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Abstract: Postprandial studies are essential to understand metabolism functioning after food intake 7 
and, the metabolic syndrome is a combination of different cardiovascular risk factors which can en- 8 
danger human health. Thus, this review aims to describe the relationship between the postprandial 9 
metabolism of the organism and its possible connection with metabolic syndrome. An electronic 10 
search was performed using the databases “Cercabib”, “PubMed”, “Scopus” and “Google Acad- 11 
emy” and articles published after the 2000’s were selected. The data indicate that the postprandial 12 
response is linked to the ability to suffer from metabolic syndrome. Alterations in the postprandial 13 
metabolism of the organism, adherence to Western diets, decrease in physical activity, etc., they are 14 
characteristics that are part of the complex definition of the postprandial state, and it will favor the 15 
appearance of metabolic syndrome. The conclusion of this work is that more research is needed to 16 
prevent the development of metabolic syndrome. Also, there is a great need to promote healthy life 17 
in the community and physical activity. 18 

Keywords: postprandial state; metabolic syndrome; non-communicable disease; obesity  19 
Resum: Els estudis postprandial són essencials per comprendre el funcionament del metabolisme 20 
després de la ingesta d'aliments i, la síndrome metabòlica és una combinació de diferents factors de 21 
risc cardiovascular que poden posar en perill la salut humana. Així, aquesta revisió pretén descriure 22 
la relació entre el metabolisme postprandial de l'organisme i la possible connexió amb la síndrome 23 
metabòlica. Es va realitzar una cerca electrònica utilitzant les bases de dades "Cercabib", "PubMed", 24 
"Scopus" i "Google Academy" i es van seleccionar els articles publicats després dels anys 2000. Les 25 
dades indiquen que la resposta postprandial està vinculada a la capacitat de patir de síndrome me- 26 
tabòlica. Alteracions en el metabolisme postprandial de l'organisme, adherència a dietes occidentals, 27 
disminució de l'activitat física, etc., són característiques que formen part de la definició complexa de 28 
l'estat postprandial, i afavoriran l'aparició de la síndrome metabòlica. La conclusió d'aquest treball 29 
és que cal més investigació per prevenir el desenvolupament de la síndrome metabòlica. A més, hi 30 
ha una gran necessitat de promoure la vida saludable a la comunitat i l'activitat física. 31 
Paraules clau: estat postprandial; síndrome metabólica; malaltia no transmissible; obesitat 32 

Sustainable Development Goals (SDG): This review tries to find out the possible relation between 33 
the postprandial state of the organism and the metabolic syndrome. This will allow us to understand 34 
how the metabolic syndrome develops, what are its causes and consequences and, therefore, the 35 
measures that should be taken to prevent it are discovered. This review also acknowledges us to 36 
understand the evolution of nutrition worldwide and how that has triggered the appearance of 37 
metabolic syndrome increasingly in our society. Thus, the goal for sustainable development dis- 38 
cussed in this TFG addresses aspects of human health in order to promote it, being the main objec- 39 
tives health and well-being (SDG 3). 40 
 41 
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1. Introduction 42 

The development and conduction of postprandial studies nowadays are crucial, as it 43 
is known that humans spend more than 16 hours a day in a postprandial state [1]. Thus, 44 
the postprandial studies aim to understand the metabolic processes that occur in the 45 
body after food intake, and it also embodies the digestion and absorption of nutrients [1]. 46 

1.1. Metabolic syndrome 47 

 Metabolic syndrome refers to the combination of different cardiovascular risk factors, 48 
including insulin resistance, obesity, atherogenic dyslipidemia and hypertension. All of 49 
these conditions are intertwined and share underlying mediators, mechanisms, and 50 
pathways [10]. To all of these factors is interesting to include the family history of prem- 51 
ature coronary disease, hypertension, hyperlipidemia, diabetes, and smoking [10]. 52 

The metabolic syndrome ties together insulin resistance, visceral adiposity, 53 
dyslipidemia, and hypertension, which are known to be interrelated. When considering 54 
pathophysiology, it is important to recognize that people with isolated components, but 55 
who do not fit the definition of metabolic syndrome, do not have such a high risk of T2D 56 
or CVD [10]. For example, people with isolated high blood pressure or isolated hyper- 57 
lipidemia are at risk for CVD, but less than people who meet multiple criteria. People 58 
with isolated obesity are at risk for T2D, but less than people with metabolic syndrome 59 
[10]. There are patients who are obese but who do not manifest any of the other compo- 60 
nents of metabolic syndrome, so both metabolic predisposition to insulin resistance and 61 
obesity appears to be necessary for expression of the metabolic syndrome phenotype [10]. 62 

Therefore, the four central characteristics mentioned (insulin resistance, obesity, ath- 63 
erogenic dyslipidemia and hypertension) will constitute the simplest complete definition 64 
for metabolic syndrome. Although to this feature other mechanisms are associated such 65 
as systemic inflammation, hypercoagulability, or microalbuminuria, they will not be nec- 66 
essary as part of the definition as they develop independently [10]. 67 

For a better understanding of all mentioned above it is interesting to see figure 1 68 
where the definitions of metabolic syndrome are explained. 69 

Figure 1. Definitions of metabolic syndrome. (Adapted from L. Huang. P, 2009[10]) 
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1.2. Postprandial state 70 

 The postprandial state is defined as the period following meal intake. This period is 71 
characterized by net input of energy substrates and other nutrients from the gastrointes- 72 
tinal track into the circulation [13]. Therefore, it is under normal circumstances, an ana- 73 
bolic state also characterized by complex neurohormonal responses and dynamic changes 74 
in blood substrate appearance and disappearance rates [13]. Its duration is variable de- 75 
pending on the digestive rate of the substrate, for example: from 3 to 4h for glucose to >6 76 
h for dietary fatty acid metabolism [13]. 77 

It is known that humans are spending most of the time in the postprandial state be- 78 
cause most individuals eat three or more meals per day [13]. So, to understand the rela- 79 
tionship between the metabolic syndrome and the postprandial state, it is interesting to 80 
know that metabolic disorders often become evident only after a metabolic challenge, for 81 
example, after a meal [13]. 82 

Disordered postprandial metabolism of energy substrates is one of the main defining 83 
features of prediabetes and contributes to the development of several chronic diseases 84 
associated with obesity, such as type 2 diabetes and cardiovascular diseases [13] and, as 85 
mentioned earlier, these diseases are the four central characteristics that contribute to the 86 
definition of metabolic syndrome [10]. 87 

1.3. Overview of postprandial studies 88 

 Postprandial studies are gaining importance today as it is essential to understand the 89 
relationship between diet, lifestyle, and the processes that occur in the body. Such studies 90 
are necessary to understand metabolism functioning after food intake as food intake re- 91 
sults in a complex and multifactorial metabolic and neuroendocrine response that influ- 92 
ences postprandial inflammation and cardiovascular risk [1]. This type of postprandial 93 
inflammation is usually caused by dietary patterns high in calories, fat, and refined sugars, 94 
usually called Western-style diets [1]. Increased eating frequency of dietary patterns rich 95 
in fat and sugar along with a sedentary lifestyle, results in an exaggerated postprandial 96 
increase in plasma glucose, very-low-density lipoproteins (VLDLs), and remaining chylo- 97 
microns, well as increased postprandial inflammation, directly affecting cardiovascular 98 
risk [1].  99 

Non-communicable diseases are increasing the risk of mortality worldwide and 100 
Western-style diets seem to trigger it [1]. That is why it is especially important to under- 101 
stand the functioning of metabolism since the postprandial state is a complex interaction 102 
between nutrients, hormones, and metabolites derived from the diet that also depends on 103 
other characteristics, such as body weight (and the body mass index - BMI), age, etc [1]. 104 
Thus, the postprandial period will show a reflection of the ability of the metabolism to 105 
efficiently process the content of the food/meal. Hence, the nutritional composition of the 106 
food can be variable and the interindividual differences can affect the absorption process, 107 
altering the future postprandial metabolic response [5]. 108 
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Metabolic health is defined as an integral condition of well-being, rather than the 109 
absence of metabolic diseases [5]. Thus, the metabolic flexibility is essential for metabolic 110 
health since it is the key to maintaining energy homeostasis and physiologic responsive- 111 
ness of the body [5]. Furthermore, when the metabolic health condition is altered it in- 112 
creases the risk of non-communicable diseases which are one of the causes of global mor- 113 
tality [5]. For example, alterations in macronutrient oxidation such as fasting and feeding 114 
states are associated with metabolic diseases as obesity, type 2 diabetes mellitus, and in- 115 
sulin resistance [5] and all of them are considered non-communicable diseases. 116 

1.4. Obesity: the concept of obesity and how it affects worldwide morbidity and mortality 117 

 Obesity is a global epidemic that affects both women and men and, to control it, it is 118 
important to understand the mechanisms of appetite control, particularly those that con- 119 
trol the energy needs and energy intake of individuals [7]. 120 

The human body is in a state of energy balance when the nutrient intake continually 121 
equals energy expenditure and energy waste, thus allowing for the maintenance of body 122 
weight mass [12]. 123 

Alterations in energy balance can occur due to a deregulation between the energy 124 
intake and energy expenditure. This can lead to both positive and negative changes in 125 
energy balance state and, it must result in changes in body energy stores such as adipose 126 
tissue and, therefore, changes in body weight over time [12]. 127 

It has been observed that relatively high energy expenditure measured during en- 128 
ergy balance coincides with a greater susceptibility to weight gain over time, perhaps be- 129 
cause an over-compensatory increase in energy intake because of greater energy require- 130 
ments [12]. Therefore, it is suggested that energy expenditure may drive energy intake 131 
and this link may only manifest over longer periods of time and at specific levels of phys- 132 
ical activity and daily energy expenditure [12]. 133 

According to the World Health Organization (WHO), a body mass index (BMI) of 25 134 
kg /m2 is considered overweight and a BMI of 30 kg /m2 is obesity [2]. Thus, the WHO 135 
describes obesity as the state of excess fat accumulation that entails a wide range of health 136 
disadvantages. In fact, in Europe, 54.8% of the population is overweight/obese according 137 
to the World Health Organization [2]. 138 

To raise awareness of the intensity of this epidemic, it is interesting to compare the 139 
percentages of overweight/obesity worldwide and, for example, in two countries such as 140 
Spain and Norway. In Spain, 62% of the adult population (>20 years) were overweight 141 
and 26.6% were obese in 2008. The prevalence of overweight was higher in men (67.7%) 142 
than in women (56.6%). Adult obesity prevalence is expected to increase by 2030 when 36% 143 
of men and 21% of women will be obese in Spain [25]. In Norway, 57.6% of the adult 144 
population (>20 years) were overweight and 21.5% were obese in 2008. The prevalence of 145 
overweight was higher among men (64.4%) than among women (51.1%). Adult obesity 146 
prevalence projections indicate that, by 2030, 30% of men and 17% of women will be obese 147 
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in Norway [24]. So, as shown before, the prevalence of overweight will increase progres- 148 
sively in the future. 149 

1.5. Relation between satiety and obesity 150 

 Nevertheless, the current obesity epidemic shows that many mechanisms can alter 151 
appetite control when a powerful annulment of inhibitory mechanisms occurs [7]. 152 

There are two types of mechanisms involved in the process of inhibiting food intake: 153 
satiation and satiety. Satiation can be defined as a set of complex processes that progres- 154 
sively inhibit the motivation of eating during the feeding action, therefore, satiation will 155 
determine the size of the food [7]. In contrast, satiety is an inhibitory mechanism that oc- 156 
curs after finishing eating and prevents us from feeling hungry again for a certain period 157 
[7]. 158 

In view of all the above and considering the need to establish guidelines to improve 159 
people's health, this bibliographic search has been proposed to understand the function- 160 
ing of the organism after ingestion. Therefore, the objective of this thesis is to understand 161 
what the postprandial metabolism of the organism is and demonstrate its possible rela- 162 
tionship with metabolic syndrome. 163 

2. Materials and Methods 164 

For this study, a qualitative research strategy has been applied. The literature used for 165 
this study was available in English, so the searched keywords were “postprandial metab- 166 
olism”. For a more thorough search, terms such as obesity, lipid metabolism, glucose me- 167 
tabolism, protein metabolism, satiety and satiation were also included and literature con- 168 
cerning the human metabolism and obesity was selected based on its relevance to the 169 
study objectives. 170 

The databases used to conduct this thesis were “Cercabib”, “PubMed”, “Scopus” and 171 
“Google Academy”. For the introductory part, the documents were searched in the fol- 172 
lowing way: “western diets”, "obesity” AND "satiety”, “postprandial studies” AND “me- 173 
tabolism” “satiety” OR “satiation”, “obesity” AND “physical activity”, ”postprandial 174 
studies” AND “lipid metabolism”, ”postprandial studies” AND “glucose metabolism” 175 
and ”postprandial studies” AND “protein metabolism”. 176 

Finally, the exclusion criteria were articles published before the 2000’s and articles 177 
that did not talk about postprandial metabolism since they talked only about metabolism 178 
in general. On the other hand, the inclusion criteria were the following: all those articles 179 
that talked about obesity, physical activity, hedonic and homeostatic hunger and post- 180 
prandial metabolism of micro and macronutrients. 181 

3. Results 182 
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Metabolic syndrome has become increasingly relevant in recent times due to the ex- 183 
ponential increase in obesity worldwide. Early diagnosis is important in order to effec- 184 
tively employ lifestyle and risk factor modification [14]. 185 

Thus, the metabolic syndrome is a set of all these diseases mentioned above: hyper- 186 
glycemia/insulin resistance, obesity, and dyslipidemia. So, to find out if a subject suffering 187 
from metabolic syndrome is interesting to identify first those patients with high risk of 188 
developing atherosclerotic cardiovascular disease and type 2 diabetes. Secondly, when 189 
considering the relationships between the different diseases that make up the metabolic 190 
syndrome, it may be easier to better understand the pathophysiology that binds them to- 191 
gether. Thirdly, this will facilitate clinical, lifestyle and preventive studies [10]. Further- 192 
more, the lifestyle modifications of dietary change and increased physical activity can sig- 193 
nificantly affect several risk factors simultaneously and, in so doing, reduce the risk of 194 
CVD [10].  195 

Therefore, it is also of special interest to emphasize the importance of environmental 196 
and lifestyle factors such as excess calorie consumption and lack of physical activity. Vis- 197 
ceral adiposity has been shown to be a primary trigger for most pathways involved in the 198 
metabolic syndrome along with high caloric intake as the main causal factor. Of all the 199 
proposed mechanisms, insulin resistance, neurohormonal activation, and chronic inflam- 200 
mation appear to be the main players in the initiation, progression, and transition of met- 201 
abolic syndrome to CVD [14]. 202 

To better understand all of the above, see figure 2 where the triggers of metabolic 203 
syndrome are found. 204 

 205 

Figure 2. Pathophysiological mechanisms in metabolic syndrome. AT2, angiotensin II type 

2 receptor; CRP, C-reactive protein; IL-6, interleukin 6; LOX, lectin-like oxidized low-den-

sity lipoprotein; RAAS, renin-angiotensin-aldosterone system; ROS, reactive oxygen. 

(Adapted from Rochlani, 2017 [14]) 
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3.1 Postprandial lipid metabolism 206 

 A high lipid response in the postprandial state is demonstrated to be a characteristic 207 
of metabolic alteration of a series of lifestyle-related factors and conditions that are asso- 208 
ciated at the same time with increased morbidity and mortality: type II diabetes, hyper- 209 
triglyceridemia, metabolic syndrome, and obesity [6]. The study of postprandial lipid me- 210 
tabolism has been gaining importance in recent studies since the number of lipids and 211 
lipoproteins in fasting are parameters that reflect body homeostasis only to some extent. 212 
The accumulation of lipids and lipoproteins in the blood after a meal high in fatty acids 213 
can be more precise in reflecting the individual’s ability to use fat efficiently [6]. 214 

A pronounced elevation of triglycerides in the blood is observed approximately one 215 
hour after eating the meal and may remain elevated for the next 5-8h after eating. In 216 
healthy subjects who are provided with a meal with more than 60g of fat, plasma triglyc- 217 
eride values increase by 2-3h and reach their peak at 3-4h and return to their baseline 218 
values at 6h [6]. After a meal with a high fat/energy content, it is advisable to measure the 219 
concentrations at baseline levels and 4h of intake [6]. The individual’s ability to regulate 220 
triglyceride levels in the blood and eliminate lipoproteins rich in triglycerides is a process 221 
that reflects one’s metabolic efficiency of the individual. It has been shown, for example, 222 
that a diet high in fat, sugar, and a sedentary lifestyle predisposes the body to have high 223 
concentrations of triglycerides circulating in the blood, even in healthy [6]. Therefore, the 224 
popularity of cheap, calorie-rich foods associated with sedentary living has also contrib- 225 
uted substantially to the global rise in obesity [26]. The excess weight combined with hy- 226 
perglycemia can affect insulin signaling and promote the development of comorbidities, 227 
such as type 2 diabetes mellitus (DM2), hypertension, and other factors that induce cardi- 228 
ovascular complications [26]. 229 

Western diets, which usually contain a high quantity of saturated fatty acids, refined 230 
sugar, and calories [1] and a high percentage of n-6 polyunsaturated fatty acids (n-6 231 
PUFA), can increase postprandial inflammation. An elevated intake of n-6 PUFA com- 232 
pared to n- 3 PUFA leads to an increase in inflammation in the body since n-6 PUFA would 233 
be used as precursor of pro-inflammatory leukotrienes [1]. The ratio between these two 234 
types of fatty acids, n-3, and n-6, is important because it will affect the metabolic health of 235 
the individual and it would be interesting to maintain the ratio between both, n-6, and n- 236 
3, of 1. Although, in many types of diets, as is the case of western diets, this ratio is altered 237 
being 15/1 respectively [1]. Thus, as we mentioned earlier, a diet high in carbohydrates 238 
and fatty acids produces an inflammatory response in the postprandial state characterized 239 
by the high presence of lipopolysaccharides in plasma, IL-6, TNF-α and the production of 240 
reactive oxygen species (ROS) [1]. 241 

On the contrary, diets rich in monounsaturated fatty acids (MUFAs) or PUFA n-3 242 
tend to decrease the postprandial lipid response compared to saturated fatty acids. Diets 243 
rich in n-3 PUFAs decrease triglycerides in the postprandial response if there is enough 244 
adherence to this type of diet [6]. In addition, a high intake of n-3 fatty acids has given 245 
favorable results in terms of inflammation. High n-3 PUFA consumption appears to re- 246 
duce inflammation and the risk of cardiovascular disease [1]. In contrast, healthy 247 
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individuals who eat a meal rich in saturated fatty acids have increased inflammatory pa- 248 
rameters which could be decreased after a meal abundant in n-3 PUFA, but not after a 249 
meal rich in n-6 PUFA [1]. 250 

Furthermore, chylomicrons are shown to play an important role in the development 251 
of non- communicable diseases as they are potent activators of the complement system’s 252 
C3 protein. This complement system is part of the innate immune system and causes an- 253 
tibodies to increase in blood. C3 levels increase after a meal rich in fatty acids and this can 254 
also trigger metabolic diseases such as insulin resistance, hypertension, obesity, and cor- 255 
onary artery disease [1]. 256 

With all the above mentioned, it is known that the postprandial state is generally 257 
associated with a high concentration of triglycerides and glucose, as well as an increase in 258 
oxidative reactions [6]. The oxidative reactions are reactions in which there is electron 259 
transfer involving reduction (electron gain) and oxidation (electron loss) of the participat- 260 
ing molecules and are denominated oxidation-reduction (reduction) reactions [27]. This 261 
mechanism induces the production of free radicals and creates oxidative stress in the 262 
body. In the situation of oxidative stress, the damage occurs in cellular structures and 263 
proteins, carbohydrates, nucleic acids, and lipids. Consequently, high postprandial oxi- 264 
dation contributes to an increased risk of atherosclerosis and endothelial dysfunction [16]. 265 
In situations of oxidative stress, alterations in the oxidation of macronutrients can occur 266 
when there is an imbalance between caloric restriction (fasting) and caloric excess (intake) 267 
[7]. This imbalance can lead to non-communicable diseases such as type II diabetes melli- 268 
tus, obesity, metabolic alterations, or insulin resistance [7]. 269 

3.2 Postprandial glucose metabolism 270 

It is not only important to understand lipid metabolism during the postprandial state 271 
but also glucose metabolism since it has an essential role in the postprandial response. 272 
Including the use of multiple macronutrients in this type of studies is important because 273 
it allows a representative view of the physiological changes that occur after a meal [6]. 274 

Postprandial glycemic response is an important health determinant. Glycemic control 275 
is just one part of a more complex equation involving triglyceride and insulin [4]. There- 276 
fore, insulin plays an important role in triglyceride metabolism, so it is especially im- 277 
portant to include carbohydrates in the test meals to ensure effective postprandial pro- 278 
cessing of insulin- dependent dietary triglycerides [6]. For that reason, the amount and/or 279 
nature of carbohydrates in an individual meal may alter the postprandial metabolism of 280 
lipids [6]. That is why, if test meals with different macronutrients are provided, the glu- 281 
cose units provided by digestible carbohydrates will temporarily increase blood sugar and 282 
postprandial insulinemia [6]. Both, glycemia and insulinemia, can alter postprandial lipe- 283 
mia.  284 

Insulin resistance is a key component to indicate metabolic inflexibility [11]. In an in- 285 
sulin resistance state, a reduction in the amount of glucose entering the muscle cells and 286 
adipocytes from the bloodstream, along with a reduced suppression of hepatic glucose 287 
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production, will elevate glucose in the blood in the absence of a corresponding increase 288 
in insulin release from the pancreatic beta cells [11]. Therefore, diabetes will develop if 289 
pancreatic betta-cells fail to appropriately compensate for this insulin resistance with 290 
higher insulin secretion [11]. Thus, insulin resistance often precedes hyperinsulinemia and 291 
hyperglycemia [11]. 292 

Interestingly, in subjects with insulin resistance, the intake of different foods with dif- 293 
ferent glycemic indices can modulate the postprandial accumulation of apoB100, a marker 294 
of the VLDL, and apoB48 that contains lipoproteins rich in triglycerides [6]. Thus, apoB48 295 
will reflect the number of TRL (triglyceride rich lipoprotein) particles present in the or- 296 
ganism because an apoB moiety is associated with a TRL particle [6]. Therefore, the meas- 297 
urement of apoB-100 (VLDL marker) and apoB-48 (chylomicron marker) can help in quan- 298 
tifying the relative proportion of endogenous and exogenous TRL [6]. 299 

3.3 Postprandial protein metabolism 300 

Postprandial protein metabolism in obesity has not been studied in much detail, how- 301 
ever the postprandial changes correspond to a physiologic response to food intake, repre- 302 
senting stimulated insulin release and a reversal of negative protein balance resulting 303 
from a decline in protein catabolism and enhancement of anabolism [17]. 304 

The presence of amino acids in the gastrointestinal tract promotes the release of cer- 305 
tain substances that affect the postprandial state of the individual. Amino acid absorption 306 
kinetics in the diet is an important determinant of protein quality. This is because the 307 
postprandial period involves modifications in the breakdown and synthesis of proteins 308 
and the acidification of amino acids [18]. Slower digestion of dietary proteins has been 309 
shown to produce better postprandial utilization than faster digestion [18]. In this regard, 310 
it is especially important to evaluate the effects of non-protein energy sources since they 311 
can affect both, the digestion rate, and the metabolism of proteins in the postprandial state 312 
[18]. 313 

However, digestion and absorption kinetics of the dietary protein should not be con- 314 
sidered static properties of the protein, as they are highly dependent on individual condi- 315 
tions, such as the amount of protein ingested, the duration of the postprandial evaluation 316 
period, age, and the presence or absence of disease [19]. 317 

The proteins present in biological tissues are constantly in a balance between synthe- 318 
sis and decomposition. The ingestion of dietary protein, therefore, provides amino acids 319 
that stimulate the synthesis of muscle proteins functioning as both substrate and signaling 320 
molecules in anabolic pathways [19]. Therefore, in addition to the number of proteins and 321 
the composition of amino acids, the protein digestion rate is an independent factor that 322 
produces the deposition of proteins in the postprandial state [18]. 323 

Additionally, alterations of branched-chain amino acid plasma concentrations may 324 
affect protein metabolism [17]. For example, branched-chain amino acid, specifically leu- 325 
cine, stimulate protein synthesis and inhibit protein degradation but may also induce 326 
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insulin resistance, since elevated plasma branched-chain amino acids concentrations in 327 
obesity correlate with insulin resistance [17]. 328 

Dietary protein in a mixed meal does not independently stimulate insulin release, in- 329 
sulin-dependent protein anabolism may be stimulated as a collateral effect of plasma in- 330 
sulin concentrations reacting to carbohydrate content in a mixed meal [17].  331 

Insulin has anti-proteolytic effects on the whole-body level and on skeletal muscle 332 
protein breakdown, as well as protein synthesis stimulating properties [17]. Insulin-me- 333 
diated vascular effects are necessary for the protein anabolic effect of insulin and these 334 
mechanisms could fail in the skeletal muscle of obese subjects, which might affect their 335 
protein metabolism [17]. 336 

3.4 Satiation, satiety, and obesity 337 

Sensory factors like taste, smell, and texture of food can stimulate intake, but also sig- 338 
nals such as gastric distention or the release of specific hormones and peptides or the in- 339 
creased blood sugar exert the same effect. the gastrointestinal tract and the increased 340 
blood sugar exert the same effect [7]. Among these signals highlighted leptin, insulin, glu- 341 
cagon, ghrelin and numerous peptides and hormones released into the gastrointestinal 342 
tract after food intake such as cholecystokinin (CCK), glucagon-like peptide -1(GLP-1), 343 
gastric inhibitor peptide (GIP), and peptide YY (PYY) [7]. The brain integrates signals that 344 
reflect energy load and expenditure and acts as a homeostatic regulator adjusting the in- 345 
take to maintain the energy balance of the body [7]. Homeostatic adjustment of energy 346 
intake and expenditure is more difficult to control when energy expenditure is signifi- 347 
cantly reduced through interventions such as diets to reduce body weight. There is a pos- 348 
itive relationship between post-obesity adaptation and increased hunger, suggesting that 349 
the relationship between hunger and satiety is altered and will be more difficult to regu- 350 
late after a period of weight loss [7]. This can lead to a subsequent recovery of the weight 351 
lost during the slimming period. 352 

On the other hand, to understand the effects of satiety on obesity, it is important to 353 
recognize the role of the hypothalamus in regulating hunger and satiety. Therefore, obe- 354 
sity and satiety are states that are closely related. When ventromedial and paraventricular 355 
hypothalamic nuclei are damaged, hyperphagia and obesity arise [3]. Moreover, the dam- 356 
age to the lateral hypothalamus produces severe anorexia and body weight loss. Thus, the 357 
ventromedial hypothalamic nucleus is the center of satiety, and the lateral hypothalamus 358 
is considered the center of hunger [3] so, to achieve greater regulation of body homeosta- 359 
sis, it is essential to keep both, lateral and ventromedial hypothalamus in perfect balance. 360 

Moreover, the adipose tissue is known to secrete the hormone leptin and send signals 361 
to the brain, informing the current state of body adiposity. A loss of body fat will favor 362 
the reduction of leptinemia, and the sympathetic nervous system (SNS) activity associated 363 
with increased hunger [7]. Therefore, fat loss modifies appetite control through biological 364 
effects. 365 



Nutrients 2022, 14, x FOR PEER REVIEW 11 of 16 
 

 

Thus, the hormone leptin derives from adipocytes and this hormone contributes, as 366 
has been said, to the homeostatic regulation of energy balance and metabolism through 367 
the humoral and neural pathways [20]. If there is a pathological increase of leptin in the 368 
blood, this acts as a biomarker of leptin resistance, which is a common feature in obese 369 
individuals [20]. Leptin resistance could be defined by reduced sensitivity or a failure in 370 
the brain’s response to leptin, this produces a decrease in the ability of this hormone to 371 
suppress appetite or increase energy expenditure, which will cause an increase in food 372 
intake and will conclude, with cardiovascular diseases, overweight, obesity and other 373 
metabolic disorders [20]. 374 

Long-term maintenance of satiety effects is a clear condition for satiety-related weight 375 
effects. However, the maintenance of satiety effects should be interpreted with caution 376 
after weight loss in obese individuals. Substantial weight loss favors numerous metabolic 377 
changes: a decrease in leptinemia and SNS activity, an increase in hunger, and a greater 378 
reduction in the projected energy expenditure [21]. 379 

Thus, there is evidence that following a diet to improve the feeling of satiety cannot 380 
produce a significant weight loss, but there is evidence that satiety can be increased by 381 
selecting the appropriate food [7]. This would be the case with foods rich in fiber, proteins, 382 
or functional ingredients that promote satiety as they could help maintain long-term body 383 
weight loss. On the other hand, it seems that the weak satiety efficiency of fatty acids could 384 
be explained by their high energy density and/or their palatal effects on many foods: taste, 385 
aroma, and texture improve with fat, which stimulates excessive consumption with rela- 386 
tively low-intake satiety [7]. 387 

It is also necessary to take physical activity into account when it comes to obesity and 388 
satiety since physical exercise is considered an important component of weight control in 389 
addition to energy restriction. After the industrial revolution, modern technology and the 390 
development of motor transport systems have drastically decreased physical activity in 391 
daily life, among them the old activities that demanded a lot of energy [22]. The conse- 392 
quence of this is a sedentary lifestyle that can lead to overweight or obesity, and/or pro- 393 
gressive atrophy or physical weakness throughout the organism, and even increased mor- 394 
bidity [22]. 395 

In fact, in the management of obesity, the objectives of physical activity should be to 396 
reduce sedentary behaviors and increase daily activities. An increase in physical activity 397 
reduces intraabdominal fat and increases lean mass. It also reduces blood pressure and 398 
improves glucose tolerance, insulin sensitivity, lipid profile, and physical fitness [22]. All 399 
these are conditions of special interest to improve since, obesity produces non-communi- 400 
cable diseases such as hypertension, coronary disease, and type II diabetes among others. 401 
Thus, ideally, to prevent overweight or obesity, the time of physical activity and a reduc- 402 
tion of sedentary time should be promoted [14]. 403 

4. Discussion 404 
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The interaction of genetics and environment, nature, and nurture is the foundation 405 
for all health and disease and, nutrition is the environmental factor of major importance 406 
[8].  407 

Nowadays, industrialized societies are characterized by an increase in energy intake 408 
and decrease in energy expenditure. Today, one of the most consumed diets is the West- 409 
ern diet that is mainly characterized by high amounts of saturated fatty acids, omega-6 410 
PUFA and trans-fatty acids, and low intake of omega-3 PUFA, a decrease in complex car- 411 
bohydrates and fiber, together with an increase in the intake of cereal grains and a de- 412 
creased consumption of fruits and vegetables, and a decrease in protein, antioxidants, and 413 
calcium intake [8].  414 

As mentioned earlier, evolution has replaced aspects of prehistorical diets making 415 
modern diets more unsafe to human health and with postprandial response that are dif- 416 
ferent to the ones we were used to. 417 

One of these aspects is, as has been observed, the ratio omega-6/omega-3 which would 418 
be about 1-2/1 [8].  It has been widely demonstrated that this kind of dietary patterns 419 
promote the pathogenesis of many diseases, including cardiovascular disease, cancer, and 420 
inflammatory and autoimmune diseases, whereas increased levels of omega-3 PUFA an 421 
low omega-6/omega-3 ratio exert suppressive effects [8]. 422 

Cereal grains as staple foods are relatively recent in the human diet and human’s be- 423 
ings have become entirely dependent to this food [8]. The nutritional consequences for 424 
human health of such high cereal consumption are huge [8]. Cereal grains are high in 425 
carbohydrates and omega-6 fatty acids, but low in omega-3 fatty acids and in antioxidants. 426 
Thus, adherence to diets where this type of ingredients is the basis, are characterized by a 427 
low presence of fatty acids/high in carbohydrates [8]. This diet increases insulin resistance 428 
and hyperinsulinemia, conditions that increase the risk factor for coronary heart disease, 429 
hypertension, diabetes, and obesity [8]. 430 

Additionally, there may be possible differences in the way some individuals are 431 
(un)able to sense the extent to which they must compensate for their own energy expendi- 432 
ture by eating [12]. In other words, some individuals may “sense” to offset their energy 433 
expenditure to a degree greater (or lesser) than is truly needed by consuming more (or 434 
less) food than required [12]. Although almost all subjects use to overeat in context of ad 435 
libitum food intake implying that these individuals could not adequately “sense” or per- 436 
haps, they “over-sense” their metabolic demands [12]. Thus, reactions to energy expendi- 437 
ture vary across individuals in terms of the mount of food consumed, such that some in- 438 
dividuals over-sense while others under-sense their metabolic requirements [12]. Specifi- 439 
cally, for those who over-sense and therefore positively misinterpret their energy needs 440 
by consuming food as if they had greater energy expenditure, the propensity to gain 441 
weight is greater [12]. In sum, the degree to which some individuals over-sense their met- 442 
abolic demands may be another indicator of the susceptibility to weight gain in humans 443 
[12].  444 
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On the other hand, today in our society the food supply is constant and that is why it 445 
is much easier to access food at any time. Humans, despite the easy access to food, are not 446 
always eating because of the periodic signs that control food intake [7]. These types of 447 
signals are the result of psychological, sensory, cognitive, environmental, and social pro- 448 
cesses [7].   449 

To understand these processes mentioned above, it is interesting to place oneself in 450 
the context of human history and prehistory, where the main objective of the food search 451 
was survival through the maintenance of energy homeostasis and the avoidance of the 452 
feeling of hunger [9]. Therefore, the world has seen a notable change in dietary behaviors, 453 
which is related to the nutritional transition associated with changes in foods and bever- 454 
ages consumed [23]. Consequently, throughout human existence, diet and nutritional sta- 455 
tus have gone through different patterns of food and beverage consumption, which has 456 
led to subsequent changes in body composition and nutrition-related diseases [23]. The 457 
nutritional transition emphasized the understanding of the magnitude of these changes, 458 
and the results of dietary change over the centuries and millennia [23]. Hence, in these 459 
modern times, among the nourished populations, food consumption occurs for different 460 
reasons, not only hunger itself. As suggested by the growing prevalence of global obesity 461 
mentioned above, there seems to be a greater urge to consume food only for pleasure and 462 
not just for the need for calories [9]. 463 

Everything mentioned above is of special interest today given that one of the most 464 
difficult problems in the obesity epidemic is to try to maintain the weight loss achieved 465 
after an energy- restricted diet. Maintaining previous weight loss and preventing weight 466 
regain are the objectives of any study focused on obesity [7]. It is evident that the compo- 467 
sition of nutrients is one of many factors affecting satiety, and satiety is one of the many 468 
influences that determine energy intake and body weight [7]. 469 

Some people may experience frequent thoughts, feelings, and urges about food in the 470 
absence of any short- or long-term energy deficits [9]. These experiences do not occur in 471 
response to prolonged food deprivation, i.e., homeostatic hunger. Therefore, is essential 472 
to refer to this trend as hedonic hunger and this term refers to a subjective state, to the 473 
physiological mechanisms that can mediate in it, and not to the actual food intake [9].  474 

The hedonic and homeostatic mechanisms that control eating behavior are schemati- 475 
cally captured in figure 3. 476 

As has been seen, obesity is a consequence of evolution since there are changes in our 477 
routines that promote the appearance of this disease. On the other hand, visceral adiposity 478 
has been shown to be a primary trigger for most pathways involved in the metabolic syn- 479 
drome along with high caloric intake as the main causal factor. As mentioned earlier, obe- 480 
sity occurs because an alteration in energy balance between the energy intake and energy 481 
expenditure and because some individuals over-sense while others under-sense their met- 482 
abolic requirements. This can lead to the development of metabolic syndrome.  483 
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Therefore, to conclude this review, it is important to understand the relationship be- 484 
tween the postprandial state and metabolic syndrome. The postprandial response in our 485 
body is linked to the ability to suffer from metabolic syndrome. Disordered postprandial 486 
metabolism of energy substrates is one of the main defining features of prediabetes and 487 
contributes to the development of several chronic diseases associated with obesity, such 488 
as type 2 diabetes and cardiovascular diseases [13]. All of these conditions are the simplest 489 
definition of metabolic syndrome. So, as defined earlier, the metabolic processes that oc- 490 
cur in the postprandial state of the organism will be a factor that will act as an intermedi- 491 
ary bridge for the development of the metabolic syndrome in humans. 492 

Thus, it can be concluded that obesity is a disease that occurs by alterations in the 493 
postprandial state and, this is highly linked to suffer metabolic syndrome. With which, it 494 
can be affirmed that the postprandial state and the metabolic syndrome are linked and 495 
fed back. A postprandial alteration can compromise the organism and trigger metabolic 496 
syndrome and a subject suffering from metabolic syndrome will have an altered postpran- 497 
dial response. 498 

Figure 3. The hedonic and homeostatic mechanisms that control eating behavior. The unconscious 

metabolic and visceral feedback (bottom blue lines and boxes) and the conscious reward feedback 

(left dashed and solid purple lines) are integrated within brain areas associated with aversion, cog-

nition, reward, motivation, memory, and decision making (middle blue and purple boxes). From 

these areas, information projects to higher cognitive brain centers to ultimately regulate eating be-

havior (top red lines and boxes). (Adapted from Campos, 2022 [15]). 
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However, a better understanding of the metabolic differences among individuals 499 
may lead to individualized therapies for preventing or treating metabolic syndrome. On 500 
the other hand, further investigation is highly recommended concerning the postprandial 501 
studies to be able to improve research in this field and prevent the development of meta- 502 
bolic syndrome. There is a need to promote nutritional education in the community to 503 
encourage healthy diets and also support physical activity in our day to day. 504 
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