 (0.19) -0.39 (0.19) -0.10 (0.19)

met/met 20 0.29 (0.18) 0.28 (0.19) -0.05 (0.19) 0.23 (0.19)

Fig. 1 Log startle magnitudes and standard errors of means in the

four conditions stratified for COMT val158met genotype groups
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copy of the 9R allele of the DAT1 VNTR polymorphism

showed smaller startle responses than 10R/10R homozy-

gotes. After Bonferroni correction, this effect still had ten-

dency toward significance. Both genetic effects had

considerable effect sizes (g2 = 0.086 and g2 = 0.053,

respectively). There was no evidence that any of the genetic

groups showed differences in startle enhancement during

the presentation of unpleasant pictures (FPS) or in startle

attenuation during the presentation of pleasant pictures

(PAS). While FPS has been used as a measure of fear and

anxiety processing in numerous studies, it has also been

suggested that the startle stimulus itself is sufficient to

induce a state of fear (Leaton and Cranney 1990), since

intense noise has an aversive quality (Blumenthal et al.

2005). In addition, there was no influence of COMT or

DAT1 on the startle habituation. Our results are in line with

results of a recent twin study (Anokhin et al. 2007) that

found that the absolute startle magnitude showed high

heritability (59–61%), while there was no evidence of

genetic influences on the startle modulation across emo-

tional valence conditions. Consistently, recent results from

our laboratory also point to the genetic effects of poly-

morphism in the transcriptional control region of the sero-

tonin transporter gene on the baseline startle, but not on

emotional startle modulation (Armbruster et al. 2009;

Brocke et al. 2006).

Overall, the investigation of the association of COMT

and startle response has so far yielded mixed results.

Findings from animal studies suggest similar effects on the

ASR as in our human sample: COMT knockout mice, which

represent an extreme version of the less functional

met allele, showed increased ASR compared to normal wild

types, while transgenic COMT val mice, showing a com-

parable functionality to the human val allele, displayed

decreased ASR (Papaleo et al. 2008). In humans, contrary to

our findings, COMT has been found to influence affective

startle modulation in a young female sample (Montag et al.

2008), with met/met homozygotes showing stronger FPS

compared to carriers of the val allele. While we found no

effect of COMT genotype on FPS but on the overall startle,

the pattern was nevertheless similar: met/met homozygotes

showed the strongest and val/val homozygotes the smallest

startle response, with val/met genotypes exhibiting inter-

mediate reactions. However, Pauli et al. (2010) found no

effect of COMT on the ASR or on the emotional startle

modulation. Additionally, COMT was also reported to

impact PPI with male val/val homozygotes having signifi-

cantly lower PPI levels compared to met allele carriers

(Roussos et al. 2008; Quednow et al. 2009). Incidentally, in

the study by Roussos et al. (2008), at least at the descriptive

level, val/val homozygotes also had smaller overall startle

magnitudes than val/met heterozygotes, while met/met

homozygotes showed the highest scores although this effect

fell short of reaching significance. It must be noted that

there are considerable methodological differences between

the studies cited above that may account for the different

results. We investigated the effects of COMT in a sample of

older adults (mean age 61.11 ± 2.53 years), while the

sample of Montag et al. (2008) consisted of young women

(mean age 22.11 ± 3.29 years). The sample of Pauli et al.

(2010) comprised adults (mean age &35 ± 10.2 years),

while Roussos et al. (2008) investigated young men (mean

age 26.2 ± 4.0 years) and Quednow et al. (2009) investi-

gated young adults (mean age 26.2 ± 5.8 years). In addi-

tion, the startle paradigms used were different (i.e., ASR vs.

PPI; startle stimulus: db SPL, stimulus duration and onset,

IAPS pictures).

In general, the COMT met allele has been associated

with deficits in emotional regulation, especially anxiety-

related traits and disorders (Woo et al. 2004; Olsson et al.

2005; Enoch et al. 2003; Stein et al. 2005). In neuroim-

aging studies, carriers of the met allele also showed

increased prefrontal activation in emotional tasks (over-

view in Mier et al. 2010). This enhanced vulnerability to

anxiety may be counterbalanced with better cognitive

performance, while val allele carriers show modestly

Table 2 Mean log startle

magnitudes (SEM) for total

sample and DAT VNTR

genotype groups

9? 9/10 and 9/9 DAT VNTR

genotype, 9- 10/10 genotype

Sample N Condition

Unpleasant Neutral Pleasant Baseline

Total 92 -0.19 (0.12) -0.15 (0.12) -0.50 (0.12) -0.19 (0.12)

9? 41 -0.50 (0.19) -0.45 (0.18) -0.71 (0.19) -0.44 (0.19)

9- 51 0.06 (0.14) 0.08 (0.14) -0.33 (0.14) 0.00 (0.14)

Fig. 2 Log startle magnitudes and standard errors of means in the

four conditions stratified for DAT1 VNTR genotype groups
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reduced executive cognitive performance under most con-

ditions but appear to be more stress resilient (Goldman

et al. 2005). Since both alleles have been conserved in the

population and both have been associated with beneficial as

well as with disadvantageous traits, a warrior/worrier

model has been proposed (Goldman et al. 2005) suggesting

a trade-off between specific advantages and costs. The

results of our startle experiment point in the same direction:

carriers of the COMT met allele (worriers) showed an allele

dosage-dependent stronger overall startle response.

Concerning DAT1 VNTR, while we found a stronger

overall startle response in 10R/10R homozygotes, an effect

that after Bonferroni correction still showed a trend toward

significance, at least one other study reported no effect of

DAT1 genotype on the ASR or the affect-modulated startle

(Pauli et al. 2010). Again, it has to be noted that there are

methodological differences between the studies that may at

least in part account for the divergent results. The 10R

allele has been associated with increased impulsivity

(Congdon et al. 2009) and ADHD, although there are also

non-replications and contradictory results (Rommelse et al.

2008; Yang et al. 2007; Faraone et al. 2005). In addition,

analyses of its functional significance have yielded incon-

sistent findings: the 10R allele (Fuke et al. 2001; Mill et al.

2002) and the 9R allele (Michelhaugh et al. 2001; Miller

and Madras 2002) have both been found to be associated

with higher levels of DAT expression. Furthermore, there

have been studies reporting no effect (Lynch et al. 2003;

Martinez et al. 2001). Although its functional significance

is not completely understood, DAT1 VNTR remains an

interesting candidate gene for differences in emotional

regulation. The dopamine transporter has a 1,000-fold

higher affinity for dopamine than COMT and provides the

best mechanism for dopamine reuptake (Diamond 2007;

Chen et al. 2004). However, DATs are mainly found in the

striatum and to a much lesser extent in the PFC, while

COMT appears to be most important for dopamine clear-

ance in the PFC (Tunbridge et al. 2006; Diamond 2007)

where it accounts for more than 60% of the dopamine

degradation (Karoum et al. 1994), suggesting different

neuronal mechanisms by which these two polymorphisms

may influence the startle reflex.

Both COMT and DAT1 are expressed in brain regions

that are involved in emotional processing, as well as in

cognitive functions, and have been reported to influence

cognitive processes: COMT has been found to impact on

working memory and cognitive flexibility (Bilder et al.

2004; Barnett et al. 2007; Joober et al. 2002; Malhotra et al.

2002) and DAT1 has been associated with inhibition,

impulsivity and ADHD (Congdon et al. 2009; Faraone

et al. 2005; Yang et al. 2007). Since the startle magnitude,

as well as FPS and PAS, has been found to be influenced by

attention (Filion et al. 1998; Alhadad et al. 2008), it cannot

be ruled out that COMT and DAT1 exert their influence via

these processes.

Interestingly, we did not find any influence of dopami-

nergic polymorphisms on the overall startle response in

healthy younger adults who underwent the same experi-

ment (unpublished data), but clear effects of genetic vari-

ation impacting serotonergic function (Armbruster et al.

2009; Brocke et al. 2006; Armbruster et al. 2010). The

levels of dopamine have been found to decrease signifi-

cantly with age (Diamond 2007; Bäckman et al. 2006;

Rollo 2009) and the effects of genetic variation in the

dopaminergic system on emotional regulation might thus

be more pronounced in older adults (Nagel et al. 2008),

explaining why we found the influence of COMT and

DAT1 only in the older sample. However, younger and

older samples do not only represent different develop-

mental periods, but also different birth cohorts. For

instance, most participants of our older sample were born

during the last few months or shortly after the end of World

War II. Since adverse prenatal and early postnatal condi-

tions have been found to influence the development of the

central nervous system independently and in interaction

with genetic variations (e.g., Barr et al. 2004; Caspi et al.

2003), cohort effects might also at least be partly respon-

sible for the different genetic influence patterns.

Furthermore, our older participants showed compara-

tively small startle magnitudes, which is in line with results

from several studies reporting that older individuals were

less responsive to startling stimuli and had substantially

decreased ASR compared to younger adults (Ford et al.

1995; Ellwanger et al. 2003; Ludewig et al. 2003). This

effect has also been documented in animal studies (Varty

et al. 1998). The effects of aging on emotional startle

modulation are less consistent. Our sample showed a strong

PAS in the positive compared to the neutral condition as

well as to baseline, while there was no FPS in the negative

condition. However, negative pictures were rated as clearly

more unpleasant than neutral pictures by both sexes.

Contrary to our expectations, the baseline startle was even

slightly elevated compared to the neutral and negative

condition, although this was mainly due to the male sub-

sample. Contrasting results were reported by Smith et al.

(2005), who found a significant FPS but no PAS in older

adults, although methodological differences (i.e., chosen

IAPS pictures, startle stimulus intensity and onset) might

account for the divergent results.

Nevertheless, our results regarding emotional startle

regulation raise the question whether the paradigm was not

suited to evoke modulating effects, particularly with regard

to FPS. We used the same paradigm in two different

samples of young adults and found a clear PAS, as well as

a significant enhanced startle in the negative condition,

when compared to baseline (Armbruster et al. 2009, 2010;
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Brocke et al. 2006). One possible explanation for these

differences between younger and older participants is the

so called positivity effect. Healthy older adults have been

reported to show preferences in visual attention toward

positive and away from negative emotional material

(Mather and Carstensen 2003; Isaacowitz et al. 2006).

Their performance in memory tasks also appears to be

influenced by positivity effects (Murphy and Isaacowitz

2008). Thus, it has been suggested that processing of

emotional information in older adults might be focused

on positive and/or disengaged from negative stimuli

(Carstensen and Mikels 2005; Mikels et al. 2005) which

would be in line with our findings. However, a recent meta-

analysis reported an age-related decline regarding emo-

tional processing across all emotions and modalities and a

general trend for worsening of emotion recognition with

age (Ruffman et al. 2008), inconsistent with a positivity

effect. In addition, recent fMRI studies report different

activation patterns in healthy older compared to younger

adults while processing emotional stimuli (Fischer et al.

2005; Mather et al. 2004). In summary, available evidence

points to substantial age-related differences in the pro-

cessing of emotional stimuli, which may account for the

lack of FPS in our sample.

There are several limitations to our study. The sample

size was comparatively small for a genetic association

study. Additionally, the comparably strict sample selection

procedure (e.g., excluding participants who reported to be

smokers, or suffer from physical or mental disorders) may

have reduced sample representativeness and led to a

restriction of variability of startle response. This restriction

of variability might have in turn obscured possible asso-

ciations, which, however, could have been also obscured

by additional confounding factors. To tackle this dilemma,

we chose to exclude known or likely confounding factors

and to take the risk that some effects might not reach

significance due to restriction of variability rather than the

opposite. Clearly though, future studies should examine

whether the present results hold true in more heterogeneous

populations.

Taken together, the findings of our study provide evi-

dence that the overall startle magnitude in older adults is

sensitive to genetic variation of dopaminergic function

with carriers of allelic variants that lead to less efficient

dopamine clearance, mainly in the PFC (COMT met/met),

showing stronger startle responses. Similarly, participants

with a genetic variation in the DAT1 gene (10R/10R) that

has been associated with lower DAT availability in the

striatum and, therefore, less efficient dopamine reuptake in

some studies (Michelhaugh et al. 2001; Miller and Madras

2002; van Dyck et al. 2005) showed a tendency toward

stronger overall startle responses. Although analyses of the

functional significance of the DAT1 VNTR have been

inconsistent, it remains an interesting candidate for dif-

ferences in emotional regulation. Our results yield further

support to the notion that DAT may influence the pro-

cessing of affective stimuli. However, the underlying bio-

logical pathways and the exact role of COMT and DAT in

the various regions of the brain that impact on this kind of

emotional regulation need further investigation.
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