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Neural correlates of impulsiVity iN obesity

abstract
overeating is a major factor in the development of obesity and impulsivity is thought to play a role in 

overeating by impaired inhibitory control over food intake. studies on neural correlates of impulsivity 

in obesity are rare, but suggest impaired function of the prefrontal cortex (pfc) and related regions 

involved in inhibitory control. the aim of this study is to assess the neural correlates of two dimensions 

of impulsivity in obesity: motor impulsivity and impulsive decision making.

We obtained fmri data from 40 obese and 38 age- and gender-matched normal-weight 

subjects while performing a delay discounting task (ddt) to assess impulsive decision making 

and a stop signal task (sst) to assess motor impulsivity. self-reported impulsivity was assessed 

with the barrett impulsivity scale (bis). 

With the exception of higher scores on the motor impulsiveness subscale of the bis in obese 

versus normal weight subjects, there were no significant differences in behavioral (ddt, sst) and 

self-reported (bis) measures of impulsivity. furthermore, obese subjects did not show increased 

impulsivity related to decreased activation of brain regions in the pfc. However, obese subjects 

had different orbitofrontal cortex function on the ddt, indicating impaired value attribution in 

obesity. furthermore, there are gender differences in brain activation between obese men and 

women, indicating impaired response inhibition in obese women and suggesting an increased 

susceptibility in obese women for impulsive decision making. finally, we identified a subgroup 

of obese subjects with eating binges, who had high impulsive decision making associated with 

decreased brain activation in the pfc, striatum, and middle cingulate cortex. 

thus, the findings for lack of inhibitory control and its neural correlates tend to be subtle in 

obesity and relate to impaired value attribution. However, impaired inhibitory control may be more 

prominent in subgroups of the obese population, i.e. obese women and subjects with eating binges.
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iNtroductioN
excessive intake of high caloric food or overeating behavior is considered a major factor in the 

development and persistence of obesity. an important behavioral element that is thought to 

play a role in overeating behavior is impulsivity or a lack of inhibitory control, resulting in the 

inability to withstand the urge to eat palatable food (1). impulsivity is a multi-dimensional trait, 

including motor inhibition  and impulsive decision making (2), which are largely independent, 

both behaviorally and pharmacologically (3).

there are indeed indications that obese subjects have a higher level of impulsivity. obese 

women (but not men) show higher levels of delay discounting (i.e. impulsive decision making) 

than normal-weight women (4), although this is not a consistent finding (5;6). percentage fat 

mass is associated with discounting for hypothetical food (7) and the interaction between delay 

discounting and reward sensitivity predicts food intake in overweight and obese women (8). 

in addition, obese women and children show increased levels of motor disinhibition on a stop 

signal task (5;9), although not consistently (10), and this impulsivity measure predicts treatment 

outcome in obese children (11) and food intake in normal-weight women (12). 

the neural mechanisms underlying the processes of motor disinhibition and impulsive 

decision making have rarely been studied in obesity. in obese women who performed a delay 

discounting task, less activation in frontal areas, including the superior frontal gyrus (sfg), 

middle frontal gyrus (mfg), and inferior frontal gyrus (ifg), predicted increased weight gain 

over the subsequent years (13). However, the obese women were not compared to controls 

and thus specific obesity-related differences in neural activation during decision making have 

not yet been established. motor inhibition has been assessed in adolescent girls using a food-

related go-no go paradigm, showing that there is reduced activation at higher bmi in prefrontal 

regions implicated in inhibitory control (including sfg, mfg, and ifg), medial prefrontal cortex 

(mpfc), and orbitofrontal cortex (ofc) (14). furthermore, in a study comparing lean and obese 

women, obese women showed less activation in the insula, inferior parietal cortex, cuneus and 

supplementary motor area (sma) on a stop-signal task (10). there are also other indications that 

brain regions involved in inhibitory control are affected in obesity. for example, bmi negatively 

correlated with metabolism in the prefrontal cortex (pfc) and cingulate gyrus (15) and grey 

matter volume is decreased in the pfc in obesity (16-18), although not consistently for the ifg 

(16;17). in general, these results suggest that inhibitory control is impaired in obesity probably 

due to impaired function of pfc regions. However, the knowledge on whether and how neural 

processes for different dimensions of impulsivity are affected in obesity is very limited and no 

studies are yet available investigating these different aspects of impulsivity simultaneously in 

the same study population of obese patients and normal weight controls. finally, it should be 

noted that all available fmri studies on impulsivity in obesity only included women (10;13;14), 

whereas the prevalence of obesity is very similar for males and females in the western world (19) 

and there are gender differences in brain processes involved in inhibition of hunger with only 

men showing reduced activation of the amygdala, hippocampus, insula, orbitofrontal cortex, 

and striatum during food stimulation with inhibition (20).

therefore, this study aimed to assess brain activation involved in both impulsive decision 

making and motor disinhibition in obese compared to normal-weight subjects, both men 

and women. to assess impulsive decision making and motor inhibition, the monetary delay 
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discounting task (ddt) and stop signal task (sst) were applied while collecting functional mri 

(fmri) data. brain regions involved in the ddt are the pfc (sfg, mfg, ifg) and acc for cognitive 

control and ofc, ventral striatum and pcc for valuation (21). brain regions involved in response 

inhibition during the sst are the pfc ( in particular ifg), the sma, thalamic regions including 

the thalamus and the subthalamic nucleus and the striatum (22). We hypothesized (1) that 

obese patients would show higher delay discounting and more motor disinhibition than normal 

weight subjects, and (2) that brain regions involved in inhibitory control, i.e. pfc (sfg, mfg, 

ifg) and acc, would show less activation in obese subjects, whereas brain regions involved 

in the evaluation functions i.e. ofc, ventral striatum and pcc, would show more activation in 

obese compared to normal weight subjects, reflecting increased reward sensitivity. in addition 

we explored possible differences in brain activation patterns between male and female obese 

subjects and mormal weight controls. finally, we explored the role of eating binges, because 

subjects with eating binges or binge eating disorder have shown high levels of impulsivity (23).

 metHods

subjects
We recruited a sample of obese (bmi >30 kg/m2) subjects and a group of age and gender matched 

normal-weight control subjects (bmi 18.5 – 25 kg/m2). exclusion criteria were neurological 

or psychiatric disorders (including eating disorders, major depressive disorder), use of any 

psychotropic medication, a history of head injury with loss of consciousness for > 5 minutes, 

contra-indications for mr imaging, and, for females, pregnancy or breastfeeding. due to the 

size of the magnet bore, participation was limited to subjects with an upper body width of 70 

cm. participants had normal vision or corrected vision with contacts or mri-proof eyeglasses.

all subjects were participants from a larger study on behavior and genetics in obesity and 

therefore all were of Western-european ancestry. for this larger study, they were recruited 

via advertisements in local newspapers and on websites of obesity associations and posters 

in hospitals. all subjects provided written informed consent. the study was approved by the 

medical ethics committee of the academic medical center, amsterdam.

design
subjects visited the academic medical center for an mri session. subjects were instructed not 

to eat during the three hours prior to the session, but not to be in a very hungry state either. 

the start of the sessions ranged between 3pm and 5pm with the large majority starting between 

6pm and 8pm. prior to the mr imaging, weight was measured and the subjects practiced a short 

version of the delay discounting task and stop signal task outside the scanner. Next, subjects 

performed a delay discounting task and a stop signal task while fmri images were obtained. 

female subjects were scanned in the follicular phase of their cycle.

at a previous visit for the study on genetics and behavior (maximally six weeks earlier), 

the following measures had already been obtained: height, the barratt impulsiveness scale 

(bis-11) (24), an intelligence (iQ) estimate with the dutch version of the National adult reading 

test (25), assessment of eating binges with the eating disorder examination (26) and a general 

questionnaire including a question on household income.
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delay discounting task
the delay discounting task is described in detail by Wittmann et al. (27). during the task, subjects 

performed six blocks with eight trials. each trial consisted of a choice between a delayed reward 

at a specific future time point (option 1) or a smaller immediate reward now (option 2). for option 

1, the future time point and delayed reward were the same for all trials in one block, i.e. 5 days, 1 

month, 6 months, 1 year, 3 years, and 10 years combined with delayed rewards of 506, 476, 524, 

512, 520, and 488 euros, respectively. the six blocks were presented in random order for each 

subject. for option 2, the presented immediate reward varied for each trial and was successively 

approaching the indifference point within a block, i.e. the point where the immediate and 

delayed rewards are equally valued. after a subject had chosen by pressing a button, the choice 

was shown for 2 seconds followed by a blank screen for 3.5 to 4.5 seconds. When a block would 

last less than 90 seconds, depending on the response latency of the subject, a blank screen was 

presented at the end of the block until the block duration was 90 seconds. 

behavioral performance was analysed by plotting the indifference points for the six delays. the 

standardized area under the curve value (auc, maximum score 1) was used as behavioral outcome 

measure (28), with smaller auc values reflecting higher levels of impulsive decision making.

stop signal task
there were two types of trials in the stop signal task (29), go trials (80%) and stop trials (20%). for 

each trial, a go stimulus (an airplane facing right or left) was presented for 1000 ms, preceded by 

a cross for 500 ms to engage attention. subjects were instructed to respond as fast as possible 

to the go stimulus by pressing a button with the right or the left index finger, respectively. in the 

case of a stop trial, the go stimulus was followed by a stop stimulus (a cross projected over the 

airplane). the subjects should then try to withhold their response and not press the button. the 

interval between the go and stop stimulus (stop signal delay (ssd)) was adjusted using a staircase 

algorithm so that in approximately 50% of the stop trials a subject could stop his/her response. 

there were a total of 252 randomized trials. inter trial interval was 1 to 2 seconds.

the behavioral outcome measure was the stop signal reaction time (ssrt), which is 

calculated by subtracting the ssd from the mean reaction time on go trials with a correct 

response. a larger ssrt indicates less ability to inhibit responses. 

imaging parameters
subjects were scanned using a 3.0 t mri scanner (intera, philips Healthcare, best, the 

Netherlands) with an eight-channel head coil. during both tasks, gradient-echo echo-planar 

images were obtained sensitive to blood oxygenation level-dependent (bold) contrast with 

the following imaging parameters: tr/te=2300ms/25ms, fa=80˚, matrix 96x96, voxel size 

2.29x2.29x3mm, 40 slices, no gap, parallel imaging factor 2.5. for the ddt approximately 245 

images were acquired and for the sst approximately 370 images. in addition, high-resolution 

t1-weighted 3d images (tr/te = 9.0/3.5 ms; fa=8°; matrix 256x256; voxel size, 1.0x1.0x1.0 mm; 

170 slices, no gap) were acquired scanner for anatomical reference.
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data analysis
Subject characteristics and behavioral data
subject characteristics and behavioral task data were analysed using spss 16.0. age and iQ were 

compared between groups with independent t-tests and household income with chi-square 

test. behavioral data for the bis, ddt, and sst were compared between groups using aNcoVa. 

for the bis, the dependent variable was the total score or scores on the non-planning, motor, or 

attention subscales, the independent variable was group, and age and gender were covariates. 

for the ddt, auc value was the dependent variable, group the independent variable, and age, 

gender, iQ, and household income were covariates, as these factors are known to influence 

performance on ddt (4;30;31). for the sst, the dependent variable was ssrt, rt, percentage 

correct go trials or percentage correct stop trials, the independent variable was group, and age 

and gender were covariates. p values <0.05 were considered significant.

Imaging data
functional scans were analyzed using spm8 (Wellcome department of imaging Neuroscience, 

london, united Kingdom). all scans underwent slice-timing correction, motion correction, 

co-registration to the anatomic reference scan, normalization to the mNi template and spatial 

smoothing (gaussian kernel, full-width at half-maximum: 8 mm) including resampling to 

2.0-mm isotropic voxels.

for the ddt, a statistical analytical design was set up using general linear model (glm) 

and the following regressors were entered in a first level fixed effects analysis: delayed reward 

choices (del), immediate reward choices (imm), baseline (bl) and six motion regressors. the 

onset times for the del and imm trials are the presentation of a new trial, whereas durations were 

the reaction time per trial. the bl regressor modeled the blank screens for the intertrial interval. 

the regressors were convolved with a canonical hemodynamic response function (Hrf) in the 

model. a high-pass filter (1/128 Hz) was applied to model low-frequency signal drift. for each 

subject, the contrasts del>bl and imm>bl were constructed to assess main effects of the task. in 

addition, choice specific brain activation was assessed with the contrasts del>imm and imm>del. 

for the sst, the same statistical analytical method was applied as for the ddt using the 

following regressors in first level fixed effects analysis: successful go trial (go), successful stop 

trials (ss), failed stop trials (se), failed go trials (omission) and six motion regressors. the onset 

times for the go, ss, se and omission trials were the presentation of the go stimulus (duration 0 

seconds). for each subject, a contrast ss>se was constructed to assess brain activation related 

to response inhibition. secondly, contrast ss>go to assess brain activation related to other 

cognitive and affective processes that are not related to response inhibition, but to complicated 

visual, attentional and emotional processes that are more involved in ss than go trials (32).

these first-level contrast images were then entered into a second-level random-effects 

analysis to assess group differences with t-tests (obese vs. normal-weight; obese subjects with 

eating binges vs. obese or normal-weight subjects without eating binges). in addition, interaction 

effects between group (obese vs. normal-weight) and gender were examined using aNoVa, which 

in case of significant findings was further assessed by comparing obese men vs. obese women, 

obese men vs. normal-weight men and obese women vs. normal-weight women. Whole brain 

analysis was performed and region of interest (roi) analyses using brain regions involved in the 

ddt (sfg, mfg, ifg, acc, ofc, ventral striatum (caudate, putamen) and pcc (21)) and in the sst 
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(sfg, mfg, ifg, (pre-)sma, thalamus and striatum (caudate, putamen) (22)). the Wfu pickatlas 

tool v2.4 (33) was used for the roi analyses with rois based on the automated anatomical labeling 

(aal) regions (34). We used marsbar (marsbar.sourceforge.net) to calculate the effect size of 

activity change within significant regions for each subject and tested for correlations between 

the effect size measures and behavioral measures (auc values for ddt and ssrt values for sst) to 

investigate the relation between brain activation and behavioral performance. 

to correct for multiple comparisons at a voxel level, a threshold of p<0.05, family-wise error 

(fWe) corrected with cluster size >1 voxel, was applied for both whole brain and roi analyses. 

results

subject characteristics and behavioral data
We included 40 obese subjects (bmi mean ± sd: 36.6 ± 4.2) and 38 normal-weight subjects (bmi 

mean ± sd: 22.2 ± 2.1). obese and normal-weight subjects did not differ in age, iQ, or household 

income (table 1). six subjects were excluded from sst analyses: one normal-weight subject 

because of task performance on chance level and three obese and two normal-weight subjects 

because of excessive head movement (>3 mm) leaving 37 obese and 35 normal weight subjects.  

there was a trend for higher impulsivity scores on the bis-11 in obese compared to normal 

weight subjects (f(1,74) = 3.67, p = 0.059). obese subjects had higher scores on the motor 

impulsiveness subscale (f(1,74) = 6.47, p = 0.013), but not on the non-planning and attentional 

impulsiveness subscales. obese subjects with eating binges had higher impulsivity scores than 

normal-weight subjects without eating binges (f(1,39) = 4.30, p = 0.045), with higher scores on 

the motor impulsiveness subscale (f(1,39) = 6.91, p = 0.012), but not on the non-planning and 

attentional impulsiveness subscales.

for the ddt, the auc value did not significantly differ between groups (f(1,72) = 0.39, 

p = 0.536). obese subjects with eating binges had significantly lower auc scores on the ddt 

compared to obese subjects without eating binges (f(1,34) = 7.34, p = 0.010), although not 

compared to normal-weight subjects without eating binges (f(1,37) = 2.65, p = 0.112 ).

for the sst, the ssrt did not differ between groups (f(1,68) = 0.52, p = 0.472). there were also 

no significant group differences for the other performance indicators. obese subjects with eating 

binges did not differ in ssrt scores from obese subjects without eating binges (f(1,33) = 0.50, p = 

0.486) and normal-weight subjects without eating binges (f(1,35) = 0.00, p = 0.993).

delay discounting
across groups, no significant differences in brain activation were found between immediate and 

delayed choices. therefore, group differences were only assessed for the del>bl and imm>bl 

contrasts. Whole-brain analyses showed no significant differences between obese and normal-

weight subjects for these contrasts. comparing del>bl between groups with roi analysis revealed 

that obese subjects had less activation in the inferior part of the right ofc (table 2). for the imm>bl 

contrast, obese subjects had more activation in the right acc and left ofc (figure 1). there were no 

correlations between effect size measures in the ofc and acc and behavioral auc values. 

When examining gender differences, there was a gender x group interaction on the del>bl 

contrast in the right pcc, which resulted from increased activation in the right pcc in obese 
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men relative to obese women (table 2). in addition, there was a gender x group interaction on 

the imm>bl contrast in the right ifg located in the frontal operculum, due to less activation in 

obese women compared to normal-weight women. differences in pcc and right ifg activation 

did not correlate with the behavioral auc values.

subjects with eating binges had less activation in the left sfg than subjects without eating 

binges on the del>bl (table 2). When only focusing on the obese subjects with eating binges, 

whole-brain analyses revealed that obese subjects had less activation in the left mcc on the 

del>bl contrast compared to obese subjects without eating binges and in the left and right 

mcc compared to normal-weight subjects without eating binges (table 2). With roi analysis, it 

was shown that they had less activation in the right putamen when compared to obese subjects 

without eating binges and less activation in the left putamen when compared to normal-weight 

subjects without eating binges on the del>bl. on the imm>bl contrast, the obese subjects with 

eating binges had less activation in several clusters in the right ifg and left mfg compared to 

obese subjects without eating binges. in addition, they had less activation in the sfg compared 

to normal-weight subjects without eating binges. it is interesting that effect size measures in 

the left putamen (del>bl) and right ifg (imm>bl) for comparison of obese subjects with and 

Table 1. subject characteristics and performance on delay discounting and stop signal task

Obese Control p

Number 40 38

male / female 18 / 22 18 / 20

age (mean ± sd (range)) 33.2 ± 8.0 (20 – 45) 33.2 ± 8.1 (20 – 45) 0.971a

bmi (mean ± sd (range)) 36.6 ± 4.2 (29.6 – 45.8) 22.2 ± 2.1 (18.2 – 26.0) <0.001a

iQ (mean ± sd) 106.6 ± 8.8 107.2 ± 8.3 0.795a

subjects with eating binges 7 2

Household income (euros) 0.120b

   < 1000 1 5

   1000 – 1500 5 9

   1500 – 2000 9 2

   2000 – 2500 10 7

   2500 – 3000 4 4

   > 3000 11 11

barratt impulsiveness scale 64.6 ± 9.2 60.4 ± 9.9 0.059c

   Non-planning 24.5 ± 4.3 23.7 ± 4.8 0.430 c

   motor 23.1 ± 3.6 21.1 ± 3.4 0.013 c

   attention 17.1 ± 4.3 15.7 ± 3.9 0.151 c

stop signal task 

   ssrt (ms; mean ± sd) 274 ± 51 266 ± 41 0.472 c

   rt (ms; mean ± sd) 510 ± 94 521 ± 80 0.658 c

   mean % correct go trials 97.7 ± 3.9% 98.4 ± 2.4% 0.374 c

   mean % correct stop trials 49.8 ± 2.7% 50.0 ± 2.3% 0.811 c

delay discounting auc 0.53 ± 0.22 0.51 ± 0.22 0.536 c

aindependent samples t-test, bchi-square test, caNcoVa
sd = standard deviation, auc = area under curve, ssrt = stop signal reaction time, ms = milliseconds, rt = 
reaction time.
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Figure 1. different activation in obese compared to normal-weight subjects on the delay discounting task. obese 
subjects have less activation in the right orbitofrontal cortex on delayed choices (a) and more activation in the 
left orbitofrontal cortex (b) and right anterior cingulate cortex (c) on immediate choices. the graphs show mean 
effect sizes per group (± standard error mean). the color bars represent voxel t values.
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Table 2. significant clusters for delay discounting task analysis.

Region R/L
Cluster size
(n voxels)

T value
(peak voxel)

Coordinates
(peak voxel: x y z) pa

Obese versus normal-weight subjects

DDT - delayed choices > baseline

Obese < normal-weight

ofc – inferior (ba47) r 10 4.55 36 34 -4 0.015

DDT – immediate choices > baseline

Obese > normal-weight

acc (ba32) r 21 4.51 8 48 24 0.008

ofc – middle (ba47) l 8 3.70 -36 44 -8 0.021

Gender differences

DDT - delayed choices > baseline

Obese men < obese women

pcc (ba26) r 6 3.40 2 -46 26 0.028

DDT - immediate choices > baseline

Obese women < normal-weight women

ifg – operculum (ba48) r 5 3.86 42 16 12 0.025

Subjects with eating binges versus subjects without eating binges

DDT - delayed choices > baseline

Obese subjects with eating binges < obese subjects without eating binges

mccb l 7 5.94 -14 -28 42 0.008

putamen (ba48)c r 5 3.69 32 -16 2 0.027

putamen (ba48)c r 2 3.44 36 -4 -2 0.026

Obese subjects with eating binges < control subjects without eating binges

mccb,c l 30 6.79 -10 -30 48 <0.001

mccb r 4 5.79 18 -32 46 0.013

putamen l 5 4.14 -20 14 10 0.025

putamen (ba48) l 5 4.03 -32 -14 -2 0.025

DDT – immediate choices > baseline

Obese subjects with eating binges < obese subjects without eating binges

ifg (ba48) c r 21 4.97 48 16 22 0.007

ifg – operculum (ba48) r 4 4.31 48 16 20 0.027

ifg – operculum (ba48) r 3 4.10 50 16 26 0.030

ifg – operculum (ba44) r 3 4.00 54 12 28 0.034

mfg (ba6) l 2 4.42 -24 -12 50 0.031

Obese subjects with eating binges < control subjects without eating binges

sfg (ba6) l 2 4.35 -18 4 64 0.030

afWe corrected at cluster-level. bWhole-brain analysis results. ccorrelates with behavioral measure.
ddt = delay discounting task, r/l = right (r) or left (l) hemisphere, ba = brodmann area, ofc = orbitofrontal 
cortex, acc = anterior cingulated cortex, pcc = posterior cingulated cortex, ifg = inferior frontal gyrus, mcc = 
middle cingulated cortex, mfg = middle frontal gyrus, sfg = superior frontal gyrus.
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Figure 2. different activation in obese subjects with eating binges correlates with behavioral outcome on 
the delay discounting task. obese subjects with eating binges have less activation in the right putamen 
on delayed choices (a), and in the right inferior frontal gyrus on immediate choices (b) compared to 
obese subjects without eating binges. they have also less activation in the left middle cingulated gyrus 
(c) compared to normal-weight subjects without eating binges. the effect sizes in these clusters correlate 
with the behavioral outcome measure on the delay discounting task, i.e. the auc value. the color bars 
represent voxel t values.. auc = area under the curve, ob = obese, NW = normal-weight, ifg = inferior 
frontal gyrus, mcc = middle cingulate gyrus.
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Figure 3. caudate activation on the stop signal task in obese compared to normal-weight women. the 
obese women have lower activation in the right ventral caudate on the stop signal task (ss>go contrast) 
compared to normal-weight women. effect size measures of cluster activation significantly correlate with 
the behavioral outcome measure for the stop signal task, i.e. ssrt. the color bar represents voxel t values.  
ssrt = stop signal reaction time, ob = obese, NW = normal-weight.

without eating binges significantly correlated with behavioral auc values (putamen (32,-16,2): 

r = 0.507, p = 0.001; putamen (36,-4,-2): r = 0.413, p = 0.008; ifg (48,16,22): r = 0.331, p = 0.037; 

figure 2). there was also a trend for a correlation between auc values and effect size measures 

in the left mcc (del>bl) comparing obese subjects with and without eating binges (r = 0.303, 

p = 0.057) and a significant correlation with left mcc (del>bl) effect size measures comparing 

obese subjects with and normal-weight subjects without eating binges (r = 0.359, p = 0.018). for 

the other regions, no significant correlations with behavior were found.

stop signal
there were no differences in brain activation between the obese and normal-weight subjects, 

neither on the ss>go nor on the ss>se contrast. However, there were gender x group 

interactions for both contrasts. on the ss>go contrast, obese men had more activation in 

the left putamen and left thalamus than obese women and in the right thalamus than normal-

weight men (table 3). obese women had less activation than control women in the left sma and 

right caudate. on the ss>se contrast, there were gender x group interactions in the right sfg 

and left putamen, i.e. obese men had more activation in left putamen than obese women, but 

the interaction effect in the right sfg could not be further specified. the effect size measures 

in the right caudate (ss>go contrast, obese women vs. normal-weight women) significantly 

negatively correlated with behavioral measure ssrt (r = -0.305, p = 0.010; figure 3). for the 

other regions, no significant correlations with behavior were found.

due to the exclusion of subjects for the sst analyses, there were only six obese subjects 

with eating binges for the sst. obese subjects with eating binges had less activation in the left 

mfg, left and right putamen and left and right thalamus compared to obese subjects without 

eating binges on the ss>go contrast. When compared to the normal-weight subjects without 

eating binges, obese subjects with eating binges had less activation in the left sfg, left mfg, left 

ifg (operculum), left and right putamen and right thalamus. on the ss>se contrast, the obese 
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Table 3. significant clusters for stop signal task analysis. 

Region R/L
Cluster size
(n voxels)

T value
(peak voxel)

Coordinates
(peak voxel: x y z) pa

Gender differences

SST – SS>Go

Obese males > obese females

caudate l 17 4.38 -16 4 20 0.009

caudate l 4 4.07 -14 -12 22 0.027

thalamus l 3 3.71 -10 -14 18 0.030

thalamus l 5 3.70 -12 -18 18 0.024

Obese males > normal-weight males

thalamus r 4 3.80 8 -20 12 0.027

Obese females < normal-weight females

sma (ba6) l 8 4.01 -6 -8 74 0.016

caudate (ba11)b r 2 3.87 16 20 -6 0.034

SST – SS>SE

Obese males > obese females

putamen (ba48) l 7 3.96 -24 -2 -6 0.020

Subjects with eating binges versus subjects without eating binges

SST – SS>Go

OB Binge < OB no binge

ifg – operculum (ba48) l 3 3.91 -48 14 18 0.028

putamen (ba48) r 7 4.14 32 -12 -2 0.018

putamen (ba48) l 15 4.45 -30 -14 0 0.009

putamen l 13 4.25 -22 -4 6 0.011

thalamus r 68 5.04 20 -26 8 0.001

thalamus l 3 3.88 -10 -24 0 0.029

OB binge < C no binge

sfg (ba46) l 29 5.44 -24 56 20 0.002

mfg (ba46) l 19 5.31 -24 54 18 0.004

mfg (ba9) l 14 5.04 -30 24 40 0.006

ifg – operculum (ba48) l 5 4.08 -48 14 16 0.023

putamen l 19 4.14 -26 -4 0 0.007

putamen (ba48) r 2 4.06 32 10 -2 0.033

thalamus r 45 5.75 20 -16 6 0.002

SST – SS>SE 

OB Binge < C no binge

mfg (ba46) l 2 4.67 -28 54 22 0.027

putamen l 3 4.04 -22 -4 6 0.028

thalamus r 5 4.09 14 -10 2 0.022

thalamus l 2 3.94 -14 -8 6 0.032

 afWe corrected at cluster-level. bcorrelates with behavioral measure. 
sst = stop signal task, ss = successful stop trials, se = failed stop trials, r/l = right (r) or left (l) hemisphere, ba 
= brodmann area, sma = supplementary motor area, ifg = inferior frontal gyrus, sfg = superior frontal gyrus, 
mfg = middle frontal gyrus.
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subjects with eating binges had less activation in the left mfg, left putamen, and left and right 

thalamus. there were no correlations between effect size measures and behavioral ssrt values.

discussioN
the primary hypotheses that obese subjects in general are more impulsive, have less activation 

of brain regions involved in inhibitory control (sfg, mfg, ifg) are not confirmed in this study with 

sufficient power. However, there were several interesting secondary findings. obese subjects 

showed different activation patterns on impulsive decision making in brain regions involved in 

value attribution. in addition, we observed gender differences in activation patterns for both 

dimensions of impulsivity. furthermore, a subgroup of obese subjects with eating binges had 

different activation patterns compared to obese and normal-weight subjects without eating 

binges, and these activations patterns are related to behavioral impulsive decision making.

We did not observe behavioral differences between obese and normal-weight subjects on 

the ddt in this sample and this finding adds to the inconsistent results so far (4-6). However, 

we did observe a decreased activation during delayed choices and increased activation during 

immediate choices in the ofc in obese subjects. although this might seem conflicting at first 

sight, we propose this finding reflects a different valuation of delayed and immediate choices. 

the ofc is a key region in reward evaluation during decision making (35): thus, obese subjects 

appear to attribute less salience to delayed rewards and more salience to immediate rewards 

than normal weight subjects. impaired salience attribution to food has been regarded one of 

the major problems in obesity and is supported by fmri studies in obesity, showing increased 

activation in reward-related brain regions, including ofc, when viewing pictures of food 

(36-38). in addition, in the present study the obese subjects showed decreased activation in the 

acc on immediate choices compared to normal weight subjects, which is unexpected given 

the role of the acc in the cognitive control network (21). moreover, the dorsal location of the 

difference in acc activation suggests that it is a difference in conflict monitoring, which could 

aid in avoiding aversive decision making (39). thus, obese subjects seem to have higher levels 

of conflict monitoring on immediate choices, possibly in an attempt to control their increased 

salience for the immediate reward as indicated by the increased ofc activation. this post hoc 

interpretation is supported by the fact that the effect sizes on the acc and ofc activation 

differences between groups were significantly correlated (r = 0.242, p = 0.033), so that this dual 

activation may explain the lack of behavioral differences.

the gender differences in bold activation on the ddt suggest that obese women may be 

more susceptible for impulsive decision making than obese men. compared to obese men, 

they showed less activation in the pcc, a region that is activated specifically in delay decisions, 

probably evaluating future value (40). in addition, obese women show less activation in the ifg 

on immediate choices than normal-weight women, suggesting reduced cognitive control. in 

a previous study, activation on the ddt in this region correlated negatively with future weight 

gain in obese women though (13). in this context, it is also interesting that Weller et al. found 

increased impulsive decision making behavior only in obese women, but not in obese men 

(4). gender differences on impulsive decision making in obesity should be taken into account 

in future studies, because impulsive decision making tends to be more prominent in obese 

women than in obese men.
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interestingly, impulsive decision making was increased in the subgroup of obese subjects 

with eating binges, reflected in both behavioral and imaging findings. this is most convincingly 

demonstrated on the immediate choices, where the obese subjects with eating binges showed 

less activation in the inhibitory control area ifg compared to obese subjects without eating 

binges. moreover, this lower activation is correlated with more delay discounting and indeed 

obese subjects with eating binges have significantly higher levels of impulsive decision making 

than obese subjects without. this observation is corroborated by our findings of decreased 

activation in obese subjects with eating binges in other inhibitory control areas (mfg and sfg) 

compared to obese and normal-weight subjects without eating binges. on delayed choices, 

obese subjects with eating binges have higher activation in the mcc and putamen compared 

to both obese and normal-weight subjects without eating binges and the effect size measures 

for both regions correlate with behavior. the mcc cluster is located quite posteriorly and 

thus may be related to lower value attribution to delayed rewards, similar to the pcc.  the 

obese subjects with eating binges did not fulfill the criteria for binge eating disorder (bed), as 

this was an exclusion criterium. However, subthreshold binge eaters are more impulsive than 

overweight subjects without eating binges (23), which is in line with the present results. in 

addition, binge eating severity correlates with impaired decision making (41). obese subjects 

with eating binges have been regarded as a subtype of obesity that might be closer related to a 

‘food addiction’ phenotype (42). the present results support this notion.

the obese and normal-weight subjects did not differ in behavioral inhibition, neither on 

behavioral outcome measures nor on neural correlates, although they had higher scores on 

the motor impulsiveness scale of the bis. However, results on behavioral outcomes of the sst 

in obesity have been inconsistent so far (5;9;10). the major differences between the current 

and previous fmri studies on behavioral inhibition and bmi/obesity were the use of non-food 

related stimuli (14) and the inclusion of a mixed gender sample instead of only women (10;14). 

in particular the latter may be important, as we clearly observed gender differences in brain 

activation on the sst. obese women showed less striatal activation than obese men, suggesting 

impaired preparation for stopping (43), and also less activation in the thalamus, via which the 

inhibitory signals are directed to the motor cortex (22). these findings are in line with previously 

found gender differences in healthy subjects on the stop signal task (44). furthermore, obese 

women have less activation in the sma, a key region for stopping responses (22), and in the 

caudate compared to control women. these latter findings are in line with the results on the 

sst in obese women that are published previously (10). the caudate activation also correlates 

with behavior, i.e. lower caudate activation is related to impaired levels of response inhibition. 

overall, the gender differences on the sst suggest that obese women have impaired response 

inhibition, but that this might not be the case for obese men. the underlying biochemical 

mechanism could be related to the neurotransmitter dopamine (45), as lower striatal dopamine 

d2/3 receptor (drd2/3) binding is associated with impaired response inhibition on the sst (46). 

in this context, it is interesting that obese women (and men) have lower striatal drd2/3 binding 

(47;48). moreover, striatal drd2/3 binding positively correlates with glucose metabolism in the 

dorsolateral pfc, which is involved in inhibitory control (49). 

When comparing obese subjects with eating binges to obese and normal-weight subjects 

without eating binges, not only striatum and thalamus, but also regions in the pfc (ifg, mfg, 

sfg), involved in implementation of inhibitory control (50), were less activated. this was in 
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particular the case when comparing obese subjects with eating binges to normal-weight 

subjects without. this again indicates that obese subjects with eating binges are a specific 

subgroup within the obese population, having a tendency for higher impulsivity levels. this 

subgroup also scored higher on the motor inhibition scale of the bis, which is in line with 

previous findings (51). However, it should be kept in mind that for the sst analysis the group of 

obese subjects with eating binges was small and that activation measures did not correlate with 

behavior. thus, these results should be regarded as preliminary.

obesity has regularly been paralleled with drug addiction, not only for the similarities 

in craving, but also for the lack of inhibitory control (52). it is consistently found that both 

impulsive decision making and behavioral inhibition are impaired in drug addictions (2;21;53), 

which is supported by findings on neural mechanisms (54-56). it is postulated that behavioral 

inhibition is associated with the initial sensitivity to drug reward and impulsive decision making 

with the persistence of drug abuse and in relapse (57). Whether this also applies to obesity has 

not yet been shown. However, the findings on both impulsive decision making and behavioral 

inhibition are less consistent in obesity than in drug addiction so far, as outlined previously. 

this study also shows that the behavioral effects for obesity in general are limited, although 

brain activation results are partly in agreement with an increased tendency towards impulsive 

behavior in obesity. this suggests that impaired impulsive decision making and behavioral 

inhibition is more subtle in obesity than in drug addiction and it is possibly mainly restricted to 

specific obese subgroups such as subjects with eating binges.

a limitation of this study is that it examined different dimensions of impulsivity in general, 

but not related to food intake. thus, the assumption that subjects with neural correlates of 

higher impulsivity have more difficulty to resist the temptation or urge to eat palatable food is 

not directly tested. previous studies supported this assumption though (12;23) and also showed 

that it may be the interaction of impulsivity with reward sensitivity (8) or with hunger that 

influences food intake (58). We could not replicate the finding by batterink et al. (14), who used 

a food-related go-no go task and found decreased activation at higher bmi in the pfc (sfg, 

mfg, ifg). possibly, obese subjects are more sensitive to food stimuli and specifically have less 

activation of the pfc in a food-related context, resulting in reduced inhibitory control. 

another limitation of this study is that the group of obese subjects with eating binges is quite 

small. However, despite these small numbers significant differences were found, indicating the 

presence of large effect sizes. We therefore think that our results on the ddt for this subgroup are 

very interesting and convincing and this is further supported by the fact that the neural effects 

correlate with the behavioral outcome. for the sst, however, imaging results in this subgroup 

were not correlated with behavior, so that these results are clearly in need of replication. 

a final limitation is that we were not able to test a hard versus easy choices contrast for the 

ddt. this contrast would have been interesting for a direct comparison with the other study 

on the ddt in obesity (13). the design of the ddt that we used, which has previously been used 

by Wittmann et al. (27), presents the consecutive immediate rewards in a block in such a way 

that the later presented immediate rewards are closer to the indifference point. thus, there is 

a bias that the hard choices are always presented later in a block. because of this bias, we did 

not study this contrast. 

in conclusion, obese subjects in general do not show increased impulsivity related to 

decreased activation of brain regions involved in inhibitory control. However, differences 
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in activation of brain regions involved in value attribution suggest an increased salience 

for immediate rewards and decreased salience for delayed rewards in obese subjects. this 

suggests a general problem of increased salience attribution to immediate rewards in subjects 

with obesity, which also - and probably most strongly - applies to food. furthermore, there are 

gender differences in brain activation between obese men and women, indicating impaired 

response inhibition in obese women and suggesting an increased susceptibility in obese 

women for impulsive decision making. finally, we identified a subgroup of obese subjects with 

eating binges with impaired cognitive control, in particular on impulsive decision making. 

thus, whereas the findings of increased impulsivity in obesity in general tend to be subtle, they 

are more prominent in females and obese subjects with eating binges. 
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