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Abstract: GLP-1 receptor agonist (GLP-1RA) have been developed to address the global burden of obesity and are renowned for 
their safety and efficacy. These medications influence hunger and satiety, reducing energy intake and promoting weight loss. Despite 
their benefits, GLP-1RAmay cause a slowed gastric emptying, leading to gastrointestinal symptoms. This study examines how food 
properties and meal composition affect these symptoms. Dietary recommendations are provided, particularly for evening meals, 
focusing on how different foods and nutrients can influence the rate of gastric emptying, to improve patient compliance and prevent 
interruption in weight loss. 
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Introduction
As reported by the World Health Organization (WHO) in 2022, globally, 43% of the adult population is overweight and 
16% experience obesity.1 The global spread of obesity and the resulting burden on public health have prompted the 
development of new approaches to treat individuals with this condition. Although lifestyle interventions are effective and 
the first approach for managing obesity, they may not be sufficient, necessitating pharmacological therapy.2,3 There are 
different types of drugs that have been developed through the years; among these, GLP-1 receptor agonists (GLP-1RAs) 
are known for their safety and efficacy4 due to their ability to act at the hypothalamic influencing hunger and fullness, 
and consequently reducing caloric intake.5 Despite their benefits, GLP-1RAs may cause a slowdown in gastric emptying, 
leading to temporary gastrointestinal symptoms such as nausea, diarrhea, and constipation.6 The effects of GLP-1RAs on 
gastric emptying do not fully account for the occurrence of diarrhea or constipation, which are likely mediated by 
different mechanisms. Additionally, GLP-1RAs significantly impact central nausea centers, contributing to their gastro-
intestinal side effects.7

Providing specific dietary and behavioral guidelines is crucial to improve patient compliance and avoid interruption of 
weight loss. Recently, an expert consensus has been published, offering practical advice on managing gastrointestinal 
adverse events in individuals with type 2 diabetes mellitus (T2DM) and obesity who are treated with GLP-1RAs.8 

Nevertheless, there is a lack of precise recommendations concerning meal composition and food selection. This study 
aims to propose practical dietary advice to manage gastrointestinal symptoms caused by GLP-1RAs, intended for 
clinicians and patients. The analysis included a review of the existing literature on food consistency, viscosity, meal 
composition, and lifestyle factors that may contribute to gastric emptying delay.
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Material and Methods
The relevant literature was revised to develop dietary recommendation for the management of gastrointestinal symptoms 
in patient treated with GLP-1RAs. Searches were conducted in the electronic databases PubMed and Web of Science 
(WoS) using the following keywords (alone or in various combinations): “obesity”, “GLP-1 receptor agonist”, “gastric 
emptying”, “nausea”, “gastrointestinal symptoms” “food composition and charateristics” and “food viscosity”. Boolean 
operators (AND; OR) were also applied. To refine the search strategy, filters used were: English language, human studies, 
and publications from the last 20 years (time range: 2004–2024). Studies were included if they focused on individuals 
treated with GLP-1RAs or on the physiology of gastric emptying. After conducting an initial search, two authors assessed 
the titles and abstracts of the relevant studies and reviewed the full texts. Authors also examined the reference lists of all 
manuscripts to identify additional relevant studies. Any disagreements that occurred were resolved through consultation 
with a third author.

GLP- 1 Receptor Agonists and Their Adverse Events
GLP-1RAs are medications initially used to treat diabetes and, more recently, for overweight and obesity. GLP-1 is 
a hormone mainly produced by endocrine L-cells in the distal ileum and colon, as well as by some neurons in the brain.9 

It is released in response to meal intake leading to increased satiety and better glucose metabolism regulation. GLP-1RAs 
reduce plasma glucose levels through glucose-dependent mechanisms by stimulating insulin secretion and inhibiting 
glucagon secretion. They also delay gastric emptying, slowing nutrient absorption.6 While GLP-1 has a brief half-life due 
to rapid degradation by the enzyme dipeptidyl peptidase-4 (DPP-4), GLP-1RAs have been developed with a prolonged 
half-life. Liraglutide and Semaglutide are examples of GLP-1RAs used for weight management, showing effectiveness in 
reducing body weight and improving cardiovascular risk factors.10 However, gastrointestinal side effects, such as nausea 
and diarrhea, are common.11 The secretion of GLP-1 is partly mediated by nutrient binding to G-protein-coupled 
receptors (GPCRs) or by absorption via membrane transporters. Peptides, amino acids, monounsaturated fatty acids, 
polyunsaturated fatty acids, and short chain fatty acids (SCFAs) can increase GLP-1 levels.12 Simple sugars and 
indigestible, fermentable dietary fiber can be involved in this mechanism. On the other hand, plasma levels of GLP-1 
are reduced in the fasting state, and these levels increase after food ingestion.12 GLP-1 exhibits a brief half-life due to 
rapid degradation by DPP-4, approximately 1.5 minutes.13 This rapid degradation limits its potential as a viable 
pharmacological intervention, despite its numerous effects.13 Over the years, compounds with a prolonged half-life 
have been developed. These GLP-1RAs are not identical to native GLP-1 but can activate the GLP-1 receptor.13 GLP- 
1RAs include exendin-based molecules and human GLP-1 analogues. Exendin-4, derived from lizards, is naturally 
resistant to DPP-4.15 degradation.14 Human GLP-1 analogues are modified versions of the GLP-1 peptide,15,16 available 
in several sizes and structures, influencing their mechanism of action and half-life.13,15 Liraglutide, the first GLP-1RAs 
approved for weight management, acts as a long-acting agonist on its receptor, reducing appetite, delaying gastric 
emptying, and increasing pancreatic insulin secretion.13 Several studies show that treatment with Liraglutide, along with 
a proper diet and healthy lifestyle, helps reduce body fat, especially visceral fat, and may improve cardiovascular risk 
factors.10,11 Semaglutide shares 94% structural homology with native GLP-1.13 A 2021 double-blind showed that 
Semaglutide effectively managed weight in patients with obesity. After 20 weeks, patients treated with Semaglutide 
had an average body weight reduction of 9.9% compared to 0.4% in the placebo group. They also reported decreased 
hunger and increased feelings of fullness and satisfaction.17 An increased incidence of gallstones has been reported in 
patients treated with Liraglutide, along with a potential association between mild pancreatitis and rapid weight loss.18

The Process of Gastric Emptying
The adverse effects observed in patients treated with GLP-1RAs are primarily gastrointestinal.11,18 Therefore, understanding 
the mechanisms underpinning these issues is crucial. Gastric emptying involves the transfer of stomach contents into the 
duodenum for subsequent digestion and nutrient assimilation.19 This process is divided into four phases: tonic contractions, 
peristaltic contractions, retropulsion, and emptying.19 Researchers have focused on the physiology of motility and gastric 
emptying, showing the existence of two parallel neuronal circuits able of regulating stomach emptying speed: the gastric 
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inhibitory vagal motor circuit and the gastric excitatory vagal motor circuit.20,21 Hormones like cholecystokinin and GLP-1 
may slow down gastric emptying by acting on the gastric inhibitory vagal motor circuit, while hormones like ghrelin and 
motilin can speed it by stimulating the gastric excitatory vagal motor circuit.22 Factors such as age, pathophysiological states, 
and emotions can also affect the rate of gastric emptying. As people age, changes in the gastrointestinal physiology and 
reduced peristaltic movements can result in a slower digestive process.23 Conditions such as gastroesophageal reflux, gastritis, 
allergies, and certain drugs may also significantly affect digestion24 as well as emotions such as anger, anxiety, and stress,25 

revealing the role of the gut as a “second brain”.

Food Composition and Characteristics
The composition, physical characteristics, and energy content of foods affect gastric emptying. These factors can either 
accelerate or delay gastric emptying, with substantial implications for digestion, satiety, and overall metabolic control. 
Liquid foods empty from the stomach faster than solid foods, but high-calorie liquids may delay gastric emptying due to 
nutrient interaction with intestinal receptors.22 Non-caloric liquid saline solutions are characterized by an emptying initial 
linear phase followed by a late linear phase, whereas high-calorie liquids show a lag phase during gastric emptying. This 
may be due to the interaction between nutrient-rich liquids and the receptors in the small intestine mucosa, potentially 
leading to a greater inhibition of gastric emptying.26 The pressure disparity between the stomach and the duodenum can also 
affect the speed of emptying of liquid foods.27 Moreover, energy content modulates gastric emptying rate. Research 
indicates that low-energy foods tend to empty from the stomach faster than high-energy foods. For instance, water has 
a brief gastric residence time, while a nutrient-dense solid meal remains in the stomach for a longer period.28 Additionally, 
there is a connection between blood glucose levels and gastric emptying. Higher blood glucose concentrations are 
associated with slower gastric emptying, while lower levels lead to a faster emptying process.28 Viscosity is another crucial 
property with high viscosity inhibiting gastric emptying and affecting transit time in the digestive tract; it is closely related 
to food digestion regulation, nutrient absorption, and physiological responses such as glycemic response and appetite 
regulation.27 However, the impact of food viscosity on physiological responses remains a topic of ongoing debate and 
incomplete comprehension, primarily due to the non-Newtonian behavior of most foods and its consequential impact on 
digestion. While several studies suggest that viscosity exerts negligible influence on gastric emptying, the prevailing view is 
that high viscosity can inhibit gastric emptying and, as a result, affect food transit time in the digestive tract.27 According to 
Camps et al, gastric emptying is observed to decelerate with increasing viscosity of ingested food.29 This phenomenon 
could regulate the postprandial glycemic response and prolong the sense of satiety, as food needs to be digested for a longer 
period to reduce its viscosity.30 Recent research conducted by Liu et al supports this thesis.31 They utilized nutritious model 
meals based on peanut butter, with viscosity manipulated through the addition of guar gum, to investigate the effects of food 
viscosity on gastric emptying, gastric motility, and physiological responses in human volunteers. The findings indicate that 
nearly 55% of the stomach content in both the control and low viscosity groups were emptied after 30 minutes of digestion. 
In contrast, only approximately 25% of the chyme in the high viscosity group was emptied from the stomach at the same 
interval (p < 0.05), which corresponded with significantly elevated fullness scores.31 Nevertheless, several factors such as 
temperature may influence food viscosity itself and its impact on gastric motility. Colder foods tend to have a higher 
viscosity, which can delay gastric emptying. A study by Dimitreli et al, demonstrated that the viscosity of processed cheese, 
for instance, is increased at lower temperatures, leading to slower gastric emptying.32 Moreover, gastric emptying is 
influenced by different nutrients entering the gastrointestinal tract: proteins, fats, and fibers, affect gastric emptying rates. 
As far as proteins are concerned, a recent randomized controlled trial investigated the effects of different preloads 
(strawberry milkshake) high in protein, fat, or carbohydrates while maintaining equal energy content (~300 kcal) and 
volume (250 mL).33 The results revealed a significant difference in the gastric emptying latency phase (Tlat), which was 
shorter after consuming the high-protein preload compared to the other types of preloads. However, the gastric emptying 
ascension time (Tasc) was notably longer after consuming the high-protein preload when compared to the high-fat 
preload.33 Concerning the viscosity of cheese, it decreases as the temperature rises due to a decrease in the force of 
attraction between the molecules.32 Moisture also plays a crucial role in protein-rich foods. An increase in moisture 
weakens protein-protein interaction, leading to reduced food viscosity.34 As for fats, their high molecular cohesion results in 
high viscosity. However, elevated temperatures can reduce this cohesion, leading to decreased viscosity.35 Regarding fiber, 
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research shows that a high consumption can slow down the rate at which the stomach empties. This is because certain 
components of fiber, such as lignin, are resistant to digestion, leading to a delayed gastric emptying process.36

Gastrointestinal Effects Management
Effective management of gastrointestinal side effects from GLP-1RAs is crucial for treatment adherence. Gradual dose 
escalation is recommended to mitigate symptoms.8,37,38 If gastrointestinal adverse events occur, clinicians should prolong 
the titration period or avoid dose increases until the effects subside.39 If side effects appear when transitioning to a higher 
dose, the recommendation is to revert to the previous dose and then gradually increase it, or to establish a maximum 
tolerated dose for maintenance.39 However, these side effects often occur in patients with an inadequate diet. Hence, 
adjusting the medication dosage and investigating the patient’s eating habits can help manage symptoms. So far, there is 
no specific guidance on caloric restriction and type of foods to prefer or to avoid with GLP-1RAs treatment. 
A personalized dietary approach is essential, considering the individual’s preferences and lifestyle to ensure 
compliance.8 In this regard, a group of medical experts, including endocrinologists, nephrologists, general practitioners, 
cardiologists, internal medicine specialists, and nurses, recently have developed dietary and behavioral guidelines to 
prevent or minimize gastrointestinal effects and avoid medication interruption.8

Results
While the literature provides insights into managing gastrointestinal events in patients treated with GLP-1RAs, specific 
guidance on meal composition remains unavailable. This study presents an adapted version (Figure 1) of the Harvard 
Healthy Plate40 as a practical tool for managing gastrointestinal symptoms. Since adverse effects, such as nausea and 
vomiting,38 often occur in the evening, the tool focuses on offering practical advice for dinner composition. The approach 
emphasizes the inclusion of all three macronutrients while addressing the gastric slowing commonly experienced by 
patients.

Figure 1 The dinner of the patient treated with GLP-1 receptor agonist.
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The tool does not specify precise food quantities, as these must be personalized with the guidance of a healthcare 
professional, tailored to the individual’s specific needs and goals. The selection of food items was informed by a thorough 
review of relevant scientific literature and current dietary guidelines. Key considerations include:

Cereals
To manage the impact of fiber and glucose levels on gastric emptying, it is recommended to include complex 
carbohydrates such as pasta, bread, and crackers, while avoiding whole grain products and foods high in simple sugars. 
Furthermore, portion sizes should be moderate to support digestion.

Protein
Since protein consumption is associated to delayed gastric emptying, it is advisable to choose low-fat protein sources, 
including white meats and blue fish, while avoiding red meats and processed cold cuts. Fresh cheeses are acceptable, if 
consumed at moderate temperatures, whereas mature cheeses, which are higher in fat, should be avoided. Legumes, due 
to their high fiber content, should not be included in the evening meal; instead, they are best consumed during lunch, 
preferably in peeled form.

Fats
Despite their potential to delay gastric emptying due to high viscosity, fats are essential for overall health. Moderation is 
key, with a preference for extra virgin olive oil, which is rich in unsaturated fatty acids, fat-soluble vitamins, and 
polyphenols that offer anti-inflammatory and cardioprotective benefits.41

Vegetables
Fiber’s role in slowing gastric emptying and promoting satiety makes vegetable inclusion important. However, to manage 
fiber content, low-fiber vegetables are recommended, avoiding those with peels and seeds, while maintaining appropriate 
portion sizes. Portion sizes should be kept appropriate to maintain digestive comfort, although fiber is recognized for its 
role it is essential to include vegetables in meals, also for educational purposes. Therefore, it is recommended to select 
vegetables with low fiber content.

In addition to these dietary considerations, the following recommendations are suggested: consume small, frequent 
meals; use simple cooking methods and avoid complex dishes, spicy foods, and alcohol; stay well- hydrated; choose fruit 
as a snack, and avoid lying down or engaging in vigorous activity after meals (Box 1).

Box 1 Behavioral Advice for Meal Management

Recommendations

Eat small, frequent meals, and eat slowly.

Use simple cooking methods such as steaming, baking, and boiling, avoiding frying and sautéing.

Avoid complex or heavily seasoned dishes, spicy foods, and alcoholic drinks.

Avoid consuming liquid foods like soups, and broths during the evening meal, as they may slow down digestion and increase symptoms.

Stay hydrated by drinking water in small sips, avoiding excessive intake during meals.

Choose fruit as a mid-morning or mid-afternoon snack and avoid their consumption during lunch or dinner in order to avoid an abundant meal.

Avoid lying down or vigorous activity after meals.

Avoid wearing tight clothes or belts.

If symptoms persist, consult your doctor.
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Discussion
GLP-1RAs are highly effective for the obesity treatment but can cause gastrointestinal symptoms due to delayed gastric 
emptying. This study analyzes how food properties and meal composition influence these symptoms and provide 
guidelines for managing them. Educating patients on diet management can enhance treatment outcomes and prevent 
therapy interruption. The influence of GLP-1RAs in delaying gastric emptying is well known and of great interest to the 
scientific literature. Further research is needed to explore food properties and lifestyle factors affecting gastric emptying 
to develop personalized patient management strategies.
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