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Resistant hypertension (RH) is associated with organ dam-
age and cardiovascular risk. Evidence suggests the involve-
ment of matrix metalloproteinase 2 (MMP-2) and tissue
inhibitor of metalloproteinase 2 (TIMP-2) in hypertension and
in cardiovascular remodeling. The aim of this study was to
assess the levels of MMP-2 and TIMP-2 in RH and its
relation with organ damage, including arterial stiffness and
cardiac hypertrophy. MMP-2 and TIMP-2 levels were com-
pared among 19 patients with normotension (NT), 116 with
nonresistant hypertension (HTN) and 116 patients with
resistant HTN (RH). MMP-2 levels showed no differences
among NT, HTN, and RH groups, while TIMP-2 levels were
higher in RH compared with HTN and NT groups (90.0 [76.1—

107.3] vs 70.1 [57.7-88.3] vs 54.7 [40.9-58.1] ng/mL, P<.01),
respectively. MMP-2/TIMP-2 ratio was reduced in the RH
group compared with the HTN and NT groups (2.7 [1.9-3.4]
vs 3.3 [2.6-4.2] vs 4.9 [4.5-5.3], P<.01), respectively. No
associations were found between MMP-2 levels, TIMP-2,
and MMP-2/TIMP-2 ratio with cardiac hypertrophy and
arterial stiffness in the RH and HTN groups. Finally, in a
regression analysis, reduced MMP-2/TIMP-2 ratio and
increased TIMP-2 levels were independently associated
with RH. The present findings provide evidence that TIMP-2
is associated with RH and might be a possible biomarker for
screening RH patients. J Clin Hypertens (Greenwich).
2016;18:969-975. © 2016 Wiley Periodicals, Inc.

Resistant hypertension (RH) is a multifactorial condi-
tion associated with mortality,’ greater risk of cardio-
vascular events,” and higher incidence of target organ
damage.>* Target organ damage in RH is closely
associated with lack of blood pressure (BP) control
and cardiovascular remodeling.*> It requires the acti-
vation of intracellular pathways that lead to (1) prolif-
eration, migration, and apoptosis of cells; and (2)
synthesis and degradation of extracellular matrix
(ECM) proteins of cardiac and vascular tissues.®®

Closely linked to the ECM reorganization, the matrix
metalloproteinases  (MMPs)  are  zinc-dependent
endopeptidases that degrade several proteins in cardiac
and vascular tissues. The activity of the MMPs is
affected by endogenous inhibitors, such as tissue
inhibitors of metalloproteinases (TIMPs) and o,-macro-
globulin (A2M), a nonspecific inhibitor of circulating
proteases. Therefore, the balance between MMPs and
inhibitors are essential for the extracellular matrix
remodeling in tissues.’

Gelatinases, such as MMP-2 and MMP-9, have been
associated with HTN and target organ damage
(TOD).'®"" MMP-2 expression is upregulated in
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cardiac cells in response to many elements such as
angiotensin II, endothelin-1, proinflammatory cyto-
kines, hormones, and growth factors.'? It has a role in
cleaving ECM molecules, elastin, and type IV collagen
and digests interstitial collagen types I, II, and II.” In
addition, MMP-2 is highly expressed in almost all
cardiac cells and can be activated by reactive oxygen
species.'? Therefore, MMP-2 is one of the most studied
MMPs in essential HTN. Nonetheless, the relation
between MMP-2 and TIMP-2 levels in RH remains
unclear. The aim of this study was to assess the levels of
MMP-2 and TIMP-2 in RH and its association with
TOD (arterial stiffness and cardiac hypertrophy).

METHODS

Patients and Study Design

For this cross-sectional study, patients with RH regu-
larly followed at the Resistant Hypertension Clinic of
the University of Campinas (Campinas, Brazil) and
those with nonresistant hipertension (HTN) followed at
the Hypertension Clinic of Valinhos (Brazil) were
screened. The study was conducted at the aforemen-
tioned center, reviewed, and approved by the institu-
tional review board from the School of Medical Sciences
of University of Campinas, Campinas-Brazil (approval
number 188.161/2013) and conducted in accordance
with the Declaration of Helsinki Principles. In addi-
tion, written informed consent was obtained from all
participants.
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Inclusion and Exclusion Criteria

The inclusion criteria were: (1) diagnosis of nonresistant
or resistant HTN;' (2) volunteer participation and
informed consent signature; (3) regular follow-up for at
least 6 months; and (4) previous proven adherence to
nonpharmacologic and pharmacologic treatment.

After 6 months of follow-up, patients were properly
diagnosed as having RH or HTN. RH was defined as BP
that remained above the target pressure (>140/
90 mm Hg) despite the use of three or more different
classes of antihypertensive drugs at optimal doses or
controlled BP with the use of four or more antihyper-
tensive drugs.'” To identify true resistance to treatment
and exclude white-coat HTN, pseudoresistance, lack of
medication adherence, and secondary forms of HTN,
RH patients underwent drug therapy optimization and
pill counts, office BP, ambulatory BP monitoring
(ABPM) measurements,” and imaging and biochemical
examinations. The HTN patients were defined as all
hypertensive patients without resistance to treatment.'*

The following points were taken into account for
exclusion criteria: (1) medical history or clinical symp-
toms of heart failure (ejection fraction <50%); (2)
presence of cardiomyopathy; (3) valvular or pericardial
heart diseases; (4) diagnosis of cerebrovascular disease
or peripheral vascular disease; (5) nephropathy; (6) liver
dysfunction; (7) autoimmune diseases; and (8) preg-
nancy or declared intention to become pregnant.

All hypertensive volunteers were recruited consecu-
tively and were divided into two groups: HTN (n=116)
and RH (n=116), according to the above-mentioned
criteria (Figure 1). Nineteen patients with normotension
(NT) were randomly selected to be included as the
control group (n=19).

BP Measurements

To determine office systolic BP (SBP) and diastolic BP
(DBP) a trained health professional performed at least
three measurements with a 3-minute interval. Patients

High Blood Pressure (>140/90 mm Hg)
N=257

Excluded
N=25

1) White-Coat Hypertension
2) Cuases of Secondary Hypertension

3) Nonadherence

4) Creatinine Clear. <30 mg/mL/min
5) HeartFailure

6) Cardiomyophaty

7) Peripheral Vascular Disease

8) Valvular or Peripheral Heart Disease

True Hypertension
N=232

23 drugs: uncontrolied
$2drugs >4 drugs: controlled

HT RH
N=116 N=116

FIGURE 1. Screening flow and final sample size of resistant
hypertension (RH) and nonresistant hypertension (HTN) patients.

were monitored in a seated position after a 10-minute
rest, at approximately 8 Am, using a digital BP monitor
(OMRON Healthcare Inc, Bannockburn, IL).

ABPM was used to exclude pseudoresistance HTN
through 24-hour BP monitoring by an automatic
oscillometric device (Spacelabs 90207, Spacelabs Inc,
Redmond, WA). BP was measured automatically at 20-
minute intervals during a 24-hour period and patients
were instructed to keep their normal daily activities and
take notes on their sleep period in a personal diary.'®

Aortic PWV Measurement

Pulse wave velocity (PWV) measurements were obtained
with the Sphygmocor system (Artcor, Sidney, Australia)
and used to estimate arterial stiffness. Pulse waves were
obtained via transcutaneous using a tonometer at the
right common carotid and femoral arteries. PWV was
calculated as the ratio of the distance (m)/At (seconds)
between the femoral recording site and the suprasternal
notch minus the distance from the suprasternal notch to
the carotid recording site.'” Three consecutive readings
were collected to determine the PWV average value that
was used in analyses.

Echocardiography

The dimensions of the left ventricular (LV) diastolic and
systolic diameters and interventricular septal and pos-
terior wall thicknesses were measured at the end of
diastole using the two-dimensional targeted M-mode,
and LV mass was calculated by the Devereux formula,
according to the recommendations of the American
Society of Echocardiography.'® LV mass index (LVMI)
was calculated by dividing the LV mass by the body
surface area. Echocardiographic measurements were
performed by two blinded investigators using a cardio-
vascular ultrasound machine (Siemens Acuson CV70,
Munich, Bavaria, Germany) with multifrequency sector
transducer (2-4 MHz).

Biochemical Measurements

Blood samples were collected at early morning after an
overnight fast. Plasma aldosterone was measured by
radioimmunoassay  (Immunotech SAS, Marseille,
France) according to the manufacturer’s instructions.
Urine albumin-to-creatinine ratio (mg/g) was used to
evaluate microalbuminuria. Patients presenting with
values <30 mg/g were classified as normal and microal-
buminuria was classified at values between 30 and
300 mg/g.

MMP-2 and TIMP-2 Measurements
Heparin-anticoagulated blood samples were obtained
after an overnight fasting period by venipuncture. The
blood samples were centrifuged and plasma samples
were immediately stored at —80°C. MMP-2 and TIMP-
2 were measured by enzyme-linked immunosorbent
assay (ELISA) (R&D Systems, Inc., Minneapolis)
according to the manufacturer’s instructions.
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Statistical Analysis

Descriptive statistics were described as mean+standard
deviation or median and first—third quartiles, according
to data distribution. The data distribution was assessed
by Shapiro-Wilk test. Continuous variables in all groups
were compared by one-way analysis of variance. Mann-
Whitney test was performed to compare nonparametric
continuous variables, and Fisher test for categorical
variables. Correlation analyses were performed by
Spearman’s correlation coefficient. Logistic regression
analyses evaluated the association of MMP-2, TIMP-2,
and MMP-2/TIMP-2 ratio, adjusted for potential con-
founders, with the presence of resistance to treatment.
Finally, a given probability of type I error (o) of 0.05
was considered and a power (1—8) of 0.9 for TIMP-2
analyses.

RESULTS

The general characteristics and biochemical parame-
ters of NT, HTN, and RH groups are shown in
Table I and Table II, respectively. RH patients pre-

sented with higher left ventricular mass index,
microalbuminuria,  cholesterol and  low-density
lipoprotein levels, glycated hemoglobin, glucose,

microalbuminuria, C-reactive protein, and aldosterone
levels and lower PWV compared with the HTN
patients. The NT group had lower biochemical levels
compared with the HTN group. Correlation analyses
revealed no associations between aldosterone/renin
ratio and TIMP-2, MMP-2, and MMP-2/TIMP-2 in
either all hypertensive groups (RH+HTN) or the RH
group (data not shown).

As expected, a higher number of antihypertensive
drugs were used in the RH (44+1) compared with the
HTN (241) group (Table IIT). No statistical differences
in MMP-2 levels were observed among the NT, HTN,
and RH groups (240.1 [191.2-308.4] vs 237.0 [197.2—
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276.6] vs 228.9 [203.9-293.5] ng/mL, P=.63), respec-
tively (Figure 2a). On the other hand, increased TIMP-2
levels were detected in the RH compared with the HTN
and NT groups (90.0 [76.1-107.3] vs 70.1 [57.7-88.3]
vs 54.7 [40.9-58.1] ng/mL, P<.01), respectively (Fig-
ure 2b). In addition, a lower MMP-2/TIMP-2 ratio was
found in the RH group compared with the HTN and
NT (2.7 [1.9-3.4] vs 3.3 [2.6-4.2] vs 4.9 [4.5-5.3],
P<.01), respectively (Figure 2c).

Due to the higher prevalence of TOD in patients with
RH and its association with increased mortality, we
evaluated MMP-2 and TIMP-2 levels in both HTN
groups and the association of plasma levels with cardiac
hypertrophy and arterial stiffness (well-known HTN-
induced TOD). However, after correlation analysis, no
associations were found between PWV and LVMI
(reflecting arterial stiffness and cardiac hypertrophy)
with MMP-2, TIMP-2, and MMP-2/TIMP-2 ratio in
HTN or RH groups (Table IV). On the other hand,
correlation analysis combining both hypertensive
groups (HTN+RH) revealed a positive correlation
between TIMP-2 and LVMI (Table IV).

A correlation analysis among MMP-2, TIMP-2,
MMP-2/TIMP-2 ratio, and ambulatory BP measure-
ments (systolic and diastolic) in the hypertensive groups
(RH+HTN) were performed. While TIMP-2 showed no
significant correlation with systolic and diastolic ABPM
values, a significant correlation between MMP-2/TIMP-
2 and systolic ABPM (r=0.15, P=.03) was detected. In
addition, a correlation between MMP-2 levels with both
systolic (r=0.24, P<.01) and diastolic (»=0.15, P=.04)
ABPM was also found.

Finally, the different models of logistic regression
demonstrated that TIMP-2 levels and MMP-2/TIMP-2
ratio were independently associated with resistance to
antihypertensive treatment, after adjustment for age,
sex, aldosterone levels, presence of diabetes, body mass

TABLE I. General Characteristics of Normotensive, Nonresistant Hypertensive, and Resistant Hypertensive
Patients

Variables NT (n=19) HTN (n=116) RH (n=116) P Value
Age, y 52+5 62492 60+107 <.01
Female sex % 47 60 66 .25
Black race % - 15 43° <.01
Diabetes, % - 35 52° .02
BMI, kg/m? 25.0 (23.1-27.0) 27.7 (24.9-31.7)2 31.2 (27.0-34.9)>° <.01
Waist/hip ratio - 0.91 (0.86-0.97) 0.94 (0.88-0.99)° .04
Office SBP, mm Hg 119 (111-134) 139 (130-148)* 146 (134-158)*° <.01
Office DBP, mm Hg 80 (72-86) 82 (78-86) 82 (76-91) 19
Office HR, beats per min 64 (60-70) 67 (61-77) 66 (58-74) 19
ABPM SBP, mm Hg - 127 (121-135) 129 (116-141) .40
ABPM DBP, mm Hg - 77 (72-82) 76 (70-84) .75
LVMI, g/m? - 96.3 (86.4-113.0) 115.1 (95.0-142.0)° <.01
PWV, m/s 7.1 (6.5-7.7) 9.4 (8.4-11.3)? 9.1 (7.6-11.1)2 <.01
Abbreviations: ABPM, ambulatory blood pressure monitoring; BMI, body mass index; DBP, diastolic blood pressure; HR, heart rate; HTN, nonresistant
hypertension; LVMI, left ventricular mass index; NT, normotension; PWV, pulse wave velocity; RH, resistant hypertension; SBP, systolic blood pressure.
Data expressed as meanzstandard deviation or median (first-third quartiles). 23P<.05 vs NT. °P<.05 vs HTN.
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TABLE Il. Biochemical Parameters of Normotensive, Nonresistant Hypertensive, and Resistant Hypertensive
Patients

Variables NT (n=19) HTN (n=116) RH (n=116) P Value
Total cholesterol, mg/mL 193 (179-215) 165 (136-186)* 180 (148-208)*° <.01
LDL, mg/mL 112 (93-133) 85 (66-107)% 97 (77-127)° <.01
HDL, mg/mL 47 (40-56) 49 (42-58) 45 (38-53)° .02
HbA¢, % 5.2 (5.1-5.3) 6.0 (5.7-6.4)% 6.3 (6.0-7.8)° <.01
Triglycerides 134 (97-154) 115 (80-157) 130 (95-192) .08
Glucose, mg/mL 82.2 (80.0-88.0) 97 (90-107)? 101 (89-136)% <.01
Creatinine, mg/mL 0.9 (0.8-1.0) 0.9 (0.8-1.1) 1.0 (0.8-1.2) .08
Microalbuminuria, mg/g 6.7 (3.5-9.3) n=19 5.8 (3.8-12.6) n=34 13.2 (7.6-45.9) n=74%" <.01
C-reactive protein, mg/dL 0.09 (0.07-0.1) 0.3 (0.1-0.6)* 0.4 (0.1-0.6)* <.01
Aldosterone, pg/mL 69.6 (63.5-73.0) 67.5 (42.5-114.5) 98 (60.7-176.9)*° <.01
Aldosterone/renin 1.68 (0.77-4.92) (n=72) 3.99 (1.29-9.49) (n=17) .08

Abbreviations: HbA,., glycated hemoglobin; HDL, high-density lipoprotein; HTN, nonresistant hypertension; LDL, low-density lipoprotein; NT,
normotension; RH, resistant hypertension. Data are expressed as median (first-third quartiles). 2P<.05 vs NT. °P<.05 vs HTN.

TABLE Illl. Antihypertensive Drugs, Statins, and
Acetylsalicylic Acid Use in Both Hypertensive Groups

Drugs, % HTN (n=116) RH (n=116) P Value
Diuretics 65 90 <.01
Spironolactone 02 38 <.01
B-Blockers 14 68 <.01
Angiotensin-converting 17 38 <.01
enzyme inhibitors
Angiotensin receptor blockers 73 55 <.01
Calcium channel blockers 41 85 <.01
Sympatholytic drugs 00 28 <.01
Statins 73 58 .01
Acetylsalicylic acid 16 59 <.01

Abbreviations: HTN, nonresistant hypertension; RH, resistant hyper-
tension.

index, and race (Table V). The same results were
observed when the logistic regression was performed
including the NT group (NT+HTN+RH) (TIMP-2: odds
ratio 1.04; 95% confidence interval, 1.02-1.05 [P<.01]
and MMP-2/TIMP-2: odds ratio, 0.64; 95% confidence

DISCUSSION

In this study we found higher levels of TIMP-2 and also
lower MMP-2/TIMP-2 ratio in RH patients compared
with HTN and NT patients. Interestingly, MMP-2 levels
were similar among all strata of HIN studied. In
addition, high TIMP-2 levels and low MMP-2/TIMP-2
ratio were independently associated with resistance to
treatment in RH patients. Also, TIMP-2 levels were
correlated with LVMI in the total HTN group, but not
in the RH group. A review of the literature was
performed using PubMed and Web of Science and, to
the best of our knowledge, this is the first study
comparing MMP-2 and TIMP-2 levels among NT,
HTN, and RH patients.

TIMP-2 levels have been reported to be unchanged in
HTN patients compared with controls."”*' More
conﬂlctmg findings have been reported on MMP-2
levels in HTN Some studies have found increased,***?
decreased,**** and even unchanged MMP-2 levels20:21
in HTN. This inconsistency may be justified by the
differences in (1) study design, (2) methods of measure-
ment (ELISA, immunohistochemistry, or zymography),
(3) study pogulatlon and the presence of comorbidities

. 20,26,27
interval, 0.49-0.84 [P<.01]). and TOD,?%**?7 and (4) statistical power.
f— P<.01 SE6
a b
600 2504 .- 204 .
; 2 200- E i
E 400 . ® =
5 B 150 E
of % 100- by
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s N HE L
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FIGURE 2. Plasma concentrations of matrix metalloproteinase 2 (MMP-2) and tissue inhibitor of metalloproteinase 2 (TIMP-2) levels in patients
with normotension (NT), nonresistant hypertension (HTN), and resistant hypertension (RH).(a) MMP-2 levels; (b) TIMP-2 levels; (c) MMP-2/TIMP-
2 ratio. The box and whisker plots show range and quartiles. *P<.05 vs NT. #*P<.05 vs HTN.
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TABLE IV. MMP-2, TIMP-2, and MMP-2/TIMP-2
Correlation With Target Organ Damage in
Nonresistant and Resistant Hypertension

MMP-2 TIMP-2 MMP-2/TIMP-2
r (P Value) r (P Value) r (P Value)

HTN

PWV —0.15 (.10) —0.15 (.11) 0.07 (.46)

LVMI —0.01 (.93) —0.09 (.34) 0.05 (.61)
RH

PWV 0.02 (.81) —0.005 (.95) 0.01 (.92)

LVMI 0.10 (.30) 0.17 (.07) —0.05 (.62)
HTN+RH

PWV —0.05 (.42) —0.09 (.17) 0.06 (.34)

LVMI 0.06 (.34) 0.16 (.02) —0.09 (.18)

Abbreviations: HTN, nonresistant hypertension; LVMI, left ventricular
hypertrophy; MMP-2, matrix metalloproteinase 2; PWV, pulse wave
velocity; RH, resistant hypertension; TIMP-2, tissue inhibitor of
metalloproteinase 2.

MMP-2 is expressed in almost all cardiac cells. It is
activated by oxidative stress injury and in long-term and
chronic processes may transform into an irreversible
injury. Recently, an interesting study showed the influ-
ence of MMP-2 levels in both animal and human
cardiovascular disease,”® suggesting MMPs as potential
therapeutic targets in myocardlal diseases.”” Although
some data show increased MMP-2 levels in myocardial
diseases, one study found decreased levels in hyperten-
sive patients with LV hypertrophy. The low levels
support that such alteration may contribute to the
phenotyzplc and structural changes in hypertensive heart
disease.

Experimental and clinical studies have shown the
influence of TIMP-2 levels in cardiac remodeling. For
instance, it has been shown that TIMP-2 deﬁc1encg is
related to exacerbated LV dilation and dysfunctlon
Such scarcity impairs cardiac function, since TIMP-2 is
required for optimal structure and function following
biomechanical stress.**> On the other hand, it was
reported that TIMP-2 increases collagen synthesis**
and also stimulates cardiac fibroblast proliferation and
differentiation into myofibroblasts, contributing to the
mature collagen matrix formation.> In addition,
increased TIMP-2 levels were found in patients with
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hypertrophic cardiomyopathy,®® suggesting that TIMP-
2 levels may reflect an adaptive response to dampen the
elevated proteolytic activity that occurs in heart dis-
ease.

The literature shows controversial associations
between MMP-2 and TIMP-2 levels and TOD. The
high prevalence of TOD is a well-known feature in RH;
however, no associations were found between arterial
stiffness and LVMI with MMP-2, TIMP-2, and MMP-2/
TIMP-2 ratio in both antihypertensive groups analyzed
separately (resistant and nonresistant). Interestingly, a
positive correlation was observed between TIMP-2
levels and LVMI in the total group (HTN+RH). It
may suggest a compensatory response of CV remodeling
in an attempt to control MMP-2 activity and minimize
CV damage in HTN. Although MMP-2 levels were
similar between RH and HTN groups, the decreased
ratio observed in RT patients might reflect lower
activity of MMP-2. TIMP-2 binds to MMP-2, inhibiting
its proteolytic activity, thus the MMP-2/TIMP-2 ratio is
also an important index for assessing MMP-2 activity.
Interestingly, the MMP-2/TIMP-2 ratio was decreased
in RH patients, which might indicate a reduced global
action of the MMP-2 enzyme.

Logistic regression analysis revealed that TIMP-2
levels, but not MMP-2 levels, are significantly indepen-
dently associated with RH after adjustment for risk
factors for RH (age, sex, race, diabetes, body mass
index, aldosterone levels). Moreover, the RH group was
divided into white and nonwhite and obese and
nonobese groups to analyze the influence on TIMP-2
levels. No differences were found in TIMP-2 levels
according to race and body mass index, which strengths
the association between high TIMP-2 levels and RH
found in the current study.

We have shown in this study that TIMP-2 is a
significant predictor for RH. Considering the lack of
correlation between TIMP-2 and ambulatory BP
(RH+HTN) this finding may not represent a continuum
of BP, and TIMP-2 levels may represent an important
role in the pathophysiology of RH. Although resistant
and nonresistant HTN represent distinct conditions,
systolic and diastolic ABPM values were similar
between HTN groups in this study. Interestingly,
MMP-2 levels and MMP-2/TIMP-2 were posmvely
correlated with ABPM, suggesting that MMP-2 is

TABLE V. Logistic Regression for the Presence of Resistance to Treatment?®

nonresistant hypertension.

OR (95% ClI) P Value OR (95% CI) P Value
Model 1 Model 2
TIMP-2 1.03 (1.02-1.05) <.01 MMP-2/TIMP-2 0.67 (0.51-0.87) <.01
BMI, kg/m? 1.14 (1.07-1.22) <.01 BMI, kg/m? 1.14 (1.07-1.21) <.01
Black race 3.54 (1.63-7.68) <.01 Black race 3.92 (1.84-8.31) <.01

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio; MMP-2, matrix metalloproteinase 2; TIMP-2, tissue inhibitor of
metalloproteinase 2. # Adjusted for age, sex, aldosterone levels, and presence of diabetes. The analysis was performed including resistant and
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associated with BP in a continuum manner but not with
RH phenotype. Although it might sound paradoxical,
these findings lead to the interpretation that RH
represents a distinct hypertensive phenotype. TIMP-2
levels are associated with RH phenotype and might be
explored as a possible biomarker of this condition in
further studies.

STUDY STRENGTHS AND LIMITATIONS
In spite of reaching interesting findings, our study has
some drawbacks. First, the possible influence of multiple
antihypertensive drugs is an intrinsic limitation of
studies on resistant HTN. Some antlh;fg)ertenswe drugs
may affect MMP concentrations, as well as
statins,>>*" acetylsalicylic acid,*"** and some diuretics
such as splronolactone and hydrochloroth1a21de *3 Mul-
tiple linear regression showed no association between
TIMP-2 levels and antihypertensive medication, statins,
acetylsalicylic acid, and antidiabetics. Thus, the medi-
cation might not have affected our results. Second, since
the analysis of aldosterone/renin ratio was performed
only in a subset of RH (n=72) and HTN (n=17) patients,
our negative finds might be underestimated. Third, the
sample size was not large enough to ensure more robust
inferences. Fourth, there was a low power of the study
in MMP-2 analyses. Finally, this was a cross-sectional
study and a cause-effect relationship cannot be inferred.
Therefore, further studies with different designs, such as
randomized controlled trials or cohorts, are needed to
clarify some points and also to strength our findings.
Our regression analysis model included well-known
factors that contribute to increased risk for RH. In spite
of that, we were still able to detect a significant
association between TIMP-2 and RH.

CONCLUSIONS

RH was associated with higher TIMP-2 levels and low
MMP-2/TIMP-2 ratio, suggesting that these regulators
of ECM remodeling play a key role in BP control in this
high-risk subset of hypertensive individuals. These
findings provide evidence that TIMP-2 is associated
with RH and might be a candidate risk biomarker for
RH.
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