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Abstract
Introduction. Advanced glycation end products (AGEs) are compounds formed endogenously in the human body. Besides this 
source of AGEs, they also exist in food and can be generated during cooking. Enhanced endogenous generation and intake 
of dietary AGEs have physiological impact on human health and are associated with progression of many diseases, including 
diabetes and its complications.
Aim. The purpose of this review is to the present the current state of knowledge about the various negative effects of advanced 
glycation end products on human health.
Materials and methods. This study is based on analysis of literature reporting the content of AGEs in food and high or low AGEs 
dietary interventions in human and animal subjects.
Results. Literature data present databases gathering description of AGEs determinations in various types of food. 
Conclusions. Excessive consumption of AGEs-rich products, especially abundant in protein and fat or cooked for a long time 
at high temperature, may contribute to the deterioration of human health, including development of hypertension, insulin 
resistance, and diabetic complications.
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Introduction
Advanced glycation end products (AGEs) are a heterog-
enous and complex group of compounds that are gen-
erated via a spontaneous reaction called glycation or 
“Maillard reaction”. Glycation occurs when aldehyde or 
ketone group of sugar reacts with protein, nucleic acids 
and lipids. The most important sites which can be gly-
cated including N-terminal amino groups of protein, es-
pecially lysine and arginine, guanyl bases of nucleotides, 
and amino groups of phospholipids. Also, two reactive 

dicarbonyl - glyoxal and methyloglyoxal are key-precur-
sors of AGEs formed during glycation.1

The most common and well characterised AGEs 
include Nε-carboxymethyllysine (CML) and Nε-car-
boxyethyllysine (CEL). CML was described for the first 
time in 1985 by Ahmed. It is formed in oxidative cleav-
age of fructoselysine or during the reaction between 
glyoxal and amino group of lysine. Ahmed was also the 
first to describe CEL in 1997. CEL is an homologue of 
CML and it is formed during the reaction of methylgly-
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oxal with lysine residues of protein.2 Glycation occurs 
in physiological conditions, however its severity and ex-
tent are associated with aging and several diseases states 
such as diabetes and its complications, Alzheimer’s and 
Parkinson’s diseases, cardiovascular diseases and chron-
ic kidney disease.3-7

High levels of AGEs in serum are associated with a 
reduction of insulin secretion and induction of insulin 
resistance in human subjects.8,9 Recent reports indicate 
that AGEs inhibit the expression of anti-apoptotic pro-
teins and, in this way, regulate the survival of oral cancer 
cells.10 Furthermore, AGEs promote proliferation, mi-
gration and invasion of breast cancer cells what indicate 
that AGEs may underlie the pathogenesis of not only di-
abetic complication but also cancer in diabetes.11 

Harmful effects of AGEs are dependent of mecha-
nisms of action. Firstly, increased generation of AGEs 
may be independent of receptors and leads to chang-
es in protein structure, function and stability. Glyca-
tion of proteins increases of their molecular weight, 
alters resistance to proteolysis and ligand binding, de-
creases hydrophobicity, and induces of protein aggrega-
tion.12 Second mechanism requires interaction between 
AGEs and receptors for advanced glycation end prod-
ucts (RAGE). This reaction after activation of kinase 
pathway, leads to the activation of the transcription nu-
clear factor kappa B which promotes transcription of 
proinflammatory factors and causes an increase in the 
formation of reactive oxygen species. Finally, enhanced 
oxidative stress and inflammation intensify the deleteri-
ous effects of AGEs.13 

Food-derived AGEs
Advanced glycation end products are generated endog-
enously, but AGEs also can be formed exogenously and 
get into the human body with food. One of advanced 
glycation end products, CML, is one of the most abun-
dant in human body and it was one of the first to be 
described in food.14 Both CML and CEL are the most 
frequent and generally accepted markers for measure-
ment of concentration of glycation products in meals 
and well-representatives for whole group of AGEs.

The gastrointestinal tract is considered the first bar-
rier against harmful dietary glycation products. Yuan 
et al observed that, in rats fed with diet high in AGEs, 
the highest content of CML in the gastrointestinal tract 
occurs in the ileum, little less in the jejunum, while the 
lowest level of CML is in the stomach.15 It is known that 
approximately 10% of ingested AGEs are transported into 
bloodstream and only 30% of absorbed AGEs are excret-
ed with urine via kidneys.16 Rest of ingested AGEs remain 
in the body. Glycation products may bind to proteins and 
successively accumulate in organ tissues such as kidneys, 
liver, bone, heart, brain, muscle, tendons and skin what 
results in impairment of their functions.17 

The western style diet, due to high content of in 
meats and processed foods, is rich in glycation products 
known as glycotoxins. Literature reports extensively de-
scribe the content of various glycation products in var-
ious food and methods for their determination such as 
liquid chromatography which is considered a gold stan-
dard for measurement of AGEs in samples. Information 
about tested products is collected in robust databas-
es that contain more than 1,600 beverages and foods.18  

Generally, the highest content of glycation products is 
observed in confectioneries, what is connected with 
heating of products rich in reducing sugars and flour at 
high temperature for a long time.18 The highest content 
of CML, CEL and Nδ-(5-hydro-5-methyl-4-imidazo-
lon-2-yl)-ornithine is found in black pudding, differ-
ent types of cereals, peanut butter, biscuits and rusk.19 
Products high in AGEs also include higher-fat and aged 
cheeses, butter, cream cheese, margarine, and mayon-
naise.20 Among drink beverages, drinks containing lac-
tic acid bacteria and highly carbonated are the richest 
in AGEs.18 Beef is considered a meat with the highest 
AGEs level among different types of meat, while low-
er amount of CML is observed in poultry, pork, fish.20,21 
The lowest average content of CML is noted in fruit and 
vegetables as well as juices.22 Breads, yogurt, ice cream 
and milk belong to group of products which are relative-
ly low in CML.20 

Various types of foods in Western diets are exposed 
to thermal processing what makes food microbiologi-
cally safer as well as improves aroma, taste and appear-
ance. It is known however, the cooking methods have 
impact on the level of AGEs. Chen and Smith proved 
that frying and broiling of meat at higher cooking tem-
perature cause an increase in the CML content.21 Data 
show that oven cooked pork meat has higher content of 
AGEs than meat prepared in the autoclave and braised.23 
Among methods which generate low amount of AGEs 
are steaming, stewing, and boiling. Moreover, prepara-
tion of meat dishes with the addition of sauce such as 
soybean or tomato sauce, markedly increase the genera-
tion of glycation products.24 However, formation of new 
AGEs is prevented by addition of AGEs inhibitors or 
acidic solutions of lemon juice and vinegar to the dish.20 
Similarly, it is known that many compounds of natural 
origin, especially polyphenols, may prevent or inhibit 
the formation of glycation products.25

Intake of diet high or low in AGEs
The influence of intake of a diet low or high in AGEs on 
human and animal health is described in many reports. 
Intake of dietary AGEs is related to enhanced formation 
of pro-inflammatory mediators, which contribute to tis-
sue injury in patients with diabetes.26

The study conducted on group of 450 participants 
reveals that higher dietary intake of AGEs is correlat-
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systemic inflammation manifested by elevated secretion 
of pro-inflammatory cytokines and chemokines and liv-
er inflammation in the absence of steatosis have also been 
found in case of mice fed a high-AGE diet.41,42 Neverthe-
less, in mice with experimental induced diabetes, diet low 
in AGEs prevented diabetic nephropathy and was con-
sidered responsible for low AGEs content in kidneys.42 
Similarly, perinatal exposure to low-AGEs diet decreas-
es AGEs content in serum and immune cell infiltration 
into the pancreatic islets as well as improves insulin, pro-
insulin and glucagon secretion in mice susceptible to type 
1 diabetes.43 Evidence from animal and human studies 
suggest that dietary AGEs could play a role in develop-
ment of various disease states. It appears that reduction 
of the consumption of food-derived AGEs is important 
to significantly reduces their harmful effects in the hu-
man body.

Conclusions
Glycation leads to formation of advanced glycation end 
products which exist in food in addition to being endog-
enously produced. Long-time cooking at high tempera-
tures causes an increase in the AGEs content in meals. 
Meals abundant in reducing sugars, protein and fat have 
a higher content of glycation products. Diet high in 
AGEs, due to their reactivity and harmful potential, is 
associated with higher content of AGEs in plasma and 
urine and has deleterious effect on human health result-
ing in induction of hypertension, insulin resistance, and 
diabetic complications. On the other hand, animal and 
human studies indicate that the restriction of dietary in-
take of AGEs may improve health conditions. Consum-
ers, especially patients with diabetes, should remember 
about choosing products with low content of glycation 
products. It is also important to use the cooking meth-
ods generating low AGEs content such as steaming, 
stewing, and boiling instead of broiling and frying.
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