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Focus on Nutrition-Health/Disease interactions at molecular level
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FooDrugs 
A go-to application to research potential food-drug interactions

https://imdeafoodcompubio.com/index.php/foodrugs/
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FooDrugs motivation
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FooDrugs motivation

«The man first wanted to eat 
to survive, then he wanted to 
eat well and incorporated 
gastronomy into his cultural 
world. He now, in addition, 
he wants to eat health »
Prof. F. Grande Covian

“Let food be the medicine, 
and let medicine be the 
food.” (attributed to 
Hippocrates)
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FooDrugs motivation

Food compounds have different mechanisms of action that have an effect on health

Source: https://www.mdpi.com/2304-8158/10/1/37#
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FooDrugs motivation

Foods can have negative effects on drug efficacy…

At the end of the last chemotherapy session for her breast cancer, Isabel Vaquero blurted out, 
“Now, back home to take my turmeric and the rest of my diet.” The oncologist's face changed, 
and she said, ‘Did you know that curcumin inhibits the treatment?' “I felt crushed, i followed a 
naturalist diet that interfered with my chemotherapy."

“I followed a naturalist diet that interfered 
with my chemotherapy”
Desperation in the face of a cancer diagnosis leads many affected to fall into the 
hands of pseudotherapies

https://elpais.com/sociedad/2018/09/28/actualidad/1538152010_345346.html
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FooDrugs motivation

• 32.3% of the patients reported complementary 
medicine use during this period recommended by 
friends or relatives

• 89% were ingesting products by mouth, herbs and 
natural products being the most commonly used

• The most used supplement was curcumin, among 
others 

• 60% cases with adverse drug reactions are due 
to herbal supplements
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FooDrugs motivation

… or positively affect drug efficacy. 

http://www.fns-cloud.eu/


Food Nutrition Security Cloud (FNS-Cloud) has received funding from the European Union’s Horizon 2020 Research and Innovation programme
(H2020-EU.3.2.2.3. – A sustainable and competitive agri-food industry) under Grant Agreement No. 863059 – www.fns-cloud.eu

FooDrugs motivation

Problem: No resources about Food-Drug Interactions (FDIs),  
only about Drug-Drug Interactions (DDIs)

4688 drugs with food interactions. Include food, alcohol, high blood 
pressure and cholesterol interactions

2290 FDI recommendations from 1262 compounds

138 drugs with FDI, 499 FDI recommendations

87 herbs and natural products, 945 total FDI recommendations

Some DDI resources contain a few FDIs → Not homogeneous information
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Table 2: Knowledge assessment for pharmacists 

about food-drug interactions (n = 300)

Zawiah et al., 2020. PloS One, 15(6), e0234779. 

FooDrugs motivation

Problem: the knowledge and training of health professionals in known food-drug interactions is 
unsatisfactory

1: Benni et al., n.d.; Couris et al., 2000; El Lassy & Ouda, 2019; Enwerem & Okunji, 2015; Osuala et al., 2021; Zawiah et al., 2020
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FooDrugs motivation

In summary …

● Increased consumption of foods with an active role to 
prevent non-communicable diseases

● Increased side effects with increasing health cost

● Information disperse and/or incomplete

● No dedicated system for Food-Drug interactions

● Lack of training 

1

2

1: Choi, and Ko. 2017. 
2: Topolska, Florkiewicz, and Filipiak-Florkiewicz 2021; Ali, Alam, and Ali 2021; Baker et  al. 2022
3:Benni et al., n.d.; Couris et al., 2000; El Lassy & Ouda, 2019; Enwerem & Okunji, 2015; Osuala et al., 2021; Zawiah et al., 2020
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FooDrugs

Number of documents 439,338

Number of potential FDIs 1,108,429 

Number of food bioactives 50,960 

Number of drugs 161,809 

Number of studies 150

Number of samples 3,923

Number of potential positive FDIs 1,759,322

Number of potential negative FDIs 1,590,097

Number of food treatment 
conditions*

462

FooDrugs database (July, 2023) includes:

Text Mining component Molecular component

*Each condition is defined as a food or bioactive per time point, 
concentration, cell line, primary culture or biopsy, and per study.

http://www.fns-cloud.eu/


Food Nutrition Security Cloud (FNS-Cloud) has received funding from the European Union’s Horizon 2020 Research and Innovation programme
(H2020-EU.3.2.2.3. – A sustainable and competitive agri-food industry) under Grant Agreement No. 863059 – www.fns-cloud.eu

FooDrugs - Text mining component

A) Data collection was performed by collecting documents containing at least one food and drug term in their description, as well as the whole 
DDI corpus. B) Data preprocessing step is applied to the documents for better integration in the pipeline.
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FooDrugs - Text mining component

C) In the Feature extraction step, different entities are recognised in the text via different methods, and entity overlap resolution is done when 
necessary. D) Finally, for Relationship extraction, entities are anonymized to work with the relationship extraction model used, and the resulting FDIs 
and documents are stored in the FooDrugs database. 
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Foodrugs: TM selection strategy

Drug terms listFood terms list

Source

Documents 
from Source 
with Drugs in 
description

Documents 
from Source 
with Foods in 
description

Example valid document

Documents from 
Source with both

... Moreover, the encapsulation efficiency of resveratrol
within the nanocapsules increased appreciably after 
coating them with chitosan (from 66.5 to 91.3%). The 
chitosan coating was also shown to increase the 
antioxidant activity and photostability of the 
encapsulated resveratrol… 
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FooDrugs -Molecular component

A) Data collection consists of the search of food transcriptomic
studies with food keywords. B) Data processing is performed and
differential expression analysis with limma to get 150 up- and
down-regulated genes in food condition vs control. C) Genes
present in BINGspace sent to CMAP to compute similarity
scores with drug transcriptomic profiles.

http://www.fns-cloud.eu/


Food Nutrition Security Cloud (FNS-Cloud) has received funding from the European Union’s Horizon 2020 Research and Innovation programme
(H2020-EU.3.2.2.3. – A sustainable and competitive agri-food industry) under Grant Agreement No. 863059 – www.fns-cloud.eu

FooDrugs - Database

Relational model for the FooDrugs database. Primary keys for each table are marked in bold and underlined. Foreign keys are marked by an arrow 
pointing upwards. The database is formed by two independent components: A) a molecular component, built from GEO studies involving food 
compounds or bioactives; and B) a text mining component, built using NLP.
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FooDrugs - Database
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Webtool

http://www.fns-cloud.eu/


Food Nutrition Security Cloud (FNS-Cloud) has received funding from the European Union’s Horizon 2020 Research and Innovation programme
(H2020-EU.3.2.2.3. – A sustainable and competitive agri-food industry) under Grant Agreement No. 863059 – www.fns-cloud.eu

Webtool

Susan Coort Chris Evelo

WikiPathways implementation
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Usability Testing

The usability testing was divided in 3 Scenarios

● Scenario 1 for Molecular Researchers

● Scenario 2 for Clinicians & Nutritionists

● Scenario 3 for Transcriptomic Researchers
Siân AstleyHana Musinovic

-Area of identifying and studying the molecular mechanisms of
food-bioactive compounds

-On food-drug interactions to ensure the correct usage of supplements.

-Extensive network of potential interactions from transcriptomic data.
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Usability Testing

Interviews for FooDrugs usability testing were carried out in a two step

process.

● Sassari consortium meeting

-Food and nutrition researchers and IT specialist. 8 Users

● Guided interviews during October 2022

-Mix of experts from differents areas and organizations. 11 Users
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FooDrugs Interviews results surveys

System Usability Scale Strongly 
Disagree

Disagree Neutral Agree Strongly Agree

I would use FooDrugs frequently 3 4 7 4

I found FooDrugs unnecessarily complex 3 9 5 1

I thought FooDrugs was easy to use 3 5 6 4

I would need support use FooDrugs 6 6 3 1 2

I found the various functions of FooDrugs were 
well integrated

2 6 8 2

There was too much inconsistency in FooDrugs 3 10 2 2 1

Most people would learn to use FooDrugs 
quickly

3 2 10 3

I found FooDrugs cumbersome to use 5 8 3 2

I felt confident using FooDrugs 1 4 6 5 2

I would need to learn a lot of things before I 
could get going with FooDrugs

3 9 2 4
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User case vitamin D

Jelena Milešević

Problem: 

• Vitamin D, a fat-soluble vitamin essential for maintaining
bone health, is a recommended food supplement to
reduce risk of fractures in elderly people

• However different trials have shown inconsistent results

1

2

Hypothesis: 

Different types of drugs can interrupt absorption of vitamin D
in the gut, or consume it, as a derivative of cholesterol,
causing vitamin D deficiency.

Classification of drugs found to interact with vitamin D 
in FooDrugs database, according to ATC classification

878 texts from different sources, containing 1,146 
interactions of vitamin D with 238 drugs

FooDrugs
1. Bischoff-Ferrari HA, et al., 2005

2. Gallagher JC. 2016
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E-Learning course

https://www.fns-cloud.eu/foodrugs/#/

Rachel Davies

Sections:
- Introduction to Food-Drug 

interactions
- FooDrugs webtool tutorial

Annette Fillery-Travis Lowri Harris

Alice De Angeli
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Resources linked to FooDrugs
Resources for Database generation

DDI corpus 2013

DFI corpus 2022

CoFID

Resources for interaction with webtool

Catalogues
Community of Practice
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Resources generated from FooDrugs

● FooDrugs database (Creative commons license)

● FooDrugs Web page (Free Access)

● Code to generate resource (GNU)

● E-Learning course (Free Access)

● Included in the FNS-catalog

● Publication under review (Database Journal. CC-BY License)

Javier de la CuevaJuan Luis Rodrigues 
(RTDS)
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Final summary

Provide easy access to FDI

FDI data from texts
and transcriptomic 
experiments

Largest FDI resource 
(in our knowledge)
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Final summary

- Valuable Resource for Researchers and Clinicians: FooDrugs addresses the pressing need for a
centralized repository of FDI information. This resource offers researchers and clinicians a convenient
and free platform to access critical data, facilitating their investigation of potential FDIs and enabling
personalized dietary recommendations for patients based on their medication regimen.

- I think that these resources collectively present a relevant tool for researchers working in the field
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User cases with survey monkey

Clinicians and Nutritians Molecular researchers Transcriptomic researchers

https://www.surveymonkey.co.uk/r/
CJWJ3PS

https://www.surveymonkey.co.uk/r/
CJHQCXM

https://www.surveymonkey.co.uk/r
/CQMBNDD
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