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Alcohol dependence has long been related to impaired emotion regulation—including 
reappraisal—but little is known about the performance and associated neural activity of 
alcohol-dependent patients (ADPs) on an emotion reappraisal task. This study, therefore, 
compares reappraisal of negative, positive, neutral, and alcohol-related images at a 
behavioral and neural level between ADPs and healthy controls (HCs).

Thirty-nine ADPs and 39 age-, gender-, and education-matched HCs performed an 
emotion reappraisal task during functional magnetic resonance imaging (fMRI), and craving 
was measured before and after the reappraisal task. During the emotion reappraisal task, 
participants were instructed to either attend or reappraise positive, negative, neutral, or 
alcohol-related images, and to indicate their experienced emotion on a visual analogue 
scale (VAS).

Both ADPs and HCs completed the emotion reappraisal task successfully, showing 
significant differences in self-reported experienced emotion after attending versus 
reappraising visual stimuli and in brain activity in emotion processing/reappraisal relevant 
areas. ADPs were not impaired in cognitive reappraisal at a behavioral or neural level relative 
to HCs, nor did ADPs indicate any difference in self-reported emotion while attending 
emotional images. However, ADPs were different from HC in emotion processing: ADPs 
revealed a blunted response in the (posterior) insula, precuneus, operculum, and superior 
temporal gyrus while attending emotional images compared neutral images compared 
to HCs, and in ADPs, higher baseline craving levels were associated with a less blunted 
response to alcohol-related images than in HCs. These results reveal that ADPs do not 
show impaired reappraisal abilities when instructed, although future studies should assess 
voluntary reappraisal abilities in alcohol-dependent patients.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier NCT02557815.

Keywords: alcohol dependence, emotion reappraisal, craving, functional magnetic resonance imaging, 
emotion regulation
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INTRODUCTION

The ability to manage emotional information is central to 
our daily functioning, and adequately managing emotions 
is achieved through various emotion regulation strategies, 
including attention shifting and cognitive reappraisal, the process 
of moderating the emotional impact of a certain thought or 
stimulus through cognitive reinterpretation (1, 2). Neuroimaging 
studies using reappraisal tasks in healthy controls (HCs) indicate 
that the prefrontal cortex, including the dorsolateral prefrontal 
cortex (dlPFC), is vital for the regulation of emotions, whereas the 
limbic system—including the amygdala and insula—is important 
for the initial processing of emotions (1–4). Other brain areas 
related to reappraisal include the dorsomedial prefrontal cortex, 
superior temporal gyrus, dorsal part of the anterior cingulate 
cortex (ACC), superior parietal lobule, and inferior frontal gyrus 
(4). These brain regions are part of cognitive–linguistic control 
networks, associated with effortful (i.e., explicitly applied) 
reappraisal by cognitively reframing the affective meaning of a 
negative stimulus in more neutral terms (2, 5).

Impairments in reappraisal are supposed to be related to the 
development, persistence, and severity of substance dependence 
(6). Previous studies have indicated that difficulties in coping with 
negative affect is one of the most prominent clinical factors in 
substance dependence (7). The induction of negative affect may 
increase the urge to drink (8, 9), although a recent study failed 
to show such a relationship between emotional state and craving 
for alcohol-dependent individuals (10). Impaired emotional 
reappraisal also predicts negative outcomes, including relapse, in 
substance use disorder (SUD) patients (11, 12). A recent study 
showed impaired emotional reappraisal (ER) in Internet gaming 
disorder patients compared to drug-naïve controls, suggesting 
that impaired emotion reappraisal might precede neurotoxic 
effects of alcohol or other substances (13). Together, these studies 
indicate that emotional reappraisal is central in the etiology of 
alcohol dependence.

The results from the aforementioned studies on emotional 
reappraisal in substance dependence are further corroborated by 
a recent review on the neural circuitry of impaired reappraisal 
in patients with SUDs compared with HCs. This review showed 
decreased recruitment of the ACC, dlPFC, and ventromedial 
prefrontal cortex (vmPFC) during reappraisal, but no differences 
in amygdala or insular functioning (14). The review therefore 
concludes that emotion regulation disturbances in substance 
dependence are related to impaired prefrontal functioning and 
not to excessive reactivity to emotional stimuli.

Most studies reviewed by Wilcox et al. (14) did not apply 
an (explicit) reappraisal task, but included emotion reactivity, 
implicit reappraisal, or behavioral control tasks, and therefore 
little is known about the neural circuitry of explicit reappraisal in 
substance use disorders in general and more specifically in alcohol-
dependent patients (ADPs). The available studies into emotion 
regulation in alcohol dependence reveal that impaired emotion 
regulation is associated with increased craving levels, especially 
for ADPs who experience increased negative and decreased 
positive affect (15). Furthermore, interview data demonstrate that 
ADPs show reduced use of effortful cognitive emotion regulation 

and tend to apply less beneficial emotion regulation strategies like 
response modulation and attentional deployment strategies in 
daily life (16). ADPs also report problems with the identification 
and regulation of emotions (17), which are linked to the duration 
of the last heavy drinking episode, as well as higher drinking rates 
at 1-year follow-up (18). It is currently not clear, however, whether 
ADPs perform differently on an explicit cognitive reappraisal task 
and whether related brain activity is different.

The review by Wilcox et al. (14) further concludes that no 
differences were found in the limbic system, indicating that 
impaired reappraisal may originate from prefrontal impairments 
rather than from an excessive response to emotional stimuli. 
Some studies even point toward lower limbic responsivity to 
emotional stimuli in SUDs (19, 20), which fits with the findings 
regarding reduced salience of natural reinforcing stimuli, relative 
to addiction-relevant stimuli (21).

The current study is the first to assess differences in cognitive 
reappraisal abilities between ADPs and HCs at the behavioral 
and the neural level. We hypothesize that ADPs show decreased 
reappraisal abilities compared to HCs, indicated by self-report 
scores on a visual analogue scale (state), an emotion regulation 
questionnaire (trait). Reduced ER-related brain activity in 
areas such as the dlPFC and ACC is mainly expected for the 
reappraisal of negative emotion, which has been implicated in 
substance dependence (22), whereas the ER of alcohol-related 
images may either result in lower activity [in line with findings 
from Wilcox et al. (14)] or higher activity (due to increased 
cognitive load associated with higher salience of these images). 
We furthermore hypothesize no differences in brain activity 
during emotional processing of negative and positive images, but 
greater activations to alcohol-related images in ADPs compared 
to HCs. Finally, we expect craving levels to increase due to the 
emotion reappraisal task, and that craving is negatively related to 
cognitive reappraisal abilities.

METHODS AND MATERIALS

Participants
A total of 39 ADPs (26 males) and 39 HCs (22 males) were 
included in this between-subjects study and were matched on 
(mean) age, sex, and education. ADPs were sober for at least 
3  weeks and were recruited from addiction treatment centers 
in the larger city area of Amsterdam, the Netherlands. Sobriety 
was confirmed with a urine test in the research lab on the test 
days. None of the participants were active users of psychoactive 
medication, cannabis, opioids, or stimulants. HCs were recruited 
through Internet and social media advertisements. All participants 
were screened for MRI suitability. All subjects were screened (and 
if positive excluded) for the presence or history of psychiatric 
disorders, including substance abuse or dependence, using the 
Composite International Diagnostic Interview (CIDI) (23). The 
study was approved by the local Medical Ethical Commission of 
the Academic Medical Center of the University of Amsterdam 
and participants signed the informed consent form, consistent 
with the Declaration of Helsinki, before participating in the study. 
Participants were remunerated for their participation.
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Questionnaires
In addition to the CIDI interview, the Alcohol Use Disorder 
Identification Test (AUDIT) (24), Beck’s Depression Inventory 
(BDI) (25), Beck’s Anxiety Inventory (BAI) (26), the Toronto 
Alexithymia Scale-20 (TAS-20) (27), and the Emotion Regulation 
Questionnaire (ERQ) (28) were administered to assess levels 
of depression, anxiety, alexithymia, and emotion regulation, 
respectively. Finally, craving was assessed with the Alcohol Urge 
Questionnaire (AUQ) (29) before and after the performance of 
the emotion reappraisal task.

Emotion Reappraisal Task
Participants viewed 18 negative (e.g., vicious dog, plane 
crash), 18 positive (e.g., cute puppies, beautiful landscape), 
18 neutral (e.g., people at work, neutral landscape), and 18 
alcohol-related images (e.g., glass of beer, bottles of wine) on 
a screen using a mirror attached to the head coil. The negative, 
positive, and neutral images used in this task were selected 
from the International Affective Image Set (IAPS) (30). 
Negative images had a low valence (≤4.0) and high arousal 
(≥6.0), whereas neutral images had a mildly positive valence 
(4.5 < x <7.0) and low arousal (2.0 < x < 4.2) and positive 
images had high valence (≥7.0) and arousal (≥5.0), based on 
the original IAPS scores. The alcohol-related images were 
selected from Vollstädt-Klein et al. (31) and supplemented by 
alcohol-related images of popular Dutch alcoholic beverages. 
All alcohol-related images were separately validated in an 
independent sample for valence (3.0 < x < 6.0) and arousal 
(2.0 < x < 4.0).

The images were paired with one of two different instructions: 
“attend” and “reappraise.” In the attend instruction, participants 
were told to view and identify themselves with the situation in 
the image (e.g., “how would you feel in this situation”). In the 
reappraise condition, participants were told to reappraise their 
emotions related to these images in such a way that the negative 
feelings were reduced (e.g., “imagine a less negative outcome 
or interpretation”). Images were presented in 24 blocks of three 
images of the same emotion type (negative, positive, neutral, 
alcohol) with the same instruction (attend, reappraise) and 
presented in a pseudo-randomized order (see Figure 1).

After each image, for both instructions (attend and 
reappraise), a visual analogue scale (VAS) ranging from 0 to 
100 was presented and participants had to rate their emotional 
state (“How do you feel?” where 0 is very negative, 50 is neutral, 
and 100 is very positive) by moving a bar to the right or left 
by pressing a button box multiple times. This moving bar was 
set in the middle (representing a neutral value of 50) and the 
range of emotions was indicated by previously validated self-
assessment manikins depicting valence (32). Prior to scanning, 
the assessment was explained and practiced outside the 
scanner using example stimuli (not used in the experiments) 
for approximately 5 min. The reappraisal task itself took 
approximately 25 min.

Analysis
Behavioral Analysis
Data were prepared for analysis by winsorizing extreme values 
for experienced emotion (mean VAS per condition) and craving 

FIGURE 1 | This figure reveals the mean experienced emotion (VAS) per emotion type, instruction, and participant group. Analysis reveals no effect of 
participant group, but a significant interaction between emotion type and instruction for alcohol-related, neutral, positive, and negative images. Error bars 
reflect the standard deviation.
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(AUQ pre- and post-scores), by replacing values below the 5th 
and above the 95th percentile by the 5th or 95th percentile, 
respectively, and by confirming that experienced emotion was 
normally distributed.

In order to assess effects of emotion type, instruction, and 
participant group on experienced emotion, a general linear 
model (GLM) Univariate ANOVA was performed, including 
experienced emotion (mean VAS) as the dependent variable, and 
instruction (attend, reappraise), emotion type (alcohol, neutral, 
positive, negative) and participant group (ADP, HC) as fixed 
factors. Significant interactions were followed up by Bonferroni-
corrected simple effects analyses. Independent sample t tests 
were performed to assess whether gender influenced experienced 
emotion per condition with results considered significant at a 
Bonferroni-corrected p = . 006 (0.05/8).

The AUQ was administered before (pre) and after (post) the 
reappraisal task. Due to the many mistakes that were made in the 
second and seventh question—which are reverse coded and were 
misinterpreted—these were excluded from the analysis. Both pre 
and post scores were positively skewed and therefore a log(x + 1) 
transformation was applied. A repeated-measures ANOVA was 
performed including AUQ scores as the dependent variable, time 
(pre/post) as the within-subjects factor and participant group as 
the between-group factor. Finally, the increases in craving levels 
(post- minus pre-AUQ scores) were correlated to the means of 
experienced emotion per emotion type and instruction.

Functional Magnetic Resonance Imaging
Data Acquisition MRI scanning was performed on a Philips 
Achieva 3T scanner at the Spinoza Imaging Centre, Amsterdam, 
the Netherlands. Functional MRI [echo time (TE) = 27.63 ms; 
repetition time (TR) = 2000 ms; field of view (FOV) = 240 × 
240 mm, 37 3-mm slices, 0.3-mm slice gap; 80 × 80 matrix; flip 
angle = 76.1°] was performed to acquire blood oxygenation level-
dependent (BOLD) signals using single-shot multi-echo (33) 
T2*-weighted echo planar imaging (EPI’s). These T2-weighted 
flow-compensated 8 spin-echo anatomical images were 
oriented axially along the anterior commissure to the posterior 
commissure (AC–PC) line. During the baseline session, a 
T1-weighted 3D data set was obtained for anatomical reference; 
TR = 8.196 ms, TE = 3.73 ms, field of view (FOV) = 140 × 188 × 
220 mm, matrix 240 × 187, flip angle = 8°, slice thickness = 1 mm, 
number of slices = 220.

Preprocessing and First-Level Analysis Preprocessing was 
performed with SPM8 (Wellcome Trust Centre for Neuroimaging, 
London, United Kingdom) in MATLAB (version 2012b) and 
included realignment to the first image, slice timing correction 
to the middle (18th) slice, co-registration of the anatomical 
T1 of the subject to the mean functional scan, and warping 
of this co-registered T1 to standard space. Next, the volumes 
were normalized to the Montreal Neurological Institute (MNI) 
template and smoothed with a 7-mm Gaussian kernel in order 
to increase signal-to-noise ratio. To account for low-frequency 
drifts, a high-pass filter (128 Hz) was applied. Three subjects (two 
ADP and one HC) were removed due to the low quality of the 
fMRI data (e.g., scanner artifacts).

In the first-level model regressors of no interest were 
Instruction and VAS scoring. Instruction was modeled with a 
boxcar of 3 s, whereas VAS scoring was modeled with a boxcar 
for the true duration of the scoring process since this was self-
paced. The eight regressors of interest included the onsets of 
the negative, positive, neutral, and alcohol-related images in 
either attending or reappraising condition, which were modeled 
as boxcars (duration, 5 s) and convolved with a hemodynamic 
response function, in the first-level, single-subject, fixed-effects 
analysis. First-level contrasts for reappraisal [reappraise > attend] 
were computed per emotion condition (negative, positive, 
alcohol, and neutral). For emotion processing, separate contrasts 
were created for attending emotional images (alcohol, positive, 
or negative) versus neutral images [attend emotion (positive, 
negative, alcohol) > attend neutral].

Functional Magnetic Resonance Imaging Data Analysis  
Separate second-level fMRI analyses were performed for the 
attend and reappraise conditions. For the attend condition, 
a 2 × 3 ANOVA was conducted in SPM12, including the [attend 
emotion > attend neutral] contrast per emotion, in order to assess 
the interaction between group (ADP, HC) and emotion (alcohol, 
positive, negative) as well as main effects of group, emotion, and 
condition. For the reappraise condition, a 2 × 4 ANOVA conducted 
in SPM12, including the [reappraise > attend] contrasts per emotion, 
in order to assess the interaction between group (ADP, HC) and 
emotion (alcohol, neutral, positive, negative) as well as main effects 
of group, emotion, and condition.

First, the main effects of instruction (attend, reappraise) during 
the emotion reappraisal task are discussed in order to confirm that 
the emotion reappraisal task was completed successfully. Then, 
the group by emotion interactions, as well as the main effects for 
group and emotion will be discussed. Results are reported at a 
whole-brain p < 0.05 FWE-corrected threshold; furthermore, 
amygdala Region of Interest (ROI) analyses (based on the 
BrainMap database) were performed for the attend condition.

In order to assess whether craving is positively correlated 
to higher brain responsivity during emotion processing and 
negatively correlated to brain activity during emotion reappraisal, 
any significant differences in brain activity between ADPs 
and HCs were followed up by a Pearson correlation analysis, 
including the extracted individual b values from the peak-
voxel coordinate, craving levels before the emotion reappraisal 
task, and the increase in craving levels due to  the  emotion 
reappraisal task.

RESULTS

Demographics
ADPs and HCs were successfully matched on age, gender, and 
years of education. However, ADPs reported significantly higher 
levels of depression (BDI), anxiety (BAI), and alexithymia (TAS-
20). Analyses were not corrected for these differences, because 
depression, anxiety, and alexithymia levels are well known to be 
elevated in alcohol dependence (34–37). There were no group 
differences in the ERQ scores (Table 1).
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Task Effects and Group Difference 
(Behavior)
Negative, Positive, Alcohol-Related, 
and Neutral Images
The three-way repeated-measures ANOVA with experienced 
emotion (mean VAS per condition) as the dependent variable, 
emotion type (negative, positive, neutral, alcohol related) and 
instruction (attend, reappraise) as within-subject factors, and 
group (ADP, HC) as between-subject factors did not reveal 
a significant three-way interaction [F(3,624) = 1.06, p = .36, 
d  = .14]. Two-way interactions between participant group and 
instruction [F(1,624) = .53, p = .47, d = .06] or participant group 
and emotion type [F(3,624) = .19, p = .90, d = .06] also did not 
reveal any significant effect.

Results did reveal a significant interaction between emotion 
type and instruction [F(3,624) = 39.11, p < 0.001, d = .88], 
indicating that experienced emotion varied between emotion type 
and instruction. Simple effects analysis for this interaction revealed 
a significant difference between attending and reappraising neutral 
[mean difference = 7.66; F(1,624) = 17.06, p < 0.001, d = .33], 
positive [mean difference = 13.52; F(1,624) = 53.24, p < 0.001, d = 
.59], and negative images [mean difference = −13.46; F(1,624) = 
52.79, p < 0.001, d = .59]. There was no difference between attending 
and reappraising alcohol-related images [mean difference = 
2.59; F(1,624) = 1.96, p = .16, d = .11]. These results indicate that 
attending neutral [mean = 64.08, SD = 9.84] and positive (mean 
= 71.10, SD = 11.31) images resulted in the experience of positive 
emotions, which were reduced during reappraise condition for 
both neutral (mean = 56.43, SD = 7.58) and positive images (mean 
= 59.58, SD = 11.41). Attending negative images on the other hand 
resulted in the experience of negative emotion (mean = 28.13, SD 
= 13.04), which were reduced (i.e., less negative) in the reappraise 
condition (mean = 41.60, SD = 12.77; see Figure 1).

Independent-sample t tests assessing whether gender influenced 
experienced emotion during attending revealed no difference in 
positive, negative, neutral, or alcohol-related images, and also no 
differences during regulating positive, negative, or neutral images 
(all p > 0.006). However, female participants experienced more 

positive emotions during regulating alcohol-related images than 
male participants [mean = 56.15 (SD = 12.85) vs. mean = 47.27 
(SD = 13.01), respectively; t(71) = 2.85, p = .006].

Craving
The repeated-measures ANOVA assessing craving levels revealed 
no significant interaction between time (pre/post) and participant 
group [ADP/HC; F(1,71) = .06, p = .81, d = 0.06], but significant 
main effects for time [F(1,71) = 29.42, p < 0.001, d = 1.29] and 
group [F(1,71) = 7.57, p < 0.01, d = .65]. These results indicated 
that the emotion reappraisal task significantly increased craving 
levels in both ADPs and HCs to an equal extent, but that craving 
levels in ADPs were overall higher (see Figure 2). The increase 

TABLE 1 | Sample characteristics. This table shows the results for the analyses of the sample characteristics. Values are denoted as mean (standard deviation). Total 
number of participants per comparison may vary due to a small number of missing values. SD, standard deviation; AUDIT, Alcohol Use Disorders Identification Test; 
TAS, Toronto Alexithymia Scale; DIDF, difficulties identifying and describing feelings; EOT, externally oriented thinking; ERQ, emotion regulation questionnaire. ERQ 
Reappraisal and Suppression are subscales of the ERQ.

Possible range
(min–max)

Mean ADP (SD)
n = 39

Mean HC (SD)
n = 39

Significance

Age 41.64 (8.63) 44.05 (10.52) t(1,76) = 1.11, p = .27
Years of education 15.31 (3.05) 15.35 (2.98) t(1,71) = .64, p = .95
Gender M = 26 M = 22 χ2(1,78) = .87, p = .35
AUDIT 0–41 22.11 (10.51) 4.17 (2.51) t(1,71) = 9.97, p < 0.001
TAS-20 total 20–100 51.43 (10.83) 43.06 (8.62) t(1,67) = 3.54, p = 0.001
 TAS-20 DIDF 12–60 31.83 (8.16) 24.86 (7.20) t(1,68) = 3.79, p < 0.001
 TAS-20 EOT 8–40 11.97 (3.30) 11.36 (2.73) t(1,71) = .86, p = .39
ERQ total 7–70 37.81 (7.95) 36.32 (8.56) t(1,71) = .77, p = .45
 ERQ Reappraisal 6–42 20.22 (5.87) 19.00 (7.80) t(1,72) = .76, p = .45
 ERQ Suppression 4–28 17.72 (5.01) 17.32 (5.10) t(1,72) = .35, p = .73
Beck Depression Inventory 0–63 10.84 (9.58) 4.27 (6.28) t(1,72) = 3.39, p = .001
Beck Anxiety Inventory 21–84 30.40 (8.73) 24.18 (4.56) t(1,74) = 3.89, p < .001

FIGURE 2 | Craving levels per group and time point [pre/post-emotion 
reappraisal task (ERT)]. Error bars reflect standard deviations. Craving 
levels were log(x + 1) transformed and refer to self-reported Alcohol Urge 
Questionnaire (AUQ) scores.
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in craving (post/pre) did not correlate with experienced emotion 
per instruction and emotion type (all p values >0.1) in either 
ADPs, HCs, or over all subjects.

Functional Magnetic Resonance 
Imaging Results
Main Task Effects
In order to check the experimental manipulation of the emotion 
reappraisal task, the main effects of task, i.e., attend [attend 
emotion > attend neutral] and reappraise [reappraise > attend], 
were assessed for all emotions and both groups combined (see 
Figure 3 and Supplementary Table 1). Results revealed that 
attending emotional images (versus neutral images) increased 
activity in the visual stream and posterior parietal cortex as well 
as the precentral gyrus. Our ROI analysis revealed no significant 
activations in the amygdala.

Reappraising images (versus attending) resulted in increased 
activation in several cortical structures previously implicated 
in emotion reappraisal, including the interior frontal gyrus, 
supplementary motor cortex, and middle frontal gyrus (see 
Figure 3 and Supplementary Table 1). Furthermore, activity 
in the visual stream and the medial segment of the superior 
frontal gyrus was significantly higher during the attend relative 
to the reappraise condition (see Figure 3 and Supplementary 
Table 1).

Group Differences in Brain Activation
Emotion Processing
The 3 × 2 ANOVA including the [attend emotion > attend 
neutral] contrasts per emotion (alcohol, positive, negative) and 
group (ADP, HC) revealed no significant interaction. The main 
effect of group showed that HCs have higher activity in the 
bilateral central operculum, precuneus, and superior temporal 
gyrus during appraising stimuli (see Table 2 and Figure 4A). 
Furthermore, there was a significant main effect of emotion 
within the visual stream, but since these effects are not of main 
interest, they are reported in Supplementary Information 2.

Post hoc correlations between the posterior insula (peak 
voxel), which was significantly more activated during emotion 
processing (attend emotion > neutral), and both baseline craving 
levels and the increase in craving levels due to the emotion 
reappraisal task indicate a significant correlation for baseline 
craving levels with the posterior insula only for the APDs [r(37) = 
.36, p = .03] and not for the HCs [r(33) = −.05, p = .76]. This 
correlation seems to be related to the response to alcohol-related 
images in ADPs [r(37) = .43, p < .01, see Figure 4B], rather than 
the response to positive [r(37) = .28, p = .09] or negative images 
[r(37) = .21, p = .21].

Emotion Reappraisal
The 4 × 2 ANOVA for including the [reappraise > attend] 
contrasts per emotion (alcohol, neutral, positive, negative) and 

FIGURE 3 | Main effects of the emotion reappraisal task, presented at a threshold of k > 5, p < 0.001. Top: Brain areas activated while attending emotional 
images versus neutral images. Middle: activated brain areas during reappraising vs. attending images. Bottom: regions more activated during attending images vs. 
reappraising images.
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group (ADP, HC) revealed no significant interaction or any main 
effect of group. There was, however, a significant main effect of 
emotion, indicating a difference in neural response between 
the neutral, alcohol, positive, and negative images in the visual 
stream. Since these results are not of main interest, they are 
reported in Supplementary Information 2.

DISCUSSION

This study investigated differences in emotion processing and 
reappraisal between alcohol-dependent patients (ADPs) and 
healthy controls (HCs) at the behavioral and the neural level. The 
emotion reappraisal task was completed successfully as indicated 
by increased experienced emotion in the attend condition 
and successful regulation of these emotions in the reappraisal 
condition. Our results do not show that ADPs have impaired 
emotion reappraisal based on this paradigm and the emotion 
regulation questionnaire, nor do they show any difference 
between ADPs and HCs in neural recruitment during cognitive 
reappraisal. However, our results do show a reduced neural 
response to emotional images (in comparison to neutral images) 

in ADPs versus HCs in the central operculum, precuneus, and 
superior temporal gyrus. Furthermore, self-reported craving 
levels increased from pre- to post-testing similarly in both groups, 
although overall craving levels were significantly higher in ADPs. 
Finally, self-reported baseline craving levels were correlated to 
higher neural reactivity to attending alcohol-related images in 
the ADP group.

The abovementioned results mostly do not correspond with 
our hypotheses, since we expected reduced emotion regulation 
ability and decreased associated brain activity in ADPs 
compared to HCs. These hypotheses were based on a recent 
review, which indicated reduced emotion regulation abilities 
and brain function in substance use disorders (14). However, 
the studies included in this review were mostly studies on 
emotional reactivity, implicit reappraisal, or behavioral control 
tasks and are therefore different from our explicit reappraisal 
paradigm. This may well be a major explanation for our (lack 
of expected) results, since explicit emotion regulation requires 
conscious effort, monitoring, and insight, whereas implicit 
emotion regulation is more automatic. Previous studies also 
show that ADPs make less use of these effortful emotion 
regulation strategies in daily life (16). Our results may differ 

FIGURE 4 | (A) Graphical presentation of the increased activity in healthy controls (HCs) compared to alcohol-dependent patients (ADPs), during emotion 
processing (attending negative, positive, and alcohol-related images vs. neutral). Crosshair is pointed at the peak voxel in the posterior insula. (B) The 
correlation between the posterior insula and baseline craving levels for the [attend alcohol > neutral] contrast. The threshold for visualization of the results is 
set at k > 5, p < 0.001 uncorrected.

TABLE 2 | Main effect of participant group for attending emotional vs. neutral images. T, t value; K, cluster size in voxels; x, y, z are coordinates.

Brain area
(attend emotion > neutral)

L/R T K x y z p value
(FWE-corrected)

HC > ADP
Posterior Insula Left 5.22 70 −36 −10 22 <.001
Parietal Operculum Right 5.06 100 33 −34 19 0.01
Precuneus Right 5.00 37 15 −55 28 .013
Central Operculum Right 4.73 25 42 −7 19 .039
Superior Temporal Gyrus Right 4.67 18 −21 −7 40 .048
ADP > HC
n.a. 
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from these previous studies because our participants were 
actively instructed to regulate their emotions by applying 
effortful cognitive reappraisal strategies. The fact that we do not 
show impaired emotion regulation abilities or differences in 
related brain function when instructed to apply these strategies 
may point to impairments in the selection of the appropriate 
reappraisal strategy rather than the ability itself. Of note, the 
ERQ also did not reveal any differences in emotion reappraisal 
or suppression between ADPs and HCs. This result is surprising, 
since the ADP group did self-report higher levels of anxiety 
and depression. Nevertheless, limited availability and access 
to emotion regulation strategies has been suggested and found 
by Khosravani et al. (15) and supports the aforementioned 
explanation. These results may imply that treatment should 
focus on selecting the right reappraisal strategy, rather than on 
reappraisal abilities.

In line with our hypothesis, we show that ADPs and HCs 
score their experienced emotion (using VAS scores) equally 
during the attend condition for all emotion types. However, 
ADPs do show significantly lower brain activity during attending 
the stimuli in several brain areas, including the posterior insula, 
central operculum, precuneus, and superior temporal gyrus. 
These findings are in line with previous studies suggesting a 
blunted neural response to emotional images in APDs (20) and 
marijuana smokers (19), participants with excess weight (38), and 
with studies hypothesizing a blunted response to non-addiction-
relevant emotional stimuli (21).

In contrast with our hypothesis, the reappraisal task induced 
craving equally in both ADPs and HCs. This may be explained 
by a mismatch between specific preferences from the individual 
ADPs (e.g., someone who only drinks beer) and the diversity of 
alcohol-related images that were presented (beer, wine, liquor, 
bar, supermarket), which may have dampened the craving 
inducing effect. Future studies should consider a personalized 
approach, matching the presented images to the subject’s 
specific preference.

Comparing our data to data from the Dutch national 
monitoring system for drug- and alcohol-dependent patients 
(39), our ADP group was slightly younger (41 years vs. 46 
years), but gender distribution was comparable (67% vs. 
72% male). Our ADP participants were in treatment for 
alcohol dependence but were medication free since the use 
of psychoactive medication was an exclusion criterion. This 
is atypical for most treatment-seeking alcohol-dependent 
patients who are often prescribed anti-craving medication. It 
is possible that patients who are not prescribed any medication 
(e.g., our participants) experience less craving compared to 
ADPs who are prescribed medication since severe craving can 
be an indication to prescribe medication. Possibly the ADPs 
included in this study experienced less craving than ADPs 
who are prescribed psychoactive medication, which may 
explain the similar effects of the emotion regulation task on 
craving levels for ADPs and HCs in this study. Our post hoc 
correlations in APDs are in line with this explanation, since 
they reveal that higher baseline craving levels are associated 
with more activity within the posterior insula while attending 
alcohol-related images. In other words, ADPs who experience 

higher baseline craving levels have a stronger neural response 
to alcohol-related images in a brain region that has previously 
been implicated in cue-induced craving in alcohol-dependent 
patients (22).

Together, these results suggest that ADPs show a blunted 
response to emotional images when compared to HC, but also 
that within the ADP group, higher craving levels are associated 
with a “less” blunted neural response to alcohol-related images. 
Previous studies indicate that reduced responsiveness to 
emotional cues could be caused by reduced salience of these cues 
in comparison to addiction-relevant cues (21) and these findings 
are in line with our results. Another explanation, which we could 
not confirm with the available data, is that a reduced neural 
reaction to emotional images may serve as an implicit protective 
mechanism. Since a higher response to emotional images has 
been linked to craving (22), reducing this response may lead to 
less craving. This explanation, however, is speculative and should 
be investigated further.

Strengths and Limitations
The current study assessed emotion reappraisal as well as emotion 
processing in alcohol dependence through a comprehensive 
study, using both questionnaires, behavioral data, as well as 
fMRI. Despite the strengths of this study, we only studied one 
form of emotion regulation (reappraisal), and future studies 
should incorporate multiple emotion regulation strategies, 
including, e.g., voluntary emotion reappraisal, avoidance, or 
distraction. Although the reappraisal task induced craving in 
ADPs and HCs, it is not possible to clarify which images or 
conditions caused this effect because craving was measured 
only before and after the reappraisal task, and this may be an 
explanation why none of the conditions correlated with the 
increase in craving levels.

The lack of a clear distinction in emotional reappraisal 
between ADPs and HCs might be explained by insufficient 
emotional impact of the images that were used in the task. The 
IAPS database images may lack ecological validity, thus reducing 
the impact of these images and thus facilitating the emotion 
reappraisal process. On the other hand, using a comparable 
task (without the alcohol-related images), we were previously 
able to differentiate between HCs and patients with obsessive–
compulsive disorder during emotion processing, but not during 
emotional reappraisal (40). Future studies should consider 
other ways of inducing emotions with higher ecological validity, 
including personalized scripts, personalized images, or the use 
of virtual reality. Additionally, future studies should consider 
incorporating measurements of personality disorders, including 
borderline personality disorder, that have previously been linked 
to impaired emotion reappraisal (41), but were not used in the 
current study.

CONCLUSION

The current study showed neither impaired reappraisal of emotion 
in ADPs nor reappraisal-related differences in brain activity in 
ADPs compared to HCs. The results might have been influenced 
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by some methodological limitations, although we did demonstrate 
a blunted neural response in ADPs while attending emotional 
(positive, negative, alcohol-related) images. Moreover, baseline 
craving levels were correlated to a less blunted neural response to 
alcohol-related images in ADPs. Together, these results may suggest 
a link between emotional reactivity and craving, and impaired 
natural emotion processing in alcohol dependence, whereas ADPs 
show unimpaired reappraisal abilities when explicitly instructed. 
Future studies should assess voluntary reappraisal abilities, more 
ecologically valid ways of inducing emotions, and compensatory 
mechanisms in ADPs to further understand the differences during 
natural (re)appraisal of emotional cues.

ETHICS STATEMENT

This study was carried out in accordance with the 
recommendations of the Medical Ethical Commission of the 
Academic Medical Center of the University of Amsterdam with 
written informed consent from all subjects. All subjects gave 
written informed consent in accordance with the Declaration of 
Helsinki. The protocol was approved by the local Medical Ethical 
Commission of the Academic Medical Center of the University 
of Amsterdam.

AUTHOR CONTRIBUTIONS 

All authors made a significant contribution to this article, 
including acquiring funding (AG and WB), study design (AG 
and WB), development of the emotion reappraisal task (SW, 
OH, DV, and YD), data acquisition (JJ), data analysis (JJ, DV, and 
SW), interpretation of results (JJ, AG, SW, OH, YD, WB, and DV) 
and contributions to this manuscript (JJ, AG, SW, OH, YD, WB, 
and DV).

FUNDING

This research was partly funded by The European Foundation 
for Alcohol Research (ERAB); grant no. EA1027 to AG, WB, 
and DV; and by a VIDI grant (no: 91713354) from the Dutch 
Scientific Foundation to AG.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: 
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00227/
full#supplementary-material

REFERENCES

 1. Ochsner KN, Bunge SA, Gross JJ, Gabrieli JDE. Rethinking feelings: an 
fMRI study of the cognitive regulation of emotion. J Cogn Neurosci (2002) 
14(8):1215–29. doi: 10.1162/089892902760807212

 2. Ochsner KN, Gross JJ. The cognitive control of emotion. Trends Cogn Sci 
(2005) 9(5):242–9. doi: 10.1016/j.tics.2005.03.010

 3. Banks SJ, Eddy KT, Angstadt M, Nathan PJ, Phan KL. Amygdala-frontal 
connectivity during emotion regulation. Soc Cog Affect Neurosci (2007) 
2(4):303–12. doi: 10.1093/scan/nsm029

 4. Buhle JT, Silvers JA, Wager TD, Lopez R, Onyemekwu C, Kober, et al. 
Cognitive reappraisal of emotion: a meta-analysis of human neuroimaging 
studies. Cereb Cortex (2013) 24(11):2981–90.

 5. Dosenbach NU, Fair DA, Miezin FM, Cohen AL, Wenger KK, Dosenbach RA, 
et al. Distinct brain networks for adaptive and stable task control in humans. 
Proc Natl Acad Sci (2007) 104(26):11073–8. doi: 10.1073/pnas.0704320104

 6. Simons JS, Carey KB, Wills TA. Alcohol abuse and dependence symptoms: 
a multidimensional model of common and specific etiology. Psychol Addict 
Behav (2009) 23(3):415. doi: 10.1037/a0016003

 7. Baker TB, Piper ME, McCarthy DE, Majeskie MR, Fiore MC. Addiction 
motivation reformulated: an affective processing model of negative 
reinforcement. Psychol Rev (2004) 111(1):33. doi: 10.1037/0033-295X.111.1.33

 8. Birch CD, Stewart SH, Wall AM, McKee SA, Eisnor SJT, JA. Mood-induced 
increases in alcohol expectancy strength in internally motivated drinkers. 
Psychol Addict Behav (2004) 18(3):231. doi: 10.1037/0893-164X.18.3.231

 9. Sinha R, Fox HC, Hong KA, Bergquist K, Bhagwagar Z, Siedlarz KM. 
Enhanced negative emotion and alcohol craving, and altered physiological 
responses following stress and cue exposure in alcohol dependent 
individuals. Neuropsychopharmacology (2008) 34(5):1198–208. doi: 10.1038/
npp.2008.78

 10. Serre F, Fatseas MD, C.Swendsen J, Auriacombe M. Predictors of craving 
and substance use among patients with alcohol, tobacco, cannabis or opiate 
addictions: commonalities and specificities across substances. Addict Behav 
(2018) 83:123–9. doi: 10.1016/j.addbeh.2018.01.041

 11. Berking M, Wupperman P, Reichardt A, Pejic T, Dippel A, Znoj H. Emotion-
regulation skills as a treatment target in psychotherapy. Behav Res Therapy 
(2008) 46(11):1230–7. doi: 10.1016/j.brat.2008.08.005

 12. Sinha R. How does stress lead to risk of alcohol relapse? Alcohol Res (2011) 
34(4):432–40. 

 13. Yip SW, Gross JJ, Chawla MM, SS, Shi XH, Liu L, et al. Is neural 
processing of negative stimuli altered in addiction independent of drug 
effects? Findings from drug-naïve youth with internet gaming disorder. 
Neuropsychopharmacology (2018) 43(6):1364. doi: 10.1038/npp.2017.283

 14. Wilcox CE, Pommy JM, Adinoff B. Neural circuitry of impaired emotion 
regulation in substance use disorders. Am J Psychiatry (2016) 173(3):344–61. 
doi: 10.1176/appi.ajp.2015.15060710

 15. Khosravani V, Bastan FS, Ghorbani F, Kamali Z. Difficulties in emotion 
regulation mediate negative and positive affects and craving in alcoholic 
patients. Addict Behav (2017) 71:5–81. doi: 10.1016/j.addbeh.2017.02.029

 16. Petit G, Luminet O, Maurage F, Tecco J, Lechantre S, Ferauge M, et al. 
Emotion regulation in alcohol dependence. Alcohol Clin Exp Res (2015) 
39(12):2471–9. doi: 10.1111/acer.12914

 17. Kopera M, Trucco EM, Jakubczyk A, Suszek H, Michalska A, Majewska A, 
et al. Interpersonal and intrapersonal emotional processes in individuals 
treated for alcohol use disorder and non-addicted healthy individuals. 
Addict Behav (2018) 79:8–13. doi: 10.1016/j.addbeh.2017.12.006

 18. Kopera M, Jakubczyk A, Suszek H, Glass JM, Klimkiewicz A, Wnorowska A, 
et al. Relationship between emotional processing, drinking severity and 
relapse in adults treated for alcohol dependence in Poland. Alcohol Alcohol 
(2014) 50(2):173–9. doi: 10.1093/alcalc/agu099

 19. Gruber SA, Rogowska J, Yurgelun-Todd DA. Altered affective response in 
marijuana smokers: an FMRI study. Drug Alcohol Depend (2009) 105(1–
2):139–53. doi: 10.1016/j.drugalcdep.2009.06.019

 20. Marinkovic K, Oscar-Berman M, Urban T, O’Reilly CE, Howard JA, 
Sawyer K, et al. Alcoholism and dampened temporal limbic activation 
to emotional faces. Alcohol Clin Exp Res (2009) 33(11):1880–92. doi: 
10.1111/j.1530-0277.2009.01026.x

 21. Verdejo-Garcia APGM, Pérez-García M, Bechara A. Emotion, decision-
making and substance dependence: a somatic-marker model of addiction. 
Curr Neuropharmacol (2006) 4(1):17–31. doi: 10.2174/157015906775203057

 22. Fox HC, Bergquist KL, Hong KI, Sinha R. Stress-induced and 
alcohol cue-induced craving in recently abstinent alcohol-dependent 
individuals. Alcohol Clin Exp Res (2007) 31(3):395–403. doi: 10.1111/ 
j.1530-0277.2006.00320.x

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00227/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00227/full#supplementary-material
https://doi.org/10.1162/089892902760807212
https://doi.org/10.1016/j.tics.2005.03.010
https://doi.org/10.1093/scan/nsm029
https://doi.org/10.1073/pnas.0704320104
https://doi.org/10.1037/a0016003
https://doi.org/10.1037/0033-295X.111.1.33
https://doi.org/10.1037/0893-164X.18.3.231
https://doi.org/10.1038/npp.2008.78
https://doi.org/10.1038/npp.2008.78
https://doi.org/10.1016/j.addbeh.2018.01.041
https://doi.org/10.1016/j.brat.2008.08.005
https://doi.org/10.1038/npp.2017.283
https://doi.org/10.1176/appi.ajp.2015.15060710
https://doi.org/10.1016/j.addbeh.2017.02.029
https://doi.org/10.1111/acer.12914
https://doi.org/10.1016/j.addbeh.2017.12.006
https://doi.org/10.1093/alcalc/agu099
https://doi.org/10.1016/j.drugalcdep.2009.06.019
https://doi.org/10.1111/j.1530-0277.2009.01026.x
https://doi.org/10.2174/157015906775203057
https://doi.org/10.1111/j.1530-0277.2006.00320.x
https://doi.org/10.1111/j.1530-0277.2006.00320.x


Emotion Processing and Reappraisal in ADPJansen et al.

10 April 2019 | Volume 10 | Article 227Frontiers in Psychiatry | www.frontiersin.org

 23. Wittchen HU. Reliability and validity studies of the WHO-Composite 
International Diagnostic Interview (CIDI): a critical review. J Psychiatr Res 
(1994) 28(1):57–84.

 24. Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. The alcohol use 
disorders identification test. In Department of Mental Health and Substance 
Dependence. In: Guidelines for use in primary care. Geneva: World Health 
Organisation (2001). 

 25. Beck AT, Steer RA, Carbin MG. Psychometric properties of the Beck 
Depression Inventory: twenty-five years of evaluation. Clin Psychol Rev 
(1988) 8(1):77–100. doi: 10.1016/0272-7358(88)90050-5

 26. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical 
anxiety: psychometric properties. J Consult Clin Psychol (1988) 56(6):893. 
doi: 10.1037/0022-006X.56.6.893

 27. Kooiman CG, Spinhoven P, Trijsburg RW. The assessment of alexithymia: 
a critical review of the literature and a psychometric study of the Toronto 
Alexithymia Scale-20. J Psychosom Res (2002) 53(6):1083–90. doi: 10.1016/
S0022-3999(02)00348-3

 28. Gross JJ, John OP. Individual differences in two emotion regulation 
processes: implications for affect, relationships, and well-being. J Pers Soc 
Psychol (2003) 85(2):348.

 29. Bohn MJ, Krahn DD, Staehler BA. Development and initial validation of 
a measure of drinking urges in abstinent alcoholics. Alcohol Clin Exp Res 
(1995) 19(3):600–6. doi: 10.1111/j.1530-0277.1995.tb01554.x

 30. Lang S, Bradley MM, Cuthbert BN. International Affective Picture System 
(IAPS): Technical manual and affective ratings. Center for research in 
Psychophysiology. Gainesville: University of Florida (1999). 

 31. Vollstädt-Klein S, Loeber S, Kirsch M, Bach P, Richter A, Bühler M, et al. 
Effects of cue-exposure treatment on neural cue reactivity in alcohol 
dependence: a randomized trial. Biol Psychiatry (2011) 69(11):1060–6. doi: 
10.1016/j.biopsych.2010.12.016

 32. Bradley MM, Lang PJ. Measuring emotion: the self-assessment manikin and 
the semantic differential. J Behav Ther Exp Psychiatry (1994) 25(1):49–59. 
doi: 10.1016/0005-7916(94)90063-9

 33. Choi JS, Kim MJ, Kim JH, Choi JY, Chung YE, Park MS, et al. Comparison 
of multi-echo and single-echo gradient-recalled echo sequences for SPIO-
enhanced Liver MRI at 3 T. Clin Radiol (2010) 65(11):916–23. doi: 10.1016/j.
crad.2010.07.003

 34. Boschloo L, Vogelzangs N, Smit JH, van den Brink W, Veltman DJ, Beekman 
AT, et al. Comorbidity and risk indicators for alcohol use disorders among 

persons with anxiety and/or depressive disorders: findings from the 
Netherlands Study of Depression and Anxiety (NESDA). J Affect Disord 
(2011) 131(1):233–42. doi: 10.1016/j.jad.2010.12.014

 35. Davis L, Uezato A, Newell JM, Frazier E. Major depression and comorbid 
substance use disorders. Curr Opin Psychiatry (2008) 21(1):14–8. doi: 
10.1097/YCO.0b013e3282f32408

 36. Morie KP, Yip SW, Nich C, Hunkele KC, KM, Potenza MN. Alexithymia and 
addiction: a review and preliminary data suggesting neurobiological links to 
reward/loss processing. Curr Addict Rep (2016) 3(2):239–48. doi: 10.1007/
s40429-016-0097-8

 37. Stevens, J. Applied multivariate statistics for the social sciences (2nd ed.). 
Hillsdale, NJ, US: Lawrence Erlbaum Associates, Inc. (1992).

 38. Steward T, Picó-Pérez M, Mata F, Martínez-Zalacaín I, Cano M, Contreras-
Rodríguez O, et al. Emotion regulation and excess weight: impaired affective 
processing characterized by dysfunctional insula activation and connectivity. 
PLoS One (2016) 11(3):e0152150. doi: 10.1371/journal.pone.0152150

 39. Wisselink DJ, Kuijpers WGT, Mol A (2015).Kerncijfers verslavingszorg 2014 
(LADIS). http://www.ladis.eu/nl/over-ladis/kerncijfers

 40. De Wit SJ, van der Werf YD, Mataix-Cols D, Trujillo JP, van Oppen  P, 
Veltman DJ, et al. Emotion regulation before and after transcranial 
magnetic stimulation in obsessive compulsive disorder. Psychol Med (2015) 
45(15):3059–73. doi: 10.1017/S0033291715001026

 41. Axelrod SR, Perepletchikova F, Holtzman K, Sinha R. Emotion regulation 
and substance use frequency in women with substance dependence and 
borderline personality disorder receiving dialectical behavior therapy. 
Am J Drug Alcohol Abuse (2011) 37(1):37–42. doi: 10.3109/00952990. 
2010.535582

Conflict of Interest Statement: The authors declare that the research was 
conducted in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Copyright © 2019 Jansen, van den Heuvel, van der Werf, de Wit, Veltman, van den 
Brink and Goudriaan. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License (CC BY). The use, distribution or 
reproduction in other forums is permitted, provided the original author(s) and the 
copyright owner(s) are credited and that the original publication in this journal 
is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1016/0272-7358(88)90050-5
https://doi.org/10.1037/0022-006X.56.6.893
https://doi.org/10.1016/S0022-3999(02)00348-3
https://doi.org/10.1016/S0022-3999(02)00348-3
https://doi.org/10.1111/j.1530-0277.1995.tb01554.x
https://doi.org/10.1016/j.biopsych.2010.12.016
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1016/j.crad.2010.07.003
https://doi.org/10.1016/j.crad.2010.07.003
https://doi.org/10.1016/j.jad.2010.12.014
https://doi.org/10.1097/YCO.0b013e3282f32408
https://doi.org/10.1007/s40429-016-0097-8
https://doi.org/10.1007/s40429-016-0097-8
https://doi.org/10.1371/journal.pone.0152150
http://www.ladis.eu/nl/over-ladis/kerncijfers
https://doi.org/10.1017/S0033291715001026
https://doi.org/10.3109/00952990.2010.535582
https://doi.org/10.3109/00952990.2010.535582
http://creativecommons.org/licenses/by/4.0/

	Emotion Processing, Reappraisal, and Craving in Alcohol Dependence: A Functional Magnetic Resonance Imaging Study
	Introduction
	Methods and Materials
	Participants
	Questionnaires
	Emotion Reappraisal Task
	Analysis
	Behavioral Analysis


	Results
	Demographics
	Task Effects and Group Difference (Behavior)
	Negative, Positive, Alcohol-Related, and Neutral Images
	Craving

	Functional Magnetic Resonance Imaging Results
	Main Task Effects

	Group Differences in Brain Activation
	Emotion Processing
	Emotion Reappraisal


	Discussion
	Strengths and Limitations

	Conclusion
	Ethics Statement
	Author Contributions 
	Funding
	Supplementary Material
	References


