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Abstract Plasma matrix metalloproteinase (MMP)-9 is a
predictor of cardiovascular mortality, and MMP-9 poly-
morphisms affect plasma MMP-9 levels. However, no
study examined whether MMP-9 haplotypes affect MMP-9
levels in obese adults. We examined whether MMP-9
polymorphisms and haplotypes are associated with obesity,
and whether they affect MMP-9 levels in obese subjects.
We examined the plasma levels of MMP-9 and tissue
inhibitor of metalloproteinase (TIMP)-1 in 105 subjects
with normal weight (controls), 100 obese subjects, and 156
obese subjects with >3 metabolic risk factors (MRFs). We
determined genotypes for three polymorphisms: C-1562T
(rs3918242), Q279R (A>G, rs17576), and R668Q (G>A,
1s17577). MMP-9 levels and activity (MMP-9/TIMP-1
ratio) were higher in obese subjects than in controls
(P < 0.05). However, MMP-9 levels were higher in obese
subjects with >3 MRFs than in obese subjects (P < 0.05).
Obese subjects with >3 MRFs carrying the GA+4AA
genotypes for R668Q (G>A) polymorphism had higher
MMP-9 levels than subjects carrying the AA genotype
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(P < 0.05). The “T, G, A” haplotype was more common in
both groups of obese subjects than in controls (OR 3.95 and
4.39, respectively; P < 0.01). Notably, obese subjects with
>3 MRFs carrying the “T, G, A” haplotype had higher
MMP-9 levels than subjects carrying the “C, A, G” ref-
erence haplotype (P < 0.05). The “T, G, A” haplotype was
associated with an increased risk of obesity and affected
MMP-9 levels in obese subjects with >3 MRFs. Our
findings suggest that plasma MMP-9 levels and MMP-9
haplotypes may help to discriminate obese subjects at an
increased cardiovascular risk.

Keywords Haplotypes - Matrix metalloproteinase (MMP)-
9 - Metabolic risk factors - Obesity - Polymorphisms -
Tissue inhibitor of matrix metalloproteinase (TIMP)-1

Introduction

Matrix metalloproteinase (MMP)-9 is an endopeptidase
capable of degrading components of extracellular matrix,
and tissue inhibitor of matrix metalloproteinase (TIMP)-1
is a major MMP-9 inhibitor [1]. Plasma MMP-9 concen-
tration was identified as a predictor of mortality in patients
with coronary artery disease [2]. Notably, MMP-9 was
found to be the highest upregulated gene in metabolically
unhealthy compared to metabolically healthy obese sub-
jects [3]. Moreover, MMP-9 expression was significantly
higher in obese subjects and in obese patients with type 2
diabetes than in subjects with normal weight [4]. Obesity is
a key factor in the development of the metabolic syndrome
[5], and obese subjects may have an increased risk of
developing cardiovascular diseases [6—8].

MMP-9 gene polymorphisms modify plasma MMP-9
levels and prognosis of patients with cardiovascular
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diseases [2, 9, 10]. We have shown that MMP-9 poly-
morphisms and haplotypes (combinations of genetic
markers) affect plasma MMP-9 levels in obese children
and adolescents [11]. However, no study has tested the
hypothesis that MMP-9 haplotypes are associated with
obesity and affect plasma MMP-9 levels in obese adults. It
is possible that obese subjects carrying specific MMP-9
genotypes or haplotypes may have different plasma MMP-
9 levels. We focused here on three functional polymor-
phisms in the MMP-9 gene: C-1562T (rs3918242), Q279R
(A>G, 1s17576) and R668Q (G>A, rs17577), which
modify MMP-9 expression or activity [10, 12, 13] and have
been associated with cardiovascular diseases [2, 9, 14].

In the present study, we aimed at comparing the plasma
levels of MMP-9 and TIMP-1, as well as the MMP-9/
TIMP-1 ratios, in subjects with normal weight with those
found in obese subjects and in obese subjects with >3
metabolic risk factors (MRFs). We then examined whether
the MMP-9 polymorphisms and haplotypes are associated
with the susceptibility to obesity, and whether they affect
plasma MMP-9 levels in obese subjects.

Materials and methods
Subjects

This study was approved by the Institutional Review Board
at the Santa Casa de Belo Horizonte, Brazil, and subjects
gave written informed consent. Subjects with obesity were
recruited from the Department of Obesity, Center of
Medical Specialties of Minas Gerais, Belo Horizonte,
Brazil, and the control group consisted of 105 subjects
recruited from the local community. Subjects with body
mass index >18.5-24.9 kg/m2 were considered as having
normal weight, and obese subjects were defined as having
body mass index >30 kg/m? [15]. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured
at least three times from all subjects with the use of an
automatic BP device. The individuals were considered
hypertensive if their SBP or DBP was >140 or >90 mmHg,
respectively, or were on antihypertensive therapy.

To determine metabolic risk factors in obese subjects,
we followed the diagnostic criteria for metabolic syndrome
defined according to the American Heart Association/Na-
tional Heart, Lung, and Blood Institute Scientific Statement
[16], which included the following factors: (1) elevated
waist circumference (WC >120 cm in men and >88 cm in
women); (2) elevated triglycerides (TG, >150 mg/dL or
drug treatment for elevated triglycerides); (3) reduced
high-density lipoprotein (HDL) cholesterol (HDL-C,
<40 mg/dL in men and <50 mg/dL in women or drug
treatment for reduced HDL-C); (4) elevated blood pressure

@ Springer

(=130 mm Hg for SBP or >85 mm Hg for DBP) or drug
treatment for elevated blood pressure; (5) elevated fasting
glucose >100 mg/dL or drug treatment for elevated glu-
cose [16].

At the time of clinical attendance, venous blood samples
were collected after overnight fasting, immediately cen-
trifuged at 3000g for 10 min at room temperature, and
plasma samples were stored at —80 °C until analyzed.
Genomic DNA was extracted from the cellular component
of 1 mL of whole blood by a salting-out method and stored
at —20 °C until analyzed.

Enzyme immunoassays of MMP-9 and TIMP-1
levels and biochemical analyses

Plasma levels of MMP-9 and TIMP-1 were measured using
commercially available enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions. Glu-
cose concentrations and lipid parameters were determined
with routine enzymatic methods using commercial kits
(Katal Biotechnology Industry and Trade Ltd., Belo Hori-
zonte, Minas Gerais, Brazil).

Genotype determination

Genotypes for C-1562T (rs3918242) polymorphism in the
promoter region of MMP-9 gene were determined by
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP), as described in detail else-
where [17]. Briefly, amplified products obtained from PCR
were digested with Sphl restriction enzyme, and fragments
were separated by electrophoresis in 12 % polyacrylamide
gels and visualized by silver staining [17].

Genotypes for Q279R (rs17576, A>G; Assay ID:
C__11655953_10) and R668Q (rs17577, G>A; Assay ID:
C__11655948_1_) polymorphisms in the exon 6 and exon
12 of MMP-9 gene were determined by the respective
Tagman allele discrimination assays (Applied Biosystems,
Carlsbad, CA, USA). Fluorescence from PCR amplification
was detected using Eco Real-Time PCR System (Illumina,
San Diego, CA, USA) and analyzed with the manufac-
turer’s software.

Haplotype analysis

Haplotype frequencies were estimated using the Haplo.-
stats package version 1.6.11 (http://cran.r-project.org/web/
packages/haplo.stats/index.html), as described in detail
elsewhere [14, 18]. To further confirm the haplotype fre-
quencies, we used the Bayesian statistical based program
Phase version 2.1 (http://www.stat.washington.edu/ste
phens/software.html) [19]. Only four haplotypes “C, A,


http://cran.r-project.org/web/packages/haplo.stats/index.html
http://cran.r-project.org/web/packages/haplo.stats/index.html
http://www.stat.washington.edu/stephens/software.html
http://www.stat.washington.edu/stephens/software.html

Mol Biol Rep (2016) 43:463—471

465

G”, “C, G, G”, “C, G, A” and “T, G, A” had frequencies
>5 % in at least one of the study groups and were con-
sidered in the statistical analysis. However, we considered
a value of P, < 0.00625 (0.05/8, the total number of pos-
sible haplotypes) for the differences in haplotype fre-
quencies among the groups tested using z? tests, to correct
for the number of comparisons made (Bonferroni’s cor-
rection). Linkage disequilibrium (LD) among MMP-9
polymorphisms for the study groups were characterized by
calculating D’ and log of the likelihood odds ratio (LOD, a
measure of confidence in the value of D') using the Hap-
loview software (version 4.2; http://www.broad.mit.edu/
mpg/haploview/).

To further examine the effects of MMP-9 haplotypes on
plasma MMP-9 levels, we compared the haplotype distri-
butions in two extreme groups of subjects: the lower
quartile and the upper quartile groups, which included
subjects in the lower and in the upper quartiles of plasma
MMP-9 distribution, respectively. We hypothesized that
the haplotype associated with the higher MMP-9 levels
would be more commonly found in the upper quartile

group.
Statistical analysis

The clinical and biochemical characteristics among groups
and the effects of genotypes and haplotypes on MMP-9
levels were compared by ANOVA followed by Tukey test
(normally distributed variables) or Kruskall-Wallis test
followed by Dunn’s multiple comparison test (not normally

distributed variables). The categorical variables were
compared between groups by y~ tests. The distribution of
genotypes for each polymorphism was assessed for devi-
ation from the Hardy—Weinberg equilibrium, and differ-
ences in genotype and allele frequencies between groups
were assessed using 7> tests. A value of P < 0.05 was
considered significant. Multivariate linear regression anal-
ysis was performed by using the JMP software 5.0.1a (SAS
Institute, Cary, NC, USA). Age, gender, body mass index
(BMI), and systolic blood pressure (SBP) were considered
as independent variables.

Power calculations were performed using the PGA
Matlab software (http://dceg.cancer.gov/tools/analysis/pga)
[20]. Given the sample size of this study, we obtained a
power of 80 % with an alpha level of 0.05 to detect an odds
ratio of 2.0, based on the prevalence of obesity as 30 % [8],
the disease allele frequency as 6 % for C-1562T poly-
morphism (Supplementary Table S1) and the “T, G, A”
haplotype frequency as 8.9 % (Table 2).

Results

The clinical characteristics, anthropometric parameters and
biochemical data of subjects included in this study are
shown in Table 1. There were significant differences in all
factors studied when both groups of obese subjects were
compared with subjects with normal weight (P < 0.05),
except for SBP and DBP (vs. obese subjects; P > 0.05).
Obese subjects had a slightly lower average age.

Table 1 Clinical parameters, biochemical data and metabolic risk factors (MRFs) in the study groups

Parameters Normal weight Obese subjects Obese subjects with >3
(n = 105) (n = 100) MRFs (n = 156)
Gender (F/M) 91/14 96/4* 143/13
Age (years) 44 £ 17 38 + 107 45 £ 10°
Anthropometry
Body mass index (kg m™?) 22 4+ 2.0 41 + 9* 49 + 9P
Waist circumference (cm) 80.7 £ 11.8 115.3 £ 24.8% 130.7 + 18*°
Traditional MRFs
SBP (mm Hg) 123.2 £ 16.5 122.3 £ 13.7 135.8 + 20.9*°
DBP (mm Hg) 757 + 9.8 759 +£ 9.9 84.5 + 12.1*°
Total cholesterol (md dL™1) 134.8 + 72.6 178.7 £ 29.8% 182.1 £ 39.2¢
LDL cholesterol (md dL~") 100.9 £ 28.2 113.8 &+ 28.7% 114.1 &+ 29.4*
HDL cholesterol (md dL™") 58.9 + 13.1 44.4 + 10.4* 455 + 11.7*
Triglycerides (md dL™") 103.1 £ 46.2 118.6 &+ 38.6* 140.8 + 62%°
Fasting glucose (mg dL.™") 823 £ 13.5 86.8 + 14.9* 112.2 & 45*°

Values are the mean + SD or number of subjects

DBP diastolic blood pressure; F female; HDL high-density lipoprotein; LDL light-density lipoprotein; M male; SBP systolic blood pressure

4 P < 0.05 versus subjects with normal weight

® P < 0.05 versus obese subjects
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Fig. 1 Plasma MMP-9 levels (a), TIMP-1 levels (b) and MMP-9/
TIMP-1 ratios (c¢) in subjects with normal weight (n = 105), obese
subjects (n = 100) and obese subjects with >3 metabolic risk factors
(MRFs) (n = 156). The box and whiskers plots show range and
quartiles. The boxes extend from the 25th to the 75th percentile, with
a line at the median. The whiskers show the highest and the lowest
values. *P < 0.05 versus subjects with normal weight. *P < 0.05
versus obese subjects

Importantly, the group of obese subjects with >3 MRFs
had higher body mass index, waist circumference, SBP,
DBP, triglycerides and fasting glucose than the group of
obese subjects (P < 0.05; Table 1).

We found higher plasma MMP-9 levels and MMP-9/
TIMP-1 ratios when both groups of obese subjects were
compared with subjects with normal weight (P < 0.05;
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Fig. la, c, respectively). However, we found no differences
in TIMP-1 levels among the groups (P > 0.05; Fig. 1b).
Notably, obese subjects with >3 MRFs had higher MMP-9
levels than obese subjects (P < 0.05; Fig. 1a). We exam-
ined the association between plasma MMP-9 levels, BMI
and the MRFs in the study groups using linear regression
adjusting for age and gender (Table 2). We found that both
BMI and SBP were positively correlated with plasma
MMP-9 levels in obese subjects with >3 MRFs (P < 0.05;
Table 2).

Genotypes and allele frequency distributions for the
MMP-9 polymorphisms are shown in Supplementary
Table S1. The distributions of genotypes for each poly-
morphism showed no deviation from Hardy—Weinberg
equilibrium. The CT+TT genotypes (OR 2.49; P = 0.009)
and the C allele (OR 2.49; P = 0.006) for the C-1562T
polymorphism were found at higher frequency in obese
subjects with >3 MRFs than in subjects with normal
weight (Supplementary Table S1). The CT+TT genotypes
were combined for the analysis because there were few
subjects with the TT genotype in the study groups. Con-
versely, we found no differences for the Q279R (A>G) and
R668Q (G>A) polymorphisms when the study groups were
compared (P > 0.05; Supplementary Table S1).

We then examined the effects of MMP-9 genotypes on
plasma MMP-9 levels. We found no effects of the C-1562T
and Q279R (A>G) polymorphisms on MMP-9 levels
(Fig. 2a, b, respectively; P > 0.05). However, we found
that obese subjects with >3 MRFs carrying the GA+AA
genotypes had higher MMP-9 levels than subjects carrying
the AA genotype for the R668Q (G>A) polymorphism
(P < 0.05; Fig. 2c). We also examined the effects of
MMP-9 genotypes on MMP-9 levels using multiple linear
regression adjusting for age, gender, BMI and SBP. We
found that the GG genotype for the R668Q (G>A) poly-
morphism was negatively associated with MMP-9 levels in
obese subjects with >3 MRFs (P = 0.069; Supplementary
Table S2), which is in agreement with Fig. 2C.

Haplotype frequencies are shown in Table 3. The “C, G,
A” haplotype was found at higher frequency in subjects
with normal weight than in both groups of obese subjects
(both P < 0.00625; Table 3). Conversely, the “T, G, A”
haplotype was found at higher frequency in both groups of
obese subjects than in subjects with normal weight (both
P < 0.00625; Table 3).

Importantly, we examined the effects of different MMP-
9 haplotypes on plasma MMP-9 levels. We found no
effects on MMP-9 levels when the haplotypes were com-
pared in subjects with normal weight and in obese subjects
(P > 0.05; Fig. 3). The “C, G, A” haplotype was not
considered for obese subjects, because there were too few
subjects to conduct haplotype analysis in this group.
Notably, obese subjects with >3 MRFs carrying the “T, G,
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Table 2 Effects of BMI and

SBP on plasma MMP-9 levels Source

MMP-9 (ng/mL)

after adjusting for age and

Normal weight

Obese subjects Obese subjects with

gender for the study groups >3 MRFs
R? RMSE R? RMSE R? RMSE
0.686 0.172 0.118 0.282 0.083 0.222
B P B P B P
Female (vs. male) - - —-0.114 0.279 0.028 0.435
Age (years) —0.113 0.279 —0.004 0.263 0.003 0.145
BMI (kg m~?) —0.052 0.202 0.008 0.012* 0.004 0.045%
SBP (mm Hg) 0.007 0.478 —0.0002 0.939 0.002 0.042%*

B parameter estimates for each term; BMI body mass index; MMP-9 Matrix Metalloproteinase 9; MRF's
Metabolic Risk Factors; R* proportion of the variation in the response around the mean that can be
attributed to terms in the model rather than to random error; RMSE root mean square error; SBP systolic

blood pressure

* Statistically significant (P < 0.05)

A” haplotype had higher MMP-9 levels than subjects
carrying the “C, A, G” reference haplotype (P < 0.05;
Fig. 3). We also examined the effects of MMP-9 haplo-
types on MMP-9 levels using multiple linear regression
adjusting for age, gender, BMI and SBP. We found that the
“T, G, A” haplotype was positively associated with MMP-
9 levels in obese subjects with >3 MRFs (P = 0.070;
Supplementary Table S3), which is in agreement with
Fig. 3.

We compared the LD among the MMP-9 polymor-
phisms and we found higher LD values in obese subjects
with >3 MRFs (Fig. 4). The C-1562T polymorphism
(rs3918242) is in high LD with the rs17576 and rs17577
polymorphisms in the exon 6 (D’ = 0.912, LOD = 11.68)
and exon 12 (D' = 0.789, LOD = 18.11), respectively,
which form a haplotype block in obese subjects with >3
MRFs (Fig. 4).

We performed a further analysis and compared the
haplotype frequencies for the subjects in the lower and in
the upper quartiles of plasma MMP-9 levels distribution
within each study group. No significant differences were
found in subjects with normal weight and in obese subjects
(data not shown). Notably, the “T, G, A” haplotype was
more frequent in the upper than in the lower quartile group
in obese subjects with >3 MRFs (OR 5.09; P = 0.009;
Supplementary Table S4).

Discussion

The main novel findings of this study are that plasma
MMP-9 levels were significantly higher in obese subjects
with >3 MRFs compared to obese subjects. In addition,
obese subjects with >3 MRFs carrying the GA+AA

genotypes for R668Q (G>A) polymorphism or the “T,
G, A” haplotype of the MMP-9 gene had higher plasma
MMP-9 levels. Furthermore, we found that the “T, G,
A” haplotype was associated with an increased risk of
obesity.

Both groups of obese subjects had higher plasma MMP-
9 levels than subjects with normal weight. Consistently,
higher MMP-9 levels were found in obese women than
lean women [21, 22], and in obese patients than controls
[23]. Notably, the MMP-9/TIMP-1 ratios were significantly
higher in both groups of obese subjects than subjects with
normal weight. The ratio was used to assess net MMP-9
activity because TIMP-1 is a major MMP-9 inhibitor [1].
Therefore, the MMP-9/TIMP-1 ratio might provide a better
index of net MMP-9 activity as compared with the simple
assessment of MMP-9 levels [11].

Notably, plasma MMP-9 levels were significantly higher
in obese subjects with >3 MRFs. Indeed, MMP-9 is one of
the matrix metalloproteinases most associated with meta-
bolic syndrome [24, 25]. Increased concentrations of pro-
MMP-9 were associated with increased concentrations of
pro-inflammatory mediators in patients with metabolic
syndrome [26]. Moreover, elevated expression of pro-in-
flammatory genes, including MMP-9, decreased signifi-
cantly after weight loss in obese women [27]. In addition,
dysregulated production or secretion of adipokines owing
to adipose tissue dysfunction can contribute to the devel-
opment of cardiovascular diseases related to obesity [28—
30]. Therefore, an increased pro-inflammatory state could
explain the highest MMP-9 levels in obese subjects with
>3 MRFs. However, further studies are needed to prove
this hypothesis.

Interestingly, the higher plasma MMP-9 levels in
obese subjects with >3 MRFs carrying the GA+AA
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Fig. 2 Plasma MMP-9 levels in subjects with normal weight (n = 105),
obese subjects (n = 100) and obese subjects with >3 metabolic risk
factors (MRFs) (n = 156), grouped according to different genotypes for
the MM P-9 polymorphisms (a—c). The box and whiskers plots show range
and quartiles. The boxes extend from the 25th to the 75th percentile, with a
line at the median. The whiskers show the highest and the lowest values.
*P < 0.05 versus the GG genotype in obese subjects with >3 MRFs
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genotypes of R668Q (G>A) polymorphism can be
explained by its functional role on MMP-9 expression.
The microRNA miR-4783-3p preferentially inhibits the G
allele and reduce the MMP-9 protein, but have little
effect on the A allele [13], which is in line with the
higher MMP-9 levels in subjects carrying the genotypes
containing the A allele of this polymorphism. Con-
versely, the C-1562T polymorphism had no effects on
MMP-9 levels, which is in agreement with a previous
finding [31]. However, the T allele of this polymorphism
is associated with increased MMP-9 expression as a
result of the loss of a nuclear repressor protein binding
site. when the T allele is present in the promoter region
of the MMP-9 gene [10].

We provide the first evidence that MMP-9 haplotypes
may be associated with the susceptibility to obesity in
adults. Particularly, the “T, G, A” haplotype may be
associated with an increased risk of obesity. Importantly,
while we have shown that MMP-9 haplotypes affect
plasma MMP-9 levels in obese children and adolescents
[11], this is the first study to examine the effects of MMP-9
haplotypes on plasma MMP-9 levels in obese adults.
Higher plasma MMP-9 levels were found in obese subjects
with >3 MRFs carrying the “T, G, A” haplotype, which
was confirmed to be associated with the group of subjects
in the upper quartile of MMP-9 levels distribution in this
group. Our findings suggest that the “T, G, A” haplotype
not only is associated with an increased risk of obesity, but
also to higher plasma MMP-9 levels in obese subjects with
>3 MREFs.

The C-1562T polymorphism in the promoter region
had no effect in the present study, but it could be in LD
with another functional polymorphism of MMP-9 gene.
Although there are differences in LD structure between
different populations, MM P-9 polymorphisms were also
found to be in strong LD in patients with coronary
artery disease [9], including the C-1562T (rs3918242)
and Q279R (rs17576) polymorphisms studied here.
Indeed, we found high LD between rs3918242 and
R668Q (rs17577) polymorphisms, which were found to
be associated with the obese subjects with >3 MRFs
and to affect plasma MMP-9 levels in this group,
respectively.

This study has some limitations. Despite the relatively
small number of subjects, we found associations of MMP-9
gene polymorphisms and haplotypes that remained signif-
icant after Bonferroni’s correction. Moreover, we have not
studied the polymorphism —90(CA)4_»4 in the promoter of
the MMP-9 gene, which is known to modify MMP-9
expression [32], and to affect plasma MMP-9 levels in
healthy subjects [17] and in obese children and adolescents
[11].
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Table 3 MMP-9 haplotype frequencies in subjects with normal weight, obese subjects and obese with >3 metabolic risk factors (MRFs)

Haplotype Normal weight Obese subjects P Odds ratio (95 % Obese subjects with >3 P Odds Ratio (95 %
(n = 210) (n = 200) confidence interval) MRFs (n = 312) confidence interval)
C, A G 0.628 0.665 0.5421  1.0000 (Reference) 0.658 0.6415  1.000 (Reference)
CG,G 0.197 0.189 0.9332  0.926 (0.554-1.549) 0.164 0.4164  0.769 (0.461-1.283)
C G, A 0.111 0.028 0.0021* 0.226 (0.082-0.623) 0.042 0.0032* 0.346 (0.163-0.737)
T, G, A 0.024 0.089 0.0062* 3.953 (1.267-12.33) 0.108 0.0008* 4.396 (1.522-12.69)

Global-stat = 16.957, df = 4, P val = 0.0019%  °Global-stat = 22.20392, df = 6, P val = 0.0011*

* P, < 0.00625 (0.05/total number of possible haplotypes) was considered significant versus subjects with normal weight, to correct for the

number of comparisons made (Bonferroni’s correction). Global-statistics: * Obese subjects, and ® Obese subjects with >3 MRFs versus subjects
with normal weight

1600 - * In conclusion, we found evidence indicating that
obese subjects with >3 MRFs carrying the GA+AA
g 1200 A genotypes for R668Q (G>A) polymorphism or the “T,
> G, A” haplotype of the MMP-9 gene had higher
;:; 800 plasma MMP-9 levels. Moreover, we found that the
o “T, G, A” haplotype is associated with an increased

= . . .
= 4004 risk of obesity. Our findings suggest that plasma
MMP-9 levels and MMP-9 gene haplotypes may help
0= — T to discriminate obese subjects at an increased cardio-

KoL FOUF YT vascular risk.
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