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Abstract

The rising incidence of obesity and metabolic diseases such as diabetes mellitus and
cardiovascular disease in adolescents and young adults is of grave concern. Recent studies favor
role of lifestyle factors over genetics in perpetuation of inflammation, insulin resistance and
oxidative stress, which are pathophysiologic processes common to above diseases; furthermore,
the importance of dietary factors in addition to calories and physical activity in these processes is
being increasingly recognized. Advanced glycation end products (AGES) belong to a category of
dietary oxidants which have been implicated in the pathogenesis of inflammation, oxidative stress,
insulin resistance, p-cell failure and endothelial dysfunction. This paper reviews the studies of
AGEs with focus on their role in cardiometabolic disease in children.

A MEDLINE search was performed using the keywords childhood obesity, metabolic syndrome
and advanced glycation end products. Articles published in English between 1975 and 2015 and
their references were reviewed.

While most studies were performed in adults, a few studies also demonstrated a role of AGEs in
obesity and associated cardiometabolic comorbidities in the younger population.

Available evidence suggests involvement of AGEs in pathogenesis of adiposity and p-cell failure
in children. Potential areas for further research to investigate underlying mechanisms are proposed.
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Introduction

There is a worldwide worsening epidemic of obesity, diabetes mellitus (DM) and
cardiovascular disease (CVD) with increasing onset in children and young adults (1).
However, knowledge of mechanisms underlying the progression to DM and CVD,
particularly in children, is still limited; this represents a barrier for further progress in this
field. Strategies to identify the child at risk, mechanisms involved, and how to prevent/treat
these conditions in their early stages of development are needed urgently and are vital in
effectively preventing or halting the progression of DM and CVD. These multifactorial
diseases are known to be associated with low-grade inflammation, insulin resistance (IR)
and oxidative stress (OS) across the age spectrum (2).

An increasing number of studies point to a pathogenic role of dietary factors in obesity-
associated chronic inflammation particularly with regards to their pro-oxidant properties.
Advanced Glycation end Products (AGEs) belong to one such category of oxidants, which
may cause p-cell failure, IR and endothelial dysfunction. AGEs are traditionally known to be
produced endogenously as a result of hyperglycemia and increased OS. Recently
accumulated data additionally indicate that exogenous AGEs ingested with food or smoking
represent a major contributor to pool of AGEs in the body. In this article, we will review
experimental and human studies looking at the role of AGEs in causing DM and CVD with
special emphasis on dietary AGEs and on studies in children. We will also review studies
evaluating the role of AGEs and their receptor variants in children with focus on
cardiometabolic risk. Finally, we will delineate the challenges of research in the field and
present some insights on future directions, particularly in relation to children and
adolescents.

I. What are AGEs and what are their pathogenic mechanisms?

Reducing sugars such as glucose and fructose undergo spontaneous reactions with free
amino groups on proteins, peptides or amino acids, lipids and nucleic acids to form a
heterogeneous group of compounds known as AGEs; this is the classical Maillard reaction.
The term AGEs, as currently used, broadly encompasses products of both glycoxidation and
lipid peroxidation such as intermediate reactive precursors [1-deoxyglyoxal (1-DG), 3 DG
and methylglyoxals (MG)] as well as terminal non-reactive AGEs [carboxymethyllysine
(CML), pentosidine]. These reactions increase in the presence of hyperglycemia and OS in
vivo. In addition, all these reactions also occur in the environment and accelerate in the
presence of high temperatures. For example, cooking food under dry conditions with the
application of high heat significantly increases the formation of AGEs.

AGEs, endogenous or exogenous, can produce tissue damage by two main mechanisms.
First, AGEs can covalently crosslink proteins and therefore directly alter protein structure
and function. Second, through a variety of receptor- and non-receptor mechanisms, AGEs
can activate several intracellular pathways that increase generation of reactive oxygen
species (ROS) and inflammatory cytokines.
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The receptor for advanced glycation end products (MRAGE) is a well-studied membrane-
bound receptor that binds AGEs initiating a cascade of intracellular events leading to
inflammation and OS (3). Other receptors of AGEs such as Advanced Glycation End
product Receptor-1, 2 and 3 (AGE-R1, AGE-R2 and AGE-R3) and scavenger receptors are
considered to be endocytic in nature and also involved in clearance of AGEs. Moreover,
AGE-R1 has been shown to participate in pathways that decrease intracellular OS (4). It has
been proposed that chronic AGES’ overload results in unbalanced activation of downstream
pro-inflammatory and pro-oxidative pathways. There is also a circulating pool of RAGE,
collectively known as soluble RAGE (SRAGE), whose role still remains controversial.
Soluble RAGE consists of the isoform derived from membrane bound RAGE by proteolytic
action of metalloproteases [such as A Disintegrin and A Metalloprotease-10 (ADAM10) and
matrix metalloprotease (MMP-9)] and a minor, alternatively spliced, isoform of RAGE
known as endogenously secreted RAGE (esRAGE) (5). In animal studies, administration of
SRAGE prevented and stabilized established atherosclerosis (6, 7) and ameliorated retinal
neuronal dysfunction in experimental diabetic retinopathy (8). Therefore, SRAGE has been
suggested to act as a decoy receptor that binds and eliminates circulating AGEs. A contrary
view that has been proposed is that SRAGE may be a marker of tissue RAGE expression and
represent disease activity (9). The exact pathophysiological role of these soluble variants
remains controversial and is a matter of active investigation. More recently, it has also been
shown that AGEs also activate intracellular pathways through Toll Like Receptor-4 (TLR-4)
in addition to RAGE (10). Figure 1 shows possible actions of major receptors as a result of
interaction with AGEs during normal cellular homeostasis.

Dietary AGEs

Food and tobacco are two major environmental sources of AGEs. The dietary content of
AGEs depends on the protein, lipid and carbohydrate content of the food as well as on the
temperature and conditions of cooking, especially moisture. Animal-derived foods cooked at
high temperature, for prolonged time and under dry conditions have the highest content of
AGEs (11). Dietary sources of AGEs contain both highly reactive intermediate precursors
such as carbonyl derivatives as well as terminal AGEs such as CML. Gastrointestinal
absorption of dietary AGEs has been confirmed by the oral administration of double-labeled
single protein-AGEs, with or without specific AGE inhibitors, such as aminoguanidine in
rats, or the enrichment of low-AGE experimental diets with specific AGEs in mice (4, 12).
Chronic studies involving dietary AGEs modification have also confirmed an association
between dietary AGEs burden and circulating AGEs levels. An estimated 10% of ingested
AGEs are absorbed into the circulation and about 70% percent of those absorbed are
retained in the body and contribute to the AGEs pool in the body, where they become
indistinguishable from endogenous AGEs both structurally and functionally; kinetic studies
in rats have shown that dietary AGEs are bioreactive molecules capable of covalently
crosslinking tissue proteins and causing glycoxidative damage similar to glycotoxins
produced endogenously (13). AGEs are further metabolized by detoxifying enzymes such as
glyoxalases in different tissues as well as excreted by the kidneys. Therefore, AGEs may
accumulate with decreased availability of glyoxalases (14) or in conditions of decreased
renal clearance.
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ll. In vitro studies linking AGEs and metabolically active tissues

Adipose cells

Incubation with AGEs prevented differentiation of 3T3-L1 adipocytes, a commonly studied
adipose cell line. Also, the cells demonstrated decreased glucose uptake activity and
increased ROS in the presence of AGEs. Glucose uptake activity perturbation was reversed
by blocking RAGE as well as by N- acetylcysteine, an antioxidant. This suggests that AGEs
action on glucose uptake is mediated by RAGE generated intracellular OS. Furthermore,
AGEs increased expression of Monocyte Chemoattractant protein-1(MCP-1), an
inflammatory marker involved in adipose tissue macrophage infiltration and insulin
resistance (15).

Islet cells

Incubation of two insulin secreting cell lines (HIT-T15 and INS-1) with AGEs enhanced cell
apoptosis and inhibited insulin secretion in cell culture models (16,17). It was also suggested
that AGEs might bind to insulin and decrease its biologic activity. The apoptotic effects of
AGEs were shown to be mediated via mitochondrial electron transport chain inhibition as
well as the NADPH oxidase-mediated increase in ROS (17). Further, studies in rat islets
showed that RAGE blockade could reverse the apoptotic effects of AGEs although the
impact of AGEs on glucose stimulated insulin secretion could not be reversed. Interestingly,
addition of glucagon like peptide-1 (GLP-1) reversed apoptosis and impaired glucose
stimulated insulin secretion in the islets suggesting it has a protective action against AGEs
(18). It is not known, however, if this GLP-1 effect is at the receptor-binding site or at a post-
receptor level. This suggests that AGEs might act via different receptors to exert their
actions on insulin secretion as well as apoptosis.

Hepatic cells

The liver is a major clearing house for AGEs with 85% of intravenously injected AGEs
being cleared by sinusoidal cells and Kupffer cells and less than 15% by hepatocytes. AGEs,
on the contrary, impair scavenger function of rat hepatic sinusoidal endothelial cells (19).
Furthermore, hepatic stellate cells are activated when exposed to triglyceraldehyde-derived
AGEs and demonstrate increased expression of RAGE as well as of genes involved in
inflammation and fibrogenesis (20). These findings, coupled with elevated levels of
triglyceride-derived AGEs in patients with nonalcoholic steatohepatitis (NASH), suggest a
role of AGEs in NASH and cirrhosis of the liver (21). In addition, AGEs may cause insulin
resistance and upregulate inflammation (as evidenced by increased C-reactive protein levels)
in hepatocytes. Both of the above effects are thought to be mediated by activation of Rac-1
kinases followed by | Kappa B kinase and Jun N-terminal Kinase activation and downstream
IRS-1 serine phosphorylation in the hepatocyte and adjacent hepatic stellate cells (22).

Muscle cells

Exposure of L6 skeletal muscle cells to human glycated albumin induced insulin resistance
(decreased insulin stimulated glucose uptake and decreased glycogen synthase activity) via
Protein Kinase C-alpha mediated serine and threonine phosphorylation of Insulin Receptor
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Substrate -1 (IRS-1) and IRS-2 (23). Endothelial cells: A study with human umbilical vein

endothelial cells confirmed that food-derived AGEs induce significant TNF-a activation, as
well as cell oxidative and crosslink formation activities and that these actions are mediated

by RAGE and non-receptor mechanisms (24).

Figure 2 demonstrates hypothesized impact of AGEs ligand excess in fat cell (2a) and -cell
(2a) in the pathogenesis of cardiometabolic risk.

lll. Experimental studies linking dietary AGEs and disease

Studies of various animal models of diabetes, atherosclerosis and kidney disease have
demonstrated a negative impact of a high AGE diet and benefits of dietary intervention with
a low AGE diet. For example, in both control C57/BI-6 (25) and spontaneously diabetic
db/db mice (26), restriction of AGEs intake decreased serum AGE levels and improved
insulin sensitivity. This suggests that dietary AGEs induce and exacerbate IR both under
genetic and environmentally acquired conditions that predispose to IR. Furthermore, Lin et
al have shown that apolipoprotein-E deficient mice develop atherosclerotic lesions in
presence and absence of diabetes when exposed to a high dietary AGEs intake. Interestingly,
the lesions decreased significantly by lowering of dietary AGEs (27, 28) suggesting a link of
dietary AGEs with atherosclerosis. Glycation of LDL-cholesterol and endothelial
dysfunction are some of the proposed mechanisms for AGEs- mediated atherosclerosis.

A low AGEs diet prevented further progression of diabetic nephropathy in both db/db mice
and high fat-fed mice models (29) suggesting a pathogenic role of AGEs in renal
dysfunction. This was further reinforced by finding that a high AGEs diet administered for a
six week period increased proteinuria in 5/6 nephrectomized rats (30).

Interestingly, in a model of autoimmune diabetes, when female NOD mice were maintained
on an AGEs restricted diet, the incidence of diabetes dropped from 90% to 30% with
reduced insulitis and lower antigenic response (31). It is possible that a low AGEs
environment prevented onset of type 1 DM possibly by decreasing T cell stimulus or by
inhibiting direct p-cell damage. Furthermore, the impact of dietary restriction of AGEs
continued in the next two generations with incidence of diabetes being less than 15% as long
as the dams and their offspring were continued on the low AGEs diet. This suggests that
avoidance of AGEs during critical developmental periods can prevent their detrimental
effects. The preserved transgenerational protective effect of the restricted AGEs intake
points to a strong likelihood of reduced transplacental transfer of AGEs with involvement of
an epigenetic mechanism. In another study, the F3 offspring of female mice fed an otherwise
low AGE diet supplemented with MG, showed an earlier onset of adiposity and IR (32),
further reinforcing possibility of epigenetic transmission of the effects of AGEs in offspring.
The data from animal studies is summarized in Table 1.

IV. Human Studies linking dietary AGEs and disease

Most studies assessing dietary AGEs have involved modification of diet or supplementation
with anti-AGE agents and have been performed in adults. Recently, a few studies have
examined dietary AGEs in children either directly or indirectly by measuring receptors of
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advanced glycation end products, especially the soluble form. Table 2 presents a summary of
observational and interventional studies of AGEs in children and adults.

Studies in children/adolescents

A. Dietary AGEs in children—To date, there have been very few studies assessing AGEs
in children/adolescents and they have shown mixed results. A study of mother- infant pairs
demonstrated strong correlation of maternal levels of serum AGEs (represented by CML and
MG) with those of neonates. Further, introduction of processed infant foods increased
dietary AGE consumption, which was also reflected in higher serum AGEs levels in the
infants. In addition, levels of serum AGEs correlated inversely with levels of adiponectin, an
antiinflammatory adipokine in the infants (33). A recent study by another research group
confirmed differences in insulin sensitivity based on AGEs levels in breastfed versus
formula fed infants although these differences disappeared at follow up at age 12-14 months
(34). Boor et al. recently examined the interaction of AGEs in diet and RAGE gene
polymorphisms in infants by comparing formula-fed and breast fed infants although dietary
AGE was not measured directly (35). Breast-fed infants carrying major allele of -374A/T
RAGE gene polymorphism were noted to be most insulin sensitive while insulin sensitivity
improved in formula-fed infants carrying the same major allele. Thus, they concluded that
-374A/T RAGE gene polymorphism impacted glucose metabolism and insulin sensitivity in
a diet-dependent manner.

The above studies suggest a possible relationship of dietary AGEs and insulin sensitivity in
infancy. Also, they raise important questions about the possible post-natal programming
effects of AGEs when considered in conjunction with the animal studies discussed
previously that span multiple generations (31, 32) although a causal effect cannot be yet
established.

B. Observational studies of serum AGEs in children—A study comparing obese
and lean children showed lower serum AGEs levels in children with obesity than in lean
children despite their higher levels of C-reactive protein (CRP) and interleukin-6 (IL-6) and
comparable renal function. The authors suggested renal hyper-filtration of AGEs as a
compensatory mechanism that might explain the results (36). A similar negative correlation
of CML with adiposity and inflammatory markers has been reported in a cross-sectional
study of middle school children with obesity (37). These findings are contrary to those in
adults (38, 39 52) and need further investigation for underlying mechanisms. An interesting
suggested explanation is trapping of AGEs in adipose tissue macrophages but this needs
further confirmation.

Another study of population-based and twin cohorts of children with TLDM showed
elevated serum CML levels to be a strong predictor of type 1 diabetes. Genetic model fitting
suggested CML levels to be an environmentally acquired risk factor for diabetes (40). These
results combined with studies of animal models suggest an important role of AGESs in
autoimmune diabetes that needs to be further investigated. Further, children and adolescents
with T2DM (41) lose their B-cells at a faster pace compared to adults (42,) for reasons that
are not yet clear. An important consequence to consider is the adverse impact of AGEs on
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glucose metabolism in obese children predisposed to develop T2DM; dietary AGEs can
provide a further hit to the already stressed p-cell burdened to produce extra insulin in order
to compensate for the obesity-associated insulin resistance. Therefore, it would be important
to study the effect of a low AGE dietary intervention in this population as a potential
approach to mitigate the epidemic of T2DM that threatens future generations.

C. AGE receptor variants in children with obesity—A common approach in
previous studies has been to measure levels of circulating soluble RAGE instead of actual
serum AGEs levels and trying to correlate them with severity of different diseases. An
important problem here is that the exact role these circulating forms of RAGE play in the
AGE-RAGE axis remains elusive. A study of prepubertal children with obesity
demonstrated a significant negative correlation of SRAGE and esRAGE levels with birth
weight; children born small and large for gestational age had lower SRAGE and esSRAGE
levels compared to their appropriate for gestational age counterparts (43). Whether these
observations are related to genetic factors or point to an epigenetic phenomenon is yet to be
determined. In addition, SRAGE and esSRAGE had a negative correlation with IR
independent of birth weight. Other studies in prepubertal obese children showed significant
negative correlation of SRAGE and esRAGE levels with carotid intima -media thickness (44)
as well as presence of hepatic steatosis, independent of BMI (45). In the previously
mentioned study of middle school children with obesity (37), authors reported a significant
negative correlation of SRAGE with adiposity and of both SRAGE and esRAGE with acute
insulin response, which is consistent with observations in adults with diabetes.

Interventional studies

Healthy adults habitually consuming “high normal” dietary AGEs were randomized to either
continuing their high intake of AGEs or to a low AGEs diet. Those on the low AGEs diet
were noted to have significant reductions in circulating AGEs levels after four months of
intervention with parallel decrease in markers of OS and inflammation. Of note, there were
no changes in energy or nutrient consumption during the study (38). In another trial of 62
healthy adults, utilizing a randomized crossover design with two diets, one with high amount
of Maillard reaction products (MRP) and another milder diet incorporating steam-based
cooking, BirlouezAragon et al. (46) demonstrated a decrease in insulin sensitivity but
increase in triglycerides and cholesterol after one month on the high MRP diet. While CML
levels correlated strongly with cholesterol and triglycerides, they did not correlate with
insulin sensitivity suggesting possible involvement of other MRP’s.

Studies in patients with DM have also shown significant decrease in CRP, Vascular Cell
Adhesion Molecule-1(VCAM-1), and AGEs levels as early as six weeks (47) aswell as a
decrease in IR after four months of intervention with a low AGEs diet (48). In addition, in
patients with type 2 DM, a low AGEs meal was noted to be associated with less impairment
of macrovascular and microvascular endothelial function than a similar meal enriched in
AGEs by cooking with heat (49). Interestingly, pretreatment with benfotiamine (a
liposoluble vitamin B1) prevented the increase in serum levels of AGEs and markers of OS
as well as endothelial dysfunction associated with a high AGEs diet in diabetic patients (50).
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Interventional studies in children—A recent study in pre-pubertal obese children with
hepatic steatosis demonstrated an increase in eSRAGE levels in response to daily
supplementation with 600 mg of Vitamin E (51). Serum or dietary AGEs levels were not
measured in this study. Future studies will be needed to elucidate mechanism underlying
improved esRAGE level in response to vitamin E and its significance in the pathogenesis of
hepatic steatosis. As mentioned previously, although not interventional in design, studies by
Mericq and Boor et al. (33, 35) have suggested effects of RAGE polymorphisms and AGEs
in diet on glucose metabolism in infants.

The above studies suggest that circulating AGEs and RAGE variants are perhaps affected by
both genetic and environmental factors and may be markers of cardiometabolic disease risk.
One interesting possibility that has not been studied so far is that AGEs derived from the diet
may contribute to the changes in levels of circulating RAGE variants since AGEs stimulate
RAGE directly. These studies further support the hypothesis that AGE-RAGE axis
alterations occur in early childhood although many issues remain undefined.

Conclusions

In summary, we believe there are enough data suggesting a role for dietary AGEs in
inducing low-grade chronic inflammation, oxidative stress, insulin resistance and vascular
dysfunction in adults although similar studies in younger populations are lacking. In view of
the rising incidence of obesity and the associated comorbidities of DM and CVD in children
and potential role of AGEs in adiposity and p-cell damage, further studies to help define
whether dietary AGEs play a similar role in children and adolescents are definitely
warranted. Several research gaps remain to be addressed. Given the challenges of
recruitment in children and sample size needed, a collaborative multi-center effort by
investigators interested in studying this field can provide a useful strategy towards achieving
meaningful results with following common goals: 1. To characterize the response of serum
AGEs levels to dietary AGEs intake in healthy and obese children; 2. To determine if serum
AGEs are associated with measures of inflammation or IR in children with obesity
independent of energy intake as they do in adults; 3. To investigate if general dietary
counseling practices adequately modify dietary AGEs content and intake in this population
as previously shown in adults; 4. To study the impact of changes in other antioxidant
nutrients on AGEs levels; and finally 5. To clearly define the relationship between AGEs
levels in diet and serum and RAGE variants including SRAGE, esRAGE and RAGE at
cellular level as well as with RAGE gene polymorphisms in children, both healthy and those
with obesity.
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Oxidative stress

ROS

Figurel.
AGEs and their major receptors. AGEs bind to mRAGE and cause activation of

inflammatory pathways (MAPK, NF-xB) or are endocytosed and cleared by AGE-R1. AGE-
R1 activates sirtuins, a group of deacetylases that suppress NF-xB. ADAM-10 is a
metalloprotease that cleaves MRAGE and releases it into circulation as SRAGE. esRAGE is
an alternatively spliced form that constitutes approximately 15% of circulating RAGE pool.
TLR-4 is another receptor implicated in mediating the action of AGEs. AGE- Advanced
glycation end product, mMRAGE-membrane bound Receptor of AGE, SRAGE-soluble RAGE,
esRAGE-endogenous secretory RAGE, AGE-R1- Advanced Glycation end Product
Receptor (OST-48), MAPK-Mitogen-activated protein Kinase, NF-xB -nuclear factor kappa-
light-chainenhancer of activated B cells, A Disintegrin and Metalloprotease-10 ADAM-10.
TLR-4-Toll like receptor-4.
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b. B-cell
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Figure 2.

Chronic AGEs overload leads to increased mMRAGE expression leading to oxidative stress.
Also, AGE-R1 level is decreased. This is manifested as increased macrophage infiltration
and insulin resistance in fat cell (2a) and as decreased insulin secretion in the p-cell (2b).

Horm Res Paediatr. Author manuscript; available in PMC 2017 March 19.



Page 16

T UINUIS J0J3B} [BAIAINS :T-1H|S ‘T-101dadal 10npoid pus uoedk|b paouenpe :T-439OV ‘10npoid pus uonedA|b paouenpe-3oy
suolresausb aAISSadINs-€4 ‘T4 ‘04 d118qRIP 85800 UON-AON
18} yb1y-4H IOV YBIY-IOVH IOV MOT-3OV]

Gupta and Uribarri

[4)

43

8¢
Le

6¢

T€

S¢

9¢
od

Jan1] pue Asupiy
u1 susodap

JOV Pasealdsp pue SJOV JO UOIBI8IXa Aleurin pasealoul auipiuenfouluy asop a)buis ulwinge 39V Jaye auipiuenfoulwy 1INpY Aeimeq-anbelds syey
JaAI| pue 3jasnw [e18]as ‘anssiy asodipe Ul S|aAs] T-1LHIS pPue T-439V paseslosp
04 SA Buridsyo ¢4
€4 U1 J81|1e8 80URISISaI UIINSUI ‘[9A8] ul|nsul pue unds| ‘3OV ‘Alsodipe pasesioul syuow 8T 181p 39V 03 pappe [exoA|BIApsIN Anpy £919/.80 901N
SUOIS9| [eWIIUI0aU 3y} Ul safieydoloew pue $][99 [B1]3YI0PUS pUR Poo|q Ul S|aA3]
JovV Ainlur [esuie Aq pamojjoy Aanfur fewmur yum
Jamo| ‘sefeydoloew Jo JaquInu ‘01l BIpaW/RWIIUL ‘eale [eWIUI0dU Pasealdap S99M G PJoJ-0T 181p OV MO 'SA JOV YBIH Noom zT -30dy  ssnop
spidij ur aBueyd OU YIIM UOIS3]| 911018]9S0I3YIe Paonpay syuow g PI0J- IOVH SA OV 39oM g-9 _-3o0dv NQ  ssnoy

301
AON Ul [eAIAINS Pasealoul ‘sjapow yioq ui Ayredoaydau NG pareBniw 181p 3oV

181p 39OV U0 1dax uaym Buiidsyio uolresauah puodas pue 1siiy
IRyl

SYjuow 7T 10 ¢

P10}-9 IOVH SA 3OV

Hnpv 801W gp/gp‘AON  8snoN

Ul |0y G pue saewd) 04 Ul p|oj € Ad S31ageIP SUNWIWIoINE Pases.d9p 131P IOV SHIIM 77 P10} -G IOVH SA 3DV [eyeuosuanpy dON  8snoN
191P |043U02 10 4H-3DV]

0} pasedwod d118qeRIp pue d1waulnsuLiadAy ‘Ja1neay a1am adlw pay 4H-JOVH SYIUOW 9 PJ0J-7°Z 18IP 4H FOVH SA 4H-IOVT  (S¥98m 9) Jnpy 9719/8D0  8sSnoWn
aIn1oanya.e 191S1 panlasald Janaq
dnoif

181p IOV Ul 89URIS|0) 3509N|H ‘ANAIISUSS UIINSUI paAodwi ‘S|aAs] JOV JamO| SH9aM 0Z P10J-0T MOYd JOWH SA IOV (S49am ¥) 3jnpe £9-19/26D 0p/gp  asno

S109440 PIABSIO uoireing uonueA BRI e reaby ppowW WUy WUy

aeIul SOV Alrialp Jamo] Jo 10edwi Buissasse S|apow [ewliue SNOLIBA Ul SaIpNnIS

T alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Horm Res Paediatr. Author manuscript; available in PMC 2017 March 19.



Page 17

SS3U1S AAINRPIX0-SO ‘9SeasIp Je|naseAolpted-aAD ‘9seasip Asupiy J1UoIyD-aMD ‘SNijIBIN Saleqelid=INd

89URISISaY UIINSU| JO JUBLUSSASSY |8POIA SISBIS080WOH 4I-VINOH

aUISAT 85019N14-T4 ‘BuIsA JAyIBWAXoqIeD="TIND ‘s1onpoid pua uo1edA|b paoueApe - 3OV

9-UI}Na[Jalu] :9-T] "T-9|NJ3OW UOISaype JeNISeA Je|nj|adJaiul’ T-INWIIAS 91gNn|os‘T-1031qiyul JoyeAnde usboulwse|d-T-1vd

eydje 1019} SIS0JI08U JOWN}-e4N 1 ‘T-8]NJ3J0W UOISalpe |32 JejnaseA a|gnjos T-INWIAS ‘U181oid aAndeal-O=dyD ‘9bueyd ou < ‘pasealdsp?t ‘pasealoul]. ‘sjewaj=- ‘sjeN=IN

Gupta and Uribarri

‘leaw 39V yb1y e 03 Joud Juswiea)

0S aulwenoyuag Jaye panosduwil uondunysAp [erjaylopus leaw 39V ybiy abuis (8'2)6'9 €T INQ Z9dAl  wuie 3Uo paziWwpueIUON
SO pue uonaunysAp [e1jdylopua
10 SJddjJew Jamo| os|e 181p OV Jaye Juswiredwl
67 elWaJadAy aA110eal pue uonounysAQ [eljaylopus ssa 39V Mmo| pue ybiH ajbuis T.-T¥ 0z sy09lgns NQ z adAL 191 1eJed paziwopuey
Ly 191p IOV U0 T pue IOVH U0 | ddD ‘BANL  $488M 9 ‘1BIPFOV YbIYy 'SA IOV MO 9~ €1 [ 3] 1eed paziwopuey
v 39V AJeIalp ul T yim papuodsallod S|ans] 3OV WnasT  $aam g 1IpIOV Ybly 'SA 3OV MO| 25-2¢ 11 NG 1an0Ss01D
*14 1 VINOH panodwit QND T yauow T ‘39 ybiy passeooid jesH ¥2-81 %9 ApesH  wie auo paziwpueIuoN
Syluow ¢ "J81p plepuels 'sA 39V MO| 6 € abe1s-aMo
8¢ 1 'T-439V 1 UoIssaldxe JOVY pue TAID  SUIUOW F “I9IP PIBpUElS 'SA JOV MO  09< 'Gy—8T 0¢ ApesH 13]|esed paziwopuey
[EUOIIUBA BIU |
T-INVDA pue 4N 1 ‘9ueisoidos] se ||am se
1€ 9-71 ‘24098 Z I1SIEM UM A[3SIaAul 1e|a1l0d S|ans] TTIND ST-TT (NTS) 88 ualIp|Iyo 3s3q0 [BUO011935501D)
YI-VINOH pue 9-71 ‘'dyD 8siom aydsap LTV ues| 8T
9e UBIP|IY2 8530 Ul JaMO] aJe S|aAs] 3OV-T4 “TIND 0T-S 95900 8T UaIp|1yD ues| SA 85800 [eUOI1985501D
8e 18/8] SOV Ul 8BUBYD YNM S31e[a1102 ayeIul STOV Ul abueyD 6V s10algns AuyyeaH Jeuipnyibuo
BWOIPUAS
"SI INOYNM 350y} 91]0geIBW INOYNM SHNPY
03 pasedwod G8-2S J€T BWOIPUAS
6¢ SIAL Y asou Ut JayBiy [ans] TIND pue axejul 39V Arelaiq S/-6Y 0€T aljogeIsw yim synpy |euU0NI8ssS0ID
1an8] auelsoldos] pue T-NWVIA ‘B 4N L Jesjanuouow pue
8e ‘d4D UNM 81e[21109 S|9A3] STOY WINJas pue ayelul SJOV Aseleiq 06-6T Gze AlJap|a pue BunoA AyljeaH [BUO011935501D)
[euolrenesqo
19y aseas|p/uoiTewuwe|jul 91Uo Jyd uo 1edw | uolengpedAl BIQ aby u suewnH ubsap Apnis

SaseasIp SNOLIBA Se [jam se $193lgns Ayljeay ul s1onpoadpus uoieaA|b paoueape Jo 10edwi Buissasse salpnis uewnH

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Horm Res Paediatr. Author manuscript; available in PMC 2017 March 19.



	Abstract
	Introduction
	I. What are AGEs and what are their pathogenic mechanisms?
	Dietary AGEs

	II. In vitro studies linking AGEs and metabolically active tissues
	Adipose cells
	Islet cells
	Hepatic cells
	Muscle cells

	III. Experimental studies linking dietary AGEs and disease
	IV. Human Studies linking dietary AGEs and disease
	Studies in children/adolescents
	A. Dietary AGEs in children
	B. Observational studies of serum AGEs in children
	C. AGE receptor variants in children with obesity

	Interventional studies
	Interventional studies in children


	Conclusions
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

