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ABSTRACT 

Background: Satiety, the physiological response controlling hunger, is an essential component of 

weight control. Obesity and weight issues are international health problems linked to inadequate 

dietary intake and a lack of physical activity.  

Objective: This review outlines the role of macronutrients, hormonal feedback, and neural 

processes in influencing satiety and its impact on weight management.  
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Methodology: The review discusses the roles of different macronutrients (protein, fiber, fat, and 

carbohydrate), hormones (e.g., PYY, GLP-1, ghrelin, and leptin), and the gut-brain axis in the 

control of satiety. It also examines psychological and environmental factors like emotional eating 

and food deprivation. 

Results: Protein is the most satiating macronutrient, increasing satiety by stimulating PYY and 

GLP-1 and suppressing ghrelin. Fibre enhances satiety by slowing down digestion and activating 

gut hormones. Unsaturated fats are more satiating than saturated fats, and low-GI carbohydrates 

give longer-lasting fullness 

Conclusion: Effective weight management relies on nutritious foods, balanced macronutrient 

intake, and behavioral interventions, while future research will examine individualized nutritional 

approaches for optimal appetite control and regulation. 

KEYWORD: Satiety, Weight Control, Obesity, Dairy Intake, Macronutrients, Psychological 

INTRODUCTION 

Globally, obesity and weight disorders have become one of the serious public health problems; 

unfortunately, this has been on the rise due to lost diet practices and inactive lifestyles. As per the 

World Health Organisation (WHO), obesity has almost tripled since 1975, with more than 1 billion 

obese people worldwide to its estimation taken up to 2022 (WHO, 2022). This alarming trend can 

be somewhat blamed on overcaloric intake, mainly from energy-dense but nutrient-poor food that 

induces little satiety (Hall et al., 2019). The system of satiety counteracts weight control. Satiety 

describes a state of fullness after a meal that prevents further eating, while appetite control consists 

of hunger signals and satiety responses that regulate food intake. The grasp of the different 

mechanisms of satiety is vital for practical dietary interventions aimed at chronic prevention of 

overeating and long-term control of weight. In addition, regulation of satiety on both physiological 

and psychological levels is important for the prevention of type 2 diabetes, heart diseases, and 

metabolic syndrome as obesity-related morbidities (Bray et al., 2016). 

Many factors, such as fibre intake, hormonal, macronutrient profile, and neural regulation, affect 

satiety. Various nutrients differentially affect satiety, with protein, fiber, and healthy fats 

exhibiting more potent satiety effects compared to refined carbohydrates (Blundell et al., 2018). 
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Another important influencer of energy balance and appetite regulation is the gut-brain axis, along 

with hormonal cues ghrelin, leptin, peptide YY (PYY), and glucagon-like peptide-1 (GLP-1). 

These hormones mediate the sensation of fullness not only during meals but also affect longer-

term weight maintenance. These hormonal disruptions may cause sustained overeating behavior 

along with weight loss maintenance troubles (Schwartz et al., 2017). Yet, although a considerable 

volume of research on satiety exists, much remains poorly understood or at times under debate 

regarding its regulation, particularly to the long-term dietary influence on hormonal homeostasis 

and control of body weight. 

It has been demonstrated that modern Western diets, marked by obesity-inducing high 

consumption of ultra-processed foods and added sugars, act as contributory factors to the 

phenomenon of overeating and weight gain (Monteiro et al., 2018). Such highly palatable foods 

interfere with natural satiety signals by causing quick blood sugar spikes, not stimulating satiety 

hormones, and stimulating brain reward centers, which strengthen cravings and compulsive eating 

patterns (Hall et al., 2019; Mozaffarian et al., 2011). Moreover, the expansion of access to and 

affordability of processed foods resulted in the transformation away from natural, nutrient-dense 

diets that has amplified rates of obesity across the globe (Lobstein et al., 2020). The pattern of 

epidemics indicates that programs for obesity prevention need to harmonize dietary satiety 

maximization with population health interventions towards whole, less processed foods 

(Drewnowski & Rehm, 2020). 

One of the better-researched areas of satiety is the contribution of macronutrients to the regulation 

of appetite. Protein-containing diets have been found to enhance weight loss effects and enhance 

long-term compliance with dietary modifications (Astrup et al., 2015). In addition, protein has also 

been linked with enhanced thermogenesis and energy expenditure, further solidifying its place in 

weight management (Leidy et al., 2015). Conversely, although dietary fats are energy-dense, their 

effect on satiety is controversial since they delay gastric emptying but exert minimal influence on 

hunger-controlling hormones (Blundell et al., 2018). Carbohydrates affect satiety depending on 

their glycemic index (GI), where low-GI foods like whole grains and legumes induce extended 

fullness as opposed to refined, high-GI foods (Augustin et al., 2015). Further, the type and quality 
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of carbohydrates are also important in metabolic health, with high consumption of refined 

carbohydrates leading to obesity and insulin resistance (Ludwig & Ebbeling, 2018). 

Chrononutrition, a developing science, highlights how nutrient and meal timing interact with the 

biological rhythms of the body to maximize metabolic health as well as control hunger 

(Poggiogalle et al., 2018). 

Whereas the traditional weight management strategies have been centered on calorie limitation, 

recent findings indicate that maximizing satiety through nutrient-dense food consumption can be 

a more efficient and long-lasting approach. A protein-rich, high-fiber, and healthy fat diet has been 

demonstrated to maximize satiety, decrease total calorie consumption, and increase compliance 

with healthy eating habits (Astrup et al., 2015). Combining behavioral treatment with diet change 

might be more successful in providing long-term weight control results (Carreiro et al., 2016). 

Objectives 

This review aims to investigate the scientific mechanisms of satiety by examining: 

1. The function of macronutrients (protein, fats, carbohydrates, and fiber) in regulating satiety. 

2. The hormonal and neurologic mechanisms of appetite regulation. 

3. The role of meal composition, hydration, and eating habits in influencing hunger and fullness. 

4. The psychological and behavioral determinants of satiety and food consumption. 

5. Practical dietary approaches to increase satiety and support long-term weight management  

Mechanism of Safety Regulation 

Nutritional Factors Affecting Satiety 

Satiety, or the sensation of fullness that controls food intake, is modulated by the macronutrient 

content of a meal. Proteins, fats, carbohydrates, and fiber all have different roles in modulating 

appetite through action on gut hormone secretion, gastric emptying, and neural circuitry. 

Elucidation of how these nutrients impact satiety can inform dietary interventions for improved 

appetite control and sustainable weight loss. 

 

 

Comparative Effects of Macronutrients on Satiety 
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Macronutrient Mechanism of 

Action 

Satiety 

Hormones 

Involved 

Satiety Impact Additional 

things 

Protein Stimulates 

PYY & GLP-1 

release; inhibits 

ghrelin; high 

thermic effect 

PYY, GLP-1, ↓ 

Ghrelin 

Very High Preserves lean 

mass and 

increases 

energy 

expenditure 

Fats Slows gastric 

emptying; 

unsaturated fats 

aid hormone 

regulation 

Mild ↑ PYY & 

GLP-1 

(especially 

unsaturated 

fats) 

Moderate Omega-3s 

improve leptin 

sensitivity; 

saturated fats 

may reduce 

satiety 

Carbohydrates Satiety varies 

by Glycemic 

Index; fiber 

content is 

crucial 

Varies (low-GI 

& high-fiber ↑ 

satiety 

hormones) 

Variable High-GI carbs 

spike blood 

sugar and 

increase 

hunger; low-GI 

carbs sustain 

fullness 

Fiber Delays 

digestion; 

stimulates gut 

distension; 

modifies gut 

microbiota 

↑ PYY, GLP-1 High Soluble fiber 

forms a gel to 

slow gastric 

emptying; 

insoluble fiber 

increases 

volume 
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Protein: The Most Satiating Macronutrient 

Protein is generally accepted to be the most satiating macronutrient, having a greater appetite-

suppressing effect than carbohydrates and fats (Giezenaar et al., 2021). Its increased satiety is 

largely due to the capacity of protein to stimulate the secretion of satiety hormones like peptide 

YY (PYY) and glucagon-like peptide-1 (GLP-1), enhancing feelings of fullness and dampening 

hunger (Neacsu et al., 2020). Moreover, protein consumption has been found to inhibit ghrelin, 

the appetite-stimulating hormone, thus slowing the onset of hunger following a meal (Godos et al., 

2020). 

 Another important component contributing to protein's satiation effect is that protein has a high 

thermic effect of food (TEF), i.e., protein requires higher energy expenditure to digest in 

comparison to carbohydrate and fat (Neacsu et al., 2020). 

This raised energy expenditure sustains weight management and increases satiation. Furthermore, 

sufficient intake of protein conserves lean muscle tissue during diet-induced weight reduction, 

indirectly sustaining satiation through metabolic rate support (Giezenaar et al., 2021). 

Recent research has reaffirmed the importance of protein in appetite control. For example, a 

systematic review and meta-analysis of randomized controlled trials concluded that acute protein 

consumption reduces appetite, lowers ghrelin levels, and elevates levels of cholecystokinin and 

GLP-1, satiety-promoting hormones (Qiu et al., 2021). In addition, high-protein diets have been 

linked to enhanced appetite regulation and lower energy intake in short-term and long-term studies 

(Godos et al., 2020). 

Fats: Moderate Satiety Effects and Gastric Emptying 

Fats have a multifaceted influence on appetite regulation. Although fats are energy-rich 

(containing 9 kcal per gram) and retarded gastric emptying, their effect on satiety-producing 

hormones including peptide YY (PYY) and glucagon-like peptide-1 (GLP-1) is not as significant 
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as in the case of proteins (Byrne et al., 2020). Moreover, the nature of fat intake also influences its 

satiety effect. 

 Unsaturated fats, specifically monounsaturated and polyunsaturated fats in foods like avocados, 

nuts, and olive oil, can exert mild appetite-suppressing properties by regulating the release of gut 

hormones (Coelho et al., 2021). In contrast, saturated fats, in animal foods and processed foods, 

tend to have less satiety effect and can lead to excess calorie intake when eaten in high quantities 

(Rolls et al., 2023). 

Omega-3 fatty acids, particularly in fatty fish, can increase satiety due to improved leptin 

sensitivity and decreased inflammation associated with hunger control (Parra et al., 2022). While 

fats delay gastric emptying and contribute to sustained energy, they are not effective in suppressing 

hunger-related hormones. It has been established in some studies that high-fat foods are possibly 

less satiating than high-protein foods but can be more efficient at maintaining satiation than high-

carbohydrate foods (Rolls et al., 2023). More recent evidence provides support for these results, 

showing that various fat sources bring about different effects on satiety (Byrne et al., 2020). 

Carbohydrates: The Role of Glycemic Index in Satiety 

Carbohydrates affect satiety variably, mainly based on their glycemic index (GI), which indicates 

how rapidly they increase blood glucose. Foods high in GI, like white bread and sweetened cereals, 

lead to a quick increase in blood sugar and insulin, typically resulting in rapid rebound hunger and 

food intake. In contrast, low-GI foods such as whole grains, legumes, and non-starchy vegetables 

release glucose slowly into the bloodstream, causing longer satiety and more consistent energy 

levels. (Lahiri, J. 2024). Fiber content in carbohydrate foods also has a critical role in satiety. 

Processed carbs, such as refined grains, do not contain fiber and are rapidly digested, resulting in 

less strong satiety signals. In contrast, whole grains and intact carbohydrates slow down digestion, 

enhance gastric distension, and activate gut hormones to induce extended fullness. (Jenkins, D.J 

et. al. 2024) 

The latest research confirms the effect of GI and fiber on hunger. Low-GI, high-fiber foods 

correlated with enhanced appetite regulation and reduced follow-up calorie consumption (Brouns 
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et al., 2019). A systematic review concluded that the intake of whole grains over refined grains 

improved post-meal satiety and decreased levels of hunger substantially (Rebello et al., 2020). 

Fiber: Boosting Fullness and Slowing Down Hunger 

Dietary fibre has a central role in modulating appetite. In contrast to other macronutrients, fibre is 

not completely digested, so it expands the stomach, retards digestion, and stimulates gut hormone 

secretion, culminating in satiety persisting for many hours. Two broad types of fibre exist, each 

with its contribution to satiety. 

 Soluble fiber, present in food sources such as oats, beans, and some fruits, breaks down in water 

to create a gelatinous substance within the digestive tract. This gel prolongs gastric emptying and 

amplifies the discharge of satiety hormones, including peptide YY (PYY) and glucagon-like 

peptide-1 (GLP-1), to result in extended periods of fullness. Insoluble fiber, found in vegetables 

and whole grains, bulk's up the stool, prolonging chewing time and amplifying mechanical satiety 

signals in the gut. (Tian, S., et. al. 2023) 

Dietary high in fiber has been associated with reduced total calorie intake and enhanced appetite 

control. A recent meta-analysis suggested that meals high in fiber strongly suppress total energy 

consumption by increasing satiety and lowering the resultant hunger (Clark & Slavin, 2019). Fiber 

also assists in a healthy gut microbiome, which indirectly influences appetite control by producing 

short-chain fatty acids that modulate hunger-related hormones (Makki et al., 2018). 

Hormonal Control of Satiety 

The control of satiety is a multifaceted interaction of hormones that communicate hunger and 

fullness to the brain. Ghrelin, also referred to as the "hunger hormone," is mainly produced by the 

stomach and induces appetite by stimulating the hypothalamus. High levels of ghrelin correlate 

with higher food intake and weight gain (Batterham & Bloom, 2021). On the other hand, leptin, 

also referred to as the "satiety hormone," is secreted by adipose tissue and instructs the brain to 

decrease appetite when energy stores are adequate. But in obesity, resistance to leptin may develop, 

reducing its ability to inhibit appetite (Batterham & Bloom, 2021). 

Peptide YY (PYY) and glucagon-like peptide-1 (GLP-1) are gut-secreted hormones due to food 

and play a part in enhancing the feeling of being full. PYY is discharged from L-cells in the distal 
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intestines following the consumption of meals and acts in Y2 receptors of the arcuate nucleus, 

which suppresses food intake. Importantly, meal-stimulated PYY discharge is suppressed in obese 

relative to lean persons (Batterham & Bloom, 2021). GLP-1, which is also released by L-cells, 

increases insulin release, suppresses glucagon secretion, and decreases gastric emptying, all of 

which decrease hunger (Novo Nordisk, 2024). Novel advancements in GLP-1-based medicines 

have been promising for appetite reduction and weight reduction. For example, a new drug with 

the combination of GLP-1 and leptin receptor activation showed greater weight loss in animal 

models and holds possible future application in the treatment of obesity (Novo Nordisk, 2024). 

Insulin, a hormone secreted by the pancreas, has an important function in appetite regulation. In 

addition to its primary role of enhancing glucose uptake, insulin also affects the central nervous 

system to decrease appetite. Dietary habits have significant effects on insulin levels; e.g., diets that 

are predominantly plant-based have been linked to enhanced insulin sensitivity and reduced levels 

of insulin, thus contributing to appetite regulation (Health.com Editors, 2025). 

Neural Pathways and Gut-Brain Axis 

The hypothalamus controls hunger and satiety by integrating peripheral hormone signals and 

neural pathways to regulate energy balance. The arcuate nucleus of the hypothalamus has two 

critical populations of neurons: orexigenic agouti-related peptide (AgRP) and neuropeptide Y 

(NPY) neurons, which activate appetite, and anorexigenic pro-opiomelanocortin (POMC) neurons, 

which induce satiety (Morton et al., 2022). These cells respond to hormonal stimuli like ghrelin, 

which stimulates feeding pathways, and leptin, which suppresses food consumption through 

POMC neurons. Furthermore, gut hormones PYY and GLP-1 also interact with the vagus nerve 

and brainstem nucleus of the solitary tract (NTS), regulating feeding behavior and satiety (van der 

Klaauw & Farooqi, 2021). 

Aside from homeostatic control, the reward system of the brain, more so the mesolimbic dopamine 

system, is involved in food craving and hedonic consumption. Dopamine release upon 

encountering palatable foods reinforces food intake, in some cases overrules satiety signals, and 

encourages overeating (Alsiö et al., 2021). Such reward-based function is most obvious for 

processed, sweetened, and fatty foods, which hyper-activate the reward system and might bring 
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about addictive-like eating behaviors. In addition, gut microbiome disruption has been attributed 

to modified gut-brain communication, which in turn affects hunger, cravings, and global satiety 

regulation (Dal Monte et al., 2023). 

Effect of Meal Timing and Hydration on Satiety 

Meal timing and hydration are important in the regulation of appetite and overall satiety. Meal 

frequency and portion size affect hunger signals, with frequent small meals possibly minimizing 

hunger variability, whereas larger, less frequent meals can increase satiety through sustained gut 

hormone release (Ohkawara et al., 2021). Research indicates that eating protein-rich meals in the 

morning increases day-long satiety by regulating ghrelin and GLP-1 levels (León-Latre et al., 

2022). 

The dietary practice known as intermittent fasting (IF), which alternates between times of eating 

and fasting, has drawn attention due to its potential to lower hunger. Studies have shown that IF 

reduces total calorie consumption by enhancing insulin sensitivity and elevating ketone levels, 

which acts to suppress appetite (Cienfuegos et al., 2022). Furthermore, fasting intervals have also 

been found to increase satiety hormone secretion, like PYY, and decrease ghrelin, resulting in 

diminished perception of hunger over time (Stockman et al., 2021). Nevertheless, variation exists 

in response to IF, and compensatory hyperphagia during feeding can occur in some individuals. 

Water regulates appetite, and dehydration is often misinterpreted as hunger, leading to excess 

calorie consumption. Among correlates of appetite control, gastric distension induced by water 

ingestion may enhance fullness signals and increase satiety, thus reducing food consumption 

(Corney et al., 2022). Apart from this, it's been researched that by consuming water before the 

main meal, older adults may feel fuller sooner and begin to eat less (Suh et al., 2021). Good 

hydration optimizes the metabolism of nutrients through absorption and digestion, which further 

helps in appetite control. 

Psychological and Behavioral Processes in Satiety 

Psychological and behavioral factors significantly affect satiety, which generally opposes 

physiological hunger. Stress, anxiety, or boredom-induced eating, termed emotional eating, further 

complicates appetite control by amplifying cravings for highly palatable and calorie-dense foods 
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(Ely et al., 2021). Stress increases cortisol levels, which supports the release of ghrelin and 

decreases leptin sensitivity, resulting in higher food intake and lower satiety (Tomiyama et al., 

2021). In addition, the emotional eater may experience changes in reward system responses, 

leading to habits of overeating and weight gain (Mason et al., 2022). 

Perceptive satiety mostly depends on sensory input, including contextual information about food. 

Portion size, accessibility of food, or certain visual factors are some things that might influence 

eating behaviors apart from feeling empty physiologically (Blundell et al., 2022). Research has 

shown that exposure to food cues like commercials or the smell of food builds cravings and leads 

to extra calorie consumption when one is not completely hungry (Chen et al., 2023). In addition, 

texture, color, and diversity of foods affect satiety. Therefore, highly processed foods with 

insufficient fiber content will not satiate and are much less than whole foods with intricate textures 

(Forde et al., 2021). By finding such psychological and environmental factors, strategies for 

managing healthier eating behaviors and products are to be identified, with a particular focus on 

satiety-based food consumption. 

Dietary Interventions to Promote Satiety and Weight Management 

To achieve weight control, satiety-promoting dietary strategies must be incorporated. Diets based 

on nutrient-rich, high-protein foods, including lean meats, legumes, and dairy, can keep an 

individual fuller for longer by stimulating the release of peptide YY (PYY) and glucagon-like 

peptide-1 (GLP-1) while simultaneously suppressing ghrelin levels (Cameron et al., 2021). Foods 

high in fiber, such as whole grains, vegetables, and legumes, delay digestion and gastric emptying, 

also adding to extended satiety (Dhillon et al., 2022). Also, including healthy fats from sources 

such as avocados, nuts, and olive oil controls hunger by balancing gut hormone release and 

delaying carbohydrate absorption (Hall et al., 2021). 

A balanced intake of macronutrients plays a vital role in the preservation of appetite control. Diets 

that spread out macronutrients well, like the Mediterranean diet, enhance satiety and lower the 

total calorie consumed by balancing healthy fats, proteins, and complex carbohydrates (Lane et 

al., 2023). Concurrently, limiting ultra-processed food intake, usually high in unhealthy fats and 
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refined carbohydrates, helps prevent excessive hunger and cravings through stabilizing the blood 

glucose levels (Monteiro et al., 2021). 

Natural dietary methods also assist in controlling cravings. Eating high-fiber, low-GI foods will 

reduce the fluctuation of blood sugar that is responsible for causing cravings, while eating enough 

protein at meals can decrease the craving for very palatable, high-energy foods (Blundell et al., 

2022). Moreover, mindful eating behaviors, like eating slowly and distinguishing between true 

hunger cues, will enhance perception of satiety and avoid excessive eating (Cheke et al., 2022). 

By implementing these measures, one is able to regulate appetite efficiently, increase satiety, and 

attain long-term weight control. 

Conclusion 

Satiety is affected by various dietary and physiological components such as macronutrient intake, 

gut hormone secretion, neural mechanisms, and behavioural factors. Protein foods and high-fibre 

foods are capable of increasing satiety by stimulating gut hormone release and reducing gastric 

emptying, whereas low-GI carbohydrate foods stabilise blood glucose levels and suppress cravings 

and overeating. Meal timing, fluid intake, and awareness of eating also have a significant effect on 

appetite control. 

 From the point of view of weight control and public health, food strategies that focus on whole, 

minimally processed foods and balanced macronutrient consumption can prevent overeating and 

promote long-term health. Psychological and environmental considerations, including emotional 

eating and availability of food, also need to be tackled in controlling hunger and preventing 

obesity.  

Future studies would need to extend the understanding of the interactions of gut hormones with 

neural circuits in the regulation of satiety and the long-term consequences of dietary interventions 

on appetite regulation. Examining personalized strategies, such as personalized nutrition based on 

metabolic response, could yield more potent solutions for controlling obesity and overall health 

outcomes. 
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