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Abstract:  18 

Background: The gut microbiome plays a fundamental role in human health, influencing 19 

immune, metabolic, and nutritional functions. Diet is a key factor in shaping microbiota 20 

composition, with dietary patterns like the Mediterranean Diet (MD) and Plant-Based Diets 21 

(PBD) associated with greater microbial diversity and beneficial bacteria. In contrast, the 22 

Western Diet (WD) has been associated with reduced diversity and increased risk of disease.  23 

Methods: The GUTDIET-PT study is a multicentre, cross-sectional observational study aiming 24 

to recruit 2,500 healthy participants aged 40 to 74. It is part of the GUTBIOME-PT 25 

(NCT06741293), a larger project designed to improve colorectal cancer (CRC) screening in 26 

Portugal. Sociodemographic, clinical, anthropometric, and lifestyle information is collected 27 

through a purpose-built, GDPR-compliant digital platform, enabling structured and 28 

standardised participant-level data capture. Dietary intake will be assessed using two non-29 

consecutive 24-hour dietary recalls, and principal component analysis (PCA) will be used to 30 

identify and characterise dietary patterns. Additionally, adherence to the MD and PBD will be 31 

evaluated using validated tools such as the Mediterranean Diet Adherence Score and the 32 

Plant-Based Dietary Index, while the inflammatory potential of the participants’ diet will be 33 
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assessed through the Dietary Inflammatory Index. Gut microbial composition and functional 34 

capacity will be determined by shotgun metagenomic sequencing of faecal samples. 35 

Results: Recruitment for GUTBIOME-PT began in November 2023 and is ongoing. As of 36 

September 2026, 488 participants had been enrolled. Recruitment is expected to be completed 37 

by November 2029, with publication of the study findings anticipated by the end of 2030.  38 

Discussion: By combining advanced microbiota analysis with detailed dietary assessments 39 

through structured nutritional interviews, we aim to provide novel insights into the relationship 40 

between dietary patterns and gut microbiota composition and function. Additionally, focusing 41 

the study on healthy individuals will allow us to characterise the microbiota in the absence of 42 

disease, offering a clearer understanding of the features of a “healthy” microbiome. This study 43 

will establish a foundational framework for identifying dietary patterns that promote microbial 44 

diversity and functionality, contributing to tailored nutritional recommendations and public 45 

health strategies aimed at improving gut health. 46 

Trial Registration: NCT06741293 47 

Keywords: Gut Microbiota, Dietary Patterns, Mediterranean Diet, Western Diet, Plant-based 48 

Diet, Dietary Inflammatory Index 49 
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Background 51 

Gut microbiota and its role in health and disease 52 

The gastrointestinal microbiota is a complex ecosystem composed of trillions of 53 

microorganisms that play a fundamental role in maintaining health and preventing disease. 54 

This community is largely dominated by two major bacterial phyla: Bacteroidota 55 

(Bacteroidetes), including genera such as Bacteroides and Prevotella, and Bacillota 56 

(Firmicutes), comprising genera like Clostridium, Enterococcus, Lactobacillus, and 57 

Ruminococcus. Together, these phyla account for approximately 90% of the gut microbial 58 

community. Other phyla include Pseudomonadota (Proteobacteria), Actinomycetota 59 

(Actinobacteria), with genera like Bifidobacterium, and Verrucomicrobiota (Verrucomicrobia) 60 

[1,2]. 61 

Gut microorganisms synthesise, transform, and metabolise essential nutrients and bioactive 62 

molecules, including lipids, bile acids, short-chain fatty acids (SCFAs), amino acids, and 63 

vitamins. Emerging evidence suggests that microbiota composition and metabolic activity 64 

exert substantial influence over immune regulation, nutritional homeostasis, and metabolic 65 

health [3]. Numerous diseases have been associated with gut microbiota imbalances, 66 

including gastrointestinal disorders like inflammatory bowel disease and irritable bowel 67 

syndrome [4,5], metabolic conditions such as type 2 diabetes Mellitus [6], various types of 68 

cancer [7,8],  and neurological disorders like Parkinson's and Alzheimer’s disease [9]. 69 

Moreover, the gut microbiota may serve not only as a marker of current health status but also 70 

as a predictor of long-term health outcomes and longevity [10]. 71 

Although disease-related microbial signatures differ from those found in healthy individuals, 72 

there is still uncertainty when defining a ‘healthy’ microbiome [11]. Certain bacterial species 73 

may be associated with either health or disease, and different strains within the same species 74 

can exhibit distinct functionalities, which poses a challenge when it comes to associating 75 

species with health outcomes [12]. Nevertheless, the recently published consensus from the 76 

International Scientific Association for Probiotics and Prebiotics emphasises that gut health 77 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=19725641633793112&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:ac524d04-c1ff-46d6-9283-b2246e1c487b,bc9e8389-18b9-4356-b227-007442aea2af:81cd2d3d-5582-4043-935e-853ccc1a1eb4&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A81cd2d3d-5582-4043-935e-853ccc1a1eb4%22%3A%7B%22doi%22%3A%2210.1111%2Fj.1462-2920.2009.01982.x%22%2C%22pmid%22%3A%2219601958%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3Aac524d04-c1ff-46d6-9283-b2246e1c487b%22%3A%7B%22pmcid%22%3A%22PMC3779803%22%2C%22doi%22%3A%2210.1038%2Fnature08821%22%2C%22pmid%22%3A%2220203603%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6546029329999354&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:35beb928-f0b5-4ecc-906f-c8cd5e69da3f&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A35beb928-f0b5-4ecc-906f-c8cd5e69da3f%22%3A%7B%22doi%22%3A%2210.1186%2Fs40168-020-00969-9%22%2C%22pmcid%22%3A%22PMC7967986%22%2C%22pmid%22%3A%2233726846%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=7016609150784147&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:46c0fffa-0427-4fd7-ac6a-ec7b3a7a79d0,bc9e8389-18b9-4356-b227-007442aea2af:59d34afc-a88e-4998-9d81-8611d5da8517&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A59d34afc-a88e-4998-9d81-8611d5da8517%22%3A%7B%22pmcid%22%3A%22PMC6407812%22%2C%22pmid%22%3A%2230829919%22%2C%22doi%22%3A%2210.14309%2Fctg.0000000000000012%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A46c0fffa-0427-4fd7-ac6a-ec7b3a7a79d0%22%3A%7B%22pmid%22%3A%2240065181%22%2C%22pmcid%22%3A%22PMC12289240%22%2C%22doi%22%3A%2210.1038%2Fs41579-025-01163-0%22%7D%7D
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cannot be defined solely by microbiome composition, but rather reflects a broader state of 78 

normal gastrointestinal function, integrating microbial, host, and clinical factors. [13]. 79 

Interindividual variation in microbiota composition is shaped by genetics, age, diet, lifestyle, 80 

and environmental factors such as physical activity, stress, and medication use [14]. Among 81 

these, diet stands out as a modifiable factor, with studies showing its major impact in defining 82 

the structure and function of the gut microbiota [15]. Understanding the mechanisms through 83 

which diet and dietary patterns influence microbial composition and functionality is therefore 84 

essential for developing targeted health-promoting strategies. 85 

Diet and the gut microbiota 86 

Diet exerts a major influence on gut microbiota composition, and the microbiota, in turn, 87 

modulates nutrient metabolism and bioavailability, forming a bidirectional relationship [3]. 88 

Dietary patterns - rather than isolated nutrients - are key determinants of microbial community 89 

structure, reflecting the complex combinations in which foods are habitually consumed. Both 90 

short-term dietary changes and long-term dietary patterns can substantially alter microbiota 91 

composition, although responses are highly individualised and may not lead to uniform 92 

community convergence across individuals [16–18].  93 

A plant-based diet (PBD), which encompasses vegetarian, vegan, pescatarian, and flexitarian 94 

patterns [19], has been associated with lower risks of cardiovascular disease [20], metabolic 95 

syndrome [21], type 2 diabetes Mellitus [22], and CRC [23], as well as improved weight 96 

management [24]. A recent large-scale, multi-cohort metagenomic study reported that vegan 97 

dietary patterns are associated with the enrichment of several species-level genome bins, 98 

including known butyrate producers such as Butyricicoccus spp., Roseburia hominis, and 99 

members of the Lachnospiraceae family that are highly specialised in fibre degradation [25].  100 

The Mediterranean Diet (MD), often considered a PBD, is widely recognised as a leading 101 

dietary model for health promotion and disease prevention [12]. Originating from 102 

Mediterranean coastal countries, it emphasises nutrient-rich foods such as fruits, vegetables, 103 

whole grains and healthy fats (particularly olive oil), moderate consumption of poultry, fish and 104 

dairy products, and low intake of red meat. Its high intake of unprocessed foods contributes to 105 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=2723904065317321&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:8279757b-1e73-424c-9074-984d5e26ac3c&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A8279757b-1e73-424c-9074-984d5e26ac3c%22%3A%7B%22doi%22%3A%2210.1038%2Fs41575-026-01176-x%22%2C%22pmid%22%3A%2241709019%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6089085365930822&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:9d6af953-b804-4485-af32-ef615bde044e&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A9d6af953-b804-4485-af32-ef615bde044e%22%3A%7B%22pmcid%22%3A%22PMC8851206%22%2C%22pmid%22%3A%2235185849%22%2C%22doi%22%3A%2210.3389%2Ffmicb.2022.825338%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=5543857366150129&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:3412b079-22de-4223-a273-edda3ce74f01&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A3412b079-22de-4223-a273-edda3ce74f01%22%3A%7B%22doi%22%3A%2210.1038%2Fs41575-018-0061-2%22%2C%22pmid%22%3A%2230262901%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=9396462930032069&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:35beb928-f0b5-4ecc-906f-c8cd5e69da3f&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A35beb928-f0b5-4ecc-906f-c8cd5e69da3f%22%3A%7B%22doi%22%3A%2210.1186%2Fs40168-020-00969-9%22%2C%22pmid%22%3A%2233726846%22%2C%22pmcid%22%3A%22PMC7967986%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=7604870715967615&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:2dbc70f5-6ef7-4337-a4bf-b464f9c19f56,bc9e8389-18b9-4356-b227-007442aea2af:c4b762ef-2211-41f3-983f-e957c09b7c48,bc9e8389-18b9-4356-b227-007442aea2af:fc0b161d-4cca-41bc-b518-56759d5868aa&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Afc0b161d-4cca-41bc-b518-56759d5868aa%22%3A%7B%22pmcid%22%3A%22PMC12182192%22%2C%22pmid%22%3A%2240548146%22%2C%22doi%22%3A%2210.1136%2Fegastro-2024-100161%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A2dbc70f5-6ef7-4337-a4bf-b464f9c19f56%22%3A%7B%22pmid%22%3A%2237094913%22%2C%22doi%22%3A%2210.1016%2Fj.bpg.2023.101828%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3Ac4b762ef-2211-41f3-983f-e957c09b7c48%22%3A%7B%22doi%22%3A%2210.1016%2Fj.humic.2018.01.001%22%7D%7D
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https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=7389676838609861&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:30d1fd50-7b47-4417-8e02-49d305c4afd2&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A30d1fd50-7b47-4417-8e02-49d305c4afd2%22%3A%7B%22doi%22%3A%2210.1038%2Fs41579-024-01068-4%22%2C%22pmid%22%3A%2239009882%22%7D%7D
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its anti-inflammatory and antioxidant properties, highlighting its role in promoting overall health 106 

[26]. Adherence to the MD has been associated with greater microbial diversity and enrichment 107 

of beneficial genera, such as Bacteroides, Butyricoccus, Lachnoclostridium, Parasutterella, 108 

and Lachnospira [27,28].  109 

Key components of PBD and MD, particularly dietary fibre, promote the growth of fibre-110 

degrading bacteria that produce SCFAs such as propionate and butyrate, which support gut 111 

barrier integrity and intestinal homeostasis, and serve as energy sources for colonocytes and 112 

peripheral organs [29,30]. A randomised intervention study showed that adherence to the MD 113 

was associated with improved intestinal barrier integrity, reflected by reduced levels of 114 

lipopolysaccharide-binding protein and zonulin, alongside increased levels of propionate and 115 

butyrate, with these being identified as key mediators of this effect [31]. Polyphenols, abundant 116 

in olive oil, wine, fruits, nuts and vegetables, have antioxidant, anti-inflammatory and 117 

antibacterial properties and modulate microbiota composition [32]. While polyphenols 118 

themselves are poorly absorbed by the human body, they are metabolised by the gut 119 

microbiota, providing substrate for bacterial families such as Bifidobacteriaceae and 120 

Lactobacillaceae while reducing pathogenic bacteria like Escherichia coli and Clostridium 121 

perfringens [12,33]. Polyphenols also regulate microbial metabolites, including SCFAs, 122 

trimethylamine N-oxide (TMAO), and secondary bile acids, by modulating microbial enzyme 123 

activity [33]. Polyunsaturated fatty acids, including omega-3, also prominent in the MD, 124 

enhance gut epithelial barrier function, reduce inflammation, increase Bacteroidota, and 125 

decrease the Bacillota-to-Bacteroidota ratio [34,35]. Intervention studies have shown  MD-126 

associated increases in Faecalibacterium prausnitzii and Roseburia faecis and reduced levels 127 

of Ruminococcus gnavus, Collinsella aerofaciens, and Ruminococcus torques [36,37].  128 

The Western Diet (WD) is characterised by high consumption of refined sugars, animal fats, 129 

processed meats (especially red meat), refined grains, high-fat dairy products, and fried or 130 

pre-packaged foods and low intake of fruits, vegetables, whole grains, meat, fish, nuts, and 131 

seeds [38]. This dietary pattern is linked to a higher prevalence of non-communicable 132 

diseases, with systematic reviews and meta-analyses showing associations between the WD 133 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=3571451796370265&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:9b0cacb7-43fe-4969-9655-92114583f6eb&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A9b0cacb7-43fe-4969-9655-92114583f6eb%22%3A%7B%22pmcid%22%3A%22PMC4222885%22%2C%22pmid%22%3A%2225055810%22%2C%22doi%22%3A%2210.1186%2F1741-7015-12-112%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=8271875706377663&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:444a0a11-b943-4fd5-88ec-54cb5e02add4,bc9e8389-18b9-4356-b227-007442aea2af:0cd5ce85-5c05-4f79-a2d6-63df56408725&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A444a0a11-b943-4fd5-88ec-54cb5e02add4%22%3A%7B%22doi%22%3A%2210.1186%2Fs40168-023-01469-2%22%2C%22pmcid%22%3A%22PMC9921707%22%2C%22pmid%22%3A%2236774515%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A0cd5ce85-5c05-4f79-a2d6-63df56408725%22%3A%7B%22pmid%22%3A%2235679823%22%2C%22doi%22%3A%2210.1016%2Fj.chom.2022.04.016%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=1781384521076257&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:66c1bb4d-b179-46a2-a86c-802101eac16c,bc9e8389-18b9-4356-b227-007442aea2af:6c6ecf31-c098-446e-9636-b5e96c183a73&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A66c1bb4d-b179-46a2-a86c-802101eac16c%22%3A%7B%22pmcid%22%3A%22PMC8186452%22%2C%22doi%22%3A%2210.1038%2Fs41591-020-01223-3%22%2C%22pmid%22%3A%2233574608%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A6c6ecf31-c098-446e-9636-b5e96c183a73%22%3A%7B%22doi%22%3A%2210.1194%2Fjlr.r036012%22%2C%22pmid%22%3A%2223821742%22%2C%22pmcid%22%3A%22PMC3735932%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=719088058033668&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:dc727960-1e0b-4165-86fb-8b886cf0322d&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Adc727960-1e0b-4165-86fb-8b886cf0322d%22%3A%7B%22pmid%22%3A%2236055959%22%2C%22doi%22%3A%2210.1093%2Fajcn%2Fnqac175%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=208865907482367&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:92e1e5e7-fef0-4f9b-9614-aa2c431142fb&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A92e1e5e7-fef0-4f9b-9614-aa2c431142fb%22%3A%7B%22doi%22%3A%2210.1002%2Ffft2.25%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=38758534188548577&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:30d1fd50-7b47-4417-8e02-49d305c4afd2,bc9e8389-18b9-4356-b227-007442aea2af:f3a09600-30f4-4148-a9d7-67969b9d5a04&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A30d1fd50-7b47-4417-8e02-49d305c4afd2%22%3A%7B%22pmid%22%3A%2239009882%22%2C%22doi%22%3A%2210.1038%2Fs41579-024-01068-4%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3Af3a09600-30f4-4148-a9d7-67969b9d5a04%22%3A%7B%22pmcid%22%3A%22PMC12813020%22%2C%22pmid%22%3A%2241560754%22%2C%22doi%22%3A%2210.3389%2Ffphar.2025.1710088%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=9875202832351564&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:f3a09600-30f4-4148-a9d7-67969b9d5a04&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Af3a09600-30f4-4148-a9d7-67969b9d5a04%22%3A%7B%22pmcid%22%3A%22PMC12813020%22%2C%22pmid%22%3A%2241560754%22%2C%22doi%22%3A%2210.3389%2Ffphar.2025.1710088%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=09835950291606588&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:5c55bc24-fb57-4f46-a792-bdd99fd83c5f,bc9e8389-18b9-4356-b227-007442aea2af:dc9987a7-2772-4673-9f45-195f49b62019&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Adc9987a7-2772-4673-9f45-195f49b62019%22%3A%7B%22doi%22%3A%2210.1186%2Fs12944-022-01702-1%22%2C%22pmid%22%3A%2236163070%22%2C%22pmcid%22%3A%22PMC9511723%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A5c55bc24-fb57-4f46-a792-bdd99fd83c5f%22%3A%7B%22doi%22%3A%2210.3389%2Ffnut.2022.830960%22%2C%22pmcid%22%3A%22PMC8873928%22%2C%22pmid%22%3A%2235223959%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=19017071362182592&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:575188be-ff43-448b-95f2-2198e8654ece,bc9e8389-18b9-4356-b227-007442aea2af:46215f9b-6899-4b35-9e4a-bc657a064f26&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A46215f9b-6899-4b35-9e4a-bc657a064f26%22%3A%7B%22pmid%22%3A%2232075887%22%2C%22pmcid%22%3A%22PMC7306983%22%2C%22doi%22%3A%2210.1136%2Fgutjnl-2019-320438%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A575188be-ff43-448b-95f2-2198e8654ece%22%3A%7B%22doi%22%3A%2210.1136%2Fgutjnl-2019-319654%22%2C%22pmid%22%3A%2232066625%22%2C%22pmcid%22%3A%22PMC7306987%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6586824399812171&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:ca2c41cb-3689-44d9-930b-b465a8d0ac71&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Aca2c41cb-3689-44d9-930b-b465a8d0ac71%22%3A%7B%22pmid%22%3A%2233671569%22%2C%22doi%22%3A%2210.3390%2Fnu13020699%22%2C%22pmcid%22%3A%22PMC7927055%22%7D%7D
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and increased risk of breast cancer [39], metabolic syndrome [40], gestational diabetes [41], 134 

CRC [23], and overall mortality among cancer survivors [42]. Red meat-derived compounds, 135 

such as choline and carnitine, can be transformed into trimethylamine and subsequently into 136 

TMAO, an organic compound associated with chronic diseases and cardiovascular risk [43]. 137 

Furthermore, nitrates and nitrites used in processed meats can be transformed by bacteria 138 

into carcinogenic N-nitroso compounds that are associated with a higher risk of GI cancers 139 

[44]. 140 

Beyond assessing adherence to specific dietary patterns, it is also important to evaluate the 141 

overall inflammatory potential of the diet [45]. Diets rich in fibre, polyphenols, and unsaturated 142 

fatty acids generally exert anti-inflammatory effects and are linked to a more favourable gut 143 

microbiome profile. In contrast, dietary patterns high in saturated fats, refined carbohydrates, 144 

and processed meats are associated with increased systemic inflammation [46]. Given the 145 

bidirectional relationship between inflammation and gut microbiota composition [47], 146 

assessing the inflammatory potential of the overall diet may provide additional insight into how 147 

dietary patterns influence microbial diversity and functional capacity. 148 

In this study, we will investigate how dietary patterns and their inflammatory potential interplay 149 

with the gut microbiota. Understanding these relationships is a crucial step, as it helps to shape 150 

hypotheses and refine methodologies for future prospective research and can guide the 151 

development of public health initiatives, preventive strategies, dietary recommendations, and 152 

targeted interventions. 153 

Study Aims 154 

The primary aim of this study is to investigate how different dietary patterns associate with the 155 

composition and functionality of the gut microbiota. Specifically, we will (1) characterise the 156 

gut microbiota of the study population, (2) identify prevalent dietary patterns within the study 157 

sample, and (3) analyse associations between these dietary patterns, specific dietary 158 

constituents, and faecal microbiome profiles. 159 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=2728790378072651&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:23cca723-00f8-46b9-bf81-f867ae22a4d0&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A23cca723-00f8-46b9-bf81-f867ae22a4d0%22%3A%7B%22pmid%22%3A%2230696460%22%2C%22pmcid%22%3A%22PMC6352362%22%2C%22doi%22%3A%2210.1186%2Fs13058-019-1096-1%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=40596956264759276&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:e33b72d6-f11c-4597-b42b-862ae16e78aa&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ae33b72d6-f11c-4597-b42b-862ae16e78aa%22%3A%7B%22doi%22%3A%2210.1016%2Fj.clnu.2022.05.006%22%2C%22pmid%22%3A%2235667268%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6645281631966998&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:e54e30a2-11f1-4b6e-9d44-fa1ee68afcfe&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ae54e30a2-11f1-4b6e-9d44-fa1ee68afcfe%22%3A%7B%22doi%22%3A%2210.1093%2Fadvances%2Fnmaa184%22%2C%22pmid%22%3A%2233578428%22%2C%22pmcid%22%3A%22PMC8321835%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=029537762669679224&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:65313a33-de65-4172-be05-4c58ca93ec4e&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A65313a33-de65-4172-be05-4c58ca93ec4e%22%3A%7B%22pmid%22%3A%2230050075%22%2C%22doi%22%3A%2210.1038%2Fs41430-018-0234-7%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=09948518619028013&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:d970a04b-0a6d-48e2-a390-1e1f8dd9013f&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ad970a04b-0a6d-48e2-a390-1e1f8dd9013f%22%3A%7B%22doi%22%3A%2210.1093%2Fnutrit%2Fnuw045%22%2C%22pmid%22%3A%2227864535%22%2C%22pmcid%22%3A%22PMC5181206%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6545947639453954&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:b59cff84-d940-497d-aaa3-e0271b774c24&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ab59cff84-d940-497d-aaa3-e0271b774c24%22%3A%7B%22doi%22%3A%2210.1016%2Fj.bpg.2024.101923%22%2C%22pmid%22%3A%2239645277%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=2599625030960001&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:e5d67bca-e4f5-4182-b1ed-5fd1993a4c57&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ae5d67bca-e4f5-4182-b1ed-5fd1993a4c57%22%3A%7B%22doi%22%3A%2210.1016%2Fj.crfs.2023.100470%22%2C%22pmid%22%3A%2236891544%22%2C%22pmcid%22%3A%22PMC9986499%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=7286952475288397&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:4a64bf5d-c933-4c55-927a-fd885569ede0&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A4a64bf5d-c933-4c55-927a-fd885569ede0%22%3A%7B%22doi%22%3A%2210.1016%2Fj.foodres.2025.117263%22%2C%22pmid%22%3A%2241606898%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=001970436460314806&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:a18d4f58-72fc-47b3-b1a6-cbb2fc1acb0e&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Aa18d4f58-72fc-47b3-b1a6-cbb2fc1acb0e%22%3A%7B%22pmid%22%3A%2239069586%22%2C%22doi%22%3A%2210.1007%2Fs00394-024-03470-3%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=494196579805137&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:ffb6147b-1740-44fc-8fa1-dc0d4fad7d04&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Affb6147b-1740-44fc-8fa1-dc0d4fad7d04%22%3A%7B%22doi%22%3A%2210.1136%2Fgutjnl-2024-333378%22%2C%22pmid%22%3A%2239322314%22%2C%22pmcid%22%3A%22PMC11503168%22%7D%7D
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Methods 160 

Study Design 161 

This cross-sectional observational study, conducted at the Gulbenkian Institute for Molecular 162 

Medicine, is part of the “Improving Colorectal Cancer Early Screening in Portugal: Identification 163 

and Validation of Gut Microbiome Biomarkers (GUTBIOME-PT)” project (NCT06741293). This 164 

project aims to recruit 30,000 participants over a period of 6 years. Recruitment started in 165 

November 2023 and is planned to be completed by 2029. From the 30,000 participants 166 

recruited for GUTBIOME-PT, we aim to recruit 2500 individuals with a negative colonoscopy 167 

result for this study. 168 

The project is approved by the Ethics Committee of the Academic Medicine Centre of Lisbon 169 

(Ref 111/23). All procedures comply with the principles of the Declaration of Helsinki, ensuring 170 

informed consent, respect, integrity, privacy and confidentiality for all participants. Participants 171 

retain the right to withdraw from the study at any time without penalty. 172 

Recruitment and eligibility criteria 173 

Participants are recruited at partner hospitals, among patients who are referred for a screening 174 

colonoscopy and do not have a clinical diagnosis of CRC or a first-degree family history of 175 

CRC. Eligible participants are selected from the control group of the GUTBIOME-PT study, 176 

consisting of individuals with negative colonoscopy results. Participants who meet all eligibility 177 

criteria (Table 1) receive detailed information about the study and are invited to sign the 178 

informed consent form. The overall flow diagram of the study is shown in Fig. 1.  179 

Table 1: Inclusion and exclusion criteria for eligibility 

Inclusion criteria 

1. Provision of written informed consent 

2. Residence in the Lisbon metropolitan area, Portugal 

3. Age 40-74 years 
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4. Referral for a screening colonoscopy 

Exclusion criteria 

1. Age < 40 or ≥ 75 years  

2. Active oncological disease 

3. Personal or first-degree family history of CRC 

4. Intestinal adenomas removed within the previous 24 months 

5. Diagnosis of inflammatory bowel disease, irritable bowel syndrome, or recurrent  
Clostridioides difficile infection 

6. Severe cardiovascular or heart diseases 

7. Severe renal failure requiring hemodialysis 

8. Severe lung disease 

9. Pregnancy 

180 

Figure 1: Overview of the GUTDIET-PT study workflow. 181 

Digital study platform 182 

After signing the informed consent, all participants are registered in a purpose-built, GDPR-183 

compliant digital platform developed for the GUTBIOME-PT project that supports participant 184 

engagement and study procedures. The platform provides a centralised interface through 185 
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which participants complete study questionnaires and manage key steps of their study journey. 186 

At the end of the dietary assessment, a nutritional guide on healthy eating and the 187 

Mediterranean diet is also made available through the platform for participants to download. 188 

Automated reminders can be sent through the platform to encourage completion of pending 189 

questionnaires and faecal sample collection. Following home collection of the faecal sample, 190 

participants register completion of this step in the platform and can schedule sample pick-up 191 

directly through the digital interface. The digital infrastructure was designed to support data 192 

collection across multiple recruitment sites while maintaining a harmonised data structure. 193 

Data collection 194 

Sociodemographic, lifestyle, and health-related characteristics: data are collected 195 

using self-administered questionnaires completed by participants in the digital platform. The 196 

questionnaires are structured into three main sections: sociodemographic characteristics such 197 

as education level and economic status, clinical information including any previous or current 198 

medical condition, and lifestyle factors such as smoking status, sleep, stress, and physical 199 

activity. 200 

Body mass index  201 

Each participant self-reports their weight and height in a health questionnaire following stool 202 

sample collection. Body Mass Index (BMI) is calculated using the formula (BMI = weight (kg) / 203 

height² (m)) and is categorised based on the World Health Organisation's cutoffs [48]. 204 

Dietary intake 205 

Dietary intake data is collected through telephone interviews conducted by a qualified clinical 206 

nutritionist, following validated protocols by the European Food Safety Authority  [49] and the 207 

Portuguese National Food and Physical Activity Survey [50]. Two non-consecutive 24-hour 208 

dietary recalls are performed, recording all foods, beverages, and dietary supplements 209 

consumed during the day - from 00h00 to 23h59 -  preceding each interview. Each food item 210 

is documented with details on the context of consumption (location and time), quantity 211 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=2731712497336851&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:bd555c46-96b8-4d5a-b676-969740a38a5e
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=1309283324195274&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:7634b83c-a2c5-428b-8fd0-ef0a63ee063b&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A7634b83c-a2c5-428b-8fd0-ef0a63ee063b%22%3A%7B%22doi%22%3A%2210.2903%2Fj.efsa.2009.1435%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6391313012440867&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:101779b3-21bb-48b2-89d3-26c53651a634
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consumed, and preparation and cooking methods. Common volume measures (e.g., cups, 212 

tablespoons, teaspoons, palm) are used to estimate portion sizes. If possible, the brand of the 213 

product eaten is recorded. The conversion of food into nutrients is made with nutritional 214 

information from the Portuguese Food Composition Table (FCT), available on the PortFIR 215 

website [51],  version 7.0. For foods not included in the Portuguese FCT, the French [52] and 216 

British [53] food composition tables are used. 217 

Adherence to the MD 218 

MD adherence is assessed using the 14-Item Mediterranean Diet Adherence Score developed 219 

by the PREvención con DIeta MEDiterránea (PREDIMED) study authors [54], which includes 220 

12 questions on food consumption and frequency, and two questions on food intake habits 221 

that are key principles of the MD. Responses are scored 0 (condition not met) or 1 (condition 222 

met), resulting in a score ranging from 0 to 14. Based on this final score, adherence to the MD 223 

is categorised as low (score < 5), moderate (score 6-9), or high (score > 10). This questionnaire 224 

is applied to participants during the first 24-hour dietary recall.  225 

Adherence to a PBD  226 

Adherence to a PBD is assessed according to the method published by Satija et al. using a 227 

plant-based dietary index (PDI), a healthful PDI (hPDI), and an unhealthful PDI (uPDI) [55]. 228 

The individual foods collected through the 24-hour dietary recalls are combined into groups 229 

based on animal foods, healthy plant foods, and unhealthy plant foods. Based on the intake 230 

levels of these food groups, all food groups are divided into quintiles and assigned separate 231 

positive scores (i.e., higher intake receives higher scores, with a score range of 1–5) or reverse 232 

scores (i.e., higher intake receives lower scores, with a score range of 5–1). For the overall 233 

PDI, all plant-based foods are assigned positive scores, whereas animal-based foods are 234 

assigned negative scores, and the scores are then summed to obtain an overall PDI score. 235 

For the hPDI, positive scores are assigned to healthy plant foods, whereas negative scores 236 

are assigned to animal and unhealthy plant foods. For the uPDI, positive scores are assigned 237 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=948970396007998&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:6076c257-83d6-48fc-828a-018ee22bbb7c
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=26163022557154636&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:6a20868d-5da6-4ae0-90e7-f2d5deb26a8e
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=9694452535283382&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:cd6c7069-fc1d-4348-8872-104373a39956
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=304450165853858&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:5f9258c0-9ee4-4e4c-be8f-c5c7e2b83d46&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A5f9258c0-9ee4-4e4c-be8f-c5c7e2b83d46%22%3A%7B%22pmcid%22%3A%22PMC3419206%22%2C%22pmid%22%3A%2222905215%22%2C%22doi%22%3A%2210.1371%2Fjournal.pone.0043134%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=5173074949423372&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:84cd317c-a2f0-4997-ae0f-54a956502c9a&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A84cd317c-a2f0-4997-ae0f-54a956502c9a%22%3A%7B%22doi%22%3A%2210.1371%2Fjournal.pmed.1002039%22%2C%22pmcid%22%3A%22PMC4907448%22%2C%22pmid%22%3A%2227299701%22%7D%7D
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to unhealthy plant foods, whereas negative scores are assigned to animal and healthy plant 238 

foods. For all three PDIs, higher scores indicate greater adherence to dietary patterns [55,56]. 239 

Dietary inflammatory index  240 

Dietary inflammatory potential is assessed using the Dietary Inflammatory Index (DII), 241 

as developed by Shivappa et al. [57]. Dietary intake data derived from the 24-hour dietary 242 

recalls are used to calculate individual DII scores. Intakes of available dietary components are 243 

standardised to a global reference database by calculating z-scores based on global means 244 

and standard deviations. These z-scores are converted to centred percentiles to account for 245 

skewed intake distributions. Each centred percentile is then multiplied by a literature-derived 246 

inflammatory effect score specific to each dietary component, reflecting its pro- or anti-247 

inflammatory association. To account for total energy intake, an energy-adjusted DII (E-DII) is 248 

also calculated by expressing dietary intakes per 1,000 kcal and applying energy-adjusted 249 

global reference values. Only dietary components available from the dietary assessment are 250 

included in the DII calculation, and missing components are not imputed. The resulting 251 

component-specific scores are summed to generate an overall DII and E-DII score, with higher 252 

positive values indicating a more pro-inflammatory diet [57]. 253 

Stool sample characterisation 254 

Participants self‑collect a stool sample using a provided kit (EasySampler stool collection kit 255 

with DNA stabilisation buffer, Invitek), which preserves microbial DNA integrity at the moment 256 

of collection. Stool consistency is assessed using the Bristol Stool Scale (BSS) scores [58], 257 

which categorises stool into seven types as a proxy for intestinal transit rate [59]. Stool samples 258 

are also characterised by colour, and recent gastrointestinal symptoms are annotated, such 259 

as bloating, cramps or abdominal pain, excessive intestinal gas, mucus in the stool, abnormal 260 

stool colour, and presence of blood in the stool. Frequency of bowel movements over the past 261 

5 days is also considered. 262 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=05202036035152491&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:804cb144-8f42-4522-b564-30a02b95e2cd,bc9e8389-18b9-4356-b227-007442aea2af:84cd317c-a2f0-4997-ae0f-54a956502c9a&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A804cb144-8f42-4522-b564-30a02b95e2cd%22%3A%7B%22pmid%22%3A%2238879916%22%2C%22doi%22%3A%2210.1016%2Fj.clnu.2024.06.004%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A84cd317c-a2f0-4997-ae0f-54a956502c9a%22%3A%7B%22pmid%22%3A%2227299701%22%2C%22pmcid%22%3A%22PMC4907448%22%2C%22doi%22%3A%2210.1371%2Fjournal.pmed.1002039%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6231017733510408&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:e82df1ed-0e7b-46fa-aa96-9ed6f08f3dbe&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ae82df1ed-0e7b-46fa-aa96-9ed6f08f3dbe%22%3A%7B%22pmid%22%3A%2223941862%22%2C%22pmcid%22%3A%22PMC3925198%22%2C%22doi%22%3A%2210.1017%2Fs1368980013002115%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=16787473778485074&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:e82df1ed-0e7b-46fa-aa96-9ed6f08f3dbe&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ae82df1ed-0e7b-46fa-aa96-9ed6f08f3dbe%22%3A%7B%22pmid%22%3A%2223941862%22%2C%22pmcid%22%3A%22PMC3925198%22%2C%22doi%22%3A%2210.1017%2Fs1368980013002115%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=1885666733943686&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:e6135389-cf9f-41a0-bbfa-f764dcce454d&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Ae6135389-cf9f-41a0-bbfa-f764dcce454d%22%3A%7B%22doi%22%3A%2210.1136%2Fgutjnl-2015-310328%22%2C%22pmid%22%3A%2226276682%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=40469853473080786&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:8d9a50e0-313f-44da-95eb-25ddaa0ae85e&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A8d9a50e0-313f-44da-95eb-25ddaa0ae85e%22%3A%7B%22doi%22%3A%2210.1136%2Fgutjnl-2015-309618%22%2C%22pmid%22%3A%2226069274%22%2C%22pmcid%22%3A%22PMC4717365%22%7D%7D
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Faecal DNA extraction and sequencing 263 

Once collected, the stool samples are transported to the laboratory, where they are subdivided 264 

into aliquots and stored at -80°C until further analysis. Samples are processed for DNA 265 

extraction within a maximum of 6 months. For faecal microbiome characterisation, samples 266 

undergo genomic DNA extraction using the ZymoBIOMICS 96 MagBead DNA Kit (Zymo 267 

Research), compatible with the KingFisher™ Flex automatic extractor (Thermo Fisher 268 

Scientific). DNA concentrations are measured using a Qubit 1X dsDNA HS assay kit 269 

(Invitrogen) on a Qubit Flex Fluorometer (Life Technologies). The composition and genetic 270 

content of the faecal microbiota are analysed through shotgun metagenomic sequencing, 271 

performed on an Illumina platform (NovaSeq X Plus), with a minimum of 3 million reads per 272 

sample.  273 

Data management  274 

Participant withdrawal 275 

In line with the Declaration of Helsinki, participants are informed that they may withdraw from 276 

the study at any time. Reasons for withdrawal are reported in the source documents and on 277 

the case report form. Samples from participants who withdraw are preserved and may still be 278 

analysed, as long as the participant does not request the destruction of their data.  279 

Missing Data 280 

If a sample is missing, associated data (e.g., diet-related questionnaires) is excluded from the 281 

analysis, and the participant is considered withdrawn to maintain data integrity, as biological 282 

samples are essential for the study. Additionally, participants who do not complete mandatory 283 

questionnaires are considered excluded from the study, and their sample is not considered for 284 

analysis. If the participant completes only one 24-hour dietary recall, this data is included in 285 

the analysis. Although multiple interviews are preferred for accuracy, a single interview can 286 

still provide relevant insights into dietary habits [49]. 287 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=12000102742632546&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:7634b83c-a2c5-428b-8fd0-ef0a63ee063b&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A7634b83c-a2c5-428b-8fd0-ef0a63ee063b%22%3A%7B%22doi%22%3A%2210.2903%2Fj.efsa.2009.1435%22%7D%7D
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Data codification  288 

Participant data is confidential and identified only by a unique participant code ("Participant 289 

ID") on both faecal samples, questionnaires, and the electronic database. Data from 290 

questionnaires is recorded on a secure online platform, with sample results stored in a 291 

separate database linked through the participant's code to ensure participant anonymity. 292 

Personal data is processed based on the participant’s explicit consent, strictly for scientific 293 

research, study-related communication, and compliance with legal requirements and 294 

regulatory obligations. 295 

 Data Storage 296 

Personal data is stored with restricted access in compliance with the General Data Protection 297 

Regulation and relevant legislation. All data remains within the originating institution in 298 

compliance with the data management plan, which outlines protocols for data handling, 299 

storage, and sharing. To increase accessibility, pseudonymisation is employed to make the 300 

data more widely available. Due to intellectual property constraints, data may not be fully open 301 

access. Data and document ownership are clearly assigned, and a designated individual will 302 

manage data transfer at project completion. Data will be archived in cold storage for long-term 303 

preservation. This approach will help ensure the data remains comprehensible and reusable 304 

over time. 305 

Personal information is processed in a pseudonymised format, with access to decryption keys 306 

restricted to authorised personnel. This project is being conducted in collaboration with multiple 307 

institutions under a formal collaboration agreement that outlines data access permissions, with 308 

ongoing updates as needed. 309 

Data analysis 310 

Sample size 311 
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Sample size estimation was informed by power analyses using the Shannon Diversity Index 312 

as the primary outcome. Based on the effect size reported by Malinowska et al. [60] (mean 313 

difference ≈ 0.08 units; Cohen’s d ≈ 0.17), balanced two‑group comparisons achieved ≥90% 314 

power with 1500-2000 participants. However, we acknowledge that power will be reduced 315 

under unbalanced group allocations. 316 

To ensure adequate statistical power while accounting for attrition, we applied a 20% 317 

anticipated dropout rate. Therefore, to retain an effective sample size of 2000 participants, the 318 

study will aim to recruit approximately: 319 

2000 ÷ 0.80 = 2,500 participants 320 

Thus, the target recruitment number is 2,500 participants, allowing sufficient power for primary 321 

comparisons even with expected loss to follow-up or incomplete data. 322 

Software 323 

Statistical analyses will be performed using R (R Foundation for Statistical Computing) and 324 

Python (Python Software Foundation). RStudio (Posit) will be used as an integrated 325 

development environment for R, with p < 0.05 considered statistically significant. R is used for 326 

statistical testing, data analysis, and visualisation, while Python supports advanced data 327 

analysis and statistical modelling to enhance the robustness of the findings and enable in-328 

depth biological interpretation. 329 

Microbiome Analysis  330 

The faecal DNA obtained from participants undergoes shotgun metagenomic sequencing [61], 331 

generating approximately 3 to 4 gigabytes of data per sample. Paired-end sequencing is 332 

performed, and the resulting raw sequences are processed to ensure high-quality data. Fastp 333 

is employed to trim and remove low-quality reads [62], and bowtie2 is used to eliminate host 334 

contamination by aligning the sample reads to the human genome reference (GRCh38) [63]. 335 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=09684447176298128&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:7980d0b9-6ec0-4200-80e4-2cc1c168e499&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A7980d0b9-6ec0-4200-80e4-2cc1c168e499%22%3A%7B%22doi%22%3A%2210.1007%2Fs00394-022-02928-6%22%2C%22pmid%22%3A%2235748920%22%2C%22pmcid%22%3A%22PMC9596542%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=5857829402687881&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:9a63c03a-3d6e-4280-9777-bf08903d9637&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A9a63c03a-3d6e-4280-9777-bf08903d9637%22%3A%7B%22pmid%22%3A%2228898207%22%2C%22doi%22%3A%2210.1038%2Fnbt.3935%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=7877173645177965&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:4bc9d249-cbdb-4dea-bb77-dc8bc28901bd&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A4bc9d249-cbdb-4dea-bb77-dc8bc28901bd%22%3A%7B%22doi%22%3A%2210.1093%2Fbioinformatics%2Fbty560%22%2C%22pmcid%22%3A%22PMC6129281%22%2C%22pmid%22%3A%2230423086%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=6804247676561077&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:f816ef1e-833e-48d0-972a-8a5e4e636983&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3Af816ef1e-833e-48d0-972a-8a5e4e636983%22%3A%7B%22pmid%22%3A%2222388286%22%2C%22pmcid%22%3A%22PMC3322381%22%2C%22doi%22%3A%2210.1038%2Fnmeth.1923%22%7D%7D
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To quantify the abundance of microbial taxa, a hybrid approach combining k-mer analysis and 336 

mapping techniques is applied to the preprocessed sequences, utilising publicly available 337 

genome databases such as GTDB [64] and UHGG [65] for reference support. The functional 338 

potential of the microbiomes is inferred by directly mapping the metagenomic data to functional 339 

databases such as UniProt [66], KEGG [67], or CAZy [68] and performing gene annotation 340 

and characterisation of the assembled metagenomes. 341 

The resulting high-dimensional metagenomic datasets will be integrated computationally with 342 

dietary and participant-level phenotypic information, enabling species- and functional-level 343 

investigation of diet-microbiome relationships at population scale.  344 

Statistics  345 

The statistical analysis focuses on evaluating the associations between dietary patterns and 346 

gut microbiota composition and function. Major dietary patterns present in the study sample 347 

will be identified and characterised using PCA with varimax rotation, an a posteriori (data-348 

driven) that is a variable reduction procedure based on correlation or covariance matrices of 349 

the original variables, creating linear combinations such as patterns [69]. The individual foods 350 

collected through the 24-hour dietary recalls will be combined into groups based on their 351 

nutritional components- similarity and culinary uses- and these groups will serve as variables 352 

for the PCA, as previously described [70]. Alternatively, clustering techniques (e.g., k-means) 353 

may be employed to classify participants into distinct dietary groups. 354 

Microbial alpha diversity (within-sample diversity) will be assessed using Shannon, Simpson, 355 

and observed richness indices, while beta diversity (between-sample differences) will be 356 

calculated using Bray-Curtis dissimilarity and weighted/unweighted UniFrac metrics. 357 

Differences in alpha diversity between dietary groups will be evaluated using the Kruskal-358 

Wallis test, and beta diversity will be compared using PERMANOVA (Permutational 359 

Multivariate Analysis of Variance), with visualisation through Principal Coordinate Analysis 360 

(PCoA) plots. 361 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=09318289841977645&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:821483dd-9256-4c81-9b6c-9f8ce95b079e&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A821483dd-9256-4c81-9b6c-9f8ce95b079e%22%3A%7B%22pmid%22%3A%2234520557%22%2C%22doi%22%3A%2210.1093%2Fnar%2Fgkab776%22%2C%22pmcid%22%3A%22PMC8728215%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=5758053480287012&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:7b6b3a03-24dc-404a-b285-faa7eddbac5f&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A7b6b3a03-24dc-404a-b285-faa7eddbac5f%22%3A%7B%22doi%22%3A%2210.1038%2Fs41587-020-0603-3%22%2C%22pmcid%22%3A%22PMC7801254%22%2C%22pmid%22%3A%2232690973%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=7877775187434372&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:5fd33e09-1f6f-44ee-bcab-6543715fb249&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A5fd33e09-1f6f-44ee-bcab-6543715fb249%22%3A%7B%22doi%22%3A%2210.1093%2Fnar%2Fgky1049%22%2C%22pmid%22%3A%2230395287%22%2C%22pmcid%22%3A%22PMC6323992%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=5648377880057427&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:587bee7f-09a7-410a-ac68-5a2d2bfa5e51&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A587bee7f-09a7-410a-ac68-5a2d2bfa5e51%22%3A%7B%22doi%22%3A%2210.1002%2F0470857897.ch8%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=10416784198213569&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:2fd030a6-5ad5-465b-879d-65992d7e5fb0&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A2fd030a6-5ad5-465b-879d-65992d7e5fb0%22%3A%7B%22pmid%22%3A%2218838391%22%2C%22pmcid%22%3A%22PMC2686590%22%2C%22doi%22%3A%2210.1093%2Fnar%2Fgkn663%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=8380715599930177&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:575eda9f-5a73-4a42-b83b-332508dda91a&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A575eda9f-5a73-4a42-b83b-332508dda91a%22%3A%7B%22pmid%22%3A%2231029047%22%2C%22doi%22%3A%2210.1016%2Fj.nut.2019.01.014%22%7D%7D
https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=9734453056961867&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:5a8a5be2-31a6-45e1-98b9-355f05df4366&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A5a8a5be2-31a6-45e1-98b9-355f05df4366%22%3A%7B%22doi%22%3A%2210.1590%2F1980-549720190041%22%2C%22pmid%22%3A%2231365598%22%7D%7D
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Differential abundance analysis will be conducted to identify taxa and functional pathways 362 

associated with specific dietary patterns while controlling for multiple comparisons with the 363 

Benjamini-Hochberg correction. Correlation analyses (Spearman or Pearson) will be 364 

performed to explore the relationships between dietary intake (e.g., macronutrient 365 

composition) and the relative abundance of microbial taxa and functional features. 366 

Multivariable models, including linear or logistic regression, will adjust for potential 367 

confounders such as age, sex, BMI, and physical activity to ensure robust associations. 368 

Additionally, machine learning approaches, such as Random Forests, will be applied to identify 369 

key microbial taxa or functions predictive of dietary patterns. Statistical significance will be set 370 

at p < 0.05 unless otherwise stated. 371 

Results 372 

Recruitment for GUTBIOME-PT began in November 2023 and is ongoing. As of September 373 

2026, 488 participants had been enrolled. Recruitment is expected to be completed by 374 

November 2029, with publication of the study findings anticipated by the end of 2030.  375 

Potential outcomes and clinical impact 376 

To our knowledge, this is the first large-scale observational study to examine how distinct 377 

dietary patterns relate to gut microbiota composition and function in the Portuguese population 378 

using shotgun metagenomic sequencing. The sample size and methodological rigour provide 379 

a robust foundation for characterising diet–microbiota interactions and generating evidence 380 

that may inform future research, nutritional guidance, and public health strategies. 381 

Shotgun metagenomic sequencing offers higher taxonomic and functional resolution than 16S 382 

rRNA amplicon sequencing, allowing the detection of low-abundance taxa and enabling 383 

detailed functional profiling [71,72]. This methodology enhances the capacity to identify 384 

structural variation and metabolic pathways within the microbiome [61]. Combined with 385 

detailed dietary information obtained through structured nutritional interviews, this approach 386 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=2093476690244248&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:215ef243-8d7e-40a2-bc6f-81136962a19e,bc9e8389-18b9-4356-b227-007442aea2af:7c0bdc11-a253-4da9-ac57-0ac42449b982&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A7c0bdc11-a253-4da9-ac57-0ac42449b982%22%3A%7B%22doi%22%3A%2210.1038%2Fs41598-021-82726-y%22%2C%22pmid%22%3A%2233542369%22%2C%22pmcid%22%3A%22PMC7862389%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3A215ef243-8d7e-40a2-bc6f-81136962a19e%22%3A%7B%22pmid%22%3A%2239075388%22%2C%22pmcid%22%3A%22PMC11285316%22%2C%22doi%22%3A%2210.1186%2Fs12864-024-10621-7%22%7D%7D
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enables a comprehensive assessment of the relationship between dietary patterns and 387 

microbiota composition and function. 388 

Previous studies have demonstrated that specific nutrients, such as fibre or saturated fat, and 389 

foods, such as red meat, are associated with distinct microbiota compositions [43,73]. 390 

However, focusing only on individual nutrients or foods may fail to explain their overall effect 391 

on health, since it does not take into account the interaction between nutrients and foods. 392 

Studying dietary patterns provides a more holistic and comprehensive approach. Research 393 

has analysed the associations between dietary patterns - such as MD, PBD, and WD - and 394 

microbiota composition, but these studies often focus on specific diseases, such as cancer or 395 

metabolic disorders [3,74]. By contrast, the present study focuses on healthy adults, allowing 396 

us to characterise microbiota composition in the absence of disease and to identify dietary 397 

behaviours that support microbial diversity and functional capacity. This approach contributes 398 

to a clearer understanding of microbiome characteristics associated with health and provides 399 

a foundational framework for identifying dietary patterns that promote microbial diversity and 400 

functional capacity.  401 

Furthermore, large population-based metagenomic studies remain limited in Mediterranean 402 

countries. By examining the Portuguese population within its specific cultural and dietary 403 

context, this study helps address a national knowledge gap while also expanding the evidence 404 

base for microbiome research. This contributes to a broader and more nuanced understanding 405 

of microbiota variability across Mediterranean populations. 406 

Dietary intake will be assessed using two non‑consecutive 24‑hour dietary recalls, a validated 407 

method that captures detailed information on consumed foods and beverages [49]. Compared 408 

with food frequency questionnaires, which may lack precision and restrict responses to 409 

predefined items, 24‑hour recalls allow for more accurate, flexible assessment of dietary 410 

behaviours, including the detection of non‑listed foods [75,76]. This short-term resolution is 411 

particularly relevant given the rapid responsiveness of the gut microbiota to recent dietary 412 

https://app.readcube.com/library/bc9e8389-18b9-4356-b227-007442aea2af/all?uuid=8866987153713377&item_ids=bc9e8389-18b9-4356-b227-007442aea2af:92260e13-0a5d-4850-9900-fcede1bddaa1,bc9e8389-18b9-4356-b227-007442aea2af:b59cff84-d940-497d-aaa3-e0271b774c24&ext_ids=%7B%22bc9e8389-18b9-4356-b227-007442aea2af%3A92260e13-0a5d-4850-9900-fcede1bddaa1%22%3A%7B%22pmid%22%3A%2229902436%22%2C%22doi%22%3A%2210.1016%2Fj.chom.2018.05.012%22%7D%2C%22bc9e8389-18b9-4356-b227-007442aea2af%3Ab59cff84-d940-497d-aaa3-e0271b774c24%22%3A%7B%22pmid%22%3A%2239645277%22%2C%22doi%22%3A%2210.1016%2Fj.bpg.2024.101923%22%7D%7D
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intake, which long-term dietary tools may not accurately capture [77]. Although recall-based 413 

methods are subject to reporting bias [75,78], this limitation will be mitigated through validated 414 

protocols [49], structured interviews conducted by trained nutritionists, and statistical 415 

adjustments for potential confounders. While some participants may provide only a single 416 

recall, the large sample size of the study is expected to reduce variability and support reliable 417 

dietary characterisation. 418 

Altogether, this study is expected to generate valuable insights into the complex interactions 419 

between diet and gut microbiota. By clarifying how dietary patterns relate to microbial 420 

composition and function, the findings may inform evidence‑based public health and nutritional 421 

strategies aimed at promoting gut health. In the longer term, this work has the potential to 422 

support precision nutrition approaches tailored to individual dietary habits and microbiota 423 

profiles, ultimately enhancing the effectiveness of dietary interventions designed to improve 424 

health and well‑being. 425 
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BMI - Body Mass Index 427 

BSS - Bristol Stool Scale  428 
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PREDIMED - PREvención con DIeta MEDiterránea 435 

SCFA - Short-Chain Fatty Acids  436 

TMAO - Trimethylamine N-oxide  437 

uPDI - Unhealthy Plant-Based Dietary Index 438 

WD - Western Diet 439 
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