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Association between
metabolically healthy central
obesity in women and levels of
soluble receptor for advanced
glycation end products,

soluble vascular adhesion
protein-1, and the activity of
semicarbazide-sensitive amine
oxidase

Aim To determine the levels of circulating soluble recep-
tor for advanced glycation end products (sSRAGE), as a bio-
marker of risk of metabolic syndrome and cardiovascular
disease development in centrally obese (CO) women con-
sidered metabolically healthy (COH) in comparison with
those metabolically unhealthy (COU).

Methods 47 lean healthy, 17 COH (presenting waist-to-
height ratio >0.5 but not elevated blood pressure, athero-
genic lipid profile, and insulin resistance), and 50 COU (CO
presenting >2 risk factors) women aged 40-45 years were
included. Anthropometric characteristics, blood chemistry
and hematology data, adipokines, markers of inflamma-
tion, SRAGE, soluble vascular adhesion protein-1 (sVAP-1),
and the activity of semicarbazide sensitive amine oxidase
(SSAO) were determined.

Results Central obesity associated with low sRAGE levels
(lean healthy: 1503 +633 pg/mL; COH: 1103 +339 pg/mL,
P<0.05; COU: 1106+367 ng/mL, P<0.0.1), hyperleptine-
mia, and elevated markers of inflammation irrespective of
the presence or absence of cardiometabolic risk factors.
COU women presented high adiponectin levels. SVAP-1
concentrations and the activity of SSAO were similar in all
3 groups.

Conclusion COH women present abnormalities in non-
standard markers of cardiometabolic risk (SRAGE, leptin,
high sensitive C-reactive protein), supporting the view
that there is no healthy pattern of obesity. The clinical im-
pact of our findings for future prognosis of metabolically
healthy obese subjects remains to be elucidated in longi-
tudinal studies.
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Koborova et al: SRAGE levels in metabolically healthy centrally obese women

Advanced glycation end products (AGEs) are adducts of
reducing sugars or reactive aldehydes to proteins, lipo-
proteins or DNA. AGEs are formed in vivo spontaneously
and mainly non-enzymatically in tissues and body fluids.
Their excessive accumulation exerts negative health ef-
fects through modification of the structure and function
of proteins or interaction with their specific cell surface
receptor for AGEs — RAGE (1). AGE/RAGE interaction acti-
vates the nuclear factor kappa-B and other downstream
pathways, resulting in production of reactive oxygen spe-
cies and pro-diabetic, pro-inflammatory, pro-thrombot-
ic, and pro-atherogenic responses (1). Circulating solu-
ble RAGEs (sRAGE) comprise the endogenous secretory
RAGE (esRAGE, an alternatively spliced variant of RAGE)
and a proteolytically (by a disintegrin and metallopro-
teinase-10 [ADAM10] and a matrix metalloproteinase-9
[MMP-9]) cleaved form of the cell surface receptor (2,3).
SRAGE levels are increased in chronic renal disease and
diabetes, but low level of circulating sRAGE is considered
a reliable biomarker for other diseases, such as metabolic
syndrome and its components, atherosclerosis, coronary
heart disease, and other conditions (4-6).

While majority of studies in subjects without diabetes re-
ported an inverse relationship between sRAGE and mea-
sures of adiposity (4,6-9), other studies revealed no sig-
nificant association (10,11). We speculated whether this
discrepancy in findings might be explained by obese
metabolically healthy phenotype, ie, obese subjects
without increased blood pressure, atherogenic lipid pro-
file, and insulin resistance (12). We investigated whether
centrally obese metabolically healthy women presented
higher sRAGE levels than their centrally obese metaboli-
cally unhealthy counterparts. We also evaluated the lev-
els of soluble vascular adhesion protein-1 (sVAP-1) and its
semicarbazide-sensitive amino oxidase (SSAO) activity.
Both, RAGE and VAP-1 are cleaved from the cell surface
by MMP-9 (3,13). SSAO converts less toxic primary amines
into toxic reactive aldehydes — precursors of AGEs (14).
Methylglyoxal-derived AGEs, such as hydroimidazolones
and Ne-(carboxyethyl)lysine, are RAGE ligands (15). Thus,
we anticipated that there might be a functional link be-
tween sRAGE and SSAQ/sVAP-1.

SUBJECTS AND METHODS

This cross-sectional study was conducted in accordance
to the principles of the Declaration of Helsinki. All subjects
signed an informed consent to participate.
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Subjects

Women were recruited via general practitioners or adver-
tisements posted in busy locations. Inclusion criteria were
age between 40 and 45 years and stable physical condi-
tion. Exclusion criteria were any acute and chronic illness,
particularly diabetes mellitus, cardiovascular diseases or
cancer, unstable physical condition, disabilities, consump-
tion of >50 units of alcohol/week, any body weight lower-
ing regimen, pregnancy, and breast-feeding.

Of 190 recruited women, 6 were initially excluded for fast-
ing plasma glucose (FPG)>6.9 mmol/L (n=4) and incom-
plete data for unequivocal determination of risk factors
(n=2). Of the remaining 184 women classified for presence
of cardiometabolic risk factors, 88 were lean, ie, presented
waist-to-height ratio (WHtR)<0.5. Forty-seven of them were
lean healthy (LH), and 41 presented >1 risk factors, thus
they were not included into the analysis. Ninety-six wom-
en were centrally obese. Seventeen were centrally obese
healthy (COH), and 50 women were obese unhealthy wom-
en (COU).The remaining 29 centrally obese women present-
ed only 1 additional risk factor, thus they were not included
into the analysis. The remaining 184 women were catego-
rized according to the presence of four cardiometabolic
risk factors including central obesity, increased blood pres-
sure (BP), increased atherogenic risk, and insulin resistance.
Central obesity was defined as WHtR>=0.5 (16); increased
blood pressure as systolic BP=130 mm Hg and/or diastolic
BP>85 mm Hg; increased atherogenic risk as atherogenic
index of plasma ((AIP)=log(triacylglycerols/high-density li-
poprotein cholesterol))>0.11 (17); and insulin resistance
as quantitative insulin sensitivity check index (QUICKI=1/
(log,(18.82xfasting plasma glucose)+log, fasting plasma
insulin))<0.320 (corresponding to 25th percentile in the
cohort). Thereafter, 3 groups were selected for this analysis
as follows: LH women without any of the four risk factors
(n=47); COH women with no other risk factor except central
obesity (n=17); and COU women presenting with addition-
al =2 risk factors (n=>50). None of the included women was
treated with antihypertensive and/or lipid lowering drugs.

Methods

Body weight was measured using calibrated electronic
balance, height using extendable stadiometer, and waist
circumference using flexible inelastic belt-type tape. BP
and heart rate were measured using digital sphygmoma-
nometer at forearm in sitting position after 10-minute
rest, and the mean value of the last 2 out of 3 mea-
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surements was recorded. Measurements were performed
in the morning hours at the outpatient department.

Blood was taken from antecubital vein after overnight fast-
ing. Standard blood chemistry (FPG, lipid profile, creatinine,
uric acid, albumin; Vitros 250 analyzer, Johnson&Johnson,
Rochester, NY, USA) and blood count (Sysmex K-20 ana-
lyzer, TOA Medical Electronics, Kobe, Japan) were analyzed
immediately. Plasma samples were stored at -80°C for spe-
cial analyses. Fasting plasma insulin (FPI) concentration was
analyzed using a commercial radioimmunoassay (Immuno-
tech, Prague, Czech Republic). Commercial ELISA sets were
used according to manufacturers'instructions to determine
high sensitive C-reactive protein (hsCRP, Immundiagnostik
AG, Bensheim, Germany), sVAP-1 (eBioscience, Vienna Aus-
tria), adiponectin, leptin, and sRAGE (all R&D Systems, Min-
neapolis, MN, USA). SRAGE ELISA assay used in our study
determines all circulating sRAGE splice variants. Advanced
glycation end products-associated fluorescence of plasma
(AGE-FI) and advanced oxidation protein products (AOPPs)
were determined as described previously (10). SSAO activity
in plasma was determined radiometrically by liquid scintilla-
tion counting as described previously (18). The enzyme ac-
tivity was expressed as nmol of benzaldehyde formed by 1
mg plasma protein in 1 h at 37°C (nmol mg™ h").

Body mass index (BMI), waist-to-height ratio, quantitative in-
sulin sensitivity check index, atherogenic index of plasma, and
glomerular filtration rate (eGFR; according to (19)) were cal-
culated. AGE-associated fluorescence of plasma and AOPPs
were expressed as their ratio to plasma albumin (Alb).

Statistical analysis

Normality of data distribution and equality of variances
were tested with Kolmogorov-Smirnov and Levene’s test,
respectively. Data fitting to normal distribution are given as
mean + standard deviation (SD) and were compared using
one-way analysis of variance (ANOVA) with post-hoc Schef-
fe's test with correction of significance level for multiple com-
parisons. Skewed data are given as median and interquartile
range. These groups were compared using Kruskal-Wallis
test with subsequent Dunn’s post-hoc test with correction
of significance level for multiple comparisons. Spearman or
Pearson correlation coefficients (as appropriate) between
SRAGE, sVAP-1 or SSAO activity and anthropometric, clini-
cal, and laboratory variables were calculated. To uncover
the independent variables with class discriminating ability,
an orthogonal partial least squares discriminant analysis
(OPLS-DA) was performed using Simca v.13 software
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(Umea, Sweden). Age, height, heart rate, eGFR, white blood
cell (WBC), red blood cell (RBC), and platelet counts, albu-
min, uric acid, hsCRP, adiponectin, leptin, SRAGE and sVAP-1
concentrations, SSAO activity, AGE/Alb, and AOPP/Alb levels
were entered as predictors. Variable of importance for the
projection (VIP) value >1 was considered significant.

To assess which independent variables were significant
predictors to selected dependent variables, a multivariate
regression was performed using the general linear model
(GLM). For sRAGE as dependent variable, those indepen-
dent variables were entered as covariates, which showed
significant association to SRAGE in simple regression analy-
ses, ie, WHtR, SBP, DBP, QUICKI, AIP, eGFR, uric acid, In hsCRP,
In adiponectin, In leptin, AGE/Alb, In AOPP/Alb, plate-
let count, SSAQO activity, and sVAP-1. WHtR, In hsCRP, and
SRAGE were entered as independent predictors of SSAO
activity. P<0.05 was considered significant. Statistical anal-
yses were performed using SPSS version 22 (SPSS Inc,, Chi-
cago, IL, USA) and GraphPad Prism v. 6.0 (California, USA).

The statistical power of the study was determined using
the post-hoc power test. With 2-sided confidence interval
of 95%, the power of comparison between 47 lean healthy
subjects presenting mean sRAGE concentration of 1503
pg/mL with SD of 633 pg/mL and 17 COH subjects with
SRAGE levels of 1103+ 339 pg/mL was 89.9%.

RESULTS

COU women were significantly older in comparison with
their lean healthy counterparts (Table 1), however, the age-
difference of 9.6 months in mean cannot be considered in
40-year-olds as clinically significant. Both groups of cen-
trally obese women tended to be shorter in comparison
with lean healthy subjects, however, post-hoc Scheffe’s test
failed to identify significant between group differences. In
comparison with lean healthy subjects, COH women pre-
sented with significantly higher FPG, and lower insulin sen-
sitivity (within the insulin sensitive range, ie, QUICKI>0.320).
COH and COU groups has similar characteristics of general
and central obesity.

Standard blood chemistry and red blood cells and
platelets counts

No significant differences in albuminemia were observed
between the groups. COU women presented mildly ele-
vated uric acid concentrations, significantly higher in com-
parison with lean healthy subjects. Markers of renal func-
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tion (eg, plasma creatinine concentration and eGFR) did
not differ significantly between the groups (Table 1). COU
women had higher red blood cells and platelets counts in
comparison with lean healthy subjects.

Inflammatory markers

Both groups of centrally obese women presented higher
hsCRP concentrations in comparison with their lean healthy

TABLE 1. Anthropometric characteristics, blood chemistry, and hematology data of women included in the study

LH (n=47) COH (n=17) COU (n=50) P
Age (years) 42.0 (40.0;43.0) 42.0 (41.5;43.0) 42.0 (41.0; 44.0)* 0.015
Height (cm) 168.1+£6.9 163.4+6.6 165.3+7.7 0.0371
Weight (kg) 63.2+8.0 823+16.8° 89.4+174° <0.001
Waist (cm) 743+£6.2 94.1+119° 97.7+£9.2° <0.001
BMI (kg/m?) 223+23 30.7+£5.3° 32.5+4.7° <0.001
Waist/height 044+0.03 0.58+0.07° 0.59£0.05° <0.001
SBP (mmHg) ne+7 1206 139+ 13% <0.001
DBP (mmHg) 74+5 77+5 92+ 8% <0.001
Heart rate (x/min) 71+9 72+10 80+ 125+ <0.001
FPG (mmol/L) 50+04 53+04* 56+0.5° <0.001
FPI (uiU/ml) 6.3 (5.5;8.5) 8.1 (6.8;10.6) 14.8 (10.2; 18.3)°* <0.001
QUICKI 0.361+£0.020 0.344+0.014* 0.318+0.020%¢ <0.001
Albumin (g/L) 45+3 45+5 44+4 0.619
Cholesterol (mmol/L) 49+09 55+09*% 54+10 0.028"
HDL-C (mmol/L) 1.5(14;19) 15 (14;1.8) 1.2 (1.0; 1.4)% <0.001
LDL-C (mmol/L) 29+07 34+08 3.3+09% 0.014
VLDL-C (mmol/L) 04 (0.3;0.5) 0.5 (0.4;0.6) 0.8 (0.6; 1.0)>* <0.001
TAG (mmol/L) 0.8 (0.7, 1.1) 1.1(09;1.3) 1.8 (1.3;2.3)% <0.001
AIP -0.29+0.18 -0.17£0.15 0.18+0.23% <0.001
Uric acid (mmol/L) 211£53 244+ 63 280+62° <0.001
Creatinine (umol/L) 73+15 70+9 70+12 0.622
eGFR (mls (1.73m?)7) 1.6+£04 1.6+0.2 1.6£0.3 0.798
WBC (x*10%/L) 6.2+14 6.6+14 77+21° <0.001
RBC (x*10'%/L) 45+04 45+03 4.7+04* 0.013
Plt (x*10%/L) 241 £67 258+ 65 297 +64° <0.001
hsCRP (mg/L) 3.1(2.0;4.1) 4.5(3.3;8.1)f 5.7 (4.2,9.2) <0.001
Adiponectin (hg/mL) 14.5 (9.8;20.4) 12.8 (9.7, 18.6) 8.6 (5.6;10.3)*" <0.001
Leptin (ng/mL) 114 (64; 19.3) 38.5 (18.0; 66.6)° 44,0 (28.0; 57.0)° <0.001
AOPP/Alb 1.2(1.0;1.4) 1.1 (09;1.9) 2.7 (1.7, 4.4 <0.001
AGE-FI/Alb 554+14.0 55.6+15.3 523+14.8 0.531

Presence of cardiometabolic risk factors was classified as follows: central obesity: WHtR=0.5; elevated BP: systolic BP (SBP)=130 mm Hg and/or
diastolic BP (DBP)= 85 mm Hg; increased atherogenic risk: AIP=1og(TAG/HDL)=0.11 (17); insulin resistance: QUICKI<0.320 (corresponding to 25th per-
centile in the cohort) . Lean healthy (LH) women did not present any risk factor; centrally obese healthy (COH) women did not present any other risk
factor except for central obesity; centrally obese unhealthy (COU) women presented >2 additional risk factors except for central obesity; BMI: body
mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; FPI: fasting plasma insulin; QUICKI: quantitative
insulin sensitivity check index; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; VLDL-C: very low density lipo-
protein cholesterol; TAG: triacylglycerols; AIP: atherogenic index of plasma; eGFR: estimated glomerular filtration rate (abbreviated MDRD formula);
WBC: leukocyte count; RBC: erythrocyte count; Plt: platelet count; hsCRP: high sensitive C-reactive protein; AOPP/Alb: advanced oxidation protein
products corrected for plasma albumin; AGE-FI/Alb: advanced glycation end products-associated fluorescence of plasma corrected for plasma albu-
min; AU: arbitrary units; data presented as mean + SD or as median and interquartile range; normally distributed data were compared using one-way
analysis of variance with Scheffe’s post-hoc test with correction for multiple comparisons; skewed data were compared using Kruskal-Wallis test with
post-hoc Dunnet’s test with correction for multiple comparisons.

*P>0.05 vs lean healthy.

1Scheffe’s test did not indicate significance between the groups

$P>0.01 vs lean healthy.

§P>0.001 vs lean healthy.

1IP>0.01 vs centrally obese healthy.

9P>0.001 vs centrally obese healthy.
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counterparts. COU women had higher WBC counts in com-
parison with COH and lean healthy women (Table 1).
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FIGURE 1. Activity of semicarbazide-sensitive amine oxidase,
plasma soluble vascular adhesion protein-1 and soluble
receptor for advanced glycation end products levels in lean
healthy, centrally obese healthy and centrally obese unhealthy
women. SSAO: activity of semicarbazide-sensitive amine
oxidase; sVAP-1: soluble vascular adhesion protein-1; sSRAGE:
soluble receptor for advanced glycation end products; LH: lean
healthy; COH: centrally obese healthy; COU: centrally obese
unhealthy women. Data presented as minimum, first quartile,
median, third quartile and maximum. Kruskal-Wallis test with
subsequent Dunn’s test with correction of P for multiple com-
parisons were used for statistical comparison. Significant dif-
ferences between the groups are shown. *P <0.05; **P<0.01.

Croat Med J. 2017;58:106-16

Adipokines

COU women presented lower adiponectin concentrations
in comparison lean healthy and COH subjects, while leptin
concentrations were similarly increased in both groups of
centrally obese women if compared with those lean and
healthy (Table 1).

Advanced glycation end products and advanced
oxidation protein products

AGE-FI/Alb levels did not differ significantly between the
groups. COU women presented higher AOPP/Alb levels in
comparison with lean healthy and COH groups (Table 1).

sRAGE, sVAP-1 concentration and SSAO activity

Both groups of centrally obese women presented low-
er sRAGE concentrations in comparison with their lean
healthy counterparts (LH: 1370 (1011; 1765) pg/mL; COH:
969 (815; 1442) pg/ml; COU: 1062 (832; 1266) pg/mL;
P<0.001). (Figure 1). SVAP-1 concentration (LH: 252 (198;
303) ng/mL; COH: 285 (207; 303) ng/mL; COU: 248 (209;
309) ng/mL; P=0.596) and SSAQ activity (LH: 99 (82; 123)
nmol mg™ h™'; COH: 96 (85; 108) nmol mg™ h™'; COU: 97 (82;
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FIGURE 2. Score scatter plot from OPLS-DA model of lean healthy women, centrally obese healthy, and centrally obese unhealthy
women. LH: lean healthy women, (gray circles); COH: centrally obese healthy women, (squares); COU: centrally obese unhealthy
women, black triangles). Scores are orthogonal (=completely independent from each other), representing new variables summa-
rizing the input of all determined variables (herein age, height, heart rate, eGFR, WBC, RBC and platelet counts, albumin, uric acid,
hsCRP, adiponectin, leptin, SRAGE and sVAP-1 concentrations, SSAO activity, AGE/Alb and AOPP/Alb levels) so that one score vector
corresponds to one subject, having its own score vector. Observations situated outside Hotelling's T2 tolerance ellipse are mild
outliers. Model reveals that COH women scatter between the LH and COH women, while the two latter groups are well separated
(separation in direction of x-axis). Separation in direction of y-axis represents within group variability.
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114) nmol mg™ h'; P=0.627) did not differ significantly be-
tween the groups (Figure 1).

Multivariate analysis.

OPLS-DA confirmed that COH women presented inter-
mediate phenotype: COH subjects projected scattered
among relatively well separated groups of lean healthy
and COU women (Figure 2). Model explained 53% of be-
tween-groups variation. Leptin, hsCRP, WBC count, UA,
SRAGE, adiponectin, sVAP-1 and heart rate were selected
as independent predictors contributing significantly to

TABLE 2. Pearson or Spearman’s correlation coefficients
between concentration of soluble receptor for advanced gly-
cation end products (SRAGE) and anthropometric, clinical, and
laboratory variables in women included in the study *

R P
Weight -0.357 <0.001
Waist -0.439 <0.001
BMI -0.438 <0.001
Waist/height -0471 <0.001
SBP -0.206 0.029
DBP -0.235 0.013
FPG -0.280 0.003
FPI -0.321 0.001
QUICKI 0.340 <0.001
LDL-C -0.195 0.040
VLDL-C -0.239 0.012
TAG -0.213 0.024
AIP -0.204 0.031
Uric acid -0.242 0.010
Creatinine 0.245 0.009
eGFR -0.230 0.015
Plt -0.287 0.002
hsCRP -0.348 <0.001
Adiponectin 0.199 0.035
Leptin -0.308 0.001
SSAO 0.381 <0.001
AGE/Alb 0.197 0.037

*Abbreviations - BMI: body mass index; SBP: systolic blood pressure;
DBP: diastolic blood pressure; QUICKI: quantitative insulin sensitivity
check index; HDL-C: high density lipoprotein cholesterol; LDL-C: low
density lipoprotein cholesterol; VLDL-C: very low density lipoprotein
cholesterol; TAG: triacylglycerols; AIP: atherogenic index of plasma;
eGFR: estimated glomerular filtration rate (abbreviated MDRD
formula); WBC: leukocyte count; RBC: erythrocyte count; Plt: platelet
count; hsCRP: high sensitive C-reactive protein; SSAO: activity of semi-
carbazide-sensitive amine oxidase; sVAP-1: soluble vascular adhesion
protein-1; AOPP/Alb: advanced oxidation protein products corrected
for plasma albumin; AGE-FI/Alb: advanced glycation end products-as-
sociated fluorescence of plasma corrected for plasma albumin; italics:
Spearman’s correlation coefficient; relationship between sRAGE and
cholesterol or HDL-C concentrations, WBC or RBC count, and AGE-FI/
Alb were not significant
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separation between the groups (VIP values 1.53-to-1.00),
(loading scatter plot and VIP plot given in supplementary
material).

sRAGE
SRAGE levels correlated significantly and inversely with

body weight, waist circumference, BMI, WHtR, SBP, DBP,
FPG, FPI, LDL-C, VLDL-C, TAG, AIP, uric acid, eGFR, platelet
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FIGURE 3. Correlation between activity of semicarbazide-
sensitive amine oxidase and soluble receptor for advanced
glycation end products levels in lean healthy, centrally obese
healthy and unhealthy women. SSAOQ: activity of semicar-
bazide-sensitive amine oxidase; SRAGE: soluble receptor for
advanced glycation end products; LH: lean healthy; COH: cen-
trally obese healthy; COU: centrally obese unhealthy women.
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FIGURE 4. Correlation between concentration of soluble
vascular adhesion protein-1 and soluble receptor for advanced
glycation end products levels in lean healthy, centrally obese
healthy and unhealthy women. SSAO: activity of semicar-
bazide-sensitive amine oxidase; SRAGE: soluble receptor for
advanced glycation end products; LH: lean healthy; COH: cen-
trally obese healthy; COU: centrally obese unhealthy women.
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count, hsCRP, and leptin (Table 2). Significant positive re-
lationship of sSRAGE with insulin sensitivity, creatinine, ad-
iponectin, and AGE-FI/Alb has been revealed (Table 2).
SRAGE showed a significant positive relationship to SSAO
activity (Figure 3), while relationship between sRAGE and
SVAP-1 was insignificant (Figure 4). GLM selected WHtR
(P<0.001; B: -3234; SE:1023), platelet count (P=0.018; {3
-1.60; SE: 0.67), and SSAQO activity (P=0.011; {: 6.62; SE:
2.56) as independent significant predictors of SRAGE levels
(overall model P<0.001; R% 0.31).

SSAO activity and sVAP-1

Except for significant positive relationship with sSRAGE (Fig-
ure 3), SSAO activity correlated positively with sVAP-1 lev-
els (Figure 5). It also showed significant inverse relationship
with BMI (r=-0.190, P=0.047), WH1R (r=-0.214, P=0.025),
and In hsCRP (r=-0.235, P=0.014). GLM selected only
SRAGE (P<0.001; B: 0.017; SE: 0.005) as independent sig-
nificant predictor of SSAO activity (overall model P<0.0071;
R% 0.14). Except for SSAQ activity, sVAP-1 correlated signifi-
cantly only with erythrocytes count (r=0.224, P=0.021).
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FIGURE 5. Correlation between activity of semicarbazide-sen-
sitive amine oxidase and soluble vascular adhesion protein-1
levels in lean healthy, centrally obese healthy and unhealthy
women. SSAO: activity of semicarbazide-sensitive amine
oxidase; sVAP-1: soluble vascular adhesion protein-1; LH: lean
healthy; COH: centrally obese healthy; COU: centrally obese
unhealthy women.

DISCUSSION

To the best of our knowledge this is the first study inves-
tigating sRAGE levels, sVAP-1 and SSAO activity in lean vs
metabolically healthy and unhealthy CO women. In con-
trast to our hypothesis, we revealed similar decline in
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SRAGE levels in COH and COU women. Moreover, our data
show that central obesity is not associated with significant
changes in SSAO activity/sVAP-1 levels, regardless of pres-
ence or absence of cardiovascular risk factors.

Obesity represents a key risk factor for development of
metabolic syndrome, type 2 diabetes, cardiovascular dis-
eases, and certain types of cancer - all of which may lead to
increased mortality. However, 10%-t0-30% of obese indi-
viduals present phenotype free from metabolic abnormali-
ties (12). Thus, the proportion of COH women in our study
(18%) corresponded with percentages reported for oth-
er populations (12). Metabolically healthy obesity (MHO)
does not appear to be a benign condition: the prognosis
in MHO individuals for cardiovascular disease is as poor
as that in the metabolically unhealthy obese (MUO) (20).
Although MHO phenotype carries less risk for type 2 dia-
betes when compared with MUQ, the risk is greater than
that in the metabolically healthy normal weight subjects
(20,21). In contrast to MUO subjects MHO do not improve
significantly their cardiometabolic risk upon weight loss in-
terventions (12).

MHO phenotype is generally defined as presence of obe-
sity (BMI<30.0 kg/m?, not taking into account fat distribu-
tion), accompanied with <3 cardiometabolic risk factors
- elevated BP, TAG, and FPG levels, and decreased HDL-cho-
lesterol (12). However, central obesity, particularly if mea-
sured as WHER, is a better prognostic marker of cardiomet-
abolic risk than BMI (22). Similarly, AIP is a better predictor
of atherogenic risk than TAG and HDL-C levels evaluated
separately (17). FPG might be maintained within the refer-
ence range on the account of hyperinsulinemia, thus FPG
is not a reliable proxy of normal glucose homeostasis (12).
Thus, we used strict criteria to define MHO phenotype, eg,
centrally obese insulin sensitive subject not presenting in-
creased atherogenic risk and elevated BP. We are not aware
of any study using zero cardiometabolic risk components
to define MHO, and <1 additional criteria to obesity are also
seldom used in comparison with 2 criteria (23). We showed
that even under our strict classification COH women pres-
ent lower insulin sensitivity, elevated hsCRP and leptin lev-
els if compared with their lean healthy counterparts. MHO
was also associated with higher total cholesterol levels,
however, only tendency toward unfavorable lipid profile
and AIP was observed. Moreover, COH women tended
to present higher BP values, uric acid and AOPP/Alb lev-
els, leukocyte and platelet counts if compared with lean
healthy subjects — variables which were significantly higher
in COU women. Concurrent rise in hsCRP, leukocyte counts
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and AOPPs (myeloperoxidase reaction-derived products
reflecting enhanced activation of phagocytes) (24) points
to activation of microinflammation processes. On the oth-
er hand, COH women maintained their adiponectin levels
despite marked hyperleptinemia — phenomenon reported
previously, and potentially contributing to maintenance of
insulin sensitivity in MHO phenotype (25).

SRAGE levels are similarly decreased in metabolically
healthy and metabolically unhealthy centrally obese wom-
en. Although majority of studies in subjects without diabe-
tes (including pre-pubertal children and elderly subjects)
report inverse relationship between measures of obesity
and sRAGE levels (4,6-9), the data are equivocal (10,11).
We did not confirm our hypothesis that this discrepancy
might be on the account of MHO phenotype: COH and
COU women who did not differ with regard to their mea-
sures of obesity displayed similar decline in sSRAGE levels.
Mechanisms leading to obesity-associated sSRAGE decline
remain unclear. In homeostasis tissue expression of RAGE
is low, and increases with accumulation RAGE ligands (1).
In obesity enhanced oxidative stress, microinflammation,
and accumulation of lipophilic AGEs induce increased
RAGE expression in adipose tissue (26). Thus, if SRAGE lev-
els mirror tissue RAGE expression, plasma sRAGE should
be increased in obesity. In obese pre-pubertal children
and adolescents esRAGE-to-sRAGE ratio remains constant
(27,28).Thus, endogenous secretory and metalloproteinas-
es-shaded isoforms of SRAGE decline proportionally. While
no data on ADAM10 expression or activity in obesity are
available, plasma MMP-9 levels and its expression in fat tis-
sue of obese subjects are increased (29,30). However, com-
plex interaction of MMPs with their tissue inhibitors does
not allow us to speculate whether shading of RAGE is di-
minished in obesity. Assumption that SRAGE may act as de-
coy trapping circulating AGEs seems unsubstantiated, as
the levels of sSRAGE are 3-orders of magnitude lower than
even the concentrations of the most abundant plasma
AGE — N&-(carboxymethyl)lysine (CML) (31). Moreover, plas-
ma CML-to-sRAGE ratio remains constant with increasing
number of metabolic syndrome risk factors (4). Circulating
levels of hydroimidazolones which bind to RAGE with the
highest affinity and specificity among all chemically de-
fined AGEs (15) are not increased in obesity (32). Howev-
er, another RAGE ligand - pro-inflammatory cytokine high
mobility group protein box-1 (HMGB1), displaying 10-fold
higher binding affinity to RAGE in comparison with AGEs,
circulates in concentrations similar to those of sSRAGE, and
has been shown to be increased in obesity (33). HMGB1 is
secreted by preadipocytes and controls inflammation (ie,
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the secretion of interleukine-6 and monocyte chemotactic
protein-1) in adipose tissues through the binding to RAGE
(34). In general population sSRAGE independently and in-
versely associated with HMGB1 (35). Herein we showed
negative relationship between inflammatory markers
(hsCRP, AOPP/Alb) and sRAGE. Whether decreased sRAGE
level in obesity reflects mainly the pro-inflammatory sta-
tus, particularly associated with high HMGB1 levels, re-
mains to be confirmed. In large community-based popula-
tion study in subjects without diabetes low levels of SRAGE
were significantly associated with future risk of diabetes,
coronary heart disease, and mortality (36). In healthy adult
women lower sRAGE levels reflected accumulation of the
epicardial visceral fat (9). Thus, low sRAGE levels associating
with microinflammatory status suggest that despite an ab-
sence of standard cardiometabolic risk factors MHO wom-
en might be on increased risk to develop cardiometabolic
disease in future. As sRAGE concentrations remain rela-
tively stable over years, it has been suggested that a single
measure of circulating sSRAGE may be sufficient for charac-
terizing long-term risk in the general population (37).

SSAO/sVAP-1 are not altered in metabolically healthy and
unhealthy centrally obese women. VAP-1 represents a mol-
ecule with a dual action: as adhesion molecule it favors lym-
phocyte recruitment into site of inflammation; possessing
enzyme activity of semicarbazide-sensitive amine oxidase
(SSAO, EC 1.4.3.21) it converts primary amines into corre-
sponding aldehydes (eg, aminoacetone into methylglyox-
al), generating H,0, and ammonia (14). Thus, as expected,
sVAP-1 and plasma SSAQ activity showed tight correlation
in our study. The membrane form of SSAO/VAP-1, highly
expressed in endothelial cells, regulates leukocyte traf-
ficking into site of inflammation (38). In obesity the mem-
brane-bound VAP-1 is abundantly expressed on white fat
cells, and is supposed to contribute to adipogenesis and
pathological energy metabolism (38). It has been suggest-
ed that in obesity VAP-1 remains in the membrane-bound
form, with a concurrent decrease in the circulating sVAP-1
concentration (39). On the other hand, a different study re-
ported an elevated plasma SSAQ activity in morbidly obese
patients (40); while in our study neither concentrations of
sVAP-1, nor the plasma SSAO activity differed significantly
between lean and centrally obese women, regardless of
their phenotype. Clinical data on sVAP-1/SSAO in obesity
are scares, with contradictory results, and require further
aimed investigations.

Formation of AGEs is accelerated under conditions of
enhanced oxidative stress such as obesity,and meth-
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ylglyoxal is considered to be the most potent glycation
agent (26). Both, enhanced oxidative stress and methylg-
lyoxal may induce insulin resistance (41). Similarly to RAGE,
VAP-1 is shaded by MMPs (13). Thus, we assumed that in
obesity SRAGE, sVAP-1 levels and SSAO activity might as-
sociate. However, in contrast to sRAGE levels SSAO activ-
ity and sVAP-1 were not altered in centrally obese wom-
en. Obese individuals present approximately 35% higher
plasma methylglyoxal levels in comparison with their lean
counterparts (32), but circulating methylglyoxal levels
show no significant relationship with measures of obe-
sity (42). Our data suggest that obesity-associated rise in
methylglyoxal is not due to increase in SSAO activity. De-
spite its unchanged activity in obesity, SSAO showed posi-
tive relationship with sRAGE, and in multivariate analyses
appeared as a significant independent predictor to sSRAGE
levels. Equivocal results of statistical analyses do not al-
low any speculation on potential interplay of RAGE/SSAO/
VAP-1 systems in central obesity — further studies are defi-
nitely needed.

The strengths of our study include recruitment of White
Caucasian women of Middle European descent, without
diabetes, of similar age, from geographically restricted area
of South-Western Slovakia; strict criteria used to define
MHO; determination of variety of non-standard cardiomet-
abolic risk markers; and complex statistical approach. The
weaknesses of this study are largely related to its cross-sec-
tional design, not allowing elucidation of the causal rela-
tionships between circulating sSRAGE, sVAP-1, SSAO activity
and anthropometric, metabolic, and inflammatory vari-
ables, ie, issues better examined in a longitudinal study.

Conclusion

Our data suggest that by strict criteria classified central-
ly obese women present abnormalities in non-standard
markers of cardiometabolic risk, emphasizing that there is
no healthy pattern of obesity. The clinical impact of low
SRAGE levels for future prognosis of metabolically healthy
obese subjects, and potential interaction in RAGE/VAP-1/
SSAQ axis in obesity-associated pathology remain to be
elucidated in longitudinal studies.

Acknowledgment This study was supported by grant from Ministry of
Health of Slovak Republic No. 2006/07-52U-02 (to KV); and partially by
Visegrad/V4EaP Scholarship No. 51400162 and the Association for Regional
Cooperation in the Fields of Health, Science and Technology (RECOOP HST
Association) (to IK), and a grant from The Ministry of Education, Science,
Research and Sport of the Slovak Republic VEGA No. 1/01637/13 (to KS).

Funding This study was supported by grant from Ministry of Health
of Slovak Republic No. 2006/07-SZU-02 (to KV); and partially by

www.cmj.hr

Croat Med J. 2017;58:106-16

Visegrad/V4EaP Scholarship No. 51400162 and the Association for Regional
Cooperation in the Fields of Health, Science and Technology (RECOOP HST
Association) (to IK), and a grant from The Ministry of Education, Science, Re-
search and Sport of the Slovak Republic VEGA No. 1/01637/13 (to KS).

Ethical approval received from the Ethics Committee of the Slovak Medical
University in Bratislava (October 18, 2008). All subjects signed an informed
consent and the study was conducted in accordance to the principles of
the Declaration of Helsinki.

Declaration of authorship IK, KV, ESz, and KS designed the study. IK, RG,
MCs, and KV performed data acquisition. IK, RG, MCs, and TT analyzed and
interpreted the data. IK and KS drafted the manuscript. KS is responsible for
all aspects of the work, ensuring the accuracy or integrity of any part of the
work. All co-authors critically reviewed the manuscript and gave their final
approval of the version of the manuscript to be published.

Competing interests All authors have completed the Unified Competing
Interest form at www.icmje.org/coi_disclosure.pdf (available on request
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References

1 Bierhaus A, Humpert PM, Morcos M, Wendt T, Chavakis T, Arnold
B, et al. Understanding RAGE, the receptor for advanced glycation
end products. J Mol Med (Berl). 2005;83:876-86. Medline:16133426
doi:10.1007/s00109-005-0688-7

2 Raucci A, Cugusi S, Antonelli A, Barabino SM, Monti L, Bierhaus
A, et al. A soluble form of the receptor for advanced glycation
endproducts (RAGE) is produced by proteolytic cleavage of
the membrane-bound form by the sheddase a disintegrin
and metalloprotease 10 (ADAM10). FASEB J. 2008;22:3716-27.
Medline:18603587 doi:10.1096/).08-109033

3 ZhangL, Bukulin M, Kojro E, Roth A, Metz VV, Fahrenholz F, et
al. Receptor for advanced glycation end products is subjected
to protein ectodomain shedding by metalloproteinases. J Biol
Chem. 2008;283:35507-16. Medline:18952609 doi:10.1074/jbc.
M806948200

4 Sebekova K, Krivosikové Z, Gajdo$ M. Total plasma Ne-
(carboxymethyl)lysine and sRAGE levels are inversely associated
with a number of metabolic syndrome risk factors in non-diabetic
young-to-middle-aged medication-free subjects. Clin Chem Lab
Med. 2014;52:139-49. Medline:23509221 doi:10.1515/ccIm-2012-
0879

5  Prasad K. Low levels of serum soluble receptors for advanced
glycation end products, biomarkers for disease state: myth or
reality. Int J Angiol. 2014;23:11-6. Medline:24627612 doi:10.1055/s-
0033-1363423

6  Hudson BIl, Dong C, Gardener H, Elkind MSV, Wright CB, Goldberg
R, et al. Serum levels of soluble receptor for advanced glycation
end-products and metabolic syndrome: The Northern Manhattan
Study. Metabolism. 2014;63:1125-30. Medline:25012910
doi:10.1016/j.metabol.2014.05.011

7 Davis KE, Prasad C, Vijayagopal P, Juma S, Imrhan V. Serum soluble

receptor for advanced glycation end products correlates inversely


www.icmje.org/coi_disclosure.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16133426&dopt=Abstract
http://dx.doi.org/10.1007/s00109-005-0688-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18603587&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18603587&dopt=Abstract
http://dx.doi.org/10.1096/fj.08-109033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18952609&dopt=Abstract
http://dx.doi.org/10.1074/jbc.M806948200
http://dx.doi.org/10.1074/jbc.M806948200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23509221&dopt=Abstract
http://dx.doi.org/10.1515/cclm-2012-0879
http://dx.doi.org/10.1515/cclm-2012-0879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24627612&dopt=Abstract
http://dx.doi.org/10.1055/s-0033-1363423
http://dx.doi.org/10.1055/s-0033-1363423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25012910&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2014.05.011

Koborova et al: SRAGE levels in metabolically healthy centrally obese women

with measures of adiposity in young adults. Nutr Res. 2014;34:478-
85. Medline:25026914 doi:10.1016/j.nutres.2014.04.012

8  Norata GD, Garlaschelli K, Grigore L, Tibolla G, Raselli S, Redaelli
L, et al. Circulating soluble receptor for advanced glycation
end products is inversely associated with body mass index
and waist/hip ratio in the general population. Nutr Metab
Cardiovasc Dis. 2009;19:129-34. Medline: 18595673 doi:10.1016/j.
numecd.2008.03.004

9  DozioE, Briganti S, Delnevo A, Vianello E, Ermetici F, Secchi F, et al.
Relationship between soluble receptor for advanced glycation end
products (SRAGE), body composition and fat distribution in healthy
women. Eur J Nutr. 2016; Epub ahead of print. Medline:27522371
doi:10.1007/500394-016-1291-0

10 Sebekové K, Somoza V, Jarcuskova M, Heidland A, Podracka
L. Plasma advanced glycation end products are decreased in
obese children compared with lean controls. Int J Pediatr Obes.
2009;4:112-8. Medline:18645732 doi:10.1080/17477160802248039

11 Mahajan N, Malik N, Bahl A, SharmaY, Dhawan V. Correlation
among soluble markers and severity of disease in non-diabetic
subjects with pre-mature coronary artery disease. Mol Cell
Biochem. 2009;330:201-9. Medline:19412573 doi:10.1007/s11010-
009-0134-1

12 Bluher M. Are metabolically healthy obese individuals really
healthy? Eur J Endocrinol. 2014;171:R209-19. Medline:25012199
doi:10.1530/EJE-14-0540

13 Abella A, Garcia-Vicente S, Viguerie N, Ros-Baro A, Camps M,
Palacin M, et al. Adipocytes release a soluble form of VAP-1/SSAO
by a metalloprotease-dependent process and in a regulated
manner. Diabetologia. 2004;47:429-38. Medline:14968297
doi:10.1007/s00125-004-1346-2

14 Deng, Yu PH. Assessment of the deamination of aminoacetone,
an endogenous substrate for semicarbazide-sensitive amine
oxidase. Anal Biochem. 1999;270:97-102. Medline:10328770
doi:10.1006/abio.1999.4058

15 Xue J, Ray R, Singer D, Bohme D, Burz DS, Rai V, et al. The Receptor
for Advanced Glycation End Products (RAGE) Specifically
Recognizes Methylglyoxal-Derived AGEs. Biochemistry.
2014;53:3327-35. Medline:24824951 doi:10.1021/bi500046t

16 Ashwell M, Gibson S. A proposal for a primary screening tool: 'Keep
your waist circumference to less than half your height' BMC Med.
2014;12:207. Medline:25377944 doi:10.1186/512916-014-0207-1

17 Dobiasova M, Frohlich J. The plasma parameter log (TG/HDL-C) as
an atherogenic index: correlation with lipoprotein particle size and
esterification rate in apoB-lipoprotein-depleted plasma (FERHDL).
Clin Biochem. 2001;34:583-8. Medline:11738396 doi:10.1016/
$0009-9120(01)00263-6

18 Yu PH, Zuo DM. Oxidative deamination of methylamine by
semicarbazide-sensitive amine oxidase leads to cytotoxic damage
in endothelial cells. Possible consequences for diabetes. Diabetes.
1993;42:594-603. Medline:8454111 doi:10.2337/diab.42.4.594

20

21

22

23

24

25

26

27

28

29

115

CM)

K/DOAQI clinical practice guidelines for chronic kidney disease:
evaluation, classification, and stratification. Am J Kidney Dis.
2002;39:(2 Suppl 1):51-266. Medline:11904577

Hinnouho GM, Czernichow S, Dugravot A, Nabi H, Brunner EJ,
Kivimaki M, et al. Metabolically healthy obesity and the risk of
cardiovascular disease and type 2 diabetes: the Whitehall Il cohort
study. Eur Heart J. 2015;36:551-9. Medline:24670711 doi:10.1093/
eurheartj/ehu123

Bell JA, Kivimaki M, Hamer M. Metabolically healthy obesity and
risk of incident type 2 diabetes: a meta-analysis of prospective
cohort studies. Obes Rev. 2014;15:504-15. Med|ine:24661566
doi:10.1111/0br.12157

Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better
screening tool than waist circumference and BMI for adult
cardiometabolic risk factors: systematic review and meta-analysis.
Obes Rev. 2012;13:275-86. Medline:22106927 doi:10.1111/j.1467-
789X.2011.00952.x

Roberson LL, Aneni EC, Maziak W, Agatston A, Feldman T, Rouseff
M, et al. Beyond BMI: The “Metabolically healthy obese” phenotype
& its association with clinical/subclinical cardiovascular disease
and all-cause mortality - a systematic review. BMC Public Health.
2014;14:14. Medline:24400816 doi:10.1186/1471-2458-14-14
Witko-Sarsat V, Friedlander M, Capeillere-Blandin C, Nguyen-

Khoa T, Nguyen AT, Zingraff J, et al. Advanced oxidation protein
products as a novel marker of oxidative stress in uremia. Kidney
Int. 1996;49:1304-13. Medline:8731095 doi:10.1038/ki.1996.186
Aguilar-Salinas CA, Garcia EG, Robles L, Riano D, Ruiz-Gomez

DG, Garcia-Ulloa AC, et al. High adiponectin concentrations are
associated with the metabolically healthy obese phenotype. J Clin
Endocrinol Metab. 2008;93:4075-9. Medline:18682512 doi:10.1210/
j€.2007-2724

Gaens KHJ, Stehouwer CDA, Schalkwijk CG. Advanced glycation
endproducts and its receptor for advanced glycation endproducts
in obesity. Curr Opin Lipidol. 2013;24:4-11. Medline:23298958
doi:10.1097/MOL.0b013e32835aea13

de Giorgis T, D'’Adamo E, Giannini C, Chiavaroli V, Scarinci A, Verrotti
A, et al. Could receptors for advanced glycation end products be
considered cardiovascular risk markers in obese children? Antioxid
Redox Signal. 2012;17:187-91. Medline:22315985 doi:10.1089/
ars.2012.4525

Gurecka R, Koborova |, Csongova M, Sebek J, Sebekova K.
Correlation among soluble receptors for advanced glycation end-
products, soluble vascular adhesion protein-1/semicarbazide-
sensitive amine oxidase (sVAP-1) and cardiometabolic risk markers
in apparently healthy adolescents: a cross-sectional study.
Glycoconj J. 2016;33:599-606. Medline:27300745 doi:10.1007/
$10719-016-9696-9

Unal R, Yao-Borengasser A, Varma V, Rasouli N, Labbate C, Kern PA,
et al. Matrix Metalloproteinase-9 Is Increased in Obese Subjects

and Decreases in Response to Pioglitazone. J Clin Endocrinol

www.cmj.hr


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25026914&dopt=Abstract
http://dx.doi.org/10.1016/j.nutres.2014.04.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18595673&dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2008.03.004
http://dx.doi.org/10.1016/j.numecd.2008.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27522371&dopt=Abstract
http://dx.doi.org/10.1007/s00394-016-1291-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18645732&dopt=Abstract
http://dx.doi.org/10.1080/17477160802248039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19412573&dopt=Abstract
http://dx.doi.org/10.1007/s11010-009-0134-1
http://dx.doi.org/10.1007/s11010-009-0134-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25012199&dopt=Abstract
http://dx.doi.org/10.1530/EJE-14-0540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14968297&dopt=Abstract
http://dx.doi.org/10.1007/s00125-004-1346-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10328770&dopt=Abstract
http://dx.doi.org/10.1006/abio.1999.4058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24824951&dopt=Abstract
http://dx.doi.org/10.1021/bi500046t
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25377944&dopt=Abstract
http://dx.doi.org/10.1186/s12916-014-0207-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11738396&dopt=Abstract
http://dx.doi.org/10.1016/S0009-9120(01)00263-6
http://dx.doi.org/10.1016/S0009-9120(01)00263-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8454111&dopt=Abstract
http://dx.doi.org/10.2337/diab.42.4.594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11904577&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24670711&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehu123
http://dx.doi.org/10.1093/eurheartj/ehu123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24661566&dopt=Abstract
http://dx.doi.org/10.1111/obr.12157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22106927&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2011.00952.x
http://dx.doi.org/10.1111/j.1467-789X.2011.00952.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24400816&dopt=Abstract
http://dx.doi.org/10.1186/1471-2458-14-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8731095&dopt=Abstract
http://dx.doi.org/10.1038/ki.1996.186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18682512&dopt=Abstract
http://dx.doi.org/10.1210/jc.2007-2724
http://dx.doi.org/10.1210/jc.2007-2724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23298958&dopt=Abstract
http://dx.doi.org/10.1097/MOL.0b013e32835aea13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22315985&dopt=Abstract
http://dx.doi.org/10.1089/ars.2012.4525
http://dx.doi.org/10.1089/ars.2012.4525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27300745&dopt=Abstract
http://dx.doi.org/10.1007/s10719-016-9696-9
http://dx.doi.org/10.1007/s10719-016-9696-9

116 RECOOP for Common Mechanisms of Diseases

30

31

32

33

34

35

36

37

Metab. 2010;95:2993-3001. Med|ine:20392866 doi:10.1210/jc.2009-
2623

Derosa G, Ferrari |, D’Angelo A, Tinelli C, Salvadeo SAT, Ciccarelli

L, et al. Matrix metalloproteinase-2 and-9 levels in obese

patients. Endothelium. 2008;15:219-24. Medline:18663625
doi:10.1080/10623320802228815

Yamagishi S, Matsui T. Soluble form of a receptor for advanced
glycation end products (SRAGE) as a biomarker. Front Biosci (Elite
Ed). 2010;2:1184-95. Medline:20515790 doi:10.2741/e178

Masania J, Malczewska-Malec M, Razny U, Goralska J, Zdzienicka A,
Kiec-Wilk B, et al. Dicarbonyl stress in clinical obesity. Glycoconj J.
2016;33:581-9. Medline:27338619 doi:10.1007/s10719-016-9692-0
Arrigo T, Chirico V, Salpietro V, Munafo C, Ferrau V, Gitto E, et al.
High-mobility group protein B1: a new biomarker of metabolic
syndrome in obese children. Eur J Endocrinol. 2013;168:631-8.
Medline:23384711 doi:10.1530/EJE-13-0037

Nativel B, Marimoutou M, Thon-Hon VG, Gunasekaran MK,
Andries J, Stanislas G, et al. Soluble HMGB1 Is a Novel Adipokine
Stimulating IL-6 Secretion through RAGE Receptor in SW872
Preadipocyte Cell Line: Contribution to Chronic Inflammation

in Fat Tissue. PLoS One. 2013;8:e76039. Medline:24073286
doi:10.1371/journal.pone.0076039

Fukami A, Adachi H, Yamagishi S, Matsui T, Ueda S, Nakamura K,

et al. Factors associated with serum high mobility group box 1
(HMGB1) levels in a general population. Metabolism. 2009;58:1688-
93. Medline: 19616266 doi:10.1016/j.metabol.2009.05.024

Selvin E, Halushka MK, Rawlings AM, Hoogeveen RC, Ballantyne
CM, Coresh J, et al. SRAGE and risk of diabetes, cardiovascular
disease, and death. Diabetes. 2013;62:2116-21. Medline:23396398
doi:10.2337/db12-1528

Bower JK, Pankow JS, Lazo M, Christenson E, Hoogeveen

RC, Ballantyne CM, et al. Three-year variability in plasma
concentrations of the soluble receptor for advanced glycation end
products (SRAGE). Clin Biochem. 2014;47:132-4. Medline:24246851
doi:10.1016/j.clinbiochem.2013.11.005

www.cmj.hr

38

39

40

41

42

Croat Med J. 2017;58:106-16

Pannecoeck R, Serruys D, Benmeridja L, Delanghe JR, van Geel N,
Speeckaert R, et al. Vascular adhesion protein-1: Role in human
pathology and application as a biomarker. Crit Rev Clin Lab Sci.
2015;52:284-300. Medline:26287391 doi:10.3109/10408363.2015.1
050714

Aalto K, Maksimow M, Juonala M, Viikari J, Jula A, Kahonen M, et al.
Soluble Vascular Adhesion Protein-1 Correlates With Cardiovascular
Risk Factors and Early Atherosclerotic Manifestations. Arterioscler
Thromb Vasc Biol. 2012;32:523-32. Med|ine:22116093 doi:10.1161/
ATVBAHA.111.238030

Weiss HG, Klocker J, Labeck B, Nehoda H, Aigner F, Klingler A, et

al. Plasma amine oxidase: A postulated cardiovascular risk factor
in nondiabetic obese patients. Metabolism. 2003;52:688-92.
Medline:12800092 doi:10.1016/50026-0495(03)00028-3

Rabbani N, Thornalley PJ. Glyoxalase in diabetes, obesity

and related disorders. Semin Cell Dev Biol. 2011;22:309-17.
Medline:21335095 doi:10.1016/j.semcdb.2011.02.015

Uribarri J, Cai WJ, Woodward M, Tripp E, Goldberg L, Pyzik R, et

al. Elevated Serum Advanced Glycation Endproducts in Obese
Indicate Risk for the Metabolic Syndrome: A Link Between Healthy
and Unhealthy Obesity? J Clin Endocrinol Metab. 2015;100:1957-
66. Medline:25695886 doi:10.1210/jc.2014-3925


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20392866&dopt=Abstract
http://dx.doi.org/10.1210/jc.2009-2623
http://dx.doi.org/10.1210/jc.2009-2623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18663625&dopt=Abstract
http://dx.doi.org/10.1080/10623320802228815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20515790&dopt=Abstract
http://dx.doi.org/10.2741/e178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27338619&dopt=Abstract
http://dx.doi.org/10.1007/s10719-016-9692-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23384711&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23384711&dopt=Abstract
http://dx.doi.org/10.1530/EJE-13-0037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073286&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0076039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19616266&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2009.05.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23396398&dopt=Abstract
http://dx.doi.org/10.2337/db12-1528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24246851&dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiochem.2013.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26287391&dopt=Abstract
http://dx.doi.org/10.3109/10408363.2015.1050714
http://dx.doi.org/10.3109/10408363.2015.1050714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22116093&dopt=Abstract
http://dx.doi.org/10.1161/ATVBAHA.111.238030
http://dx.doi.org/10.1161/ATVBAHA.111.238030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12800092&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12800092&dopt=Abstract
http://dx.doi.org/10.1016/S0026-0495(03)00028-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21335095&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21335095&dopt=Abstract
http://dx.doi.org/10.1016/j.semcdb.2011.02.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25695886&dopt=Abstract
http://dx.doi.org/10.1210/jc.2014-3925

