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Studies have shown increased risk taking in healthy individuals after low-frequency repetitive transcranial magnetic stimulation, known
to transiently suppress cortical excitability, over the right dorsolateral prefrontal cortex (DLPFC). It appears, therefore, plausible that
differential modulation of DLPFC activity, increasing the right while decreasing the left, might lead to decreased risk taking, which could
hold clinical relevance as excessively risky decision making is observed in clinical populations leading to deleterious consequences. The
goal of the present study was to investigate whether risk-taking behaviors could be decreased using concurrent anodal transcranial direct
current stimulation (tDCS) of the right DLPFC, which allows upregulation of brain activity, with cathodal tDCS of the left DLPCF, which
downregulates activity. Thirty-six healthy volunteers performed the risk task while they received either anodal over the right with
cathodal over the left DLPFC, anodal over the left with cathodal over the right DLPFC, or sham stimulation. We hypothesized that right
anodal/left cathodal would decrease risk-taking behavior compared with left anodal/right cathodal or sham stimulation. As predicted,
during right anodal/left cathodal stimulation over the DLPFC, participants chose more often the safe prospect compared with the other
groups. Moreover, these participants appeared to be insensitive to the reward associated with the prospects. These findings support the
notion that the interhemispheric balance of activity across the DLPFCs is critical in decision-making behaviors. Most importantly, the
observed suppression of risky behaviors suggests that populations with boundless risk-taking behaviors leading to negative real-life
consequences, such as individuals with addiction, might benefit from such neuromodulation-based approaches.
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Introduction
Recent evidence from repetitive transcranial magnetic stimulation (rTMS) studies demonstrates a causal role of the right lateral
prefrontal cortex in human decision making. Suppression of activity in the dorsolateral prefrontal cortex (DLPFC) using lowfrequency rTMS alters decision making related to fairness (van’t
Wout et al., 2005; Knoch et al., 2006a) and increases the choice of
high-risk prospects (Knoch et al., 2006b). These neurostimulation studies found that right-sided but not left-sided rTMS has an
impact on individual and social decision making. For instance,
subjects displayed significantly riskier decision making, choosing
a larger potential reward even at the greater risk of penalty after
disruption of the right, but not the left, DLPFC (Knoch et al.,
2006a). These findings have led to the notion that the right
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DLPFC plays a crucial role in the suppressive control of superficially seductive options. Disruption of the DLPFC appears to
decrease such inhibitory control, leading to increased risk-taking
behavior.
A follow-up question with potential clinical significance is
whether increasing the level of activity in the right DLPFC might
promote the inhibitory control of prepotent, impulsive responses
and therefore diminish risk-taking behavior. If so, such an intervention might prove useful in clinical populations with right prefrontal
syndromes, such as drug or nonsubstance addictions (e.g., pathological gambling), in which impairments of decision making seem to
reflect a breakdown of these control processes (Starkstein and Robinson, 1997). Preliminary findings in cocaine addicts reveals that
high-frequency rTMS to the right DLPFC, which is thought to increase cortical excitability in the targeted brain region (Gangitano et
al., 2002), reduces craving (Camprodon et al., 2007).
It is important to recognize that when targeting one DLPFC,
noninvasive brain stimulation induces changes locally but also at
distant sites along the involved neural network. Critically, this
includes interhemispheric effects modifying activity in the homologous regions of the unstimulated hemisphere as demonstrated by studies in animal models and neuroimaging studies in
humans (Wagner et al., 2007). Therefore, even when stimulation
is applied unilaterally, there is likely some component of modu-
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the risk task, and the nature of the experiment
and were not informed about the experimental
variable tested. Participants gave informed
written consent before entering the study,
which was approved by the local ethics committee. The study was performed at Mackenzie
University (Sao Paulo, Brazil).
Risk task. The risk task (Rogers et al., 1999) is
a decision-making task involving gambling.
This task provides a measure of decision making under risk with little requirements on strategy and working memory. In each of the 100
trials, participants were presented with six horFigure 1. Schematic representation of the experimental design. Each participant started to perform the risk task after receiving izontally arranged boxes that could be pink or
5 min of stimulation. Stimulation continued throughout the task.
blue. The ratio of pink and blue boxes varied
from trial to trial and could be 5:1, 4:2, or 3:3.
Participants had to pick the color of the box
lation of activity in the contralateral hemisphere that may, in fact,
that hid the winning token. They were told that the token was equally
contribute to the observed behavioral effects. Previous findings
likely to be hidden in any of the boxes. Therefore, for each trial, the ratio
on the behavioral changes in risk taking after stimulation using
of pink-to-blue boxes (referred to as level of risk) effectively determined
rTMS over the right DLPFC (Knoch et al., 2006a,b) may, in fact,
the probability of finding that winning token and thus the level of risk of
be attributable to an inhibition of activity of the right DLPFC,
the choice. Participants were rewarded with points for correctly guessing
coupled with an increase in activity in the homologous, contralatthe color of the box hiding the winning token and punished by losing
eral region (left DLPFC). Indeed, we have shown that bilateral
points for picking the incorrect color. The amount of reward (or penalty)
neuromodulation of the DLPFC can lead to behavioral changes
points associated with any scenario (e.g., five blue and one pink box)
varied (90:10, 80:20, 70:30, 60:40; referred to as balance of reward) and
in risk taking under ambiguity, whereas no significant behavioral
was clearly indicated on the screen. Importantly, the conflict inherent in
change was observed with unilateral neuromodulation of the
risk taking was reflected by the fact that the largest reward was always
DLPFC (Fecteau et al., 2007).
associated with the least likely of the two outcomes (i.e., the most risky
The aim of the present study was to investigate whether risk
option). Thus, in a trial with five blue boxes and one pink box, the
taking in normal volunteers can be reduced with transcranial
winning token was much more likely to be hidden in a blue box (five-indirect current stimulation (tDCS) modulating activity in the
six probability) than in the one pink box (one-in-six probability). In this
right and left DLPFC in opposite directions simultaneously. We
case, if the participant picked pink and was correct, he would be awarded
used a well known gambling paradigm, the risk task, that prothe number of points associated with the choice of pink (which would be
vides a measure of decision making under risk (Rogers et al.,
higher than the points associated with the choice of blue). Conversely,
1999) and applied anodal tDCS to the right or the left prefrontal
picking pink and missing the winning token would result in a loss of the
same, larger number of points. Participants’ aim was to earn as many
cortex, coupled with cathodal tDCS over the contralateral area.
points as possible.
Anodal tDCS is thought to increase excitability in the targeted
tDCS. Direct current was induced by two saline-soaked surface sponge
brain region and induces a stronger modulatory effect on cortical
electrodes (35 cm 2) and delivered by a battery-driven, constant current
excitability than rTMS, as shown by studies evaluating the impact
stimulator. The device used, developed by our group, is particularly reof these two techniques on motor cortex excitability (Nitsche and
liable for double-blind studies: a switch can be activated to interrupt the
Paulus, 2001; Romero et al., 2002), whereas cathodal tDCS is
electrical current while maintaining the ON display and showing the
known to decrease cortical excitability (Ardolino et al., 2005).
stimulation parameters throughout the procedure to the experimenter
tDCS has the additional advantages of allowing testing of behavand participant. For technical details, contact P.B. at boggio@usp.br.
iors during stimulation without nonspecific disruptions of task
Participants were randomly assigned to receive left anodal/right
performance and providing for a reliable sham condition (Gancathodal tDCS (n ⫽ 12), right anodal/left cathodal tDCS (n ⫽ 12), or
diga et al., 2006). The cortical excitability shifts during tDCS are
sham stimulation (n ⫽ 12). For stimulation left anodal/right cathodal,
the anode electrode was placed over the left F3 (EEG 10/20 system) and
believed to be attributable to subthreshold neuronal membrane
the cathode electrode was placed over the right F4. For stimulation right
depolarization (Nitsche and Paulus, 2000; Liebetanz et al., 2002;
anodal/left cathodal, the polarity was reversed: the anode electrode was
Priori, 2003). The resting membrane modulation appears to be
placed over F4 (international EEG 10/20 system) and the cathode eleccaused by the electrical current flow, which involves opening or
trode was placed over F3. For active stimulation, participants received a
closing of voltage-gated ion channels (Purpura and McMurtry,
constant current of 2 mA intensity. tDCS started 5 min before the task
1965; Nitsche et al., 2003). tDCS induces modulation of excitabilbegan and was delivered during the entire course of the risk task, which
ity, which can transiently change behavioral performance in
lasted ⬍10 min (Fig. 1). For sham stimulation, the electrodes were placed
healthy humans (Nitsche et al., 2003b; Fregni et al., 2005; Iyer et
at the same positions as for active stimulation (F3 and F4), but the stimal., 2005; Vines et al., 2006) and neurological patients (Hummel
ulator was turned on only for 30 s. Thus, participants felt the initial
et al., 2005; Fregni et al., 2006).
itching sensation associated with tDCS but received no active current for
the rest of the stimulation period. This method of sham stimulation has
Materials and Methods
been shown to be reliable (Gandiga et al., 2006).
Data analysis. The outcome measures in the present study were as
Participants. Thirty-six healthy college students (11 men; mean age,
follows: (1) the choice of low risk (i.e., safe prospect) versus high risk in
20.3 ⫾ 1.7 years; three left-handed as assessed by the Oldfield Questioneach trial (binary variable). This measure is the percentage of instances in
naire) performed the risk task while receiving anodal tDCS to either the
which participants chose the high-probability option (i.e., the choice of
right or the left DLPFC, coupled with cathodal tDCS to the contralateral
low-risk; the color corresponding to more boxes); and (2) the decision
DLPFC (referred to as right anodal/left cathodal and left anodal/right
time (i.e., how long it took the participants to decide which color of box
cathodal) or sham tDCS. Participants were on no chronic or acute medwas hiding the winning token; measured in milliseconds) (continuous
ications, had no history of neurological or psychiatric diseases, and had
variable).
normal physical and neurological examinations. All were naive to tDCS,
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Performance on all 100 trials of the task (excluding the neutral conditions; i.e., equal number of blue and pink boxes) was analyzed. The
number of times participants choose the most likely outcome and the
decision time during left anodal/right cathodal, right anodal/left
cathodal, and sham stimulation was calculated and averaged. Outliers
were defined as 2 SD above or below individual mean of decision time for
the decision time and 2 SD above or below the group mean for the total
points earned. Analyses were performed using SAS (Cary, NC) statistical
software (version 9.1). We used a mixed linear model to analyze decisiontime difference across the groups. We modeled decision-time change
using the covariates of group (left anodal/right cathodal stimulation,
right anodal/left cathodal stimulation, sham stimulation), balance of reward (90:10, 80:20, 70:30, 60:40), level of risk (low risk, high risk), and
interaction terms group ⫻ balance of reward ⫻ level of risk. For the
outcome considering the choice of low risk versus high risk (binary outcome), we performed a logistic regression model in which the dependent
variable was the choice (low risk, high risk) and the independent variables were group (left anodal/right cathodal stimulation, right anodal/
left cathodal stimulation, sham stimulation), balance of reward (90:10,
80:20, 70:30, 60:40), and interaction group ⫻ balance of reward. Statistical analysis applied Bonferroni adjustments for multiple comparisons.
To allow a full assessment of the findings, we report threshold level for
significance considering the multiple comparisons (corrected p values)
as well as uncorrected p values given the relatively small sample size and
the likelihood that Bonferroni correction may impose an excessively conservative adjustment.

Results
None of the healthy volunteers experienced adverse effects during or after tDCS. Participants perceived a slight itching sensation
under the electrodes during approximately the first 30 s of stimulation. Subjects in the sham stimulation group were truly
blinded to the nature of stimulation, reported the same initial
itching sensation, and when explicitly asked, believed to have
undergone real stimulation. The duration to perform the risk task
was similar for the three groups of subjects (⬍15 min, regardless
of the stimulation condition; ANOVA, p ⫽ 0.461).
We first tested our main a priori hypothesis based on previous
findings by Knoch et al. (2006a), which postulated that participants receiving anodal tDCS to the right DLPFC coupled with
cathodal tDCS to the left DLPFC would display risk-averse behavior on the risk task. To do so, we used a specific test model
using choice as the dependent variable. Results revealed a main
effect of group ( p ⬍ 0.0001): participants with right anodal/left
cathodal stimulation chose more often low-risk prospects compared with participants with sham stimulation [odds ratio (OR),
2.5; 95% confidence interval (CI), 1.8 –3.3] and those with left
anodal/right cathodal (OR, 2.8; 95% CI, 2.1–3.8). Moreover,
there was no difference between groups receiving left anodal/
right cathodal and sham stimulation (OR, 0.88; 95% CI, 0.7–1.1)
(Fig. 2). Also, there was no significant difference between women
and men in their choices (unpaired t test, p ⫽ 0.46).
We then tested whether the balance of reward influenced the
choice of the low-risk prospect, as reported previously (Rogers et al.,
1999; Knoch et al., 2006a). Results revealed a significant main effect
of balance of reward ( p ⫽ 0.0019): participants tended to choose less
often the low-risk prospect, compared with the risky one, when its
associated reward was diminished. We then investigated whether the
difference in regard to the balance of reward was similar across
groups and found a significant interaction between group ⫻ balance
of reward ( p ⬍ 0.0001). Participants with right anodal/left cathodal
choose more often the safe prospect, regardless of its associated reward, compared with participants with sham stimulation [reward
90:10, p ⬍ 0.01; reward 80:20, p ⬍ 0.01; reward 70:30, p ⬍ 0.001;
reward 60:40, p ⬍ 0.01; significance threshold for the Bonferroni
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Figure 2. Choice between low-risk and high-risk prospect (in percentages; SEM). Choice of
low-risk prospect was significantly different across groups. Participants receiving right anodal/
left cathodal DLPFC stimulation choose more often the low-risk prospect (92%) compared with
those with left anodal/right cathodal DLPFC stimulation (79%) and sham stimulation (82%).
Asterisks indicate significant difference between the two groups of comparison using a corrected ␣ value. R, Right; L, left.

correction (corrected p value) was ⬍0.0125]. Participants with right
anodal/left cathodal appeared to be so conservative in their choice
that that they were not even influenced by the reward. Finally, there
was a significant interaction effect of group ⫻ level of risk ⫻ balance
of reward ( p ⬍ 0.0001), suggesting that tDCS was also an effect
modifier for the level of risk (4:2, 5:1).
In regard to the total points earned, participants receiving
right anodal/left cathodal earned significantly more points compared with those receiving left anodal/right cathodal [p ⫽ 0.0468;
significance threshold for the Bonferroni correction (corrected p
value) was ⬍0.025], but not compared with sham stimulation
( p ⫽ 0.1121). There was no difference between the total points
earned between participants with left anodal/right cathodal compared with sham stimulation ( p ⫽ 0.4257) (Fig. 3).
We also tested whether the decision times were longer when
participants were confronted to a 4:2 versus a 5:1 scenario, as
found by Rogers et al. (1999) and Knoch et al. (2006a). There was
a main effect of level of risk (F ⫽ 11.87; p ⫽ 0.001). Participants
decided slower when confronted with the safer scenario (4:2
choice) compared with the higher-risk scenario (5:1 choice).
There was no interaction group ⫻ level of risk ( p ⫽ 0.18). However, there was a significant difference across the groups. Compared with sham stimulation, participants with right anodal/left
cathodal stimulation were significantly faster ( p ⬍ 0.0001) and
those with left anodal/right cathodal stimulation were significantly slower ( p ⬍ 0.0029). Furthermore, there was a significant
interaction across group ⫻ balance of reward [p ⬍ 0.0001; significance threshold for the Bonferroni correction (corrected p
value) was ⬍0.0125], suggesting that differences in decision time
between groups varied according to the reward. We also found a
significant interaction between group ⫻ level of risk ⫻ balance of
reward ( p ⬍ 0.0001). Finally, there was no significant gender
difference in terms of decision time (ANOVA, p ⫽ 0.689).
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Figure 3. Total points earned (mean and SEM). Participants with right anodal/left cathodal
DLPFC stimulation earned more points (803 ⫾ 27) than those with left anodal/right cathodal
DLPFC stimulation (523 ⫾ 37) and with sham stimulation (563 ⫾ 48). Asterisks indicate significance using the uncorrected p value. R, Right; L, left.

Discussion
In the present study, we found that modulation of activity in the
DLPFC using tDCS can influence decision-making behaviors in
healthy individuals, supporting previous work showing that
rTMS over the DLPFC has an impact on decision-making behaviors (van’t Wout et al., 2005; Knoch et al., 2006a,b). Overall, when
healthy participants were receiving anodal stimulation over the
right DLPFC coupled with cathodal over the left DLPFC, they
chose more often the safe prospects, were faster to choose between the low-risk and high-risk prospects, and earned more
points compared with participants with sham stimulation. Conversely, subjects receiving anodal stimulation over the left DLPFC
coupled with cathodal over the right DLPFC, did not differ in
their choice related to risk-taking behavior from those receiving
sham stimulation, but they were slower to make their decision.
Previous work has shown that inhibiting cortical excitability in
the right DLPFC with rTMS increases risk-taking behaviors. Here
we showed that anodal stimulation, which is thought to externally upregulate cortical excitability, coupled with cathodal stimulation (known to decrease excitability), leads to the opposite
decision-making behavior (i.e., a risk-averse response style). Interestingly, in a previous study, we observed a decrease in risk
taking under ambiguity [Balloon Analog Risk Task (BART)]
when anodal stimulation was applied to either the right or the left
DLPFC, coupled with cathodal stimulation over the contralateral
DLPFC (Fecteau et al., 2007). This difference between the two
studies might be task related (risk task vs BART) but needs further investigation. Some decision-making tasks involve risk,
whereas others involve ambiguity (Bechara et al., 2005), and a
differential pattern of brain activity has been associated with
these processes (Krain et al., 2006). In the task used in the present
study, the subject is in a situation in which probabilities are
known and the lower probability outcome is worth more than the
higher probability outcome. On the contrary, the BART used in
our previous study (Fecteau et al., 2007) involves ambiguity in
which the probabilities are unknown.
As expected, participants were attracted to choose the safe prospect when the reward was smaller, supporting findings by Rogers et
al. (1999) and Knoch et al. (2006a). Interestingly, participants with
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right anodal/left cathodal stimulation were significantly less influenced by the reward compared with those with sham stimulation,
and that was observed for each balance of reward (90:10, 80:20, 70:
30, 60:40). One possible explanation is that anodal stimulation over
the right DLPFC with cathodal stimulation over the left DLPFC
suppressed the willingness to choose the high-risk prospect when the
reward is greater. Risk-averse behavior induced by right anodal/left
cathodal stimulation might have been so strong (they choose lowrisk prospect in 92% of the trials) that these participants were simply
insensitive to reward. An alternative explanation is that the lack of
influence related to the reward might reflect a floor effect. This result
differs from findings by Knoch et al. (2006a), who reported that
stimulation groups (low-frequency rTMS over the right or the left
DLPFC, or sham rTMS) showed similar patterns of choice in relation to the reward. Several factors might have contributed to this
difference between the two studies. First, tDCS might exert a different effect or modulate brain activity stronger than rTMS. Furthermore, in the study by Knoch et al. (2006a), participants performed
the risk task after low-frequency rTMS, whereas in the present study,
participants performed the risk task during stimulation, presumably
during the peak of the stimulation effects.
Participants with right anodal/left cathodal stimulation over
the DLPFC did not only adopt a strong risk-averse response style,
they were also significantly faster to make their choice than those
with sham stimulation. In contrast, participants with left anodal/
right cathodal stimulation, although they did not differ from
those with sham stimulation in terms of how often they choose
the safe or risky prospect, were much slower to make their choice.
The change in response time is most unlikely to be caused by a
task-independent effect of the tDCS on motor and response
speed. Most participants (33 of the 36 participants) performed
the task with their right hand, and increasing activity in the right
hemisphere would have lead to slower speed response through
transcallosal inhibition, whereas enhancing activity in the left one
would have led to faster speed time if the response time was only
an index of motor and response speed. In addition, response
times in all stimulation groups were modulated by the level of risk
(scenarios 5:1, 4:2) and the potential reward. Finally, all three
groups of participants completed the risk task in a similar
amount of time. It is possible that participants with right anodal/
left cathodal stimulation were so risk averse that they did not even
seriously consider the choice of the risky prospects.
Limitations
The most important limitation of the present study is that we
cannot derive whether the behavioral effects were caused by anodal tDCS, or by both anodal/cathodal tDCS. Neither the present
nor the previous brain stimulation studies on the role of the
DLPFC on risk-taking behavior (van’t Wout et al., 2005; Knoch et
al., 2006a,b) can conclusively establish whether the impact on
decision making is solely attributable to the modulation of activity in the right DLPFC, or whether the behavioral effects are the
result of changing the balance of activity across both DLPFCs.
Modulating activity in one DLPFC is presumed to have transcallosal (and opposite) effects on the activity of its homolog in the
contralateral (unstimulated) hemisphere. We believe that the behavioral changes were likely attributable to both anodal/cathodal
tDCS modifying activity in right and left DLPFCs in opposite
directions simultaneously. This conclusion is based on findings
from a previous study (Fecteau et al., 2007). We showed that
unilateral neuromodulation of the DLPFC (anodal over the right
and cathodal over the contralateral supraorbital area) did not
lead to changes in another decision-making task (the BART),
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whereas anodal over the right DLPFC coupled with cathodal over
the left DLPFC resulted in behavioral modifications. Moreover,
in the present study, cathodal tDCS over the right DLPFC coupled with anodal over the left DLPFC did not lead to an increase
in risk taking, as would be suggested by the previous study by Knoch
et al. (2006a). This indicates that cathodal tDCS appears to have less
effect on behavioral changes than anodal tDCS, or, alternatively, the
direction of the current is critical for the effects on this task. Cathodal
tDCS might have a weaker impact on brain activity than inhibitory
low-frequency rTMS. tDCS appears to be neuromodulatory intervention, and rTMS appears to be both a neuromodulatory and
neurostimulatory intervention. The physiological impact of both
techniques are therefore likely different and thus may lead to different behavioral effects. Future studies should include neuroimaging
measures to explore which neural changes are associated with the
neuromodulation leading to the behavioral effects and also explore
other paradigms of stimulation such as that using unilateral stimulation (Nitsche et al., 2007).
In addition, we cannot rule out that activity in neighboring
regions to the targeted DLPFC might also have been modulated
by tDCS and contributed to the behavioral changes. The low
spatial resolution of tDCS is an inherent limitation of this noninvasive brain stimulation technique. Thus, we cannot rule out
the possibility that tDCS of the DLPFC might have influenced
other frontal regions such as the orbitofrontal/ventromedial cortex, especially considering that they are densely interconnected
(Ghashghaei and Barbas, 2002). However, tDCS over the motor
area corresponding to the first dorsal interosseous changes corticospinal excitability for this muscle but not for the abductor digiti
minimi or flexor carpi ulnaris, despite the close proximity of their
motor cortical representation (Uy and Ridding, 2003), and moving the stimulation electrode 1 or 2 cm in the anterior direction
abolishes this effect (Nitsche et al., 2003a). Future studies including neuroimaging measures to investigate changes in cortical excitability associated with risk-taking behaviors during neuromodulation might shed valuable light onto these issues.
We cannot completely rule out that other variables than the
stimulation condition might have influenced the lateralized effect
of the DLPFC observed in the present study, such as gender differences. The greater number of women could have contributed
to the functional hemispheric asymmetries, because cortical activation depends on the estrogen concentration that differs in
relation to the menstrual cycle (Dietrich et al., 2001; Hausmann,
2005; Holländer et al., 2005; Hausmann et al., 2006). However,
we believe this is unlikely. Although the number of women and
men was unequal, p values for gender differences were far from
being statistically significant ( p ⫽ 0.46 for the choice measure;
p ⫽ 0.69 for the decision-time measure). Moreover, previous
work including only men as participants showed a similar lateralized effect (Knoch et al., 2006a). Handedness might also have
contributed to the hemispheric asymmetry observed in the
present work. Although we mainly included right-handed volunteers (33 of 36 participants), we did not include cognitive tests to
evaluate handedness effects or assess hemispheric dominance
and assess (e.g., whether the hemispheric asymmetry for the risk
task is correlated with language laterality and mood laterality).
Clinical implications
Findings from the present study clearly show the feasibility of
decreasing risk taking in humans. It is tempting to speculate on
potential beneficial therapeutic effects of such an intervention in
some clinical populations. Individuals with substance addiction
display abnormally risky decision-making behaviors (Grant et al.,

2000; Bechara et al., 2001, 2002; Petry, 2001; Cavedini et al., 2002;
Epstein et al., 2006), and their stimulus-bound behaviors often
result in real-life negative consequences. Impaired decisionmaking behaviors have also been reported in obese patients (Pignatti et al., 2006) and appear correlated to body mass index
(Davis et al., 2004). Neuromodulation might hold promising
therapeutic value for such populations. Recent preliminary studies have shown beneficial effects of neuromodulation in such
populations. For example, Eichhammer et al. (2003) showed that
rTMS to the left DLPFC can decrease the number of cigarettes
smoked in nicotine addicts. More recently, reduced craving in
smokers was observed after tDCS over both DLPFCs (Fregni et
al., 2007). Camprodon et al. (2007) found that high-frequency
rTMS to the right (but not the left) DLPFC reduces craving in
cocaine addicts. Also, tDCS over both DLPFCs resulted in decreased craving for patients with alcohol dependence (Boggio et
al., 2007). Diminished food craving has also been observed in
individuals with food craving after one session of high-frequency
rTMS over the left DLPFC (Uher et al., 2005). Other populations
displaying detrimental decision-making behaviors or abnormal
response to reward, such as pathological gamblers (Cavedini et
al., 2002; Brand et al., 2005; Goudriaan et al., 2006), patients with
bulimia, or those with anorexia nervosa (Davis and Woodside,
2002), might similarly benefit from neuromodulation-based approaches. The present findings provide additional evidence to
support and encourage such investigations.
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