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Background: Obesity in adolescents has quadrupled in 
the past 30 y. Markers for cardiovascular risks are needed in 
this population. We hypothesized that soluble receptor for 
advanced glycation end products (sRAGE) and asymmetric 
dimethyl arginine (ADMA) can correlate with carotid intima-
media thickness (cIMT), a known index of subclinical athero-
sclerosis. We also aimed to evaluate the frequency of (Gly82Ser) 
RAGE gene polymorphism in obese adolescents.
Methods: Obese and nonobese adolescents were evaluated 
in a cross-sectional study for lipid profile, insulin resistance, 
ADMA, sRAGE, and RAGE gene (Gly 82 Ser) polymorphism. We 
measured cIMT in all subjects and performed correlation analy-
ses with all markers.
results: The study included 50 obese and 40 healthy control 
adolescents. Compared to controls, obese subjects had less 
sRAGE (P = 0.02) and greater cIMT (P = 0.006), insulin resistance 
(P < 0.0001), and ADMA (P < 0.0001). In a multivariate linear 
regression model, sRAGE was associated with cIMT (β = 0.28, 
P = 0.04). Both GS and SS genotypes of RAGE were more fre-
quent in obese than controls (P = 0.04).
conclusion: Increased ADMA and decreased sRAGE are 
associated with cardiovascular risks in obese adolescents. The 
S allele in RAGE gene is more frequently detected with obesity. 
The role of RAGE gene and mechanisms leading to cardiovas-
cular risks need further studying.

childhood obesity is an emerging public health challenge 
with an estimated prevalence of around 20% in west-

ern countries (1). Exposure to cardiovascular risk factors 
in early life, including obesity, may induce changes in the 
arteries that are associated with the diagnosis of athero-
sclerosis in adults (2). The measurement of carotid intima-
media thickness (cIMT) is a noninvasive test to detect early 
alterations in arterial wall and can be a useful screening tool 
to early assess subclinical manifestations of cardiovascular 
and metabolic diseases (3). However, there is a desperate 
need to discover novel biomarkers that can help understand 
the exact pathophysiology and improve clinical manage-
ment of cardiovascular diseases associated with obesity in 
children (4).

Asymmetric dimethyl arginine (ADMA) is a competitive 
inhibitor of endothelial nitric oxide (NO) synthase that reduces 
the production of NO and therefore might cause endothelial 
dysfunction. Serum ADMA concentrations are increased in 
individuals with hypercholesterolemia, atherosclerosis, hyper-
tension, chronic heart failure, diabetes mellitus, and chronic 
renal failure. It has been suggested as a potential risk predictor 
for cardiovascular events and all-cause cardiovascular mortal-
ity in patients with coronary artery disease (5). The relation-
ship between ADMA and cardiovascular complications in 
children remains unclear.

The advanced glycation end products (AGE) and its receptor 
(RAGE) system is a newly discovered pathway implicated in 
the pathogenesis of several cardio-metabolic diseases (6). The 
RAGE is a multiligand receptor of the immunoglobulin super-
family of cell surface molecules and engages diverse ligands, 
including the AGEs. sRAGE, a scavenger that prevents ligand 
binding to RAGE, is a soluble receptor produced by alterna-
tive splicing of RAGE messenger RNA (7). These soluble forms 
may act as a naturally occurring inhibitor of the signaling 
induced by the interaction of AGEs with its cellular receptor. 
Also, it may neutralize AGE-mediated damage by acting as a 
decoy (8). Polymorphisms in the RAGE gene may alter AGE 
processing in tissues or reactions after the binding of AGEs 
to RAGE. Of  specific interest is the RAGE G82S polymor-
phism; because of its location in the ligand-binding V domain 
of RAGE in which substitution of Gly (82) with Ser that pro-
motes glycosylation of RAGE at asp81; it is associated with 
enhanced inflammatory responses, increased ligand binding, 
downstream signaling as well as RAGE expression (9).

In this cross-sectional study, we aimed to investigate the 
presence of subclinical atherosclerosis in obese and nonobese 
adolescents using cIMT. We measured two novel biomarkers, 
ADMA and sRAGE, as predictors of cIMT. We also tested the 
association of polymorphism in RAGE gene with obesity in 
adolescents. To our understanding, this is the first study to cor-
relate these biomarkers with cIMT in childhood obesity.

RESULTS
We studied 90 subjects; of them 50 were obese and 40 had nor-
mal BMI. There was no difference in age between the obese and 
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the control groups. When compared to the control group, the 
obese group had significantly less concentration of HDL-C and 
greater concentrations for all other values in the lipid profile 
and insulin resistance (HOMA-IR). The clinical and laboratory 
characteristics of the studied groups are presented in Table 1. 
cIMT was significantly increased in the obese group. The obese 
group had increased expression of plasma ADMA and AGE, 
whereas the plasma concentration of sRAGE was decreased 
(Figure 1). cIMT correlated significantly with the three stud-
ied biomarkers ADMA, AGA, and sRAGE. It correlated with 

BMI, and insulin resistance; however, it did not correlate with 
subjects’ age or blood pressure (Table 2).

The relationships between the three studied biomarkers and 
metabolic measures in obese subjects (n = 50) were performed 
using Pearson’s correlation analysis. ADMA correlated signifi-
cantly with HDL (r = −0.43, P = 0.002); AGE correlated with 
insulin resistance (r = 0.286, P = 0.04); and sRAGE correlated 
with LDL (r = 0.35, P = 0.012). sRAGE was the only marker 
to correlate with BMI (r = 0.29, P = 0.04). All three markers 
 significantly correlated with CIMT (r = 0.42, P = 0.003, r = 
0.31, P = 0.027, and r = 0.45, P = 0.001, respectively).

A multivariate linear regression model was structured with 
cIMT being the dependent variable. Out of the three studied 
markers, only sRAGE was significantly associated with cIMT 
(β = 0.28, P = 0.04). Other independent variables that were 
significant include age (β = 0.32, P = 0.02), BMI (β = 0.35, P = 
0.005), and HDL (β = −0.28, P = 0.03).

Figure 2 demonstrates the genotyping of RAGE gene (Gly 82 
Ser) polymorphism (GG, GS, and SS). The rare homozygous 
(SS) and the heterozygous (GS) mutants for G82S polymor-
phisms were represented more frequently in the obese group 
than controls (odds ratios (OR) = 3.9, 95% confidence inter-
vals (CI) = 1.2–12.8; P = 0.04). The S allele was more  frequently 
observed in obese (OR = 4.5, 95% CI = 1.9–17.2; P = 0.002). 
Obese adolescents, when compared to other genotypes, those 
with SS genotype had significantly increased HOMA-IR, AGE, 
and ADMA and decreased sRAGE (Table 3).

DISCUSSION
We demonstrated the increased expression of ADMA and 
AGE and decreased expression of sRAGE in the plasma of 
obese adolescents; cIMT, as a surrogate to cardiovascular com-
plications, increased significantly in the obese group when 

table 1. Clinical characteristics and laboratory values for the study 
population (n = 90)

Control  
(n = 40)

Obese  
(n = 50) P

Age (years) 13.8 ± 1. 9 13.7 ± 2.1 0.82

BMI (kg/m2) 19.3 ± 1.9 27.5 ± 4.1 <0.0001

Waist-hip ratio 0.80 ± 0.04 0.85 ± 0.03 <0.0001

Systolic blood pressure (mmHg) 98 ± 8 115 ± 15 <0.0001

Diastolic blood pressure (mmHg) 65 ± 6 85 ± 12 <0.0001

Fasting blood glucose (mg/dl) 97.1 ± 4. 5 99.2 ± 6.1 0.07

Triglycerides (mg/dl) 130.1 ± 8.3 149.8 ± 9.5 <0.0001

Cholesterol, total (mg/dl) 165.3 ± 9.3 181.1 ± 10.5 <0.0001

Cholesterol, LDL (mg/dl) 83.7 ± 7.4 105.6 ± 9.8 <0.0001

Cholesterol, HDL (mg/dl) 54.9 ± 5.4 44.5 ± 4.9 <0.0001

Plasma insulin (µIU/ml) 7.3 ± 2. 5 12 .4 ± 3.2 <0.0001

Insulin resistance (HOMA-IR) 1.7 ± 0.5 2.9 ± 1.2 <0.0001

Data are expressed in mean ± SD.
hDL, high-density lipoprotein cholesterol; hOMA-IR, homeostatic model assessment of 
insulin resistance; LDL, low-density lipoprotein.

Figure 1. Comparisons between obese and control groups in cIMT, ADMA, AGE, and sRAGE. ADMA, asymmetric dimethyl arginine; AGE, advanced 
 glycation end products; cIMT, carotid intima-media thickness; sRAGE, soluble receptor for advanced glycation end products. Panel a demonstrates cIMT 
to be significantly greater in obese subjects than controls (P = −0.06). Panel b demonstrates ADMA to be significantly greater in obese subjects than 
controls (P < 0.0001). Panel c demonstrates AGE to be significantly greater in obese subjects than controls (P = −0.0001). Panel d demonstrates sRAGE to 
be significantly smaller in obese subjects than controls (P = 0.02).
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compared to controls. This is the first study to show association 
between AGE gene (Gly 82 Ser) polymorphism and obesity. 
The Ser82Ser (SS) and the Gly82Ser (GS) genotypes, and the 
Ser82 (S) allele frequency were significantly greater in obese 
adolescents than controls. Within the obese group, the sub-
group with SS genotype had significantly decreased plasma 

concentration of sRAGE, whereas SBP, DBP, cIMT, triglycer-
ides, insulin resistance, AGE, and ADMA were all increased 
when compared to Sg and GG obese adolescents.

Increased plasma ADMA concentrations were associated with 
hypertension, insulin resistance, and increased cIMT in this cur-
rent study. Obesity is known to impose oxidative stress that can 
downgrade the activity of dimethyl arginine dimethyl amino 
hydrolase, the enzyme that metabolizes ADMA, thereby permit-
ting ADMA to accumulate. The mechanism for ADMA to cause 
cardiovascular risks is via the inhibition endothelial NO that will 
interfere with endothelial function and vascular structure (10).

We demonstrated increased plasma concentration of AGE 
in obese adolescents that was associated with increased cIMT, 
insulin resistance, and hypertension. Circulating AGEs has been 
recently shown to represent a novel progressive risk marker for 
predicting possible vascular complications in type II diabetes 
mellitus (11). The increase in AGE in obese individuals may 
be related to the presence of chronic inflammation, enhanced 
oxidative stress, and lower insulin sensitivity (12). A previous 
study reported decreased AGE in obese children while another 
did not find a difference between obese and lean groups (13,14). 
The discrepancy among these reports may be due to the dif-
ferences in subject characteristics including age and lifestyle. 
Under pathological conditions, AGE gradually accumulates and 
exerts its toxicity indirectly via interaction with specific cell sur-
face receptors including the receptor for AGEs (RAGE); that is 
considered proinflammatory and proatherogenic (15).

In the current study, sRAGE was significantly decreased in 
obese adolescent as compared to controls. RAGE ligands have 
better access to RAGE, the binding of which leads to oxida-
tive stress generation and activation of inflammatory path-
ways (16). As a result of such binding, it has been postulated 
that the soluble isoform (sRAGE) could play an antagonis-
tic role by their ability to bind toxic AGE, neutralizing their 
action thus preventing the adverse effects of RAGE signaling 
(17). We showed obese individuals to have decreased sRAGE; 
therefore they were deprived from its protective effect. Insulin 
resistance negatively correlated with sRAGE in our population 
that might indicate its role in the reduction of RAGE, prob-
ably by activating common intracellular signaling pathways 
(18); however, the cross-sectional design of this study does not 
allow establishing a cause and effect relationship. The negative 
association we have described between insulin resistance and 
sRAGE could be just a response to a modifier that we did not 

table 2. Pearson’s correlation analysis between carotid intima-media 
thickness and vascular risk factors in the obese group (n = 50)

Variables
Correlation 
coefficient P value

Age (years) 0.15 0.28

BMI (kg/m2) 0.38 0.006

Systolic blood pressure (mmHg) 0.18 0.22

Diastolic blood pressure (mmHg) −0.12 0.42

Insulin resistance (HOMA-IR) 0.3 0.038

ADMA (µmol/l) 0.42 0.003

AGE)U/ml) 0.31 0.027

sRAGE (pg/ml) 0.45 0.001

ADMA, asymmetric dimethyl arginine; AGE, advanced glycation end products;  
hOMA-IR, homeostatic model assessment of insulin resistance; sRAGE, soluble receptor 
for advanced glycation end products.

Figure 2. Polymerase chain reaction and restriction fragment length 
 polymorphism analysis of RAGE glycine 82 serine gene polymorphism 
with Alul separated on an agrose gel. lane 14 represents 10 bp marker 
ladder (ultra low range DNA ladder) (34–501 bp) served as reference for 
DNA fragment; lanes 1,3,4,7,8,9,10,11,12,13 show 2 bands at 149 and 
248 bp and they are homozygous for the absence of new restriction site 
(GG); lane 5 shows 3 bands at 67, 149, and 181 bp and it is homozygous 
for the presence of new restriction site (SS); lanes 2,6 show four bands at 
67, 149, 181, and 248 bp and it is heterozygous for the absence and pres-
ence of a new restriction site (GS).

1 2 3 4 5 6 7 8 9 10 11 12 13 14

table 3. RAGE gene (glycine 82 serine) polymorphism and vascular risk factors in obese adolescents (n = 50)

GG (n = 35) GS (n = 7) SS (n = 8) P value

Mean cIMT (mm) 0.48 ± 0.09 0.52 ± 0.11 0.58 ± 0.13 0.04

Insulin resistance (HOMA-IR) 2.3 ± 0.3 2.5 ± 0.4 3.9 ± 0.2 <0.0001

ADMA (µmol/l)a 0.6 (0.42–0.73) 0.66 (0.42–0.73 0.069 (0.42–0.73) 0.03

AGE)AU)b 67 (50–80) 74 (60–80) 77 (57–80) 0.02

sRAGE (pg/ml) 1,250 ± 330 920 ± 320 680 ± 290 <0.0001

Data are expressed in mean ± SD, except a,b data are expressed in median (range). ANOVA test is used except a,b Kruskal-Wallis test is used.
ADMA, asymmetric dimethyl arginine; AGE, advanced glycation end products; cIMT, carotid intima-media thickness; hOMA-IR, homeostatic model assessment of insulin resistance; 
sRAGE, soluble receptor for advanced glycation end products.
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measure. Of note, decreased circulating sRAGE has been inde-
pendently associated with cardiovascular diseases suggesting 
its vital role in the pathogenesis of atherosclerosis (19).

In this study, the Ser82Ser (SS) and the Gly82Ser (GS) gen-
otypes and the Ser82 (S) allele frequency were significantly 
higher in obese adolescent than controls. Obese adolescents 
with SS genotype had increased blood pressure, insulin resis-
tance, triglycerides, and ADMA, but decreased sRAGE when 
compared with obese individuals with other genotypes. Ser82 
allele was previously associated with microvascular complica-
tions in patients with type 2 diabetes (20). How RAGE signal-
ing induces microvascular complications has not been fully 
elucidated, but this process could have been mediated through 
the enhanced expression of NF-κB and, the proinflammatory 
and profibrotic cytokine, TGF-β (21).

Of note, RAGE polymorphisms can determine the individ-
ual expression of sRAGE by alteration of the N-glycosylation 
state of the protein that makes RAGE more vulnerable for the 
action of proteinases (22).

One of the limitations of this study is that we did not account 
for physical activity and quality of diet in regression analysis; we 
did not have objective tools to provide accurate estimates for 
these two factors in the country of Egypt. The study was con-
ducted exclusively in Egypt. Therefore the findings, especially 
those related to gene polymorphism, cannot be extrapolated to 
other populations. We did not longitudinally follow study sub-
jects over the years to detect if and when they develop cardio-
vascular complications. However, the use of cIMT as a surrogate 
for cardiovascular risks has been validated in multiple previous 
studies.

Increased expression of circulating ADMA and AGE but 
decreased sRAGE in addition to the S allele in the RAGE gene 
were associated with vascular complications in obese adoles-
cents. The genetic variants Gly82Ser was increased in obese 
adolescents and could be a used as a marker for vascular com-
plications. Further studies are needed to examine the impact 
of modifying lifestyle in adolescents with Gly82Ser variants on 
prevention of obesity-associated vascular complications.

METHODS
Patients
This cross-sectional study has been approved by the Institutional 
Review Board (IRB) at Tanta University Medical Center. Children were 
informed with the nature and purpose of the study. Parental consents 
were obtained for all subjects before enrollment. We studied two groups 
of adolescents with age ranged from 12 to 15 y; Obese Group with a 
body mass index (BMI) of was ≥24 kg/m2 and Control Group with 
BMI<24 kg/m2. Z-scores for BMI were determined using age and sex-
specific cut off points as described by the International Obesity Task 
Force (23). Subjects were excluded from the study if they had any of 
the following conditions: (i) diagnosed with any hormonal or genetic 
causes for obesity, such as growth hormone deficiency, growth hormone 
resistance, hypothyroidism, leptin deficiency or resistance to leptin 
action, Cushing syndrome, precocious puberty, polycystic ovary syn-
drome, prolactin-secreting tumors, Laurence-Moon-Biedl syndrome, 
Cohen syndrome, Down syndrome, and Turner syndrome; (ii) diag-
nosed with cardiovascular disorders such as hypertension, coronary 
artery disease, and peripheral arterial occlusive disease; iii) diagnosed 
with type-1 diabetes mellitus; iv) used any medications that could affect 
insulin resistance, lipid profile, cIMT, ADMA, AGE or sRAGE, such 
as anabolic-androgenic steroids or psychotropics, statins and other 

lipid-lowering medications, immunosuppressive therapy, prolonged 
use of NSAID, corticosteroids, hormonal medications, antioxidants, 
and vitamin supplements; and (v) had a family history of early cardio-
vascular disease or diabetes. In addition to a complete history and a 
physical examination, anthropometric measurements were obtained 
for all subjects including: (i) body weight, measured in light indoor 
clothes; (ii) height, measured without shoes using a measuring stick; 
(iii) waist circumferences, measured twice with the subject standing 
and wearing only underwear using a nonelastic tape at a point midway 
between the last palpable rib and the iliac crest in a horizontal plane 
on one visit, and the average of the two measurements was recorded 
(24); (iv) hip circumference, measured at the widest part at the gluteal 
region; (v) waist-hip ratio, calculated from previous measurements; and 
(vi) BMI, calculated as body weight divided by square height (kg/m2).

Blood Pressure Measurement
Systolic blood pressure and diastolic blood pressure were measured 
twice at the right arm after a 10-min rest in the supine position by 
auscultation with mercury sphygmomanometer (Erka, Bad Tölz, 
Germany). The average of the two measurements was used in the 
analysis. The sizes of inflatable bladder used were 9 × 16, 13 × 23, and 
15 × 30 cm2 according to the individual’s arm circumference. Blood 
pressure was evaluated according to age, gender, and height using 
currently recommended normative tables (25). Hypertension was 
determined by reference values of BP percentiles for gender, accord-
ing to age and height percentile (26).

cIMT
cIMT was measured by B-mode ultrasound using an instrument 
equipped with a 4.0–10.0 MHz vascular transducer (Vivid 7; GE 
Medical Systems, Piscataway, NJ). It was measured by the same expe-
rienced radiologist who was blinded to the participant’s risk factors 
and laboratory values. The subjects were examined supine with the 
neck extended and the probe in the antero-lateral position. The pro-
tocol involved repeated manual measurements of the right and left 
common carotid far wall at 2 cm proximal to the bulb bifurcation. 
On a longitudinal B-mode image, the far wall of the common carotid 
artery appears as two bright parallel lines separated by a hypoechoic 
space. The distance between the leading edge of the first bright line 
on the far wall (lumen–intima interface) and the leading edge of the 
second bright line (media–adventitia interface) indicates the cIMT of 
the far wall (27). Three measurements of the left and right common 
carotid were taken and the mean of the greatest measurement of each 
side represented the cIMT in this study as previously described (3). 
The intraobserver relative SDs of cIMT measurements was 4.9% as 
assessed in a group of 20 subjects examined in our laboratory.

Biochemical Assays
A total of 5 ml venous blood was obtained from all subjects after an 
over-night fast for 12 h and was placed in ethylenediaminetetraace-
tic acid vacutainer tube (Belliver Industrial Estate, Plymouth, UK) 
for genetic study. Samples were centrifuged (at 4,000 g for 10 min 
at 4 °C) and the separated plasma was transferred into plastic tubes 
and kept at −80 °C until further analysis of: (i) fasting blood glu-
cose concentration, (ii) total cholesterol (TC), triglyceride (TG), and 
high-density lipoprotein-cholesterol (HDL-C) concentrations using 
standard enzymatic methods (Boehringer Diagnostica and Wako 
Chemicals, Neuss, Germany). Low-density lipoprotein-cholesterol 
(LDL-C) concentrations were calculated using Friedewald equation: 
LDL-C = TC−(HDL-C+ (TG/5)) (28), (iii) insulin, by enzyme-linked 
immunosorbent assay using ELISA kit (R&D Systems, Minneapolis). 
Homoeostasis model (HOMA-IR) for assessment of insulin resis-
tance (IR) was done using the equation: HOMA-IR = (fasting plasma 
insulin (μIU/ml) × fasting plasma glucose (mg/dl)/405 (ref. (29)).

Plasma Concentration of ADMA
Plasma samples were analyzed using ELISA kit (Immundiagnostik 
AG, Bensheim, Germany) (30). The Columbus microplate strip-
washer (Tecan Trading AG, Switzerland) and Sunrise absorbance 
reader (Magellan software, Tecan, Männedorf, Switzerland) were 
utilized. Standards and controls provided with the kits were used in 
measurements.
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Plasma Concentrations of AGE, sRAGE, and RAGE (Gly 82 Ser) 
Gene Polymorphism
AGE was measured using fluorescence spectrophotometric assay 
method (31). Plasma concentration of sRAGE was determined using 
a commercial ELISA kit (Aviscera Bioscience, Santa Clara, CA). 
RAGE (Gly 82 Ser) gene polymorphism was assessed using poly-
merase chain reaction (PCR) and restriction fragment length poly-
morphism (RFLP) (32). Briefly, genomic DNA was prepared using 
Bio spin whole blood genomic DNA extraction kit (Qiagen, Valencia, 
CA). The extracted DNA was subjected to PCR amplification for 
RAGE gene using Dream Taq Green PCR Master Mix which includes 
nuclease-free water and PCR Master Mix twice, in addition to primers 
(Biolegio, Nijmegen, the Netherlands): the foreword Primer sequence 
5′-GTAAGGGGGGCTCCTGTTGCA-3′ and the reverse primer 
sequence 5′-GGCCAAGGCTGGGGTTGAAGG-3′. PCR was carried 
out into DNA thermal cycler (Biometra, Whatman, Germany) and 
the amplification program was as follows: initial precycling denatur-
ation for 5 min at 95 °C, 30 cycles of denaturation at 95 °C for 1 min, 
annealing at 58 °C for 1 min and extension at 72 °C for 1 min. This 
was followed by final extension period at 72 °C for 10 min. The 397 
PCR product was digested using the restriction endonuclease, Fast 
Digest Alu I enzyme (Thermo Scientific, Pittsburg, PA) at 37 °C for 
16 h yielding 248 + 149 bp fragments for wild-type allele (Gly82) and 
181 + 67 + 149 bp fragments for mutant allele (Ser82). The restricted 
products were separated by 3% agarose gel electrophoresis and visual-
ized on UV trans-illuminator using ethidium bromide staining.

Statistical Analysis
Statistical analysis was performed using SPSS version 10 (Chicago, IL). 
Data were expressed as mean (±SD) for continuous parametric vari-
ables, as median (range) for continuous nonparametric variables and 
as numbers (%) for categorical variables. Student’s t-test was applied to 
compare quantitative variables between the two studied groups. One-
way ANOVA and Kruskal-Wallis test were used for subgroup analyses 
of continuous parametric and nonparametric variables, respectively. 
The frequencies of various alleles and genotypes were compared by χ2 
test; OR and 95% CI were calculated. Pearson’s correlation analysis was 
used to examine the relationships between cIMT and tested vascular 
risk factors. Associations between cIMT and other risk factors were 
evaluated by simple regression analysis, followed by multivariate linear 
regression with forward stepwise addition. All statistical tests were two-
tailed and only a P value ≤0.05 was considered statistically significant.
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