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 period of 2 months, they were placed on an LCD (Diet’s TM ; 
5,023 kJ/day) with meal replacement every dinner. The fol-
lowing data were evaluated pre- and post-intervention: 
AGEs, BMI, waist circumference, blood pressure, serum glu-
cose, cholesterol, triglycerides, HDL- and LDL- cholesterol. 
 Results and Discussion:  After the intervention, BMI levels 
were clearly reduced by 6.3% (p  !  0.001), waist circumfer-
ence by 5.7% (p  !  0.002) and triglycerides by 11.9 % (p  !  
0.002). At baseline, AGEs levels were 63  8  11 AU for obese 
subjects and 63  8  14 for control subjects (not significant). 
After intervention, AGEs were reduced by 7.21% (range 0–
35%, p  !  0.001). The percent change in AGEs was significant-
ly and positively correlated with that of triglycerides (r = 0.42, 
p  !  0.009), waist circumference (r = 0.40, p  !  0.011), and BMI 
(r = 0.42, p  !  0.007). We show for the first time that serum 
AGEs can be reduced by an LCD intervention on weight loss, 
a change that correlates with the reduction in triglycerides. 
This may plausibly be a reflection of a reduction in glycation/
lipoxidation due to the caloric restriction and its metabolic 
consequences, or it may be due to the decreased intake of 
food containing glycotoxins, or a combination of both. 

 Copyright © 2009 S. Karger AG, Basel 
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 Abstract 

  Background:  Obesity is a metabolic and cardiovascular risk 
factor. A low calorie diet (LCD) is one of the treatment mo-
dalities for weight loss. Serum advanced glycation end prod-
ucts (AGEs) are linked to increased atherogenicity and in-
flammation in diseases such as diabetes and renal failure. 
Obesity has an inflammatory component, but interestingly 
there are no studies on serum AGE levels in obesity or on the 
effects of LCD as a therapeutic measure on these markers of 
glycation.  Aim:  We hypothesized that weight loss by caloric 
restriction has a beneficial effect on serum AGE levels. We 
investigated the prospective effects of a sole LCD interven-
tion for weight loss on serum AGEs in a cohort of overweight 
and non-morbidly obese but otherwise healthy subjects. 
 Methods:  A total of 37 Japanese subjects (30 females, 7 
males, mean age 48.2  8  9.3 years) with a mean BMI of 28.3 
 8  3.2 participated in this study. During the intervention 
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 Introduction 

 Obesity is a crucial risk factor in the development of 
its co-morbid diseases such as metabolic syndrome and 
cardiovascular disease, and the increased prevalence of 
obesity is a major problem in many countries  [1] . Low 
level inflammation seems to be a constant finding in obe-
sity and it is one of the perpetuating factors  [2] . Serum 
advanced glycation end products (AGEs) are linked to 
increased atherogenicity and inflammation  [3–5] . AGE 
adducts are formed on long and short-lived cellular and 
extracellular proteins. A role for AGE-associated recep-
tors is likely in human diseases, of which the best studied 
are AGE receptor 1 (AGE R1) and the receptor for AGE 
(RAGE). AGE R1 blocks oxidative stress and inflamma-
tory responses, whereas RAGE increases them and its 
deleterious actions seem to predominate  [6] . The toxicity 
of AGEs resides mainly in AGE receptor-mediated re-
sponses, which induce inflammatory pathways, chiefly 
in diseases such as diabetes and renal failure  [6] . In dia-
betes, they are produced in increased amounts as a result 
of hyperglycemia and its metabolic consequences  [3–5] . 
In renal failure, excretion is impaired. 

  Indeed, the kidney plays a key role in AGE catabolism. 
Cellular proteolysis forms AGE-peptides and free AGEs 
from these proteins, which are released into plasma for 
urinary excretion. Free AGE moieties are the chief mo-
lecular form by which AGEs are excreted in urine  [7, 8] . 
They display a high renal clearance, which distinctly de-
clines in chronic renal failure patients, leading to accu-
mulation of plasma AGE adducts. Finally, another source 
of circulating AGEs are those present in foods rich in 
Maillard reaction products, some of which are absorbed 
and are collectively called glycotoxins  [9] . Intervention 
with diets low in Maillard reaction products have reduced 
circulating AGEs  [9, 10] . 

  Research on the relationships between obesity and cir-
culating AGEs is limited at present and data are scarce. 
One clinical study showed decreased levels of serum 
AGEs after treatment with orlistat in women with poly-
cystic ovary syndrome  [11]  and an animal study showed 
increased circulating and visceral fat AGEs in rats fed a 
high fat diet  [12] . There has been no study on serum AGE 
levels in obese humans and the effects of low calorie diets 
(LCD) as a therapeutic strategy on these markers. 

  LCD is one of the treatment modalities adopted as a 
part of lifestyle management for weight loss, leading to 
the improvement of metabolic and cardiovascular condi-
tions  [13–15] . We hypothesized that weight loss by ca-
loric restriction has a beneficial effect on serum AGE lev-

els. We investigated the prospective effects of an LCD in-
tervention for weight loss on serum AGEs in a population 
of overweight and non-morbidly obese but otherwise 
healthy subjects. 

  Subjects and Methods 

 In total, 37 otherwise healthy and free-living Japanese subjects 
(30 female, 7 male), aged 32–63 years (mean 48.2  8  9.3), with a 
mean BMI of 28.3  8  3.2 (range 25.1–38.6) participated in this 
study. Exclusion criteria were as follows: the use of medications 
and nutrient supplements; pregnancy; alcohol abuse; psychologi-
cal contraindications as determined by study investigators, or 
known hypersensitivity to any of the ingredients of the formula. 
The study was approved by the ethics committee of Kyoto Medi-
cal Center, and all subjects gave informed consent. The study was 
powered for a standardized effect size of 1 (a 5% change over base-
line in paired samples), with a 2-sided  �  = 0.01 and a  �  = 0.10 and 
required an n = 32. 

  During the study intervention period, subjects were placed on 
an LCD (5,023 kJ/day, consisting of 47% protein, 7% lipid and 40% 
carbohydrate) with meal replacement (Diet’s TM ; Suntory Co. Ltd., 
Osaka, Japan), encompassing a standardized group of food items. 
The volunteers were asked to change one of the meals (dinner) for 
the meal replacement above. The subjects were also instructed by 
trained dieticians about the planning of nutritionally balanced 
and constant diet for their other meals, and compliance was 
checked through daily dietary records. The average reduction in 
calorie intake was 20%. They were encouraged not to change usu-
al physical activity during the intervention.

  The subjects’ data at baseline (pre-intervention) and the end 
of 2 months’ study (post-intervention) were used. After an over-
night fast, the subjects’ BMI, blood pressure (measured using a 
mercury sphygmomanometer), plasma glucose (enzymatic kinet-
ic method; Shino-Test Co. Ltd., Tokyo, Japan) and lipids such as 
total cholesterol (enzymatic kinetic method; Wako Pure Chemi-
cal Industries Co. Ltd., Tokyo, Japan) and triglyceride (enzymatic 
kinetic method; Daiichi Pure Chemicals Co. Ltd., Tokyo, Japan) 
were measured. Both HDL and LDL cholesterol were measured 
using a homogeneous assay (Daiichi Pure Chemicals). For serum 
AGE measurement, a fasting blood sample from both subsets was 
obtained by venipuncture and collected in evacuated dry tubes. 
Blood was centrifuged at 800  g  at 4   °   C for 15 min and separated 
serum or plasma was immediately analyzed or frozen at –80   °   C 
until use. Serum AGEs were measured by fluorescence intensity 
recorded at 440 nm (emission maximum) upon excitation at 350 
nm using a Spectramax Gemini XPS spectrofluorometer with 
Softmax Pro software (Molecular Devices, Sunnyvale, Calif., 
USA), as previously described  [3–16] . Fluorescence intensity is ex-
pressed in arbitrary units (AU).

  Statistical Analyses 
 Results for Gaussian-distributed continuous variables are ex-

pressed as the mean value  8  SD, except for triglycerides. Due to 
the latter’s non-Gaussian distribution, the median and the inter-
quartile interval was used. For difference analyses, 1-tailed paired 
t test for Gaussian variables and Mann-Whitney test for non-
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Gaussian ones were performed. Differences were considered to be 
statistically significant if the null hypothesis could be rejected 
with 95% confidence. Correlations between continuous variables 
were assessed with the Pearson test. The NCSS statistical software 
package (NCSS, Kaysville, Utah, USA) was employed for all cal-
culations.

  Results 

 All subjects completed the LCD intervention. The data 
on respective variables in pre- and post-intervention are 
listed in  table 1 . During the intervention, most variables 
were significantly reduced. BMI levels were clearly re-
duced by 6.3% (p  !  0.001), waist circumference by 5.7% 
(p  !  0.002) and triglycerides by 11.9% (p  !  0.002). Ini-
tially, AGE levels were 63  8  11 AU for obese subjects, and 
following intervention they were reduced by 7.21% (range 
0–35%, p  !  0.001). As listed in  table 2 , the percent change 
in AGEs was significantly and positively correlated to 
that of triglycerides (r = 0.42, p  !  0.009), waist circumfer-
ence (r = 0.40, p  !  0.011) and BMI (r = 0.42, p  !  0.007). 

  Discussion 

 To the best of our knowledge, this is the first report to 
demonstrate that an LCD intervention for weight loss re-
duces serum AGEs in a population of overweight/obese, 
but otherwise healthy, subjects. A previous study had 
shown an AGE-reducing effect of orlistat treatment on a 
cohort of women with polycystic ovary syndrome  [11] . In 

comparison, our study has several strengths: we selected 
a homogeneous population of healthy individuals who 
were overweight or (non-morbidly) obese and who were 
under no pharmacological treatment, and the interven-
tion was a well-controlled diet alone (removing co-mor-
bidities and the pharmacological treatment as confound-
ing factors; orlistat decreases lipid absorption and lipids 
participate in AGE formation).

  The lowering of AGE levels may be explained by more 
than one factor and may be considered, a priori, as an-
other positive effect of low calorie intake and weight 
loss.

  At least 4 mechanisms may be postulated. First, our 
data show that changes in AGEs correlate with the chang-
es both in BMI and in waist circumference, suggesting 
that the loss of visceral and peripheral adipose tissue may 
play a mechanistic role. AGEs, and their specific receptor, 
RAGE, are involved in inflammation and vascular com-

Table 1. Clinical and metabolic variables pre- and post-intervention

Variables Pre-intervention Post-intervention Change
%

p value
(vs. baseline)

BMI 28.383.2 26.483.1 –6.3 <0.001*
Systolic blood pressure, mm Hg 129.1815.2 124.4814.9 –3.25 0.012*
Diastolic blood pressure, mm Hg 80.8811.0 75.7810.28 –5.64 <0.001*
Glucose, mmol/l 5.0180.52 4.7180.51 –4.65 <0.001*
Total cholesterol, mmol/l 5.7281.03 5.2181.01 –7.21 <0.001*
Triglyceride, mmol/l 1.16 (0.45–1.76) 0.92 (0.45–1.53) –11.94 0.002*
HDL cholesterol, mmol/l 1.5780.36 1.5480.28 –2.21 0.103
LDL cholesterol, mmol/l 3.2380.77 2.8880.77 –8.62 <0.001*
AGE, AU 62.6811.5 57.9810.7 –7.21 <0.001*

Data are means 8 SD, except for triglyceride results, which are medians and interquartile intervals.
* p < 0.05 (statistical significance).

Table 2. Correlation between the percent change in AGEs with 
percent change in BMI, triglycerides and waist circumference

Variables r (p value)

BMI 0.424 (0.007)
Triglycerides 0.423 (0.009)
Waist circumference 0.405 (0.011)

r = Pearson’s rank correlation coefficient.
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plications  [6–17] . The soluble form of RAGE (sRAGE) ap-
pears to act as an AGE quencher and may have a protec-
tive effect  [17] . Interestingly, a recent report showed that 
sRAGE is negatively and significantly correlated with 
BMI and waist/hip circumference ratio  [18] . Hence, the 
first mechanism for serum AGE reduction in our cohort 
may be an increase in sRAGE produced by lowering BMI, 
which in turn acts by reducing the circulating load of 
AGEs.

  The second mechanism is that low caloric intake and 
its consequent lowering of substrate availability reduces 
production of reactive oxygen species and  � -dicarbonyl 
formation, key factors in AGE production  [8–19] .

  The third mechanism may involve reduced intake of 
exogenous AGEs which is usually a consequence of re-
duced food intake. Indeed, a recent study in mice seems 
to indicate that one of the factors mediating reduced oxi-
dative stress in caloric restriction is the reduction in the 
intake of Maillard products in the food  [20] . The reduc-
tion in both carbohydrates and lipids in the diet (both 
can enhance formation of AGEs) and an increase in pro-
tein (which may increase the availability of anti-glycation 
agents like carnosine) may have acted synergistically to 
produce this effect. A limitation of our study is that AGE 
content of the food was not measured. 

  Finally, the fourth mechanism for AGE reduction 
could be linked to lipid changes. Indeed, another conse-

quence of the metabolic shifts induced by caloric restric-
tion is a change in lipid metabolism and improved insulin 
sensitivity. We show here that there is a significant posi-
tive correlation between the lowering of serum AGEs and 
that of triglycerides (but not of glycemia). Advanced gly-
cation and lipoxidation reactions produce some common 
end products, collectively called advanced lipoxidation 
end products  [3, 8–21] . In our study we measured fluores-
cent AGEs, which account for only a fraction of these ad-
ducts. More studies are needed to further confirm our 
results, measuring specific AGE compounds, such as free 
adducts and AGE peptides, by LC-MS/MS and assessing 
the AGE content in the diet.

  In conclusion, in a cohort of healthy overweight/obese 
subjects we showed reduced serum AGE levels during an 
LCD intervention on weight loss and a significant posi-
tive correlation with the reduction in triglyceride levels. 
As AGEs are implicated and are biomarkers for oxidative 
stress, our results show another positive effect of caloric 
restriction. The question of the clinical significance of 
this finding deserves further exploration.
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