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Background: Previous studies have shown that met-
abolic syndrome (MS) is associated with an increased
susceptibility to develop cardiovascular damage (CD). Ex-
perimental evidence indicates that inflammation and fibro-
sis could play a critical role in the development of CD in
hypertension. This issue has not been clarified yet in patients
with MS. The aim of our study was to investigate the rela-
tionship between markers of inflammation and fibrosis with
CD in hypertensive patients with and without MS.

Methods: One hundred twenty-eight essential hyper-
tensive patients were included in the study: 51 with MS
and 77 without MS. Clinical, biochemical parameters,
24-h urinary albumin excretion rate (UAER), levels of
C-reactive protein (CRP), tumor necrosis factor-� (TNF-
�), transforming growth factor-� (TGF-�), and procolla-
gen type 1 carboxy-terminal propeptide (PICP) were
measured. All patients underwent an echocardiographic
examination with transmitral Doppler and tissue Doppler
imaging (TDI).

Results: Left ventricular mass indexed by height2.7
(LVM/h2.7) (P � .001), early diastolic peak flow veloc-
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ity/early myocardial diastolic velocity ratio (E/Em ra-
tio), a TDI index of diastolic function (P � .001), and
24-h UAER (P � .05) were significantly higher in the
group with MS, whereas peak myocardial systolic ve-
locity (Sm), a TDI index of systolic function (P �
.001), was lower. Serum levels of CRP (P � .001),
TNF-� (P � .05), TGF-� (P � .01), and PICP (P �
.001) were significantly increased in MS. These markers
were significantly related to higher LVMI2.7, higher
E/Em ratio, and increased 24-h UAER and a lower Sm
in the whole population, with a further significant en-
hancement in MS.

Conclusions: Cardiovascular damage is more fre-
quent in hypertensives with MS than in hypertensives
without MS, and this is significantly related to the in-
creased levels of inflammation and fibrosis found in hy-
pertensives with MS. Am J Hypertens 2007;20:784–791
© 2007 American Journal of Hypertension, Ltd.
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T he metabolic syndrome (MS) is a cluster of car-
diovascular risk factors that exposes to an in-
creased cardiovascular risk.1,2 In this regard, the

increased occurrence of cardiovascular damage (CD), such
as left-ventricular hypertrophy (LVH) and microalbumin-
uria, which are viewed as markers of preclinical cardio-
vascular disease and are more common in hypertensives
with MS,3–5 could represent an important link between
MS and cardiovascular morbidity and mortality. The
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mechanisms underlying the development of CD in hyper-
tensives with MS are still unknown.

Experimental evidence indicates that inflammation and
fibrosis could play a critical role in the development of CD
in hypertension. An increase in reactive oxygen species
(ROS) production is implicated in the development of
endothelial dysfunction and LVH.6,7 Several cytokines,
such as tumor necrosis factor-� (TNF-�) and transforming
growth factor-� (TGF-�), cause cardiomyocyte hypertro-
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phy in vitro,8,9 and they are both elevated in pressure
overload states leading to the development of cardiac
fibrosis and diastolic dysfunction in vivo.10,11 Further-
more, the blockade of nuclear factor-�B (NF-�B) reduces
myocardial hypertrophy in response to chronic infusion of
angiotensin II.12

The relationship between inflammation and CD has
not been well characterized in a clinical setting, partic-
ularly in MS.

The aim of our study was to characterize the influence
of MS on left-ventricular mass (LVM), systolic and dia-
stolic function, and 24-h urinary albumin excretion rate
(UAER), as markers of CD, in hypertensives without
known cardiovascular disease, and to explore the role of
inflammation and fibrosis on the development of pre-
clinical organ damage in hypertensives with and with-
out MS.

Methods
Selection of Patients

Consecutive hypertensive patients were recruited at the
Outpatient Clinic of the Department of Cardiology of the
Sant’Andrea Hospital, Rome.

Patients were required: (1) to be of the same race/
ethnicity; (2) to have a recent diagnosis of grades 1–2
hypertension (clinical systolic blood pressure [BP] 140 to
179 mm Hg or clinical diastolic BP 90 to 109 mm Hg)
confirmed at our clinic; (3) absence of secondary hyper-
tension, left-ventricular (LV) systolic dysfunction (ejec-
tion fraction [EF] �55%), heart failure, previous
myocardial infarction, history of coronary artery disease,
clinical or instrumental evidence of myocardial ischemia,
mild valvular disease, arrhythmias, left or right bundle
block, renal insufficiency (serum creatinine �1.4 mg/dL in
men, �1.2 mg/dL in women), diabetes mellitus (fasting
glucose [FG] �126 mg/dL or current antidiabetic treat-
ment), previous stroke; (4) no pharmacologic treatment
with antihypertensive drugs, statins, or fibrates for at
least 3 months before the study and during the study;
and (5) absence of any acute or chronic inflammatory
disease (ie, fever and acute infections within the previ-
ous 3 months; no history of autoimmune disease, con-
nective tissue disease, chronic lung and liver disease,
nephropathies, cancer, arthritis, psoriasis, or surgery in
the previous year) based on history, clinical examina-
tion, and biochemistry parameters.

These criteria supplied a population of 128 white pa-
tients. Presence of MS was diagnosed according to the
Adult Treatment Panel III (ATP III) report13 as two or more
of the following criteria in addition to high BP levels: (1)
waist circumference (WC) �102 cm in men and � 88 cm in
women; (2) triglyceride (TG) level �150 mg/dL; (3) HDL
cholesterol � 40 mg/dL in men and � 50 mg/dL in women;
and (4) FG �110 mg/dL.

They underwent: (1) medical history and physical ex-

amination; (2) repeated BP measurements; (3) biochemi-
cal and hormonal assays; (4) urine collection to estimate
the 24-h UAER; and (5) echocardiographic examina-
tions by transmitral Doppler and tissue Doppler imaging
(TDI).

A control group of 27 age-matched healthy normoten-
sive individuals, not presenting MS and free of acute or
chronic inflammatory diseases, was used for assessment of
the normal range levels of markers of inflammation and
fibrosis.

All subjects provided an informed written consent and
the study protocol was approved by the local ethical com-
mittee.

Blood Pressure Measurements

Blood pressure was measured by a physician using a
mercury sphygmomanometer with patients in the sitting
position. Three measurements were taken at 2-min inter-
vals, and the average was used to define clinical systolic
and diastolic BP.

Echocardiography

The echocardiographic and Doppler investigations were
performed with a phased array sector scan (Acuson Se-
quoia, Mountain View, CA) using a multifrequence probe
and an S-VHS tape recorder. End-diastolic and end-sys-
tolic left-ventricular internal diameters (LVIDd, LVIDs),
end-diastolic interventricular septum thickness (IST), and
end-diastolic posterior wall thickness (PWT) were mea-
sured according to the guidelines of the American Society
of Echocardiography.14 The LVM was calculated by using
Penn convention (Devereux and Reichek’s modified for-
mula15) and normalized by body surface area (LVM/BSA)
and by height2.7 (LVMI2.7).16 The LVH was defined for
values of LVMI2.7 �51 g in men and �47 g in women.
The relative wall thickening (RWT) was calculated as
(2 � PWT) / LVIDd. Stroke volume was estimated
using Teicholz and colleagues’ correction of the cube
formula17 and used to calculate cardiac output and
peripheral resistance. Left-ventricular filling was as-
sessed by recording mitral flow by standard pulsed
Doppler technique, and the following parameters were
considered: early diastolic peak flow velocity (E), late
diastolic flow velocity (A), and the ratio of early to late
peak (E/A ratio).

Myocardial velocities were recorded using a standard
pulse-wave Doppler technique as previously described.18

The TDI was performed from the apical four-chamber
view, with the sample volume placed along the myo-
cardial lateral wall and along the left side of the inter-
ventricular septum, 1 cm above the mitral annulus.
Early (peak myocardial systolic velocity [Sm], early
myocardial diastolic velocity [Em], early septal myo-

cardial diastolic velocity [E=]) and late (late myocardial
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diastolic velocity [Am], late septal myocardial diastolic
velocity [A=]) diastolic velocities were measured. The
early diastolic peak flow velocity (E)/Em ratio and the
E/E= ratio were considered as parameters of diastolic
function.

Biochemical Assays

Total cholesterol (TC), TG, and FG were determined by
enzymatic colorimetric method. Serum HDL was mea-
sured by enzymatic colorimetric method after precipitation
with polyethyleneglycol. LDL was calculated by Friede-
wald formula. Twenty-four-hour UAER was determined
by an RIA kit (Sclavo SPA, Siena, Italy).

Levels of TGF-� were measured by an ELISA kit
(R&D Systems, Minneapolis, MN). Levels of TNF-� were
measured by an ELISA kit (high-sensitive TNF-�; R&D
Systems). Levels of procollagen type 1 carboxy-terminal
propeptide (PICP) were measured by an ELISA kit
(Takara, Shiga, Japan).

Serum high-sensitivity C-reactive protein (CRP) was
measured by a latex-enhanced immunonephelometric assay
(N High Sensitivity CRP Assay; Dade Behring, Marburg,
Germany).

Statistical Analysis

Statistical analysis was performed using SPSS system
(version 12.0; SPSS Inc., Chicago, IL). Values are ex-
pressed as mean � SEM. Intergroup means were com-
pared using Student’s t-test for independent samples and
one-way ANOVA followed by Bonferroni post hoc test
when more than two groups were compared.

Categorical variables are expressed as percentages, and
they were compared using the �2 test.

The correlation between variables was tested by linear
correlation and multiple linear regression analysis. Vari-

Table 1. Clinical and biochemical characteristics of

Control
(n �

Sex (female:male) 9:1
Age (y) 54.72 �
Height (cm) 169.65 �
Body mass index (kg/m2) 23.78 �
Current smokers (%) 20 (
Duration of hypertension (y) –
Waist circumference (cm) 84.79 �
Systolic blood pressure (mm Hg) 120.55 �
Diastolic blood pressure (mm Hg) 76.98 �
Fasting glucose (mg/dL) 85.54 �
Triglycerides (mg/dL) 86.92 �
HDL cholesterol (mg/dL) 63.08 �
Total cholesterol (mg/dL) 168.41 �
LDL cholesterol (mg/dL) 126.11 �

NS � not significant.
ables with skewed distribution were logarithmically trans-
formed before statistical analysis. A P value � .05 was
considered to declare significance.

Results
Characteristics of the Study Sample

Main anthropometric, clinical, and biochemical character-
istics of the entire hypertensive population and of the
control group are reported in Table 1.

According to the ATP III criteria for diagnosis of MS,13

hypertensives were divided into two groups: 51 with MS
and 77 without MS.

Main anthropometric, clinical, biochemical, and echo-
cardiographic parameters of the two groups are reported in
Tables 2 and 3.

The two groups differed for all parameters that charac-
terize the MS, whereas BP levels were comparable. Fur-
thermore, there were no differences among patients with
and without MS in the number of never-treated or previ-
ously treated subjects, as well as in the known duration of
previous antihypertensive treatment (Table 4).

Relation of Metabolic
Syndrome to Cardiovascular Damage

As shown in Table 3, LVM/BSA, LVMI2.7, IST, PWT,
and LVIDd were significantly higher in the MS group.
Furthermore, when LVM was analyzed as a categorical
variable, the prevalence of LVH considered as LVMI2.7

was significantly higher in MS (46% v 21% in patients
without MS; P � .01).

All parameters of diastolic function obtained by TDI
were significantly different between the two groups. In
fact, Em and E= were lower, whereas E/Em and E/E= ratios
were higher in the group with MS. The Sm was also
significantly lower in the MS group. The two groups did
not differ significantly for E/A ratio, although it tended to

hypertensive and normotensive subjects

up Hypertensive group
(n � 128) P

46:82 NS
74 55.38 � 0.95 NS
68 170.62 � 1.12 NS
80 28.31 � 0.41 �.0001

20 (26) NS
3.19 � 1.77 –

25 102.23 � 1.15 �.0001
13 148.93 � 1.55 �.0001
91 94.50 � 1.08 �.0001
06 98.24 � 1.48 �.001
09 144.72 � 9.48 �.001
38 52.73 � 1.38 �.01
69 211.10 � 4.22 �.0001
50 131.62 � 3.67 NS
the

gro
27)

8
1.
1.
0.

5)

1.
1.
0.
1.
3.
1.
4.
4.
be lower in MS.
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As shown in Table 2, 24-h UAER was significantly
higher in the MS group, and the prevalence of microalbu-
minuria, using a cutoff of 30 mg/day, was significantly
higher in MS than in patients without MS (35% v 6%; P �
.0001).

When multiple linear regression analysis was per-
formed, adjusting for age, sex, and MS components (sys-
tolic and diastolic BP, FG, TG, HDL, WC), the MS itself
was significantly associated with LVMI2.7 (� � 0.31;
P � .05) but not with 24-h UAER. Moreover, the presence
of MS was significantly related to Em (� � �0.43; P �
.01), E/Em ratio (� � 0.46; P � .01), and Sm (� � �0.36;
P � .01), independently from age, sex, MS components,
and LVMI2.7.

Table 2. Clinical and biochemical characteristics o
urinary albumin excretion rate

Metabolic s
(n � 5

Sex (female:male) 16:3
Age (y) 53.92 �
Height (cm) 173.43 �
Body mass index (kg/m2) 30.93 �
Current smokers (%) 22 (1
Duration of hypertension (y) 3.32 �
Waist circumference (cm) 111.38 �
Systolic blood pressure (mm Hg) 151.15 �
Diastolic blood pressure (mm Hg) 96.28 �
Fasting glucose (mg/dL) 105.29 �
Triglycerides (mg/dL) 208.3 �
HDL cholesterol (mg/dL) 47.17 �
Total cholesterol (mg/dL) 228.48 �
LDL cholesterol (mg/dL) 137.17 �
24-h UAER (mg) 31.21 �

Abbreviation as in Table 1.

Table 3. Echocardiographic parameters in patients

Metabo
(n

Ejection fraction (%) 63.9
LVM/BSA (g/m2) 123.5
LVM/h2.7 (g/m2.7) 50
Relative wall thickening 0.3
Interventricular septum thickness (mm) 10.7
Posterior wall thickness (mm) 10.5
LVIDd (mm) 53.0
E/A ratio 0.9
Em (m/sec) 0.1
Am (m/sec) 0.1
E/Em ratio 6.0
E’ (m/sec) 0.1
E/E’ ratio 6.8
Sm (m/sec) 0.1

Am � late myocardial diastolic velocity; E’ � early septal myocard
diastolic peak flow velocity ratio; E/E’ ratio � early diastolic peak flo
early diastolic peak flow velocity/early myocardial diastolic velocity

left-ventricular internal diameter; LVM/BSA � left-ventricular mass index
by height2.7; Sm � peak myocardial systolic velocity; other abbreviation
Relation of
C-Reactive Protein,
Tumor Necrosis Factor-�,
Transforming Growth Factor-�,
and Procollagen Type 1 Carboxy-
Terminal Propeptide to Metabolic
Syndrome and Cardiovascular Damage

The CRP, TNF-�, TGF-�, and PICP levels were signifi-
cantly higher in hypertensives compared with the normo-
tensive control group. Among hypertensives, levels of
these markers were higher in the group with MS (Fig. 1).

To investigate the relation of these markers to CD, a
multiple linear regression analysis was performed in the

hypertensive patients with and 24-h UAER � 24-h

rome No metabolic syndrome
(n � 77) P

34:43 NS
7 55.88 � 1.29 NS
8 169.41 � 1.21 �.05
0 27.16 � 0.40 �.0001

19 (15) NS
3 3.01 � 1.44 NS
5 96.18 � 1.12 �.0001
3 147.92 � 2.11 NS
1 93.85 � 1.07 NS
1 93.14 � 1.20 �.0001
09 104.1 � 5.60 �.0001
2 59.58 � 1.85 �.0001
9 202.92 � 4.15 �.001
0 128.73 � 3.41 NS
8 18.17 � 4.07 �.05

h and without MS

yndrome
51)

No metabolic syndrome
(n � 77) P

0.80 64.59 � 0.57 NS
3.02 105.31 � 3.41 �.0001
1.61 42.4 � 1.44 �.001
0.006 0.38 � 0.006 NS
0.18 10.09 � 0.19 �.05
0.18 9.55 � 0.13 �.0001
0.79 50.97 � 0.54 �.05
0.04 1.02 � 0.05 NS
0.004 0.15 � 0.005 �.01
0.004 0.14 � 0.004 NS
0.27 4.80 � 0.19 �.001
0.004 0.13 � 0.004 �.001
0.34 5.17 � 0.26 �.001
0.003 0.14 � 0.004 �.01

iastolic velocity; E/A ratio � early diastolic peak flow velocity/late
locity/early septal myocardial diastolic velocity ratio; E/Em ratio �
; Em � early myocardial diastolic velocity; LVIDd � end-diastolic

2.7
f the

ynd
1)

5
1.3
1.2
0.6
1)
2.3
1.6
2.4
1.5
2.8
14.
1.6
5.6
5.5
9.6
wit

lic s
�

6 �
4 �

.2 �
9 �
5 �
8 �
6 �
6 �
3 �
4 �
1 �
1 �
7 �
2 �

ial d
w ve
ratio
ed by body surface area; LVM/h � left-ventricular mass indexed
as in Table 1.
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overall population (Tables 5 and 6). Serum levels of CRP,
TNF-�, TGF-�, and PICP were significantly associated
with higher LVM, independently from age, sex, and MS
components, and they were significantly related to an
impairment of systolic and diastolic function, adjusting
also for LVMI2.7. Furthermore, CRP, TNF-�, and PICP
were directly and significantly related to 24-h UAER,
independently from age, sex, and MS components.

When the relationship between these markers and CD
was evaluated separately in the two groups by multiple
linear regression analysis, adjusting for the same variables

Table 4. Percentages of never-treated and previou

M

Never-treated (%)
Duration of previous antihypertensive treatment

(months)
RAAS inhibitors in monotherapy (%)
RAAS inhibitors combined to other

antihypertensive drugs (%)
Statins (%)

RAAS � renin-angiotensin-aldosterone system; other abbreviation

FIG. 1 Inflammation and fibrosis marker levels in normotensives a

ANOVA). P value of one-way ANOVA was �.01 for tumor necrosis factor
growth factor-� (TGF-�), and procollagen type 1 carboxy-terminal prope
as previously, it was significantly stronger in the MS
group, particularly with regard to LVM (Table 7). Further-
more, after adjusting for previous antihypertensive therapy
and different classes of drugs, we found that these factors
were not related to CD or to its relationship with inflamma-
tion.

Discussion
Our study confirms that MS is characterized by an in-
creased development of preclinical CD. In fact, hyperten-

treated subjects

bolic syndrome
(n � 51)

No metabolic syndrome
(n � 77) P

35.2 49.3 NS

21 � 2.21 19 � 2.01 NS
27.2 25.6 NS

48.4 46.1 NS
11.7 2.5 NS

Table 1.

ypertensives with and without metabolic syndrome (MS) (one-way
sly

eta
nd h

-� (TNF-�), and �.0001 for C-reactive protein (CRP), transforming
ptide (PICP).
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sives with MS had increased LVM and 24-h UAER.
Moreover, we demonstrated that the presence of MS not
only alters left-ventricular geometry, but it also leads to an
impairment of left-ventricular diastolic and systolic func-
tions. In fact, although the EF and E/A ratio did not differ
among hypertensives with and without MS, the E/Em ratio
was significantly higher, whereas Em and Sm were sig-
nificantly lower in MS, as well as previously demonstrated
in patients with type 1 diabetes,19 thus documenting an
initial impairment of both systolic and diastolic perform-
ances. The latter were accurately evaluated by TDI echo-
cardiography, which, as previously demonstrated, is more
sensitive for the detection of left-ventricular systolic and
diastolic dysfunctions than conventional echocardiogra-
phy.20

Of note, the MS itself was directly related to all param-
eters of cardiac damage (LVMI2.7, Em, E/Em ratio, and
Sm) independently from age, sex, and from the known
factors that characterize the syndrome. We failed to find a
direct association of MS with 24-h UAER, and this was
probably due to the small sample size.

The main finding of our study was the evidence of a
possible link between inflammation and fibrosis with the
increased development of preclinical CD in hypertensives
with MS. In fact patients with MS had increased levels of

Table 5. Multiple linear regression analysis to ass
markers with LVM

LVM/BSA
(g/m2)

L
(

Beta P Bet

Log(hs-CRP) (mg/dL) 0.37 �.001 0.29
Log(TNF-�) (pg/mL) 0.35 �.001 0.33
TGF-� (ng/mL) 0.29 �.01 0.33
PICP (�g/mL) 0.25 �.01 0.26

hs-CRP � high-sensitive C-reactive protein; IST � interventricular
surface area; PICP � procollagen type 1 carboxy-terminal propeptide
TNF-� � tumor necrosis factor-�; other abbreviations as in Tables 1

The other variables in the model are: age, sex, systolic and dia
presence of metabolic syndrome.

Table 6. Multiple linear regression analysis to cor
diastolic function and microalbuminuria

Em†
(m/sec)

Beta P Bet

Log (hs-CRP) (mg/dL) �0.14 NS 0.2
Log (TNF-�) (pg/mL) �0.29 �.05 0.3
TGF-� (ng/mL) �0.03 NS 0.2
PICP (�g/mL) �0.15 NS 0.2

Abbreviations as in Tables 1 and 3.
* Adjusted for age, sex, systolic and diastolic BP, waist circum
syndrome; † Adjusted for age, sex, systolic and diastolic BP, waist circum
indexed by height2.7, and presence of metabolic syndrome.
CRP, TNF-�, and TGF-�, markers of inflammation, and
of PICP, a marker of fibrosis, as compared with patients
without MS. Interestingly, all these markers were signifi-
cantly related to increased LVM and 24-h UAER and to
impaired diastolic and systolic functions in the overall
population, independently from the known MS parameters
and from the MS itself. Remarkably, these correlations
were enhanced in patients with MS and they were unre-
lated to either previous antihypertensive therapy or differ-
ent classes of drugs.

Previous experimental evidence has suggested a role
for inflammation in the development of CD in hypertension.
Hypertension exerts a number of proinflammatory effects,
through the increased expression of several mediators such as
cytokines, ROS, acute phase proteins, and leukocyte ad-
hesion molecules (intercellular adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1),
and monocyte chemoattractant protein-1 (MCP-1)).21,22

An increased vessel wall stretch23 and elevated levels of
angiotensin II have been shown to activate the NADPH
oxidase and the NF-�B, to increase adhesion molecule
expression by endothelial cells, and to upregulate endo-
thelial cell secretion of proinflammatory cytokines.24,25

These effects can enhance monocyte adhesion to the en-
dothelium, their transmigration into the vessel wall and

the relationship between inflammatory and fibrosis

/h2.7

2.7)
IST

(mm)
PWT
(mm)

P Beta P Beta P

�.01 0.34 �.01 0.36 �.01
�.01 0.32 �.01 0.47 �.001
�.001 0.42 �.001 0.40 �.001
�.05 0.37 �.001 0.26 �.05

um thickness; LVM/BSA � left-ventricular mass indexed by body
T � posterior wall thickness; TGF-� � transforming growth factor-�;
3.
BP, waist circumference, triglycerides, fasting glucose, HDL, and

te inflammatory and fibrosis markers with systolic/

Em
tio†

Log(Sm)†
(m/sec)

Log(24-h
UAER)* (mg)

P Beta P Beta P

�.05 �0.15 NS 0.32 �.01
�.001 �0.001 NS 0.20 �.05
�.05 �0.21 �.05 0.07 NS
�.05 �0.25 �.05 0.26 �.05

ce, triglycerides, fasting glucose, HDL and presence of metabolic
ess

VM
g/m

a

sept
; PW
and

stolic
rela

E/
ra

a

4
6
8
4

feren

ference, triglycerides, fasting glucose, HDL, left-ventricular mass
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into the tissue interstitium, and the development of endo-
thelium dysfunction and tissue inflammation.25 It has been
shown that hypertension favors inflammation in cardiovas-
cular tissues, with an increased amount of ROS, cytokines,
and other mediators that lead to alterations of organ struc-
ture and function.26,27

Reactive oxygen species are involved in the develop-
ment of left ventricular hypertrophy,7 and their reduction
by antioxidant agents leads to regression of such alter-
ations.27

On the other hand, TNF-� induces cardiac myocyte
hypertrophy, probably through the PI3-kinase-Akt/PKB
pathway,8–28 whereas TGF-�1 induces cardiac hypertro-
phic responses through protein kinase C (PKC)-dependent
activating transcription factor-2 (ATF 2) activation.9 Both
mediators stimulate the synthesis of matrix molecules, block
matrix degradation, and lead to fibrosis.11,29 Furthermore, the
blockade of NF-�B reduces myocardial hypertrophy in re-
sponse to chronic infusion of angiotensin II,14 and the block-
ade of MCP-1 in pressure overload rats leads to the
regression of diastolic dysfunction caused by TGF-�-induced
fibrosis. Transforming growth factor-� and PICP were shown
to be related to both cardiac and renal damage in human
hypertension.30 However, the role of inflammation into the
development of CD, and particularly cardiac damage, in
human hypertension has not been clearly assessed.

We found that circulating markers of inflammation and
fibrosis were significantly elevated in patients with MS
and they were both related to increased LVM, increased
24-h UAER, and to impaired systolic and diastolic perform-
ances, independently from the known MS parameters and
from the MS itself. Remarkably, these relationships were
significantly stronger in patients with MS. In this regard,
an increased degree of CD, an increased level of markers
of inflammation, or an increased level of markers of fibrosis
has been previously shown in hypertensives with MS in
separate studies.3–5,31 On the other hand, it has been also
demonstrated in human experimental studies that fibrosis is
associated with CD in hypertensives and that its regression is
related to an improvement of left-ventricular function.32 Our
data are consistent with and actually implement these find-

Table 7. Multiple linear regression analysis to corr
and 24-h UAER

LVM/h2.7 (g/m

No metabolic
syndrome

Beta P Bet

Log (hs-CRP) (mg/dL) 0.11 NS 0.3
Log (TNF-�) (pg/mL) 0.05 NS 0.3
TGF-� (ng/mL) 0.17 NS 0.5
PICP (�g/mL) 0.28 �.05 0.3

Abbreviations as in Tables 1 and 3.
The model was adjusted for age, sex, systolic and diastolic BP,
ings by providing the first evidence of a concomitant increase
of inflammatory and fibrosis markers in hypertensive patients
with MS. Moreover, we could demonstrate a clear significant
relationship between an increased CD and both indices of
inflammation and fibrosis in patients with MS. Of note, our
study was conducted on the basis of the most achievable
restrictive inclusion criteria. It excluded all patients with
other recognizable clinical causes of inflammation and fibro-
sis. Thus, our current findings may support the hypothesis
that an increased process of inflammation and fibrosis may, at
least in part, mediate the higher occurrence of CD in MS,
along with other factors such as dyslipidemia, insulin resis-
tance, impaired FG, and hemoglobin A1c, which are associ-
ated with diastolic dysfunction, as previously reported.19

In summary, the present study confirmed that MS as-
sociates with an increased development of CD in essential
hypertension, and it provided the first evidence that an
increased degree of cardiovascular disease and a concom-
itant increased degree of tissue inflammation and fibrosis
are significantly related in hypertensive patients with MS.

Although the relevance of our findings is limited by the
size of our study sample, the results regarding the rela-
tionship between inflammation and CD support previous
experimental evidence in hypertension. Our results, espe-
cially if confirmed in larger populations, may help to
identify one of the possible mechanisms directly linking
MS with CD. They may also have significant implications
for management of hypertensives with MS by indicating
the need of a more aggressive treatment of hypertension in
high-risk patients, starting at the prehypertensive state, as
already reported.33
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