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Effect of advanced glycation end product intake on
inflammation and aging: a systematic review

Katrien Van Puyvelde, Tony Mets, Rose Njemini, Ingo Beyer, and lvan Bautmans

Aging is associated with a chronic low-grade inflammatory status that contributes
to chronic diseases such as age-related muscle wasting, kidney disease, and diabetes
mellitus. Since advanced glycation end products (AGEs) are known to be
proinflammatory, this systematic review examined the relation between the dietary
intake of AGEs and inflammatory processes. The PubMed and Web of Science
databases were screened systematically. Seventeen relevant studies in humans or
animals were included. The intervention studies in humans showed mainly a
decrease in inflammation in subjects on a low-AGE diet, while an increase in
inflammation in subjects on a high-AGE diet was less apparent. About half of the
observational studies found a relationship between inflammatory processes and
AGEs in food. When the results are considered together, the dietary intake of AGEs
appears to be related to inflammatory status and the level of circulating AGEs.
Moreover, limiting AGE intake may lead to a decrease in inflammation and chronic
diseases related to inflammatory status. Most of the trials were conducted in
patients with chronic kidney disease or diabetes, and thus additional studies in
healthy individuals are needed. Further investigation is needed to elucidate the

effects of lifetime exposure of dietary AGEs on aging and health.

© 2014 International Life Sciences Institute

INTRODUCTION

Aging results in an increase of circulating inflammatory
mediators such as cytokines and acute-phase proteins
that appear to be associated with age-related functional
decrease and frailty.! Advanced glycation end products
(AGEs) are known to have proinflammatory features.?
AGEs are molecules formed by the nonenzymatic
glycation of proteins, lipids, and nucleic acid and are
capable of forming covalent cross-links with proteins.’
AGE:s are not only produced endogenously; they can also
be ingested via food, and there is some evidence that the
concentration of circulating AGEs increases in individu-
als with a high-AGE diet.> AGEs are present mainly in
food that has been processed at very high temperatures

(such as frying, broiling, grilling, and roasting), resulting
in a chemical modification known as the Maillard reac-
tion.” More than 20 different AGEs have been identified.
These can be divided into fluorescent cross-linking AGEs,
nonfluorescent cross-linking AGEs, and non-cross-
linking AGEs. The best-known AGEs are carboxyme-
thyllysine, pyrraline (both non-cross-linking), and
pentosidine (fluorescent cross-linking).** AGEs can
cause dysfunction either by altering protein function® or
by binding to the receptor for AGE (RAGE), which is
present on cell surfaces of tissues, especially in heart, lung,
and skeletal muscle.’

RAGE, a multiligand receptor that belongs to the
immunoglobulin superfamily of cell surface molecules,
recognizes three-dimensional structures and can bind to
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other ligands, beside AGEs, such as amyloid-B-peptide
and S100/calgranulins.*” As a result, RAGE can be con-
sidered a pattern recognition receptor.'” The activation of
RAGE leads to an inflammatory cascade that begins with
activation of phosphatidylinositol-3 kinase (PI3-K),
mitogen-activated protein kinase, and transcription
factor nuclear factor-kappa B (NF-kB), a master regulator
of proinflammatory genes. By activating the NF-xB
pathway, a positive feedback loop is established, which
results in an increase in RAGE expression, thus further
increasing the level of inflammation. Additionally, the
RAGE-AGE interaction increases oxidative stress by acti-
vating NADPH oxidase, which also leads to NF-xB stimu-
lation.'™"> On the other hand, the advanced glycation end
product receptor 1 (AGER1), an AGE-specific type 1
transmembrane protein present on the cell surface, has
anti-inflammatory characteristics and reduces oxidative
stress through several pathways: AGER1 activation sup-
presses mitogen-activated protein kinase/NF-xB activity,
increases the degradation of AGEs, and inhibits the
AGE-induced production of cellular reactive oxygen
species.”™ At the tissue level, the formation of AGE
cross-links results in increased stiffness, as seen in skeletal
muscle and other collagen-containing structures,'®” but
it is unclear whether ingested AGEs can contribute to this
process.

The exact pathways through which ingested AGEs
enter the circulation and tissues are incompletely eluci-
dated. About 10% of the AGEs ingested are absorbed.'®
The intestinal absorption of different AGEs has been
described, mainly for carboxymethyllysine, pyrraline, and
pentosidine, showing differences in the absorption rates.’
A recent study showed that the peptide transporter 1 was
responsible for the absorption of pyralline.”” Serum levels
of carboxymethyllysine and methylglyoxal seem to corre-
late with the dietary intake of AGEs.*** Of the AGEs
absorbed, two-thirds are deposited in tissues and one-
third is excreted by the kidneys.'®

The aim of this systematic review was to evaluate the
literature on the influence of the dietary intake of AGEs
on markers of inflammation. Given the close relationship
between RAGE and the inflammatory processes, the
influence of the dietary intake of AGEs on RAGE was also
considered.

METHODS

Literature search

PubMed (using MeSH terms) and Web of Science were
screened (last search performed October 18, 2013) using
the key words (pentosidine OR crosslink OR [advanced
glycosylation end product] OR [advanced glycation end
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product] OR carboxymethyllysine) AND (food OR eating
OR nutrition OR feeding behaviour OR dietary), which
resulted in, respectively, 489 and 787 hits. The following
study designs were included: randomized controlled
trials, nonrandomized controlled trials, noncontrolled
trials, explorative/cross-sectional studies, and cohort
studies, provided a relationship between dietary AGE
intake and inflammation was described, either in humans
or in animals; human subjects were adults without upper-
limit age restriction.

In vitro studies and (anti-AGE) drug studies were
excluded. This procedure resulted in the inclusion of 17
relevant articles (1 of which described both an interven-
tion study and an observational study®).

Finally, the reference lists of the included articles
were screened, which did not reveal additional relevant
studies.

Quality assessment

All intervention studies were analyzed using the National
Institute for Health and Clinical Excellence checklist,**
and the observational studies were analyzed using the
STROBE statement.”® Assessments were performed inde-
pendently by two reviewers, and if assessments were con-
flicting, a consensus-based final score was assigned.

Data extraction

First, the main characteristics of the participants were
identified (human or animal subjects, type of population,
age, gender). Next, the dietary aspects, the type of AGE,
the inflammatory mediators that were analyzed, and/or
the connective tissue alterations were recorded (see
Tables 1 and 2).26%

RESULTS AND DISCUSSION

Methodological quality of the included papers

Tables 3 and 4**238 give an overview of the method-
ological evaluation of the articles included.

For the 5 intervention studies in animals,”*” the
overall quality was rather good, with a low risk of bias;
most of these studies, however, lacked information on
selection bias.

The 6 intervention studies in humans were
generally of lower quality; in most of them, the informa-
tion necessary to properly judge the quality and to esti-
mate the risk of the different types of bias was missing.

For the 7 observational studies,>***"**~¢ the overall
quality was reasonable, but none of the studies addressed
potential sources of bias. Information also was lacking for

20-23,32,37
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the statistical methods, especially on how missing data
were addressed, on sampling strategy, and on sensitivity
analyses. Most of the studies did not describe the reasons
for nonparticipation at each stage, and the number of
participants with missing data for each variable of interest
was not indicated.

Intervention studies

Animal studies. Five randomized controlled experiments
with rats or mice were identified (see Table 1).2%° In 4
studies, the intervention consisted of a high- versus a
low-AGE diet,***° and in 1 study, a diet with an AGE-
inhibitor was compared with a standard or a fast-food
diet.”” Besides examining the effect of a high- versus a
low-AGE diet, Cassese et al.” also analyzed the effect of
injection of glycated and nonglycated albumin into skel-
etal muscle as well as the effect of intravenous injections.
All 5 studies reported data on tissue levels of RAGE
and/or AGER1,* and 1 study also measured myocar-
dial expression of tumor necrosis factor-alpha (TNF-av),
interleukin 6 (IL-6), intercellular adhesion molecule 1
(ICAM-1), NF-xB, and macrophage chemoattractant
protein 1 (MCP-1).”” Some trials also measured markers
from oxidative stress, such as 8-isoprostane, p66°,**
and superoxide production.”” Four of the 5 studies
reported only carboxymethyllysine as circulating
AGE?*® One trial also measured methylglyoxal (an
o-oxaldehyde and precursor of AGE),” and in 1 study,
the type of AGE was not specified.*® Concerning the
AGE-content of the diets, 2 trials measured carboxyme-
thyllysine,”? 2 measured carboxymethyllysine and
methylglyoxal,”** and 1 trial did not specify which AGE
was measured.” One study also examined the association
of Src, protein kinase C (PKC) o, and RAGE in skeletal
muscle of mice fed high-AGE diets.”” Four studies®*
showed significantly increased expression of RAGE in
tissues of animals fed a high-AGE diet, and 1 trial®
showed a nonsignificant increase of RAGE expression in
the liver of mice fed a Lactobacillus (high-AGE) beverage.
In addition to increased RAGE expression, Tikellis et al.’
also described increased myocardial inflammation
(increase in TNF-a and IL-6), increased cardiac expres-
sion of ICAM-1 and MCP-1, and increased myocardial
hypertrophy and fibrosis in mice fed a high-fat/high-AGE
diet. Cai et al.* described an increase of AGER1 expres-
sion in mice fed a low-AGE diet. There was also an
increase in markers of oxidative stress in the mice fed a
high-AGE diet 2622

Cassese etal.” demonstrated activation of Src
phosphorylation and the formation of a multimolecular
complex that included RAGE/insulin receptor substrate 1
(IRS-1)/Src and PKC in muscles from mice fed high-AGE
diets, which could lead to an increase in the RAGE-

Nutrition Reviews® Vol. 72(10):638-650

mediated inflammatory cascade. This mechanism was
first analyzed in vitro by injection of human glycated
albumin either directly into the muscle or intravenously
in mice.”

Four trials in animals (mice and rats)***-*° all had as
a primary objective the examination of the effect of AGE
intake (by comparing high- versus low-AGE meals) on
inflammation. From these studies, it can be concluded
that dietary AGE intake is significantly correlated with
inflammatory processes and oxidative stress. The study by
Cassese etal”” explored the effect of dietary AGEs in
inflammatory processes in skeletal muscle, but its main
focus was on the role of AGEs in insulin resistance. In all
of the trials, the AGE content was quantified, and in the
high-AGE diets, the AGE content was minimally 2-fold to
maximally 5-fold higher than in the low-AGE diets.

The quality of these 5 intervention studies was fairly
good, although the selection of the animals in the studies
was not described well, and 4 of the 5 studies**** used
only RAGE as an inflammatory parameter. In other
experimental rodent studies not included in this review,
there is evidence that a high consumption of AGEs has
negative health effects and induces the development of
diabetes and chronic kidney diseases, while restriction of
AGEs in food could prevent these diseases.* The
extrapolation of results from animals to humans must be
done with care. The experimental conditions are far from
the real-life situation, and the absorption of AGEs and
their effect on the various organs might be different in
animals and humans. Moreover, some argue that experi-
ments with heat-processed food in these animals are not
representative, since rodents in their natural environment
have no access to such food.*

Human intervention studies. Six randomized interven-
tion trials in humans were identified (see Table 2)%-233%%7;
the dietary intervention consisted of a high- versus a low-
AGE diet. Half of the trials used standardized prepared
meals,?**** while the other 3 trials provided participants
with instructions on using different cooking procedures
to vary the AGE content of the meals.”>** Circulating
levels of TNF-o and C-reactive protein (CRP) were the
most frequently investigated inflammation-related
parameters. Vlassara et al.”* also measured fibrinogen and
peripheral mononuclear cell AGE receptors (RAGE and
AGERL1), Negrean etal” measured IL-6 as well as
fibrinogen, and Schiekofer et al.”* reported only on
mononuclear NF-kB. Besides those inflammatory param-
eters, parameters of oxidative stress, which are indirectly
related to inflammation, and markers of endothelial dys-
function, such as E-selectin, vascular adhesion
molecule-1 (VCAM-1), ICAM-1, vascular endothelial
growth factor, 8-isoprostane, plasminogen activator
inhibitor-1, thiobarbituric acid-reactive substance, p66™,
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and malondialdehyde, were measured in 5 trials.***** In

4 of the 6 studies, the circulating AGEs reported were
carboxymethyllysine and methylglyoxyl,”>** Schiekofer
et al.*? examined only carboxymethyllysine in serum and
in the cytoplasm of mononuclear cells; Luévano-
Contreras et al.”” measured only pentosidine in serum.
Dietary AGEs were either measured (mainly carboxy-
methyllysine and methylglyoxal) or estimated; estima-
tions were based on the food database from Goldberg
etal.®

Five studies demonstrated a decrease in circulating
concentrations of inflammatory parameters with a low-
AGE diet.?* ¥ Peppa etal?® showed a decrease in
inflammation following a low-AGE diet but failed to
demonstrate a significant increase after a high-AGE diet.
Vlassara etal,” in their 2-week study, also found a
decrease in inflammation after a low-AGE versus a high-
AGE diet and found a significant increase in inflamma-
tion in the high-AGE group in their 6-week study.
Vlassara et al.” described a decrease in TNF-o.and RAGE
and an increase in AGER1 after a low-AGE diet.
Schiekofer etal.”? showed a significant increase in
mononuclear NF-kB activation after a single meal, but
this was not related to the AGE content of the meal.
Negrean et al.”” showed a decrease in IL-6 after a low-
AGE meal and an increase after a high-AGE meal but no
significant difference between meals, and there was no
significant change in CRP, TNF-a, or fibrinogen after the
meals. Finally, Luévano-Contreras et al.”” reported a sig-
nificant decrease in TNF-o. after the low-AGE versus the
standard diet. The trials also demonstrated a reduction in
oxidative stress and markers of endothelial dysfunction
with the low-AGE diet,** and Negrean et al.”” showed
an increase in those markers after high-AGE meals.

The relationship between dietary AGEs and inflam-
matory processes was the primary objective in most of the
studies®'***>%7; however, the main goal of Negrean et al.*
was to analyze the effect of dietary AGEs on vascular
dysfunction in diabetes patients. Depending on the goal
of the study, 5 of the trials were conducted over a period
of 1 to 16 weeks. Schiekofer et al.”> evaluated the influ-
ence of carboxymethyllysine in a single meal on post-
prandial NF-kB activation. The inflammatory mediators
that were measured differed between the studies; more-
over, most of the studies also assessed markers of oxida-
tive stress and endothelial dysfunction.?***

In general, these intervention studies demonstrated a
relationship between the exogenous AGEs and the
inflammatory status of the participating subjects, espe-
cially a suppression of inflammatory parameters in diets
with low AGE content. Thus, through intervention
studies in both humans and animals, inflammation and
tissue damage could be prevented by restricting the
intake of dietary AGEs. Most of the intervention studies
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on the role of dietary AGEs were performed in patients
with diabetes or renal failure, and there is a lack of studies
in healthy individuals. Of the intervention trials included
in this review, only the study by Schiekofer et al.** was
conducted in healthy volunteers, albeit in a very small
sample (9 participants). In addition to patients with
chronic kidney disease, Vlassara et al.” tested a healthy
group of 30 subjects (of whom 15 were >60 y of age) and
showed an age-independent decrease in inflammation
in those subjects on a low-AGE diet. Evidence of the
impact of long-term exposure to dietary AGEs, specifi-
cally on the health of older individuals, is scarce and
has hardly evolved since it was reviewed in 2010 by
Luévano-Contreras.’

Two types of dietary interventions in the human
intervention trials were analyzed. In the trials of Peppa
etal,” Vlassara etal.,” and Luévano-Contreras et al.,”’
participants had to prepare their meals themselves, using
instructions for the cooking procedures. This method
raises questions about compliance, standardization of the
meals, and the presence of other ingredients in the food.
The other studies®***** used standardized prepared meals,
which may be a more reliable method. Both approaches
resulted in a decrease in the level of inflammation with
the low-AGE diet.

All of the trials evaluated in this review quantified
the AGE levels in the diets, and the content of AGEs in a
high-AGE diet versus a low-AGE diet ranged from a
minimal 2-fold difference to a maximal 5-fold difference.
It can be assumed that these differences in AGE content
are sufficiently high to produce substantial dietary effects,
although the absorption of dietary AGEs is estimated to
be only 10%.

The presence of AGEs in food was assessed in
various ways. In 4 of the trials, a food database based on
the carboxymethyllysine content in food, as measured by
enzyme-linked immunosorbent assay (ELISA), was used
to estimate carboxymethyllysine.* ¥ One trial mea-
sured the content of pentosidine in food, using high-
performance liquid chromatography.* One trial did not
specify which AGE in the food was measured.”
Carboxymethyllysine is the best-studied AGE in food and
is, therefore, used in many trials as a marker of dietary
AGE. However, there are several other dietary AGEs,
including pyrraline and pentosidine, which have not been
studied as thoroughly.>*® The methods for quantifying
carboxymethyllysine in food are not always fully vali-
dated; chromatographic methods are considered to be
better than the frequently used ELISA technique.**®

Observational studies

Seven cross-sectional observational studies in humans
were identified (see Table 2).>**"#7¢ Dietary features
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were recorded using a nutritional assessment (a food fre-
quency questionnaire or a 3- or 7-day food record) of the
subjects, although Sebekova et al.’' also compared veg-
etarian diets with semivegetarian and omnivorous ones.
Most studies used circulating carboxymethyllysine as the
AGE parameter.>**"**3 Piroddi etal.”® also measured
circulating pentosidine, Vlassara etal.”® and Uribarri
et al.? also measured circulating methylglyoxal, and de la
Maza et al.* did not specify which type of AGE was mea-
sured. Besides measuring circulating AGE, Vlassara
etal” also measured urinary carboxymethyllysine and
methylglyoxal. The AGE most commonly assessed in
food was carboxymethyllysine, and AGE content was cal-
culated according to the database of Goldberg et al.** CRP
and TNF-o, were the most frequently measured inflam-
matory mediators. Sjogren et al.** also measured soluble
RAGE and IL-6, Vlassara et al.*® measured fibrinogen and
peripheral mononuclear cell AGE receptors (RAGE and
AGERL1), and Piroddi et al.*® measured, besides CRP, only
IL-6. Some of the studies measured markers of oxidative
stress and endothelial dysfunction, such as 8-isoprostane,
VCAM-1,ICAM-1, and E-selectin, in addition to inflam-
matory markers. Three of the 7 studies found a positive
correlation between AGE intake and AGE levels in serum
and/or inflammatory parameters,>>** while the other 4
trials did not find this correlation.’**® Vlassara et al.”’
showed that, in younger subjects with a high dietary AGE
intake, the levels of carboxymethyllysine, methylglyoxal,
VCAM-1, and high-sensitivity CRP were as high as those
in persons older than 60 years with a low dietary intake of
AGE and that, after 2 years of follow-up, the changes in
serum carboxymethyllysine levels correlated positively
with changes in 8-isoprostane, TNF-a, and VCAM-1
levels. Uribarri et al.” found a positive correlation between
the intake of dietary AGEs and serum levels of high-
sensitivity CRP but not with levels of 8-isoprostane. The
researchers de la Maza et al.” found that serum AGE con-
centration and urinary excretion of AGE were signifi-
cantly associated with CRP but not with dietary intake of
carboxymethyllysine.

Three of the 7 cross-sectional studies were conducted
in large populations. Vlassara et al.” studied 325 healthy
subjects and 66 patients with chronic kidney disease. They
described the relationship between dietary intake of AGEs
and levels of AGEs in serum, markers of oxidative stress,
and proinflammatory markers such as CRP, TNF-q, and
fibrinogen. Uribarri et al.® analyzed the effect of dietary
AGE:s on oxidative stress and inflammation in 172 healthy
adults (older vs younger). Sjogren et al.** investigated the
relationship between dietary habits, serum levels of AGEs,
and endothelial activation in 294 healthy men. Although
thislast trial measured inflammatory markers, no relation-
ship with AGE:s is described, and no relationship between
plasma carboxymethyllysine, plasma-soluble RAGE
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(sRAGE), and dietary aspects was found. The 2 other
trials>* did find a correlation between dietary AGE intake
and inflammation in healthy individuals, and in both
studies the levels of serum carboxymethyllysine and
inflammatory cytokines were higher in the elderly popu-
lation. Moreover, Vlassara et al.”> showed that younger
people with an excess of AGEs in their diet had the same
levels of CRP and carboxymethyllysine as the healthy
elderly. As mentioned before, aging is related to an
increase of proinflammatory cytokines' and an increase of
circulating AGEs, which is probably related to increased
production, lifetime dietary intake, and lower renal excre-
tion of AGEs.”’ Vlassara et al.”* also described a relation-
ship between these dietary AGEs and markers of oxidative
stress. These results suggest that, in healthy individuals, an
excess of dietary AGEs leads to inflammatory processes
and oxidative stress, which increases the risk of diseases,
while a reduction in dietary AGEs could contribute to
healthy aging.

The 4 other cross-sectional studies were conducted
in smaller populations. One of these studies did find a
correlation between dietary AGE intake and inflamma-
tion.” The 3 other studies®*** did not find any relation-
ship between dietary AGE intake and inflammation. The
population sample in these studies was small, and the
main outcome measured was not inflammation but the
relation between dietary and plasma AGEs.

Dietary assessment was performed in the 7 cross-
sectional studies. This assessment consisted of either a
3-day food record,>* a 24-hour diet recall combined with
a food frequency questionnaire,”* a 3-day record com-
bined with a 24-hour diet recall,” a 7-day food record,* or
a dietary interview combined with a food frequency ques-
tionnaire.” Each of these methods has advantages and
disadvantages. With a food record and 24-hour dietary
recall, a quantified intake of food is obtained, but many
days are needed to average the intake. A food frequency
questionnaire provides information about the whole diet,
but this method is more qualitative and less quantitative. A
combination of the two methods, such as a 24-hour diet
recall combined with a food frequency questionnaire,
should be more accurate to estimate the usual intake of
some nutrients.”® Most studies used the food database
published by Goldberg etal.,” which is based on
carboxymethyllysine content in food as measured by
ELISA. As mentioned earlier, other techniques are consid-
ered more accurate for measuring carboxymethyllysine in
food, and the database does not account for other AGEs in
food. Moreover, this database is based on American food
products and may not be applicable to foods in other
countries; nevertheless, it remains the only published data-
base known. While it was recently updated by Uribarri
etal,” that version is not yet validated and requires
further testing.
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Role of AGE intake in inflammation and age-related
skeletal muscle wasting

The age-related loss of skeletal muscle mass and
strength®® is increasingly recognized as a major contribu-
tor to the problem of frailty and dependency in old age.
Recent research has highlighted the relationship between
chronic low-grade inflammation and age-related muscle
wasting.” AGEs may play a role in the pathophysiology of
age-related muscle wasting, given their proinflammatory
character,’ the resulting endothelial dysfunction of the
microcirculation of the skeletal muscle,” and the forma-
tion of cross-links in skeletal muscle collagen and
elastin."” The accumulation of AGEs in serum has been
independently associated with a low walking speed” and
a poor grip strength in elderly persons.”® Since the
modern diet is the major source of exogeneous AGEs,* it
is not surprising that nutritional habits involving inges-
tion of high levels of AGEs have a negative impact on
muscle tissue and accelerate muscular aging. A systematic
review linking AGEs in food to inflammatory processes
and the skeletal muscle yielded only 2 papers, both con-
ducted in animals. The first study,” which is included in
the present review, dealt with the skeletal muscle of mice
fed a high- or low-AGE diet and used RAGE as the only
inflammatory parameter. The authors observed an
increase of RAGE, PKCo, and Src in the muscle of mice
fed the high-AGE diet, which can lead to an inflammatory
cascade.” The second study on the skeletal muscle
system, from Grasa et al.,”” compared 4 different diets that
contained different levels of AGEs and showed an
increased stiffness in the tendons of mice fed the diet with
the highest level of AGEs, which led to higher stress and
strain in the muscle belly; this observation can be
explained by the cross-linking of collagen due to AGEs.
Limitations of this study were the absence of measure-
ments of circulating AGEs and of specific AGEs in the
diet. Since only the total dietary AGE content was calcu-
lated, no information on the presence of cross-linking
and non-cross-linking AGEs in the diet was provided.
Such information could have been important because
cross-linking and non-cross-linking AGEs are thought to
have different effects on the muscular connective tissue.
Moreover, the study of Grasa et al.”’” did not analyze any
inflammatory parameter. Two studies in humans were
not included in the present review because the scope of
their investigations was limited to the effect of calorie
restriction or weight gain. These studies did, however,
analyze the effect of AGEs on the skeletal muscle.”®*
de la Maza et al.”® investigated the effect of weight change
over 10 years on the accumulation of AGE (carboxy-
methyllysine), RAGE, and TNF-o in skeletal muscle biop-
sies from healthy middle-aged weight gainers versus
weight maintainers and a control group of healthy elderly
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(age > 65 years). They observed an increase of AGE/
RAGE and TNF-a.in the skeletal muscle of weight gainers
and healthy elderly. Other limitations of this study,
besides the lack of dietary analysis, were the small sample,
especially in the elderly subjects (n=4), and the self-
reporting of weight changes. Furthermore, they measured
only the concentration of carboxymethyllysine, which is a
non-cross-linking AGE and whose role on the skeletal
muscle can only be indirect, via activation of RAGE and
the inflammatory pathway. Iwashige et al.*® conducted a
noncontrolled intervention study on the effect of calorie
restriction and fasting in patients with rheumatoid arthri-
tis. They found a significant decrease in inflammation
and in urinary levels of pentosidine in patients who
adhered to a low-energy diet. Urinary excretion of
pentosidine was significantly higher in rheumatoid
arthritis patients than in the control group. Limitations of
this study were the small sample size, the absence of a
placebo intervention, the lack of follow-up for the control
group, the use of a spot instead of a 24-hour urine collec-
tion to measure pentosidine, and the absence of informa-
tion on the AGE content of foods.

These findings form the basis of a hypothesis: dietary
AGEs increase stiffness in muscle tissue, possibly through
cross-linking of collagen and elastin and through their
role in inflammation, which leads to alterations in muscle
function. This hypothesis must be viewed with caution,
however, as the impact of dietary AGEs on skeletal muscle
has not been adequately studied and requires further
investigation.

CONCLUSION

Recent literature indicates an increasing interest in
dietary AGEs, including their harmful effects on different
tissues, their relation to the aging process, and their role in
the development of age-related diseases such as chronic
kidney disease, diabetes, cardiovascular disease, Alzheim-
er’s disease, and age-related muscle wasting.>® This
review focused on the influence of AGEs on the inflam-
matory processes, since aging and age-related chronic
diseases are characterized by increased levels of oxidative
stress and circulating inflammatory mediators."”® This is
believed to be the first systematic review of studies on
AGE:s in food and the effect of dietary AGEs on inflam-
matory processes. Only 17 studies fulfilled the inclusion
and exclusion criteria.

The results of this review are mainly descriptive and
do not allow a synthesis about dose responses, the thresh-
old for toxicity, or the importance of the duration of
exposure. There is evidence in the literature of a positive
relationship between inflammatory markers and the
dietary intake of AGEs; in addition, the concentration of
circulating AGEs appears to be correlated with dietary
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intake of AGEs. The few intervention studies in humans
found mainly a suppression of inflammatory parameters
in subjects on low-AGE diets, suggesting that a restriction
of AGE intake might prevent inflammation and age-
related chronic diseases. However, there is a lack of
studies in healthy individuals, and the harmful effects of
long-term exposure to dietary AGEs on the aging process
is not yet fully elucidated. Most of the studies measured
carboxymethyllysine, but there are many other AGEs in
the diet that need to be investigated for their effects on
health and the aging process.
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