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Abstract: Two of the most striking features in alcoholism are the irresistible craving for alcohol and the
proceeding neglect of other activities and pleasures that were formerly relevant. Craving has been
investigated extensively and is commonly due to a dysfunctional reward system. The neural basis of
the neglect of self-relevant interests, which can be described as altered personal reference, and its asso-
ciation to the reward system, however, remains unclear. Using fMRI, we investigated neural activity
during a paradigm that tested for both reward and personal reference with regard to the same stimuli,
i.e., alcoholic and nonalcoholic pictures, in healthy subjects and abstinent alcoholic patients. Alcoholic
patients showed slightly reduced signal changes in the brain stem adjacent to ventral tegmental area
(VTA) and in the ventromedial prefrontal cortex (VMPFC) during the reward task, while we found no
alterations in the right and left ventral striatum (VS). The same regions (VS, VTA, and VMPFC), how-
ever, showed reduced signal changes during personal reference with lack of neural differentiation
between high and low referenced stimuli in alcoholic patients. In summary, we demonstrate for the
first time neurophysiological alterations in reward circuitry during personal reference in alcoholic
patients. Our results underline the important role of the reward circuitry during personal reference in
the pathophysiology of alcohol addiction. Hum Brain Mapp 30:1691–1704, 2009. VVC 2008 Wiley-Liss, Inc.
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INTRODUCTION

Patients who suffer from addiction are afflicted with a va-
riety of severe symptoms, which include among others a
strong yearning and craving for the substance and the
inability to control its intake [American Psychiatric Press,
1994; Baler and Volkow, 2006; Goldstein et al. 2007]. Recent
imaging studies showed dysfunctions in reward circuitry,
e.g., ventral striatum (VS) and ventromedial prefrontal cor-
tex (VMPFC), as being involved in substance craving. While
addicted patients show less activation in these regions (and
other regions as, e.g., nucleus caudatus, thalamus, dorsolat-
eral prefrontal cortex, anterior cingulate cortex, orbitofron-
tal cortex) during anticipation of monetary reward [Wrase
et al., 2007], the same regions as well as another key region
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of the reward system, the ventral tegmental area (VTA),
showed, in contrast, increased neural activity during mere
presentation of alcoholic stimuli independent of reward
[Braus et al., 2001; George et al., 2001; Grusser et al., 2004;
Kareken et al., 2004; Modell and Mountz, 1995; Myrick
et al., 2004; Wrase et al., 2007]. Taken together, these find-
ings indicate reduced neural activity in reward circuitry in
response to nonalcoholic reward-indicating cues and
increased activity during the presentation of alcoholic stim-
uli in alcoholism. Similar findings of reduced neural activity
in reward circuitry during a reward task have been made
for other addictions such as cocaine [Kalivas and Volkow,
2005; Volkow et al., 2003; Volkow et al., 1997, 2004ab] or
pathological gambling [Reuter et al., 2005].
In addition to craving and yearning, alcoholic patients de-

velop a proceeding neglect of formerly important interests
and habits with an increasing personal reference to alcoholic
stimuli. Personal reference can empirically be tested for by
letting subjects decide about the level of personal association
with alcoholic and nonalcoholic stimuli. The here applied
concept of personal reference bears strong resemblance with
the one of self-relatedness [de Greck et al., 2008; Kelley et al.,
2002; Northoff and Bermpohl, 2004; Northoff et al., 2007].
Previous imaging studies in healthy subjects have demon-
strated the at least partial involvement of reward circuitry in
self-relatedness including the VS, VTA, and the VMPFC [de
Greck et al., 2008; Northoff et al., 2006, 2007; Phan et al.,
2004]. This led us to our suggestion that alcoholic patients
might not only show abnormalities in these regions during
reward but also during personal reference.
The aim of our preliminary study was to assess neural

activity in reward circuitry during both reward, i.e., the
perception of monetary wins and losses, and personal ref-
erence, i.e., the evaluation of high and low referenced
stimuli. Based on the above-described findings, we first
hypothesized that alcoholic patients show reduced neural
activity in VS, VTA, and VMPFC during the perception of
reward. Secondly, we hypothesized altered neural activity

in these regions during evaluation of personal reference in
alcoholic patients. Moreover, we expected to find
decreased activation during the evaluation of stimuli with
high personal reference. Using event-related fMRI, we
applied a previously established paradigm that tested for
reward, i.e., win and loss of money as well as for personal
reference [de Greck et al., 2008; Reuter et al., 2005]. The
latter task included the evaluation of visual stimuli as ei-
ther high or low referenced. We used the functional local-
izer approach [Saxe et al., 2006], which allowed us to
investigate neural activity during personal reference in
exactly those regions recruited by reward.

METHODS AND MATERIALS

Subjects

We investigated 10 healthy right-handed subjects (2
women, 8 men; mean age 5 34.3 6 7.9 SD; range: 26–50
years) without any psychiatric, neurological, or medical ill-
ness and 10 abstinent right-handed alcoholics matched
according to age and sex (2 women, 8 men; mean age 5
38.7 6 9.1 SD; range: 24–55 years). After a detailed expla-
nation of the study design and any potential risks, all sub-
jects gave their written informed consent. The study was
approved by the institutional review board of the Univer-
sity of Magdeburg, Germany.
All patients were diagnosed as alcohol dependent

according to ICD-10 and DSM-IV criteria and had no other
psychiatric axis I disorders and no past history of depend-
ency or current abuse of other drugs. The alcoholics had
been dependent for 9.7 6 5.70 years (range: 3–23 years)
and abstinent from alcohol for 5.35 6 1.49 months (range:
3–8 months). The maximum amount of alcohol consumed
during dependency had been 497 6 224.76 g/day (range:
225–840 g/day). Both healthy subjects and alcoholics had
been free of benzodiazepine and clomethiazole use for at
least one week. One patient was treated with 25 mg doxe-
pin per night, but no other psychotropic drugs were taken.
No subject was in a nicotine withdrawal state during the
fMRI session.

Paradigm

We implemented a well-established paradigm, which
was already successfully used in healthy subjects by our
group [de Greck et al., 2008]. The experiment contained
three different types of tasks. During reward trials, subjects
entered a gambling situation, in which they could either
win or lose money. During reference-evaluation trials, sub-
jects were supposed to gauge whether a stimulus was high
or low in relation to them. The third task was a control task,
in which subjects had to assess the orientation of a presented
stimulus. The sequence of all trial types was designed to be
as similar as possible to allow comparisons (see Fig. 1).
All trials began with the presentation of a decision phase

(2-s duration), in which subjects had to perform a button
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Figure 1.
Study design. (a) Trial design: the experiment contained three types of trials with a similar structure but different tasks. Each trial
began with a decision phase (2-s duration) followed by a feedback phase (2-s duration). Prior to the beginning of the next trial a
short intertrial interval (ITI, duration 1 or 2 s) was presented. Gambling trials: subjects had to bet for either the left or right side in
the decision phase. Whether they had won or lost was symbolized by the presentation of plus or minus sign on the chosen side in
the feedback phase; win or lose were indicated by the bar and 1/- signs. Personal reference trials: subjects were asked to assess the
presented picture during the decision phase. In the feedback phase, the answer was represented by an equal sign to avoid confusion
with the other two feedback tasks. For consistency purposes, the state bar was also presented showing two alternating values. Sub-
jects were instructed that the presentation of the state bar was irrelevant during personal reference trials. Control trials: subjects
had to evaluate the alignment of the stimulus whether it had a horizontal or a vertical orientation. The correct and incorrect
answers were symbolized by the presentation of a plus or minus sign in the feedback period. The state bar was also presented in
the feedback phase with an alternating irrelevant value. (b) Stimulus types: Three different types of stimuli were used in each of the
three tasks. Food stimuli were taken from the International Affective Picture System (IAPS). These stimuli contained different types
of food. The gambling stimuli contained slot machines, card playing situations, or roulette scenes. Theses stimuli were designed espe-
cially for this study. Alcohol stimuli were taken from the Normative Appetitive Picture System (NAPS), and they showed different
kinds of alcohol liquids. In total, we used 40 different stimuli of each stimulus type in the experiment. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com.]
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press with either their the left or right hand. During this
phase, a picture was displayed in the center of the screen
and two little triangles at the bottom symbolized the task
that had to be performed. The decision phase was directly
followed by a feedback phase (2-s duration), in which sub-
jects got a short symbolized feedback. The display con-
tained a symbol on the site of their response and a state
bar in the center. Every location on the screen in which
pictures or symbols could appear was surrounded by a
thin frame. Before each next trial, a short intertrial interval
(ITI, duration 1 or 2 s) was presented in which only the
four empty location frames were presented. While the ITI
was identical in all three tasks, the specific content of the
two phases was different for each task.
In the decision phase of gambling trials, subjects were

asked to bet by deciding for the left or right site of the dis-
play. In the following feedback phase, they were informed
whether they had won or lost. This was symbolized by the
presentation of a plus or minus sign on the chosen site. Addi-
tionally, the state bar that reflected the actual amount of the
subject’s payment increased or decreased. In orientation on
the study performed by Reuter et al. [Reuter et al., 2005], our
subjects were made to believe that they were gambling
against the computer and that their luck during the gambling
trials had a direct influence on the amount of their payment.
They were not aware that, in fact, the proportion of wins and
losses was predefined and almost identical for all subjects.
During the decision phase of personal reference trials,

subjects had to evaluate whether the presented picture
was of high or low personal reference. In the feedback
phase of these trials, an equality sign was presented when
the button press was delivered in time. In contrast to both
of the other tasks, the minus sign was only presented
when no response occurred. We decided to present an
equality sign instead of the plus sign to make sure that
this task had no rewarding component. The state bar was
presented in these trials as well for the purpose of consis-
tency. Although subjects were instructed that it had no
meaning, the actual value fluctuated around the midline.
In control trials, it was the subject’s task to identify the

alignment of the presented picture during the decision
phase. All stimuli had the shape of a rectangle, half of the
stimuli were horizontally aligned and half of them verti-
cally. When subjects gave the right answer, a plus sign
was presented in the feedback phase and a minus sign in
false trials, respectively. As described earlier, the feedback
display contained the fluctuating state bar that was irrele-
vant in these trials.
A total of 120 stimuli were presented four times during

the experiment; once during evaluation of personal refer-
ence and control trials and twice during gambling trials.
The twofold presentation of stimuli during the gambling
trials resulted from our orientation on the reward paradigm
introduced by Reuter et al. [Reuter et al., 2005], which con-
tained a total number of 250 trials. To achieve the same
effect, we also included a total number of 240 trials, which
made the twofold presentation of our stimuli unavoidable.

The 120 stimuli included 40 food pictures, 40 alcohol pic-
tures, and 40 gambling pictures. The food pictures were
taken from the International Affective Picture System [Lang
et al., 1999] and slightly modified. As alcohol stimuli served
pictures from the Normative Appetitive Picture System
[Breiner et al., 1995; Stritzke et al., 2004] that were modified
as well. The gambling stimuli comprised typical gambling
scenes and were developed especially for this study. Like-
wise the state bar presented in the feedback phase had three
different colors reflecting the actual stimulus category. The
selection of stimuli was driven by our question which kind
of stimulus might be best suited to investigate the relation-
ship between reward and personal reference. Based on pre-
vious imaging experiments, we decided to take stimuli that
showed a strong reward value like natural reinforcers, e.g.,
food stimuli [Killgore et al., 2003; Wang et al., 2004]. Clini-
cal experience with alcoholic patients led us to implement
pictures containing alcohol stimuli, as alcoholics report a
strong reference toward these stimuli on the one hand and
show a pronounced craving for these stimuli on the other
[Modell and Mountz, 1995; Park et al., 2007]. We were also
curious as to why these patients developed alcoholism,
which is a substance-related addictive disorder and not a
nonsubstance-related disorder such as pathological gam-
bling. For this reason, we integrated pictures containing
gambling stimuli.
Trials were presented in rows of 10 stimuli of the same

category. Hereafter, a baseline event occurred that lasted
for 4, 5, or 6 s. The experiment was divided in eight ses-
sions with the same task, i.e., four gambling sessions, two
sessions with evaluation of personal reference, and two
control sessions. Sessions and trials were presented in a
pseudorandomized order. At the end of each session, a
short evaluation period was presented in which subjects
were asked to state their actual situation. They had to
describe their general contentment, hungriness, craving for
alcohol, and craving for gambling by virtually moving a
bar on a visual analog scale.
The experiment was executed on a ordinary desktop

personal computer using the software package Presenta-
tion (Neurobehavioral Systems, http://www.neurobs.
com). Subjects were lying inside the scanner and were
watching the projected experiment on a matt screen
through a mirror attached on the head coil.
Subsequent to the fMRI session, all subjects performed a

postscanning experiment in which they evaluated all pre-
sented stimuli in respect to their personal reference and
the craving that was induced by the stimulus. After the 2-s
presentation of the stimulus, subjects had to assess
whether they could consent to two displayed statements
(personal reference: ‘‘The content has a lot to do with me’’;
craving: ‘‘I have a strong craving for the content’’) by vir-
tually moving a bar on the screen. The postscanning
paradigm was likewise displayed on an ordinary desktop
personal computer using the experimentation software
package Presentation (Neurobehavioral Systems, http://
www.neurobs.com).
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Behavioral Data Analysis

Behavioral data have been examined using repeated
measurements analysis of variance (ANOVA) and paired-
samples t-tests as well as independent-samples t-tests for
group comparisons. Different factors have been included
in the ANOVAs: Within-subjects factor condition (win,
lose, reward trials with no response, high personal refer-
ence, low personal reference, reference trials with no
response, correct control trials, incorrect control trials, con-
trol trials with no response), within-subjects factor per-
sonal reference (high and low), within-subjects factor stim-
ulus category (natural, gambling and alcohol), and the
between-subjects factor group (healthy and alcoholics).

fMRI Data Acquisition and Analysis

Functional measurements were performed on a 3-T
whole body MRI system (Siemens Trio, Erlangen, Ger-
many) with echo planar imaging (EPI) using an eight-
channel head coil. The slices were acquired parallel to the
AC–PC plane in an odd–even interleaved acquisition
order. Thirty-two T2*-weighted echo planar images per
volume with blood oxygenation level-dependent (BOLD)
contrast were obtained (matrix: 64 3 64; 32 slices per vol-
ume; FoV: 224 3 224 mm; spatial resolution: 3.5 3 3.5 3
4 mm; TE 5 30 ms; TR 5 2000 ms; flip angle 5 808). Func-
tional data were recorded in eight scanning sessions con-
taining 210 volumes per session for each subject. The first
four volumes were discarded. The fMRI data were prepro-
cessed and statistically analyzed by the general linear
model approach [Friston et al., 1995] using the SPM2 soft-
ware package (spm2, http://www.fil.ion.ucl.ac.uk) and
MATLAB 6.5 (The Mathworks, Natick, MA). All functional
images were slice time corrected with reference to the first
slice acquired, corrected for motion artifacts by realign-
ment to the last volume, and spatially normalized to a
standard T2-weighted SPM template [Ashburner and Fris-
ton, 1999]. The normalization was realized by warping the
subject’s last functional image to the SPM template and
applying these parameters to the other functional images.
The images were resampled to 2 3 2 3 2 mm and
smoothed with an isotropic 6-mm full-width half-maxi-
mum Gaussian kernel.
The time-series fMRI data were filtered using a high

pass filter and cutoff of 128 s. A statistical model for each
subject was computed by applying a canonical response
function [Friston et al., 1998]. All relevant periods, i.e.,
the decision phase, the feedback phase, and the baseline
phase were included in the SPM model. Regionally spe-
cific condition effects were tested by employing linear
contrasts for each subject and different conditions. The
resulting contrast images were submitted to a second-
level random-effects analysis. Here, one-sample t-tests
were used on images obtained for each subjects’ volume
set and different conditions. To control for the multiple-
testing problem, we performed a false discovery rate cor-

rection [Nichols and Hayasaka, 2003]. The anatomical
localization of significant activations was assessed with
reference to the standard stereotactic atlas by superimpo-
sition of the SPM maps on a standard brain template pro-
vided by SPM2.
In a second step, we analyzed the fMRI raw data using

the Marseille Region of Interest Toolbox software package
[Brett et al., 2002; MarsBaR 1.86, http://www.sourceforge.
net/projects/marsbar]. Using a sphere-shaped region-of-
interest (ROI, radius 5 mm) we extracted the raw data
from activations found in the second level analysis. To
control for baseline drifts, we applied a linear baseline
shift correction. Mean normalized fMRI signal values from
two following time steps (6 and 8 s after feedback onset)
of the BOLD were included in the statistical analysis using
repeated measurements analysis of variance (ANOVA)
and paired-samples t-tests as well as independent-samples
t-tests for group comparisons [Dreher et al., 2006; Yarkoni
et al., 2005]. Different factors have been included in the
ANOVAs. Within-subject’s factor reward (win and lose),
within-subject’s factor personal reference (high and low),
within-subject’s factor stimulus category (natural, gam-
bling, and alcohol), and the between-subject’s factor group
(healthy and alcoholics). As the ratio of high and low per-
sonal reference trials could not be predefined as the ratio
of win and lose trials, we performed Levene’s tests to
check for possible inhomogeneity of variances.
It should be mentioned at this point that our paradigm

did not allow for comparisons of activations during the
reward task (i.e., monetary wins and losses) with activa-
tions during the personal reference task (i.e., evaluation of
pictures with high and low personal reference), as the time
point of the main event of both tasks was different.

RESULTS

Behavioral Data

Reaction times

Reaction times were analyzed with regard to possible
group differences and the effects of different tasks and
conditions. Repeated measurements ANOVAs and inde-
pendent-samples t-tests revealed no significant group dif-
ferences. The statistical analysis for the different conditions
showed slowest reaction times during high personal refer-
ence events compared with all other conditions in healthy
subjects. Alcoholics did not show any significant difference
in the reaction times for different conditions (see Supple-
mentary Material 1a and 1b).

Personal reference

Behavioral testing of personal reference, using independ-
ent samples t-tests, revealed that alcoholic patients showed
a significantly higher number of high referenced stimuli
(t(18) 5 2.735; p 5 0.014) and a lower number of low

r Reward Circuitry in Abstinent Alcoholics r

r 1695 r



referenced stimuli (t(18) 5 22.703; p 5 0.015) when com-
pared with healthy subjects.
The effects of stimulus categories on ratings of personal

reference were investigated using a 2 3 3 3 2 factorial
repeated measurements ANOVA (personal reference,
stimulus category, group). We obtained significant effects
for the interaction between personal reference and group
as well as for the interaction between personal reference
and stimulus category. The interaction between the fac-
tors personal reference, stimulus category, and group
revealed a statistical trend as did the personal reference
factor (see Supplementary Material 1c). Post-hoc analysis
with paired-samples t-tests showed that healthy subjects
rated both alcohol stimuli and gambling stimuli signifi-
cantly more often as low referenced than as high refer-
enced (t(9) 5 3.930; p 5 0.003 and t(9) 5 3.228; p 5 0.010,
respectively). While alcoholic patients did not show any
significant difference between the numbers of high and
low referenced alcoholic and gambling stimuli, respec-
tively, we found a statistical trend for more high personal
reference ratings of natural stimuli (t(9) 5 2.085; p 5
0.067; see also Supplementary Material 1d and Fig. 2).
This was further confirmed by post-hoc group compari-
son using independent-samples t-tests where alcoholic
patients showed significantly higher numbers of high and
lower numbers of low referenced alcoholic stimuli when
compared with healthy subjects (t(18) 5 3.224; p 5 0.005
and t(18) 5 22.993; p 5 0.008, respectively; see also Sup-
plementary Material 1d and Fig. 2).

Personal Ratings of General Contentment,

Hungriness, Craving for Alcohol, and

Craving for Gambling

The analysis of these ratings over all subjects and ses-
sions revealed no significant results (see Supplementary
Material 1e).

FMRI Data

Changes in the reward system during win and lose in

alcoholic subjects

As a first step, we aimed to ascertain the reward regions
of our whole sample group, i.e., healthy subjects and alco-
holic patients collected as one group. Following the
approach of Goldstein et al. [Goldstein and collegues,
2007], we performed a one sample t-test on the contrast
win > lose. We applied this method for detecting our ROI,
as we wanted neither the group of healthy subjects nor the
group of our alcoholic patients to have a dominant influ-
ence on the determination of the ROI. Corresponding to
the well-established data about the reward system (see
introduction and discussion for details), we observed neu-
ral activity in right and left VS, in the brain-stem adjacent
to VTA (in the following simply described as VTA), and
left VMPFC (coordinates with reference to the MNI stereo-
tactic space: right VS (18, 20, 26); left VS (218, 16, 22);
right VTA (6, 228, 232); left VMPFC (24, 48, 26); see
images on the left in Figure 3) and other regions including

Figure 2.

Ratings of personal reference in different stimulus categories. The number of trials (y-axis) in different conditions and stimulus cate-

gories (error bar: standard deviation) have been examined within each group using paired t-tests. Furthermore, between-group com-

parisons have been performed using independent-samples t-tests. In healthy subjects, no significant difference in the number of high

and low referenced pictures of natural stimuli has been observed. Gambling pictures have been significantly rated less frequently high

referenced than low referenced as it has been for alcohol stimuli. In alcoholics, the comparison of the number of high and low refer-

enced pictures of natural stimuli revealed a statistical trend. No statistical difference between the number of high and low referenced

gambling or alcohol pictures has been observed. In the group comparison, we only found significant differences for the performed

personal reference ratings on alcohol stimuli. Abbreviations, *p < 0.05. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]
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Figure 3. (legend on page 1699)
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Figure 3. (legend on page 1699)

r de Greck et al. r

r 1698 r



the left inferior frontal gyrus, the right lateral globus pal-
lidus and the right putamen (see Table I). Further analysis
focused exclusively on the right and left VS, the VTA and
the left VMPFC, as these regions have been demonstrated
to be crucially involved in the reward system in both
healthy and alcoholic subjects (see Introduction and Dis-
cussion for details).
Based on the regions as elucidated in the first step (see

above and Methods for details), we compared signal inten-
sities for win and lose between both groups. A 2 3 2 facto-
rial ANOVA (reward, group) revealed a significant main
effect for the factor reward in each of the four regions but
not for the reward 3 group interaction (see Supplementary
Material 2a). Paired-samples t-tests in healthy subjects
revealed significant differences in signal intensities
between win and lose in all of the four regions (right VS:
t(9) 5 3.041, p 5 0.014; left VS: t(9) 5 3.122, p 5 0.012;
right VTA: t(9) 5 2.800; p 5 0.021; left VMPFC: t(9) 5
2.428; p 5 0.038; see also Supplementary Material 2b and
Fig. 3). Alcoholic patients also showed significant differen-
ces between win and lose in the right and left VS, but they
failed to show this in the VTA and the VMPFC (right VS:
t(9) 5 2.673; p 5 0.025; left VS: t(9) 5 2.658; p 5 0.026;
right VTA: t(9) 5 1.465; p 5 0.177; left VMPFC: t(9) 5

1.227; p 5 0.251; see also Supplementary Material 2b and
bar diagrams on the right in Figure 3 for win and lose sep-
arately in both groups). Despite these differences, this did
not amount to statistically significant differences between
groups in the difference between win and lose (right VS:
t(18) 5 0.778; p 5 0.447; left VS: t(18) 5 0.842; p 5 0.411;
right VTA: t(18) 5 0.990; p 5 0.335; left VMPFC: t(18) 5
1.148; p 5 0.266; see also Supplementary Material 2b and
Fig. 3). Levene’s tests for equality of variances did not
yield significant values for any of the comparisons.

Changes in the reward system during high and low

personal reference in alcoholic patients

We then investigated signal intensities during high and
low personal reference in those regions that were recruited
during win and lose in both groups. A 2 3 2 factorial
ANOVA (evaluation of personal reference, group) revealed
a significant main effect for the factor evaluation of per-
sonal reference in three of the four regions (i.e. right and
left VS, left VMPFC) and for the personal reference 3
group interaction in three of the four regions (i.e., right
and left VS, right VTA, see Supplementary Material 2c). In
contrast to healthy subjects who revealed significant higher

Figure 3.

Activations and fMRI signal changes in reward regions during reward and personal reference. The second level group statistic for the

contrast win > lose revealed activations in the right and left ventral striatum (VS), the left ventral tegmental area (VTA), and the left

ventromedial prefrontal cortex (VMPFC). The top picture on the right side of each paragraph shows the t-contrast calculated with

SPM2. The two diagrams at the left of each line show the mean normalized fMRI signal changes (y-axis) for the conditions win, lose,

high personal reference, and low personal reference (error bar: standard deviation) with t 5 0 for the start of the feedback phase in

healthy and in alcoholics respectively. The box diagrams on the right display the mean normalized fMRI values (y-axis) for the time

points 6–8 s. The box diagrams below each picture on the far right side illustrate the mean differences of the mean normalized fMRI

signal (y-axis) for the time points 6–8 s (error bars: standard deviation). The mean normalized fMRI values of each group have been

analyzed by paired-samples t-tests, the differences of the mean normalized fMRI signal have been examined with independent-samples

t-tests between the two groups. (a) Right VS (18, 20, 26; Z 5 5.32; pFDR 5 0.001). We found a higher mean fMRI signal for win

events compared to lose events in healthy and in alcoholics and a higher mean fMRI signal for high personal reference events com-

pared with low personal reference events only in healthy but not in alcoholics. While the difference of win and lose events showed

no significant difference in the group comparison of healthy and alcoholics, this comparison revealed significant higher difference of

high referenced and low referenced events in healthy individuals. (b) Left VS (218, 16, 22; Z 5 5.22; pFDR 5 0.001). We found a

higher mean fMRI signal for win events compared with lose events in healthy and in alcoholics and a higher mean fMRI signal for high

personal reference events compared with low personal reference events in healthy, but not in alcoholics. While the difference of win

and lose events showed no significant difference in the group comparison of healthy and alcoholics, this comparison revealed a signif-

icantly higher difference of high personal reference and low personal reference events in healthy individuals. c. Right VTA (6, 228,

232; Z 5 4.29; pFDR 5 0.002). We found a higher mean fMRI signal for win events compared with lose events only in healthy indi-

viduals, but not in alcoholics. The contrast of high personal reference events compared with low personal reference events revealed

a significantly higher fMRI signal during high personal reference events only in healthy individuals. While the difference of win and

lose events showed no significant difference in the group comparison of healthy individuals and alcoholics, this comparison revealed a

significantly higher difference of high personal reference and low personal reference events in healthy individuals. (d) Left VMPFC

(24, 48, 26; Z 5 3.85; pFDR 5 0.006). We found a higher mean fMRI signal for win events compared to lose events only in healthy,

not in alcoholics and a higher mean fMRI signal for high personal reference events compared to low–personal reference events only

in healthy, not in alcoholics. Both the difference of win–lose events and of high personal reference low personal reference events

showed no significant difference in the group comparison of healthy and alcoholics. Abbreviations: VS = ventral striatum; VTA = ven-

tral tegmental area; VMPFC = ventromedial prefrontal cortex; * = p < 0.05. [Color figure can be viewed in the online issue, which

is available at www.interscience.wiley.com.]
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fMRI signals during trials with the evaluation of high per-
sonal reference when compared with low personal refer-
ence trials (right VS: t(9) 5 4.762; p 5 0.001; left VS: t(9) 5
3.534; p 5 0.006; right VTA: t(9) 5 3.429; p 5 0.008; left
VMPFC: t(9) 5 2.409; p 5 0.039; see also Supplementary
Material 2d and Fig. 3), alcoholic patients did not show
significant differences in signal intensities between high
and low referenced stimuli in both right and left VS, VTA,
and VMPFC (right VS: t(9) 5 21.055; p 5 0.319; left VS:
t(9) 5 0.142; p 5 0.890; right VTA: t(9) 5 0.222; p 5 0.830;
left VMPFC: t(9) 5 1.214; p 5 0.256; see also Supplemen-
tary Material 2d and Fig. 3). Comparisons of the difference
between high and low personal reference yielded signifi-
cant differences between groups in both right and left VS
and VTA but not in VMPFC (right VS: t(18) 5 4.110; p 5
0.001; left VS: t(18) 5 2.527; p 5 0.021; right VTA: t(18) 5
2.288; p 5 0.034; left VMPFC: t(18) 5 0.346; p 5 0.734; see
also Supplementary Material 2d and Fig. 3). Levene’s tests
for equality of variances did not yield significant values
for any of the comparisons.
To demonstrate that our fMRI signal changes during the

evaluation of personal reference are not due to nonspecific
cognitive-evaluative confounds, we directly compared
fMRI signal changes from the ascertained reward regions
during the evaluation of personal reference with those
during the control condition. The results showing that the

activations in reward circuitry during high personal refer-
ence are caused by the degree of personal reference (and
not by the cognitive-evaluative confounds) are presented
in Supplementary Material 3.

Effects of stimulus category on signal intensities

during win and lose and high and low

personal reference

To control for specific effects of stimulus categories (nat-
ural, gambling, alcohol) during win and lose, we con-
ducted a 3 3 2 3 2 factorial repeated measures ANOVA
(stimulus category, personal reference, group). This did
not reveal any significant interaction between the stimulus
category and group in any of the four regions during win
and lose (see Supplementary Material 2e). Similarly, we
did not observe any effects neither of personal reference,
e.g., whether the stimuli were high or low referenced, nor
of the factor stimulus category or of the personal reference
3 group interaction on signal intensities during win and
lose in any of the four regions (see also Supplementary
Material 2e). Finally, we did not observe any significant
interaction between stimulus category, personal reference,
and group during win and lose in both right and left VS
and in the VTA (see Supplementary Material 2e). Taken to-
gether, these results suggest that there was only some

TABLE I. Activations for the contrast [reward win] > [reward lose]

Region x, y, z [mm*] Z p (FDR)

Right ventral striatum 18 20 26 5.32 0.001
Left ventral striatum 218 16 22 5.22 0.001
Right Pons 6 228 232 4.29 0.002
Left ventromedial prefrontal cortex 24 48 26 3.85 0.006
Left inferior frontal gyrus 238 34 218 5.11 0.001
Right lateral globus pallidus 12 6 26 5.22 0.001
Right putamen 22 22 16 5.47 0.001
Left inferior temporal gyrus 258 254 28 4.57 0.001
Left precentral gyrus 242 216 46 4.39 0.002
Left nucleus caudatus 218 238 18 4.39 0.002
Right anterior cingulum 6 26 22 4.13 0.003
Left postcentral gyrus 240 228 36 4.22 0.003
Left insula 228 238 18 4.14 0.003
Left fusiform gyrus 242 226 220 3.99 0.004
Right temporal gyrus 38 228 10 4.05 0.004
Left superior temporal gyrus 264 240 18 4.01 0.004
Left cingulate gyrus 26 244 44 4.02 0.004
Right middle temporal gyrus 68 230 0 3.97 0.005
Right fusiform gyrus 50 242 222 3.96 0.005
Left middle frontal gyrus 246 34 18 3.85 0.006
Anterior cingulum 0 18 26 3.84 0.006
Right middle temporal gyrus 258 26 28 3.85 0.006
Right inferior temporal gyrus 50 230 220 3.82 0.006
Right middle temporal gyrus 52 238 214 3.86 0.006
Left paracentral lobule 218 242 48 3.81 0.006
Left precuneus 238 266 36 3.85 0.006
Left middle frontal gyrus 240 52 24 3.70 0.008
Right middle temporal gyrus 56 6 230 3.70 0.008
Right caudate nucleus 26 240 20 3.60 0.009
Left precuneus 224 278 14 3.63 0.009

*Coordinates refer to the MNI stereotactic space.
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influence of different stimulus categories on signal inten-
sities during win and lose in the VMPFC but not in the
other three regions in both groups.
We then conducted similar analyses for investigating the

effects of stimulus category on signal intensities during the
evaluation of high and low personal reference. A 3 3 2
factorial repeated measurements ANOVA (stimulus cate-
gory, group) revealed a significant effect of the factor stim-
ulus category only in the VTA (see Supplementary Mate-
rial 2f and the figure of Supplementary Material 4). In
healthy subjects, post-hoc paired t-tests for this region
revealed a higher difference between high referenced and
low referenced stimuli in alcohol trials compared with
gambling trials (T(7) 5 3.835; p 5 0.006). However, in alco-
holic patients, post-hoc paired samples t-tests for this
region did not reveal any significant difference. We, how-
ever, did not observe any significant interaction between
stimulus category and group in the VTA or any of the
other regions (see also Supplementary Material 2f). Taken
together, these results indicate some effects of stimulus cat-
egory in healthy subjects in the VTA, concerning the dif-
ference between gambling and alcoholic stimuli.

DISCUSSION

We investigated reward function and personal reference
in reward circuitry in abstinent alcoholic patients. Contrary
to our first hypothesis, we were not able to replicate previ-
ous findings that clearly showed reduced activity in
reward regions during the perception of reward [Wrase
et al., 2007]. We could not find any statistically significant
reduction in signal changes in all four regions observed
(VS, VTA, and VMPFC) during the perception of monetary
reward in alcoholic patients when compared with healthy
subjects. However, we observed some slight (though statis-
tically nonsignificant) differences of signal intensity in the
VTA and the VMPFC, which is in accordance with previ-
ous findings [Wrase et al., 2007]. The most striking out-
come of our study was that alcoholic patients, although
showing no major alterations in reward function, revealed
reduced signal changes during personal reference, i.e., the
evaluation of high referenced stimuli, in the very same
reward regions, which confirms our second hypothesis.
We thus demonstrate for the first time altered neural activ-
ity in reward circuitry during personal reference in alco-
holic patients.
Several studies found altered neural activity during

reward tasks in reward circuitry in alcoholic patients
[Wrase et al., 2007] and patients suffering from other forms
of addictive diseases such as cocaine [Volkow et al., 1997,
2004a] and pathological gambling [Reuter et al., 2005].
Although we tested for changes in reward activity using a
well-established paradigm that had shown altered reward
function in pathological gamblers before [Reuter et al.,
2005], we were not able to detect statistically significant
evidence for disturbed reward function in our alcoholic

subjects. Although we observed less differentiation in sig-
nal changes between win and lose in the VTA and the
VMPFC during the reward task in alcoholic patients, these
did not yield statistically significant differences when com-
pared with healthy subjects. The possible reasons for the
lack of reduced reward function might include the follow-
ing methodological and clinical explanations. While Wrase
et al. [Wrase et al., 2007], relying on the Monetary Incen-
tive Delay Task (MID-Task) established by Knutson et al.
[Knutson et al., 2001a], focused on the anticipatory period
of monetary gains and losses, we here investigated the
gain and loss periods themselves. One may consequently
speculate that the VS may specifically be associated with
deficits in anticipation of reward rather than with deficits
in the perception of reward. This interpretation is sup-
ported by the findings from Knutson et al. [Knutson et al.,
2001ab, 2003], who associated neural activity in the VS
with the anticipation of reward, whereas the VMPFC was
active during the gain period itself. This neural differentia-
tion however needs to be investigated in future studies
that directly compare anticipation and perception of
reward in alcoholic patients. Another difference between
the two studies concerns the stage during which alcoholic
patients were investigated. While the study by Wrase et al.
[2007] and others [George et al., 2001; Grusser et al., 2004;
Kareken et al., 2004; Myrick et al., 2004] investigated
acutely detoxified alcoholic patients, our patients were al-
ready abstinent for at least three months. Braus [Braus
et al., 2001] as well as others [Heinz et al., 1996; Laine
et al., 1999] presented some evidence that altered neural
activity in reward circuitry may disappear and thus nor-
malize after at least three weeks of abstinence. Deficiency
in reward circuitry during the acute state may be due to a
decrease in VS dopamine transporters that recovers after a
few days of abstinence [Laine et al., 1999]. The long dura-
tion of abstinence in our alcoholic patients (at least three
months of abstinence) may thus possibly account for the
observed absence of abnormalities in VS (and the absence
of between-group effects in the other regions) during
reward. The hypothesized neural differentiation between
the acute and abstinent state suggests that deficits in
reward regions may potentially be regarded as a state
marker of acute alcohol abuse.
The most striking finding is that alcoholic patients

showed considerably reduced signal changes in reward
circuitry during the evaluation high personal reference
when compared to healthy subjects; this has not been
investigated before. Recent studies in healthy subjects
demonstrated involvement of the VS and the VMPFC in
personal reference [Northoff, 2007; Northoff and Berm-
pohl, 2004; Northoff et al., 2006; Phan et al., 2004]. These
findings are supported by a recent study of our group,
which explicitly investigated the association of reward and
evaluation of personal reference [de Greck et al., 2008]. We
were able to demonstrate that reward circuitry (VS,
VMPFC, and VTA) is recruited during the evaluation of
high referenced stimuli. How can we explain such appa-
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rent overlap between reward and personal reference? We
suggest that both reward and personal reference might
present distinct aspects of the so-called valuation system
[Montague and Berns, 2002; Montague et al., 2006]. The
valuation system does not only assign immediate value to
a stimulus, indicating the reward value, but also its long-
term value for the organism reflecting what can be called
personal reference. The shared valuation system might
neuronally be represented in basic reward circuitry includ-
ing VTA, VS, and VMPFC. The present findings indicate
that the neural basis of this valuation system may be
altered in alcoholic patients. While our patients exhibited
only slight abnormalities (e.g., no between group differen-
ces) in reward circuitry during reward function, i.e., win
and loss, they showed major abnormalities in the same
regions during the evaluation of personal reference. Such
functional dissociation between reward and personal refer-
ence in reward circuitry suggests a possible dissociation
between the assignment of immediate and long-term value
to stimuli in alcoholic patients. While the immediate value
assignment and thus reward function may recover with
the duration of abstinence, the deficits in long-term assign-
ment of personal significance, i.e., personal reference may
persist beyond the state of acute detoxification. One may
consequently speculate that clinically neural deficits in
reward function may be considered a state marker of acute
addiction, whereas neural deficits in personal reference
may rather be a trait marker of alcoholism describing the
predisposition of a person to addiction. This rather specu-
lative hypothesis, however, awaits further confirmation
from longitudinal studies investigating both reward and
personal reference.
Clinically, deficits in personal reference may manifest in

the patient’s attribution of abnormally high personal signifi-
cance to alcohol. This corresponds well to our behavioral
data showing that alcoholic patients evaluated alcoholic
stimuli more high personal referenced when compared with
healthy subjects. Behavioral attribution of higher personal
reference to alcoholic stimuli was however not accompanied
by higher signal changes in either region of reward cir-
cuitry, e.g., VS, VMPFC, and VTA, during alcohol-related
stimuli. In other terms, we could not observe any specific
effects of alcoholic stimuli in reward circuitry during either
reward or personal reference in alcoholic patients. This indi-
cates a basic deficit in reward circuitry remaining independ-
ent of the kind of stimulus in alcoholic patients. Investigat-
ing pathological gamblers, Reuter [Reuter et al., 2005] argue
that organisms try to maintain a homeostatic baseline level
of dopamine in the ventral striatum. While healthy subjects
are able to reach and maintain a sufficient baseline level of
dopamine activity in the VS by weak reinforcers found in
everyday life, addicted patients like pathological gamblers
lack this ability and seek for stronger reinforcers, as e.g.
gambling or drugs. This hypothesis is supported by our
data since we showed that the simple evaluation of stimuli
with high personal reference leads to activity in VS (and
other reward regions like VTA and VMPFC) only in healthy

subjects but not in abstinent alcoholic patients. In other
words, while healthy subjects show activation in reward cir-
cuitry during the evaluation of high referenced stimuli and
hence can stabilize their homeostatic baseline activity in the
VS, abstinent alcoholic patients lack this activation and are
dependant on stronger reinforcers.
Some methodological limitations of our study should be

mentioned. First, the number of patients investigated here
is rather low so that our results should be considered pre-
liminary, awaiting further support from larger samples.
Second, one might criticize that our concept of reward
needs to be parsed into distinct aspects of reward as
proposed by Berridge and Robinson [2003]. Unfortunately,
our design does not allow us to clearly distinguish be-
tween the appetitive preconsummatory aspects (wanting)
on the one hand and hedonic consummatory aspects
(liking) on the other. The paradigm used in our study
relied on a similar design that was established by Reuter
et al. [Reuter et al., 2005] and showed also robust effects in
a previous study conducted by our group [de Greck et al.,
2008]. The focus lay on the hedonic and consummatory
phase. Third, one may argue that the concept of personal
reference is rather ill-defined. We here referred to previous
studies on personal reference [Northoff and Bermpohl,
2004; Northoff et al. 2006, 2007] that let subjects explicitly
decide whether the presented stimulus is high or low ref-
erenced. Finally one might miss that in our paradigm we
did not test for any interaction between reward and per-
sonal reference. On the one hand, we intended to clearly
identify reward-associated regions without any active ref-
erence component to use them as a functional localizer. On
the other hand, we aimed to introduce a personal reference
task without any traces of a reward component to eluci-
date whether personal reference recruits reward circuitry
using the functional localizer approach [Saxe et al., 2006].
To exclude any potential pictorial differences in both tasks,
we presented the same stimuli. This design allowed us to
test the hypothesis whether personal reference recruits
neural activity in those regions that are involved in
reward. This design, however did not allow us to test for
any interaction effects between personal reference and
reward at all; for that a different design that includes a
high and low reward component within the reference eval-
uation task would be needed. One nevertheless has to con-
sider that we cannot completely exclude some impact of
reward even during the personal reference task because
we used primary reinforcers, i.e., food, which subjects had
to evaluate with regard to their personal reference.
Although we cannot exclude such interaction completely,
our observation that neural effects of personal reference
occurred in all three stimulus categories argues against
this interpretation. However, to completely exclude such
interaction, a design that totally relinquishes primary rein-
forcers would be needed.
In conclusion, we demonstrate reduced neural activity in

reward circuitry during personal reference in abstinent
alcoholic patients. Our data show that alcoholic patients
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remain unable to appropriately increase neural activity in
reward circuitry during the evaluation of high referenced
stimuli. This may not only contribute to better understand
the neural basis of alterations in personal reference in
these patients but also to establish deficient reward cir-
cuitry as diagnostic and therapeutic marker of addiction.
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