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Abstract

Objective: Low inhibitory control and strong hedonic response towards food are considered
to contribute to overeating and obesity. Based on previous research, the present study aimed
at examining the potentially crucial interplay between these two factors in terms of long-term
weight loss in people with obesity. Methods: BMI, inhibitory control towards food, and food
liking were assessed in obese adults prior to a weight reduction programme (OPTIFAST® 52).
After the weight reduction phase (week 13) and the weight loss maintenance phase (week 52),
participants’ BMI was re-assessed. Results: Baseline BMI, inhibitory control and food liking
alone did not predict weight loss. As hypothesised, however, inhibitory control and food lik-
ing interactively predicted weight loss from baseline to week 13 and to week 52 (albeit the
latter effect was less robust). Participants with low inhibitory control and marked food liking
were less successful in weight reduction. Conclusion: These findings underscore the rele-
vance of the interplay between cognitive control and food reward valuation in the mainte-

nance of obesity. © 2016 The Author(s)
Published by S. Karger GmbH, Freiburg
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Introduction

The prevalence of obesity in Western countries has increased enormously during the last
two decades and is considered one of the major public health concerns [1-4]. In most cases,
obesity is a chronic condition that predisposes to a range of somatic diseases such as diabetes,
cardiovascular disease and cancer [5-7]. A major factor contributing to the obesity epidemic
is overeating, which is facilitated by the oversupply and promotion of highly palatable foods
in Western societies [8, 9]. However, not all people who are exposed to this ‘obesogenic envi-
ronment’ show excessive food intake. One factor that is considered to contribute to excessive
food intake refers to an altered hedonic processing of food cues [10]. People differ in their
hedonic response to food, and those who experience greater pleasure in response to food are
assumed to be more susceptible to external food cues. In support of this assumption, indi-
viduals with overweight/obesity reported greater liking of food than normal-weight indi-
viduals [11]. In addition, explicit ratings of food liking were positively associated with implicit
wanting (i.e. the desire) for fatty and sweet food, and with binge eating [12, 13]. Furthermore,
neuroimaging studies found that increased activity in brain reward networks in response to
food cues was associated with overweight and predicted weight gain [14, 15] although
findings are not completely consistent in this regard [16].

However, increased liking of food alone may not simply translate into excessive food
intake as long as an individual is able to utilise inhibitory control to resist the temptation to
eat excessively. Accordingly, the basic cognitive function of inhibitory control is considered
to play justas importantarole in the resistance to overeat [17, 18]. The construct of inhibitory
control refers to the ability to suppress, interrupt or delay pre-potent (automatic) behav-
ioural responses towards external cues including food [19, 20]. Thus, individuals with low
inhibitory control are thought to be more vulnerable to the ubiquitous cues of highly palatable
food in Western countries that trigger the urge to binge eat [17, 21, 22]. In line with this
assumption, obesity was found to be associated with impulsive behaviour [23-25], and a
recent meta-analysis found robust evidence for impaired inhibitory control in bulimic-type
eating disorders, particularly in response to disorder-related stimuli such as food [26]. Simi-
larly, individuals with obesity feature lower inhibitory control than normal-weight controls
[27-29]. Furthermore, the idea that low inhibitory control contributes to overeating has
received empirical support from experimental studies that examined actual food intake: Both
spontaneously occurring and experimentally induced low inhibitory control was associated
with greater amounts of food eaten during a subsequent taste test in the laboratory [30, 31].
These studies strongly suggest that low inhibitory control contributes to overeating and
thereby to obesity. However, long-term observations of the potential effects of low inhibitory
control on actual weight change are rather scarce. Nederkoorn etal. [32] found thatlow inhib-
itory control at baseline was associated with less weight reduction in 19 children who
completed an 8- to10-week outpatient weight reduction programme. Similarly, Kulendran et
al. [33] found that increases in inhibitory control were associated with decreases in body
weight in a larger sample of adolescents with obesity who attended a 2- to 8-week lifestyle
and physical activity programme. Likewise, Pauli-Pott al. [34] found that those children and
adolescents with overweight/obesity who succeeded ina 1-year weightreduction programme
featured better inhibitory control than those who did not succeed. These studies clearly
underscore the relevance of inhibitory control for overeating and obesity.

Taken together, there is considerable evidence that both increased hedonic response and
decreased inhibitory control towards food contribute to overeating and thereby to the obesity
epidemic. When viewed as a whole, one may further assume that these two factors may not
act independently. Rather a combination of strong inhibitory control and low hedonic
response towards food can be assumed to be most advantageous for people who aim to lose
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weight. In support of this notion, Nederkoorn et al. [18] have shown that the opposite combi-
nation of low inhibitory control and a strong preference for snack food (rather than both
factors alone) predicted weight gain in female undergraduate students over a 1-year follow-
up period.

The previous studies that examined the predictive value of inhibitory control for long-
term weight change uniformly used the stop signal task to measure inhibitory control [19].
The stimuli used in this task are typically geometrical shapes and are thus not food-related.
Thus, the task measures inhibitory control as a general (non-specific) cognitive function. It
could be speculated that inhibitory control towards food cues is even more predictive for
actual food intake [35, 36]. In line with this assumption, inhibitory control in bulimic-type
eating disorders is particularly low towards food-related stimuli [26]. Therefore, we applied
an inhibitory control task containing food cues instead of geometrical shapes in the present
study. In addition, the mentioned studies have almost exclusively examined children and
adolescents [32-34]. Only one study examined adults but this one was restricted to predom-
inantly normal-weight female students. Since prevalence rates for obesity are by far higher
in adults than in children and adolescents [37], and because weight reduction appears most
urgent in those who are already affected by obesity, it is important to increase our knowledge
about the potential effects of cognitive food processing on the success of weight reduction
programmes in adults with obesity. Therefore, the present study examined these factors in a
sample of men and women with severe obesity who attended a physician-guided weight
reduction programme. Given the empirical evidence outlined above, we hypothesized that
participants featuring both relatively strong inhibitory control and low hedonic response
towards food will be most successful in reducing their body weight during the weight
reduction programme.

Material and Methods

Participants

The study sample consisted of 20 adult women (75%) and men (25%) with obesity, aged between 20
and 62 years (mean = 41.45 years, SD = 12.25 years) who took part in the OPTIFAST® 52 programme at a
university hospital. The following main somatic diseases had been reported by the participants: hyper-
tension (55%), cardiac disease (5%), diabetes type 1 (5%), diabetes type 2 (20%) and cancer (5%). Mean
BMI at the beginning of the programme was 43.84 + 7.55 kg/m?. 20% of the participants had class I obesity,
another 20% had class II obesity, and 60% had class III obesity. Inclusion criteria were: obesity according to
WHO criteria (BMI > 30 kg/m?), participation in the OPTIFAST 52 programme and a minimum age of 18
years. Exclusion criteria were: current psychotropic medication other than SSRI or current psychothera-
peutic treatment, acute medical (e.g. electrolyte abnormalities) or psychiatric (e.g. acute suicidality) insta-
bility and a history of a brain lesion. The OPTIFAST 52 weight reduction programme is a 52-week lifestyle
intervention including weekly group sessions and supervision by physicians, nutritional advisers, psycholo-
gists and physiotherapists. The programme is divided up into four phases: i) a 1-week introduction; ii) a
12-week active weight loss period with low-calorie formula diet; iii) a 8-week transition period focusing on
the step-by-step substitution of the formula diet by self-prepared low-calorie food, and iv) a 31-week long-
term weight management phase in which participants are guided regarding their optimal calorie intake (put
together the latter two phases can be regarded as an overall weight loss maintenance phase). Three partici-
pants were lost at 13-week follow-up, and further 4 participants at 52-week follow-up. Thus, the findings for
the 13-week and the 52-week follow-up assessments are based on the data from 17 and13 completers,
respectively. All participants provided written informed consent and received financial compensation. The
study protocol was approved by the local ethics committee.

Measures

Food-related inhibitory control was measured by a go/no-go paradigm [38]. In this task, participants
were required to respond to frequently occurring go stimuli (non-food images) by pressing a response key
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and to withhold their response towards infrequently occurring (20%) no-go stimuli (images of high caloric
food such as chocolate, cake, crisps and pizza). Before the experiment, participants were asked to select those
eight food pictures from a set of 85 custom-made pictures showing high-caloric sweet and savoury foods that
best matched with their most favourite foods. Non-food images (household and office items, matched for
colour and visual complexity) were the same for all participants. The experiment was comprised of eight
blocks. In each block, 40 stimuli were presented in pseudo-randomised order. The first stimulus in each block
was a go stimulus, and no more than two no-go stimuli appeared in a row. The time between two no-go
stimuli varied between 1,500 and 31,500 ms (mean = 6,000 ms). Before each block, participants were visually
instructed about the go stimulus in the following block (2,000 ms). Each block ended with a rest period of
13,000 ms during which participants viewed a fixation cross on the screen. Each trial lasted 1,500 ms,
including 500 ms for stimuli presentation. During the inter-trial interval of 1,000 ms, a fixation cross was
presented. One no-go block lasted 75,000 ms. A high mean percentage of false reactions to no-go stimuli (i.e.
commission errors) was used as an indicator of low food-related inhibitory control.

Food liking was assessed by subjective ratings on a Likert scale of how much participants liked the eight
food items they had chosen for the go/no-go paradigm (‘How much do you like eating this food?’; score range:
1-10). The mean rating score was used as an indicator of explicit hedonic response towards food cues.

Body weight and height were determined objectively by staff members. Participants were weighed in
underwear using a digital scale.

Procedure

Participants were assessed for body weight and height, inhibitory control and hedonic response towards
food before entering the weight reduction programme. Baseline assessment took place in the morning hours
after an overnight fast. Upon arrival, participants received a standardised, light breakfast in the outpatient
department (1 white bread roll, butter, either cheese or sausage, 1 cup of tea or coffee). This was done to rule
out potential confounding effects of energy imbalance. Thereafter, they underwent the experimental
paradigm. After the weight reduction phase (at week 13) and weight loss maintenance phase (at week 52),
participants were re-assessed for their body weights.

Statistical Analyses

Percent BMI reduction was used as the primary outcome variable. Statistical analyses were performed
using IBM SPSS Statistics version 21 (SPSS Inc., IBM Corporation, Armonk, New York, NY, USA), the statistical
platform R 2.14.0 [39] and the PROCESS macro for SPSS [40]. The significance level for all analyses was set
at a =0.05. In order to test our hypothesis that inhibitory control and hedonic response towards food inter-
actively predict weight loss, we first conducted two separate hierarchical linear regression analyses with %
BMI reduction from baseline to the end of the weight reduction phase (first regression), and from baseline
to the end of the weight loss maintenance phase (second regression) as outcome variable. In the first step of
both regressions, baseline BMI was entered as a predictor to control for baseline differences in body weight.
In the second step, inhibitory control and food liking were entered as separate variables. Finally, in the third
step, the interaction term of inhibitory control and food liking was entered. All predictor variables were mean
centred. Due to the small sample size, 95% bias-corrected and accelerated (BCa) Bootstrap confidence
intervals (Cls), based on 1,000 re-samples, were calculated in addition to examine the robustness (i.e.,, the
stability) of effects [41, 42]. The interpretation of the Cls is straightforward: if it does not contain zero, the
effect can be considered as significant and robust at the given significance level.

Results

BMI, go/no-go and food liking data are summarised in table 1. Treatment completers did
not differ from drop-outs in terms of baseline BMI, food liking and food-related inhibitory
control (all p > 0.098). Average % BMI reduction reached 21.7% (SD = 6.6%) from baseline
to the end of the weight reduction phase, and 23.8% (SD = 8.5%) from baseline to the end of
the weight loss maintenance phase. Food-related inhibitory control and food liking were
uncorrelated, r =-0.186, p = 0.433. In the first regression analysis, baseline BMI was no signif-
icant predictor of percent BMI reduction from baseline to the end of the weight reduction
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Table 1. Descriptive statistics

Variable M (SD)

BMI at baseline, kg/m2 43.84 (7.55)
BMI at end of weight reduction phase, kg/m? 34.85 (5.97)
BMI at end of weight loss maintenance phase, kg/m? 34.55 (5.17)
Food liking (possible score range 1-10) 6.54 (2.51)
Inhibitory control 15.47 (9.82)

Food liking = subjective rating of food liking; Inhibitory control =
Percent false reactions to go/no-go stimuli (food images) in the no-go
task.

phase (B=0.002,SEB=0.002, 3 =0.254, p = 0.325). Likewise, neither food-related inhibitory
control (B =-0.003, SE B =0.002, 3 =-0.452, p = 0.099) nor food liking alone (B =-0.001, SE
B =0.007, B = -0.033, p = 0.908) predicted weight reduction during the weight reduction
phase of the programme. However, the interaction term of food-related inhibitory control
and food liking emerged as a significant predictor of weight reduction (B=0.001, SE B=0.000,
3=0.608,p =0.020). The proportion of the total variance in % BMI reduction uniquely attrib-
utable to the interaction of food-related inhibitory control and food liking was 28%. The
overall model including baseline BMI, food-related inhibitory control, food liking and the
interaction term of food-related inhibitory control and food liking explained 53% of the
variance in % BMI reduction.

Visual inspection of histograms and plots as well as the Shapiro Wilk test (p = 0.860)
showed that standardised residuals were normally distributed. Furthermore, both the
Breusch-Pagan (x%(1) = 2.990, p = 0.559) and the Koenker test (x?(1) = 2.204, p = 0.698)
confirmed homoscedasticity. In addition, all cases were within the boundary of three times
the average leverage (k+ 1 / n = 0.294 x 3 = 0.882). However, we found two cases that had
an undue influence on the parameters of the regression model (i.e.,, multivariate outliers).
Both cases had Cook’s distance and standardised DFBeta values above 1. Performing the
regression analysis again with these two cases excluded, however, resulted in the same
pattern of findings (table 2). Likewise, a robust regression based on M estimation with
bi-square weighting using iteratively re-weighted least squares [43] and approximate p
values [44] revealed the same pattern of findings with non-significant effects for baseline BMI
(coefficient =0.000, SE = 0.002, t(12) =-0.034, (approximate) p = 0.973), food-related inhib-
itory control (coefficient = -0.002, SE = 0.001, t(12) = -1.071, (approximate) p = 0.284), and
food liking (coefficient = -0.001, SE = 0.005, t(12) = -0.187, (approximate) p = 0.852), but a
significant effect for the interaction of food liking and food-related inhibitory control (coef-
ficient = 0.001, SE = 0.000, t(12) = 2.695, (approximate) p = 0.007).

As the regression analysis yielded a significant and robust interaction effect, it was
followed up by an examination of simple slopes in order to further examine the direction of
the interaction. To this end, food-related inhibitory control was used as the predictor and
food liking as the moderator variable [18]. The 10th, 25th, 50th, 75th, and 90th percentiles of
the moderator were used to estimate the conditional effects of the predictor on the outcome
(% BMI reduction) on a fine-grained level. As can be seen in table 3, among those participants
who showed low and very low food liking (i.e., within the 10th and 25th percentile), those
showed larger weight reduction who featured stronger food-related inhibitory control (as
indicated by a low error percentage in response to no-go stimuli in the go/no-go task).
However, among those participants who showed moderate, high, and very high levels of food
liking, food-related inhibitory control had no significant effect on weight reduction (for a
better illustration see also fig. 1).
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Table 2. Prediction of % BMI reduction during the weight reduction phase

B SEB 95% BCa Bootstrap Cls
LL UL

Step 1

BMI 0.001 0.002 0.133 -0.0031 0.0066
Step 2

Inhibitory control -0.004 0.002 -0.658* -0.0081 0.0079

Food liking 0.001 0.007 0.026 -0.0109 0.0263
Step 3

Interaction inhibitory control food liking 0.002 0.001 1.098* 0.0003 0.0041

Inhibitory control = percentage of false reactions towards go/no-go stimuli (food cues); food liking =
subjective rating of food liking; 95% BCa Bootstrap Cls = 95% bias-corrected and accelerated Bootstrap
confidence intervals, based on 1,000 re-samples; LL = lower limit; UL = upper limit; R? = 0.018 for step 1 (ns);
AR? = 0.359 for step 2 (ns); AR? = 415 for step 3 (p = 0.001); *p < 0.05.

Table 3. Conditional effects of
food-related inhibitory control
on percent BMI reduction during
the weight reduction phase at
values of food liking -3.885 -0.006 0.002 -3.687 0.003 -0.010 -0.003
-2.760 -0.005 0.001 -3.428 0.005 -0.008 -0.002
0.740  -0.000 0.002 -0.187 0.855 -0.004 0.003
1.990 0.001 0.002 0.630 0.539 -0.003 0.006
3365 0.003 0.003 1.179 0.260 -0.003 0.009

Food Effect SE t p 95% BCa Bootstrap Cls
liking LL UL

Inhibitory control = percentage of false reactions towards
non-targets (food cues); Food liking = subjective rating of food liking;
95% BCa Bootstrap Cls = 95% bias-corrected and accelerated Boot-
strap confidence intervals, based on 1,000 re-samples; LL = lower limit;
UL = upper limit.

In the second regression analysis, none of the independent variables could signifi-
cantly predict % BMI reduction from baseline to the end of the weight loss maintenance
phase (R? = 0.114 (ns), AR? = 0.191 for step 2 (ns); AR? = 0.215 for step 3 (p = 0.095)).
However, the effect of the interaction term of food-related inhibitory control and food
liking reached marginal significance (B = 0.002, SE B = 0.001, $ = 0.481, p = 0.095). As in
the first regression analysis, standardised residuals were normally distributed (Shapiro
Wilk, p = 0.167), and homoscedasticity was given (Breusch-Pagan, x?(1) = 2.728, p = 0.604;
Koenker, x%(1) = 2.235, p = 0.693). Also, all cases were within the boundary of three times
the average leverage (k+1 /n=0.307 x 3 =0.923). However, the same two cases as in the
firstregression analysis emerged as outliers with Cook’s distance and standardised DFBeta
values above 1. Thus, we also conducted this regression analysis a second time, with these
two cases excluded. As can be seen in table 4, baseline BMI, food-related inhibitory control
and food liking alone did not predict % BMI reduction from baseline to the end of the
weight loss maintenance phase. In contrast, the interaction of food liking and food-related
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Fig. 1. % BMI reduction as a function of strong and poor inhibitory control (1 SD below and 1 SD above the
mean error percentage in response to no-go stimuli in the go/no-go task) and low versus high food liking (1
SD below and 1 SD above the mean rating score).

inhibitory control reached significance. However, as apparent from the Bootstrap Cls this
effect was less robust. In a robust regression (that aims to remediate the undue influence
of outliers), inhibitory control and food liking alone failed to reach significance (baseline
BMI: coefficient = 0.010, SE = 0.005, t(8) = 2.09, (approximate) p = 0.037; food-related
inhibitory control: coefficient = 0.000, SE = 0.003, t(8) = -0.121, (approximate) p = 0.904;
food liking: coefficient=-0.017,SE=0.012,t(8) =-1.445, (approximate) p = 0.148), whereas
the interaction of food liking and food-related inhibitory control reached marginal signifi-
cance (coefficient = 0.002, SE = 0.001, t(8) = 1.856, approximate p = 0.063). Given the
marginal significance and instability of this effect, the analysis was not followed up by an
examination of simple slopes.
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Table 4. Prediction of % BMI reduction from baseline to the end of the weight loss maintenance phase

B SEB B 95% BCa Bootstrap Cls
ILIL, UL

Step 1

BMI 0.000 0.004 -0.015 -0.0079 0.0047
Step 2

Inhibitory control -0.005 0.004 -0.502 -0.0047 0.0354

Food liking 0.002 0.016 0.081 -0.0560 0.0401
Step 3

Interaction inhibitory control food liking 0.004 0.002 1.125*% -0.0036 0.0111

Inhibitory control = percentage of false reactions towards go/no-go stimuli (food cues); food liking =
subjective rating of food liking; 95% BCa Bootstrap Cls = 95% bias-corrected and accelerated Bootstrap
confidence intervals, based on 1,000 re-samples; LL = lower limit; UL = upper limit R? = 0.000 for Step 1 (ns);
AR? = 0.205 for Step 2 (ns); AR? =.439 for Step 3 (p = 0.035); * p < 0.05.

Discussion

The present study is the first that examined the interplay of food-related inhibitory
control and hedonic response towards food in predicting weight reduction during a weight
reduction programme for adults with obesity. Results confirmed our hypothesis in that the
interaction of food-related inhibitory control and hedonic response towards food would be a
stronger predictor of weight reduction than the both factors alone. Participants with rela-
tively strong food-related inhibitory control and low hedonic response towards food were
most successful in losing weight during the weight reduction phase of the OPTIFAST 52
programme. This finding is in line with previous studies that have demonstrated both
increased food liking [11-13] and decreased inhibitory control in people with overweight/
obesity [26-28, 30, 31]. Moreover, the present finding is in keeping with previous studies that
found a positive relation between inhibitory control and successful weight reduction in
guided treatment programmes [32-34], and particularly with a study showing that inhibitory
control and snack preference interactively predict long-term weight change [18]. In the latter
study, individuals with a high implicit preference for snack food and poor response inhibition
gained more weight during a year after testing. This finding mirrors the results of the present
study in that people with the opposite combination of low food liking and strong response
inhibition towards food were most successful in reducing their body weights. However, the
findings from the Nederkoorn et al. [18] study could also be interpreted in a fashion that an
individual’s level of response inhibition only matters if they feature strong hedonic responses
towards food as in this study response inhibition had no significant influence on weight gain
for participants with low preference for snack food. This interpretation would contrast
slightly with the findings of the present study which do not suggest that response inhibition
only matters in the presence of strong hedonic responses towards food but rather that a
combination of low hedonic response and strong response inhibition towards food is the
most advantageous one for people who aim to lose weight.

The present study extends these previous studies by specifically assessing food-related
instead of general inhibitory control and in examining adult men and women with obesity
instead of children/adolescents or normal-weight women. Although successful long-term
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weight reduction (from baseline to the end of the weight loss maintenance phase) could also
be predicted by the interaction of food liking and food-related inhibitory control, the effect
was less robust. This might, at least in part, result from the decreased sample size at 52-week
follow-up. Thus, future studies with larger samples should examine the predictive value of
food-related inhibitory control and hedonic response towards food for long-term weight loss
maintenance. Additionally, it is of great interest to further investigate in a larger sample
whether food liking and food-related inhibitory control change in response to treatment and
whether these changes are associated with changes in body weight. This will improve the
understanding of therapeutic processes associated with weight-reduction programmes.

The present study has several limitations. First of all, the sample size was very small, and
the findings should thus be regarded as preliminary up until replication in larger samples.
Due to this small sample size, the statistical power might have been also too low to detect
small effects of the single predictors. Furthermore, the majority of participants were women
with severe obesity. Thus, the findings may not be simply transferrable to other populations
with less extreme body weights. The go/no-go paradigm in this study used only food pictures
as no-go stimuli. Thus, no conclusions can be drawn whether it was actually food-specific or
general inhibitory control that contributed to weight reduction in combination with hedonic
responses towards food. In addition, attentional biases towards food cues may have
contributed to altered food-related inhibitory control [45]. Future studies within larger
samples should also take a range of potential confounders such as age, gender, subjective
levels of hunger (particularly in combination with food-related inhibitory control) and medi-
cation into account. Future studies may also use more sophisticated and informative measures
of food liking, e.g. in combination with a taste test or in the form of a neuropsychological task
[46]. Moreover, future research in this area may also benefit from assessing not only explicit
food liking but also craving, implicit wanting, and automatic approach tendencies towards
food as well as general cognitive abilities such as intelligence, attention, memory and exec-
utive functions [47-49] in order to promote amore comprehensive understanding of cognitive
processes that may affect the ability to resist food intake and thereby the success in weight
reduction programmes.

Finally, the present finding provides an avenue for innovative treatment approaches
such as computer-based inhibitory control training that may be particularly suitable for those
individuals who experience strong hedonic response towards food but are striving to lose
body weight. Such trainings may provide useful add-ons to existing weight reduction
programmes. Indeed, there is preliminary evidence that fostering food-specific inhibitory
control by means of computer-based training can reduce subsequent food intake and (to a
limited degree) also body weight [35, 36, 50-52].
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