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A B S T R A C T

Objectives: Regardless of the positive effect of yacon on metabolic markers, this food contains fructose mole-
cules, which can originate advanced glycation end products (AGEs). High AGEs serum concentrations can
contribute to excess body weight. We evaluated the effect of consuming an energy-restricted diet and yacon
flour on glycation markers concentrations, and the associations between these markers and factors linked to
obesity in adults with excess body weight.
Methods: Twenty-six adults with excess body weight were included in this randomized, parallel, double-
blind, placebo-controlled, 6-week clinical trial. Subjects were randomly allocated to the control group
(n = 13) or the yacon-flour group (n = 13), and daily consumed a breakfast drink either not containing or con-
taining 25 g of yacon flour (8.7 g of fructooligosaccharides). Energy-restricted diets were prescribed for both
groups. Biochemical markers, anthropometric variables, and body composition were evaluated at baseline
and the end of the study.
Results: AGEs and early glycation products did not increase in the yacon flour group. Soluble receptor for
AGEs (sRAGE) decreased regardless of group. Besides, changes in AGEs were positively associated with
changes in body fat (b = 0.04, P = 0.038) and in sRAGE, with insulin (b = 0.02, P = 0.035) and homeostasis
model assessment index of insulin resistance (b = 0.01, P = 0.049).
Conclusions: The consumption of 25 g of yacon flour associated with an energy-restricted diet did not
increase concentrations of glycation markers. Changes in glycation markers were positively associated with
changes in consolidated anthropometric and biochemical markers related to being overweight. Assessing
glycation markers may be a useful strategy for monitoring responses to dietary interventions in subjects
with excess body weight.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

Abnormal or excessive accumulation of fat, in people with over-
weight, constitutes a risk factor for the development of several
non-communicable chronic diseases [1,2]. The prevalence of
excess body weight has increased, and it has become a major pub-
lic health problem in many countries [3]. For that reason, there is
great interest among the scientific community in identifying strat-
egies capable of preventing or controlling the occurrence of excess
body weight.
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Advanced glycation end products (AGEs) seem to contribute to
excess body weight and manifestations of other chronic diseases
[4�9]. They can be produced endogenously through the Maillard
non-enzymatic reaction between a reducing sugar and a protein, a
lipid, or nucleic acids [4,10]. Although AGEs concentrations may
increase in the presence of hyperglycemia and oxidative stress
[4,11,12], these compounds are also found in food [4].

The contribution of AGEs to excess body weight has mainly
been attributed to their ability to bind to the AGEs receptor
(RAGE), activating signaling pathways that activate inflammatory
processes dependent on nuclear factor kB, causing an increase in
proinflammatory cytokines, adhesion molecules, and the expres-
sion of RAGE itself [13,14], and suggesting the occurrence of posi-
tive inflammatory feedback. Furthermore, the interaction between
AGEs and RAGE increases the formation of reactive oxygen species,
and AGEs can also lead to loss of protein function after chemical
modification [4]. On the other hand, the soluble AGEs receptor
(sRAGE) has the same AGE-binding specificity as RAGE, which
means it can bind to AGEs, preventing the activation of the inflam-
mation-signaling cascade and the occurrence of oxidative stress
[15,16]. Therefore, the adoption of strategies to manage excess
body weight, such as lifestyle changes, consumption of energy-
restricted diets [17], and inclusion of foods capable of improving
body composition and metabolic marker concentrations, may play
a role in reducing AGEs concentrations.

Yacon (Smallanthus sonchifolius) is an herbaceous plant native
to the Andean region of South America, and a rich source of fruc-
tooligosaccharides (FOS) and phenolic compounds, particularly
chlorogenic acid [18,19]. Apparently owing to its low caloric value
and high fiber content, yacon is a promising food supplement that
can be used to prevent and treat several chronic diseases, such as
diabetes and obesity [20]. However, it contains FOS [18,21], which
have short linear chains of fructose molecules [22] that can in turn
originate methylglyoxal, a precursor of AGEs [4]. Therefore, the
effect of increased yacon consumption on AGEs concentrations is
not known.

In a previous study conducted by our research group, we
observed that consumption of yacon flour (25; 8.7 g FOS) associ-
ated with an energy-restricted diet resulted in greater weight loss
and improved body composition in individuals with excess body
weight [23]. No human study has investigated the role of yacon
consumption on glycation marker concentrations. Therefore, in the
present study we evaluated how the consumption of yacon flour
and an energy-restricted diet affected glycation marker concentra-
tions, and we investigated the associations between these markers
and factors linked to obesity in adults with excess body weight.

Participants and methods

Participants

Eligible participants were men and women (ages 20�59 y) who were excess
body weight (body mass index [BMI] 25�34.9 kg/m2) [24], regularly consumed
breakfast, had a mild physical activity level, had food restriction or disinhibition �
14 [25], were not diabetic, and did not have a family history of diabetes or glucose
intolerance.

Non-inclusion criteria were cigarette smoking; consumption of more than two
doses of alcohol per day (>50 g ethanol/d); use of medications that affect blood
glucose or energy metabolism; use of drugs, herbs, or diets to reduce appetite and
body weight; gain or loss of at least 5 kg in the 3 months before the beginning of
the study; recent change in physical activity level; aversion or intolerance to the
foods provided in the study; existence or history of endocrine, cardiovascular,
arterial hypertension, liver, or gastrointestinal diseases; eating disorders occur-
ence; pregnancy or lactation; use of laxatives or antibiotics in the 3 months before
the beginning of the study; use of probiotics, prebiotics, or symbiotics; and men-
strual irregularity in the 3 months before the beginning of the study.

The study protocol was approved by the Universidade Federal de Viçosa, Brazil
Human Research Ethics Committee (1.875.372). Subjects signed the informed
consent form according to the recommendations of the Declaration of Helsinki
[26]. The trial is registered in the Brazilian Registry of Clinical Trials (ReBEC, http://
www.ensaiosclinicos.gov.br; identifier RBR-6YH6BQ).

Study design

This was a double-blind, randomized, parallel, 6-week clinical trial. Partici-
pants were randomly allocated into the yacon flour group or the control group in a
proportion of 1:1. Block randomization technique, used to allocate the subjects
into the groups, was applied by a person who was not part of the research group.
Energy-restricted diets were prescribed (�500 kcal/d) [27], considering the nutri-
tional composition of the drinks provided during the study. The prescribed diets
had a similar content of macronutrients and dietary fiber, according to the Accept-
able Macronutrient Distribution Range [28]. Subjects did not receive any guidance
on how to prepare the foods consumed during the study, so that they would not
be induced to change their AGEs consumption.

Subjects daily consumed in the laboratory 350 mL of a drink breakfast contain-
ing 25 g of yacon flour (13.72 § 3.97 g of total fiber and 8.7 g FOS) or not contain-
ing yacon flour (2.63 § 3.91 g of total fiber and 0 g of FOS). On weekends, subjects
received the ingredients of the drink to be consumed at home. The investigators
assessed the protocol adherence.The full nutritional composition of these drinks
and a chemical characterization of yacon flour have been given elsewhere [23]. All
other meals were consumed under free-living conditions. Participants were
instructed to maintain their level of physical activity during the study.

Body composition, anthropometry, and biochemical variables, systolic and
diastolic blood pressure, and glycation markers (AGEs, early glycation products -
EGPs, and sRAGE) were assessed at baseline and after 6 week in each experimental
group.

Breakfast drinks

Drinks with and without yacon flour had similar macronutrient and energy con-
tents, differing only in total dietary fiber and FOS [23]. The ingredients used to pre-
pare the drinks were the same, except for the addition (or not) of yacon flour, which
was replaced by cornstarch in the control-group drinks so that they would be nutri-
tionally similar to those in the yacon flour group. These drinks also contained fruit
pulp, cocoa powder or instant coffee, whole milk powder, sugar, oil, and water. The
amount of yacon flour added (25 g) was based on other studies, considering the
occurrence of possible undesirable gastrointestinal effects [29�31]. Daily intake of
yacon flour was well tolerated, causing no adverse gastrointestinal effects.

Anthropometric, body-composition, and blood-pressure measurements

Body weight was assessed using an electronic platform scale (Model 2096PP/2,
Toledo, S~ao Paulo, Brazil) with a capacity of 150 kg and an accuracy of 50 g. Height
was measured using a stadiometer with a scale of 0 to 220 cm and a precision of
0.1 cm (Wiso, Chapec�o, Brazil). BMI was calculated by dividing body weight by the
square of height. Waist and hip circumferences were measured using a flexible
inelastic tape. Waist circumference was measured at the smallest circumference,
and hip circumference was measured at the highest prominence between the
anterior iliac crest and the largest trochanter.

Body fat and fat-free mass were assessed using a dual-energy X-ray absorpti-
ometry scan (Prodigy Advance, GE Healthcare Inc., Waukesha, WI, USA). Blood
pressure was assessed in both arms, using an automatic Omron HEM-7200
(Omron Inc., Dalian, China), in duplicate [32].

Biochemical analyses

Venous blood samples were obtained after 12-h overnight fasting. Glucose, tri-
acylglycerol, total cholesterol, and high-density lipoprotein cholesterol concentra-
tions were measured using a colorimetric assay (Bioclin kit, Quibasa, Belo
Horizonte, Brazil). Low-density lipoprotein cholesterol concentration was calcu-
lated by subtracting high-density lipoprotein cholesterol and 20% of triacylglycer-
ols from total cholesterol [33]. Insulin was determined by chemiluminescent
immunoassay (Access Ultrasensitive Insulin, Beckman Coulter, Brea, California,
USA). Insulin resistance was calculated using the homeostasis model assessment
index of insulin resistance (HOMA-IR) [34].

Glycation marker analyses

Serum concentrations of AGEs were assessed by fluorescence spectroscopy
(lemission = 460 nm, lexcitation = 370 nm; SpectraMax M2e, SoftMax Pro software,
Manufacturer, Location) using 50 mL of serum [35]. The AGEs content of samples
was corrected by the amount of protein [36].

Detection of early glycation products (EGPs; glycated hemoglobin, glycated
albumin, fructosyl-lyine, furosine, and other glycated plasma proteins) was under-
taken to verify the reduction of nitroblue tetrazolium (NBT) [37]. In the NBT test,
20 mL of sample was mixed with 200 mL of NBT solution (100 mM sodium
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carbonate buffer [pH 10.8] containing 0.25 mM NBT). The glycation reaction was
incubated at 37°C for 30 min, and the reading was performed on a spectrophotom-
eter (absorbance = 525nm; SpectraMax M2e) [35]. That method identifies EGPs
concentrations as low as 0.04 mM, with 2.45 and 0.74% coefficients of variation for
repeatability and reproducibility [38].

Concentrations of sRAGE were determined using a commercial enzyme-linked
immunosorbent assay kit (Human RAGE; Sigma-Aldrich, Location) specific for
human sRAGE (intra- and interassay reproducibility coefficients of variation < 10%
and < 12%, respectively). Duplicate samples and absorbed sRAGE standards were
read at 450 nm (SpectraMax M2e, SoftMax Pro).

Statistical analysis

This study had 81% statistical power, considering the AGEs concentrations
after 6 week of intervention, with a 95% confidence interval, type I error of
a = 0.05, and type II error of b = 0.2 [39�41]. Statistical analyses were performed
using SPSS, version 23.0 (SPSS, Inc., Chicago, IL, USA). The Shapiro�Wilk test was
used to assess the normality of the data distribution, with a significance of 5%. Stu-
dent’s t test or the Mann�Whitney U test was used to identify differences in the
changes (deltas) in variables presented by participants in the two groups.

The effect of the intervention was assessed by comparing means of glycation
markers between groups after 6 week of intervention, using the generalized esti-
mation equation model. For variables with normal distribution, a connection iden-
tification function was used; gamma distribution with a log link was used for
variables that did not present normal distribution. An unstructured and robust
estimated covariance matrix was used as a work correlation matrix. The Bonfer-
roni post hoc test was used to identify differences by group, time, and their inter-
action. A threshold of P < 0.05 was adopted as the level of statistical significance.

Pearson or Spearman correlation was performed according to the variable’s
distribution to assess the correlation between changes in glycation markers and
changes anthropometric, body composition and biochemicals markers within
groups. In addition, the correlations between changes sRAGE and changes bio-
chemical markers for all participants were assessed.

Multiple linear regression was also performed considering change in glycation
markers as the independent variable and changes in anthropometric and biochem-
ical markers as dependent variables. A model was estimated for each independent
variable (glycation marker), and adjustments were made for the values of the
independent and dependent variables at baseline.

Results

Twenty-six participants (15 women, 11 men; mean § SD BMI,
30.44 § 2.46 kg/m2; total body fat, 40.16% § 6.71%; age, 31.35 §
8.54 y) were included in this study. The CONSORT participant-
selection flow diagram has already been published [23]. After 6
weeks of intervention, changes in body weight and BMI in the
yacon group were greater than in the control group (Table 1), and
daily consumption of dietary fiber was 25.5 § 1.4 g in the control
group and 38.8 § 1.9 g in the yacon flour group (P < 0.05).
Table 1
Participant characteristics at baseline and after 6 weeks of intervention, according to expe

Control group (n = 13)

Variable Baseline After 6 wks D

Body weight, kg 84.93 § 13.83 83.89 § 13.54 �1.04 § 1.69
BMI, kg/m2 30.08 § 2.04 29.72 § 1.92 �0.37 § 0.58
Fat mass, kg 32.56 § 5.41 31.51 § 5.74 �1.22 § 1.78
Fat percentage, % 38.76 § 5.96 38.07 § 5.14 �0.96 § 2.15
Waist circumference, cm 100.18 § 8.19 88.66 § 9.02 �2.66 § 1.39
Fasting glucose, mg/dL 91.92 § 5.27 90.92 § 7.25 �1.00 § 4.88
Fasting insulin, mUI/mL 9.29 § 2.91 7.20 (4.50�19.40) �0.96 § 3.33
HOMA-IR, AU 2.11 § 0.68 1.64 (0.99�4.79) �0.21 § 0.84
Triacylglycerides, mg/dL 87 (44�263) 94 (48�253) �4.69 § 37.02
Cholesterol, mg/dL 189 (141�277) 192 (141�301) �1.00 (�34.00 to
HDL-cholesterol, mg/dL 50.38 § 14.50 51.38 § 12.82 1.00 § 3.83
LDL-cholesterol, mg/dL 106 (84�212) 104 (80�221) �0.31 § 15.22
Systolic blood pressure, mm Hg 112.66 § 8.43 111.92 § 7.50 �2.04 § 6.49
Diastolic blood pressure, mm Hg 67.33 § 7.17 66.54 § 5.41 �2.77 § 6.91

Data are presented as mean § SD or median (interquartile range)
BMI, body mass index; HDL, high-density lipoprotein; HOMA-IR: homeostasis model as
groups comparison ofD values by Student’s t test or Mann�Whitney U test
*p < 0.05.
AGEs and EGPs concentrations were not affected by the inter-
vention in either experimental group. On the other hand, sRAGE
concentrations declined after the intervention (baseline versus 6
wk) in both groups (Table 2).

Changes in AGEs concentrations were positively correlated with
changes in BMI, waist circumference, gynoid body fat, total body
fat, and serum triacylglycerols in the yacon flour group. In the con-
trol group, they were positively correlated with changes in waist
circumference and fat-free mass (Table 3). When we evaluated the
association between changes in anthropometric, body composition
and biochemical markers (dependent variables) and changes in
AGEs concentrations (independent variable) in the yacon flour
group, we observed that change in total body fat was positively
associated with change in AGEs after adjustment for baseline varia-
bles (b = 0.04, P = 0.038; data not shown).

A positive correlation was verified between changes in sRAGE
concentration and changes in insulin, HOMA-IR, and triacylglycer-
ols (Fig. 1). In assessing the associations between changes in bio-
chemical markers (dependent variables) and changes in sRAGE
concentration (independent variable), we observed that changes in
fasting insulin and HOMA-IR were positively associated with
change in sRAGE after adjustment for baseline variables (b = 0.02,
P = 0.035, and b = 0.01, P = 0.049, respectively; data not shown).

Discussion

To our knowledge, this is the first study to investigate the effect
of yacon flour (Smallanthus sonchifolius) consumption associated
with an energy-restricted diet on glycation marker serum concen-
trations and factors linked with obesity in adults with excess body
weight. Daily consumption of 25 g of yacon flour (8.7 g FOS) for 6
week did not increase AGEs or EGPs concentrations. About 70% to
80% of yacon’s dry weight is FOS [18,21], which are fructans made
up of short linear chains of fructose molecules [22]. Methylglyoxal,
a precursor of AGEs, partly originates from fructose metabolism
[4]. Therefore, we did not know whether the ingestion of yacon
flour would increase AGEs production.

In a previous study conducted out by our group, we observed
that yacon flour consumption resulted in greater reduction in
gynoid fat and anthropometric measurements (body weight,
gynoid fat, waist circumference, sagittal abdominal diameter, and
waist/height index) compared with the control group [23]. We
rimental group

Yacon flour group (n = 13)

Baseline After 6 wks D pinter

88.52 § 15.21 85.95 § 14.67 �2.57 § 1.74 0.032*
30.80 § 2.85 29.91 § 2.82 �0.89 § 0.55 0.028*
36.61 § 8.15 33.39 § 7.36 �2.08 § 1.34 0.202

44.97 (29.31�49.78) 43.68 (26.55�49.20) �1.29 § 1.30 0.659
102.62 § 9.38 88.13 § 8.45 �3.69 § 1.32 0.065
89.69 § 6.91 90.54 § 7.30 0.85 § 5.89 0.393
9.45 § 2.78 9.10 (5.90�21.10) 0.05 § 2.85 0.412
2.11 § 0.72 1.95 (1.12�5.47) 0.06 § 0.73 0.378

106 (53�261) 112.23 § 37.48 �13.15 § 40.89 0.581
24.00) 178.85 § 24.02 174.38 § 27.53 �4.46 § 22.80 0.670

48 (33�86) 49 (35�85) 0.15 § 5.96 0.585
104.92 § 26.91 102.92 § 30.40 �2.00 § 15.36 0.780
113.96 § 11.03 110.42 § 11.11 �2.25 § 10.76 0.953
69.30 § 7.86 62 (56�95) �3.00 (�11.00 to 38.00) 0.979

sessment index of insulin resistance; LDL, low-density lipoprotein; Pinter, between-



Table 2
Mean § SD glycation-marker concentrations at baseline and after 6 week of intervention, according to experimental group

Variable Control group (n = 13) Yacon flour group (n = 13)

Baseline After 6 weeks Baseline After 6 weeks

AGEs, AU/mg 2.18 § 0.31 2.20 § 0.32 2.16 § 0.36 2.05 § 0.39
EGPs, AU 0.05 § 0.02 0.05 § 0.01 0.06 § 0.03 0.05 § 0.02
sRAGE, pg/mL 322.52 § 122.78* 282.38 § 106.95y 288.53 § 104.16* 257.19 § 81.36y

AGEs, advanced glycation end products; EGPs, early glycation products; sRAGE, soluble receptor of AGEs
Different superscript symbols in the same line indicate intragroup difference by the generalized estimating equation model, p< 0.05

4 P.V.d.M. Ribeiro et al. / Nutrition 91�92 (2021) 111395
believe that although yacon flour (FOS) may have caused an
increase in AGEs concentrations, the observed reduction in anthro-
pometric characteristics may have caused a reduction in these con-
centrations. We also believe that weight loss due to the
consumption of FOS may have resulted from greater satiety, reduc-
ing food intake and dietary AGEs and thus reducing the pool of
energy substrate for endogenous AGEs formation. It is also possible
that the reduction in visceral adipose tissue observed in our previ-
ous study may have led to a lower expression of RAGE, conse-
quently resulting in less binding of AGEs to RAGE [42]. Thus, these
opposite effects may have been responsible for the fact that AGEs
and EGPs concentrations did not increase.

The consumption of an energy-restricted diet reduced AGEs
concentrations in two 3-months randomized clinical trials [43,44]
and in a prospective study in individuals with overweight [45]. The
divergence in these results and ours may be due to the differences
in study duration, type of intervention applied, and method used
to assess AGEs concentrations. The percentage of weight loss
observed in those studies was 4.3% [43] and 6.7% [45], correspond-
ing to 2.9% in our previous study [23]. Where the present study
lasted for 1.5 months (6 week), those studies had durations of 2
[45] and 3 [43,44] months. Therefore, we do not know whether the
consumption of yacon flour associated with an energy-restricted
diet for more than 6 week would have affected our results. If our
study had been conducted for a longer period of time, we probably
would have seen greater weight loss, which in turn would stimu-
late a significant reduction in AGEs concentrations. We must also
point out that the techniques used to quantify AGEs concentrations
differed between studies. Whereas we and Gugliucci et al. [45]
used a technique to quantify total fluorescent AGEs, the other two
studies Rodríguez et al. [43] assessed only Ne-carboxymethyllysine
(a type of AGEs) concentrations, by enzyme-linked immunosorbent
assay [43] and high-performance liquid chromatography [44].

Moreover, in this study, we obtained positive correlations
between changes in AGEs concentrations and changes in anthropo-
metric (waist circumference, BMI), body-fat (gynoid body fat, total
body fat) and biochemical (triglyceridemia) markers in the yacon
flour group. Participants in that group also exhibited greater
Table 3
Correlations between changes in AGEs concentration and in anthropometric and
biochemical markers, according to experimental group

Variable Control group (n = 13) Yacon flour group (n = 13)

r p r p

DBMI, kg/m2 0.496 0.085 0.557 0.048*
DWaist circumference, cm 0.699 0.008* 0.573 0.041*
DGynoid body fat, kg �0.103 0.777 0.691 0.019*
DTotal body fat, kg �0.271 0.420 0.680 0.015*
DLean trunk mass, kg 0.645 0.032* 0.168 0.602
DTriacylglycerides, mg/dL 0.554 0.050 0.560 0.046*

AGEs, advanced glycation end product; BMI, body mass index
Pearson or Spearman correlation, according to variable distribution
*p < 0.05.
weight loss and reductions in body-composition markers [23].
These results are interesting because AGEs are seen as new bio-
markers, and it is relevant that they correlate with such well-estab-
lished obesity-related markers. Another study has observed that
reductions in AGEs concentrations were also positively correlated
with triacylglycerol concentrations, waist circumference, and BMI
in overweight participants prescribed an energy-restricted diet
[35], as in our study. Our correlation data and those verified by
Fig. 1. Pearson or Spearman correlations between changes in concentrations of
sRAGE and in biochemical markers (n = 26). sRAGE, soluble receptors of advanced
glycation end products.
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Gugliucci et al. [45] suggest that loss of visceral and subcutaneous
adipose tissue (represented by waist circumference, BMI, and
gynoid and total body fat) is related to reductions in AGEs concen-
trations, suggesting that these tissues may be important in regulat-
ing AGEs production and playing a role in the mechanism of the
AGEs�RAGE axis.

In adipose tissue cells from participants with obesity, there was
an accumulation of carboxymethyllysine and higher RAGE expres-
sion compared with adipose tissue from eutrophic participants.
RAGE overexpression was higher in visceral adipose tissue than in
subcutaneous adipose tissue. Thus, higher AGEs concentrations
and the activation of inflammatory pathways are mechanisms
involved in adipokine dysregulation, contributing to insulin resis-
tance in obesity [8]. In fact, visceral adipose tissue is an inflamma-
tory fat deposit associated with increased risk of metabolic disease,
AGEs accumulation, and RAGE overexpression, all of which are
involved in metabolic dysfunction.

We also observed a reduction in sRAGE in both experimental
groups and a positive correlation between change in sRAGE and
changes in triacylglycerols, insulinemia, and HOMA-IR. Norata
et al. [46] showed inverse associations between sRAGE concentra-
tion and BMI, waist-to-hip ratio, and fasting blood glucose in
healthy participants with excess body weight. The divergence
from our results is probably due to the intervention characteristics.
Our participants consumed yacon flour and an energy-restricted
diet, whereas in that study, no intervention was applied. sRAGE
has been considered a new useful biomarker for diagnosis and
prognosis of chronic diseases [47]. Apparently it acts as an endoge-
nous inhibitor of RAGE, since it binds to circulating AGEs, and
inhibits tissue damage [48]. However, its protective effect and the
mechanisms that regulate its concentrations are still under debate.
In an epidemiologic study conducted over 4 y, a positive correla-
tion was observed between AGEs and sRAGE concentrations in 184
non-diabetic participants with normal weight [49]. In a cross-sec-
tional study involving 198 subjects with type 2 diabetes mellitus
and high risk for vascular complications, a positive association was
observed between sRAGE and peripheral neuropathy (a microvas-
cular complication of diabetes) [50]. This indicates that sRAGE does
not always have a protective role, since in these studies there was
an association between sRAGE and AGEs, which are known to
exacerbate inflammation and oxidative stress [51], as well as an
association between sRAGE and diabetes complications [46]. Some
authors state that sRAGE is associated with inflammation [52�54].
The results of in vitro studies suggest a new role for sRAGE in
inflammation mediated by monocytes and in neutrophil survival
and differentiation [55]. Therefore, future studies should be con-
ducted to assess the actual role of sRAGE.

In subjects with chronic diseases, increased serum AGEs and
RAGE expression are seen because of increased oxidative stress
and hyperglycemia. According to some authors, sRAGE concentra-
tion may be a biomarker that can be used to reflect the deleterious
effects of AGEs [50]. Increased tissue RAGE expression can result in
increased sRAGE concentration to neutralize increased AGEs con-
centrations, thus preventing tissue damage [47,50]. However, the
mechanism involved in sRAGE modulation is still not clear and
should be further investigated. In the present study, sRAGE con-
centrations decreased despite AGEs concentrations remaining con-
stant. That result suggests that the mechanism by which sRAGE
modulates AGEs concentrations also needs to be further explored.

Some authors have observed body weight loss after energy-
restricted diets and bariatric surgery, but different behaviors in
terms of sRAGE concentration [56�60]. Consumption of energy-
restricted diets for 6 months did not affect sRAGE concentrations
in subjects with overweight [56,57], nor did bariatric surgery [58].
However, other authors have observed a reduction in sRAGE con-
centrations 12 months after bariatric surgery [59]. Another study
found an increase in sRAGE concentrations 24 months after bariat-
ric surgery [60]. The results of these studies confirm that future
studies should be conducted to clarify the effect of weight loss on
sRAGE concentrations. However, we hypothesize that the discrep-
ancies in these results may be due to differences in the duration
and type of intervention applied (bariatric surgeries can led to
greater loss of body weight than energy-restricted diets). Appar-
ently, AGEs, RAGE, and sRAGE are three elements in a model in bal-
ance with positive and negative feedbacks that can be modified by
different diseases [47]. However, the mechanisms that regulate
their concentrations are still under debate, and little is known
about the potential modulating role of diets.

Our study has several strengths. It was a randomized and con-
trolled design. We selected participants without comorbidities,
who were overweight or obese (not morbidly obese) and who
were not receiving pharmacologic treatment. However, it is possi-
ble that the duration of our study was insufficient to result in sig-
nificant changes in glycation markers, as we discussed earlier. We
also quantified only serum glycation markers. Performing tissue
analysis would have enabled us to evaluate RAGE expression,
which would have allowed us to have a broader view of the effects
of weight loss in subjects with excess body weight. Also, serum
AGEs concentrations do not reflect total AGEs concentrations in
the body; a fraction of AGEs are linked to their receptors present in
tissue membranes, which may play a fundamental role in the path-
ogenesis of several chronic diseases [35]. However, since tissue
analysis is more invasive, we did not evaluate the fraction of AGEs
linked to such receptors.

Conclusions

The consumption of 25 g of yacon flour associated with an energy-
restricted diet for 6 wk did not affect AGEs and EGPs concentrations.
Changes in glycation marker concentrations were positively associ-
ated with changes in consolidated anthropometric and biochemical
markers related to excess body weight. These results suggest that
assessing the concentrations of glycation markers may be a useful
strategy to monitor responses to dietary interventions in subjects
with excess body weight. Future long term studies (�2 months) are
needed to investigate the mechanisms that regulate the concentra-
tions of these glycation markers and the effects of different types of
foods in their concentrations.
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