
Unhealthy food decisions are a main contributor to the increasing
prevalence of obesity.

Important roles in food decision making & food preferences play:
• interaction with the environment (attention to food cues)
• learning and memory
• the internal state (hunger vs. satiety)

(Fedoroff et al., 1997; Higgs, 2005; Lozano et al., 1999)

Cognitive functions such as memory and attention might correlate
with brain structure assessed by diffusion weighted imaging:
• memory performance with the microstructure of the medial
temporal lobe (MTL) (Fuentemilla et al., 2009)
• attention with the microstructure of the anterior corona radiate
(ACR) (Yin et al., 2013)
… and memory performance is thoroughly associated with brain
activation of the MTL, especially the hippocampus and the
amygdala during encoding and recollection (Canli et al., 2000;
Greicius et al., 2003; Murty et al. 2010).

Additionally, being hungry is associated with increased arousal and
susceptibility for food cues which could be a explanation for better
food memory performance compared to non-food items (Montagrin
et al., 2019; Morris & Dolan, 2001).

It is known that diets such as plant-based diets have large effects
on metabolism but the ”bottom up“ impact of dietary interventions
on brain structure and function has not been well studied yet
(Medawar et al., 2019).

How do memory and attention influence food decisions and

what are the underlying neuronal mechanisms?
Ronja Thieleking1, Evelyn Medawar1, Arno Villringer1,  A. Veronica Witte1

1 Department of Neurology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany

thieleking@cbs.mpg.de @RonjaThieleking @AgingObesity

Methods

301

References
• Canli, T., Zhao, Z., Brewer, J., Gabrieli, J. D., & Cahill, L. (2000). Event-related 

activation in the human amygdala associates with later memory for individual 
emotional experience. The Journal of Neuroscience : The Official Journal of the 
Society for Neuroscience, 20(19), 1–5. https://doi.org/10.1523/jneurosci.20-19-
j0004.2000

• Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. (2002). Testing the 
efficiency and independence of attentional networks. Journal of Cognitive 
Neuroscience. Journal of Cognitive Neuroscience, 14(3), 340–347.

• Fedoroff, I. D. C., Polivy, J., & Herman, C. P. (1997). The Effect of Pre-exposure to Food 
Cues on the Eating Behavior of Restrained and Unrestrained Eaters. Appetite, 28(1), 
33–47. https://doi.org/10.1006/appe.1996.0057

• Fuentemilla, L., Càmara, E., Münte, T. F., Krämer, U. M., Cunillera, T., Marco-Pallarés, 
J., … Rodriguez-Fornells, A. (2009). Individual differences in true and false memory 
retrieval are related to white matter brain microstructure. The Journal of 
Neuroscience : The Official Journal of the Society for Neuroscience, 29(27), 8698–703. 
https://doi.org/10.1523/JNEUROSCI.5270-08.2009

• Greicius, M. D., Krasnow, B., Boyett-Anderson, J. M., Eliez, S., Schatzberg, A. F., Reiss, 
A. L., & Menon, V. (2003). Regional analysis of hippocampal activation during memory 
encoding and retrieval: fMRI study. Hippocampus, 13(1), 164–174. 
https://doi.org/10.1002/hipo.10064

• Higgs, S. (2005). Memory and its role in appetite regulation. Physiology and Behavior, 
85(1), 67–72. https://doi.org/10.1016/j.physbeh.2005.04.003

• Lozano, D. I., Crites, S. L., & Aikman, S. N. (1999). Changes in food attitudes as a 
function of hunger. Appetite, 32(2), 207–218. 
https://doi.org/10.1006/appe.1998.0205

• Medawar, E., Huhn, S., Villringer, A., & Veronica Witte, A. (2019). The effects of plant-
based diets on the body and the brain: a systematic review. Translational Psychiatry, 
9(1), 226. https://doi.org/10.1038/s41398-019-0552-0

• Montagrin, A., Martins-Klein, B., Sander, D., & Mather, M. (2019). Effects of hunger on 
emotional arousal responses and attention/memory biases. Emotion. 
https://doi.org/10.1037/emo0000680

• Morris, J. S., & Dolan, R. J. (2001). Involvement of Human Amygdala and Orbitofrontal 
Cortex in Hunger-Enhanced Memory for Food Stimuli. The Journal of Neuroscience, 
21(14), 5304–5310.

• Murty, V. P., Ritchey, M., Adcock, R. A., & LaBar, K. S. (2010). fMRI studies of successful 
emotional memory encoding: A quantitative meta-analysis. Neuropsychologia, 
48(12), 3459–3469. https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2010.07.030

• Yin, X., Han, Y., Ge, H., Xu, W., Huang, R., Zhang, D., … Liu, S. (2013). Inferior frontal 
white matter asymmetry correlates with executive control of attention. Human Brain 
Mapping, 34(4), 796–813. https://doi.org/10.1002/hbm.21477

Acknowledgments
The OMEGA Lab, especially Laura Hesse, Charlotte Wiegank, Anna-Luisa Wehle, Emmy 
Töws, Leonie Disch, Emira Shehabi, Lukas Recker, Lynn Mosesku, Niklas Hlubek and 
Hannah Stock and all contributors to and participants of the GUT BRAIN study.

Background
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Relevance

Identifying the inter-
play of memory, attention
and (unhealthy) food
decisions and their
underlying brain structure
and activity.

Developing novel dietary
intervention strategies to
reduce overweight and
obesity.

Research Questions

Do memory performance and attention efficiency reflect in white matter
coherence and brain activity?

Is (food) memory influenced by the individual‘s hunger feelings and (food)
preferences or biased by attention deficits?

What are the underlying neurobiological mechanisms of the interplay
ofmemory, attention and (food) desires?

Can diet modulate any of the above mentioned cognitive functions
orneurological correlates?
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• restrictive eating (vegan, vegetarian,
gluten-free, lactose-free, allergies,
eating disorder, …)

• antibiotics in the last 3 months

• 18-45 years of age
• body-mass-index: 25-30 kg/m2

• omnivorous diet
• females: on hormonal contraception

BL: baseline
FU: follow-up

Double-blind within subject cross-over design

14d

Neuroimaging

Food  Wanting

160 stimuli 
(80 food, 80 artistic 

non-food images)

fMRI tasks 
EPI BOLD sequence. TR 2000ms; (2.0mm)³; multi-band 3

Memory performance

160 stimuli 
(80 old, 80 new

images)

Hunger ratings

pre and post 
both fMRI tasks

T1 (MPRAGE). 
ADNI protocol: 

TR 2300ms; TE 2.98ms; 
resolution (1.0mm)³

Diffusion-weighted imaging (DWI). 
ap/pa-encoded b0-images for distortion 
correction;  TR 5200ms; TE 75ms; resolution 
(1.7mm)³;  6 b0-images; b=1000s/mm²;
60 directions; partial Fourier 7/8; 
multi-band 2; GRAPPA 2

Structural scans


