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ABSTRACT
Introduction and Aim: Hypertension (HTN) is a public health issue frequently linked with obesity. Both
are connected with blood vessel remodelling, oxidative stress, and the imbalance of the matrix
metalloproteinases (MMPs) and their inhibitor (TIMPs). The present study aims to explore the relationship
between the markers of oxidative stress and biomarkers of extracellular matrix remodelling, MMP-9 and
TIMP-1, in obese and non-obese patients with and without hypertension.
Material and Methods: A cross-sectional hospital-based study was conducted in 106 subjects classified
into four groups: obese hypertensive (OHTN), non-obese hypertensive (NOHTN), obese controls (OC),
and non-obese controls (NOC). Anthropometric parameters, blood pressure, markers of oxidative stress—
Malondialdehyde (MDA), reduced Glutathione (GSH), Nitric oxide (NO)—and serum levels of MMP-9
and TIMP-1 were measured. ELISA and standardised biochemical assays were employed. MMP-9 and
oxidative markers correlations were statistically compared.
Results: OHTN patients exhibited significantly elevated levels of MMP-9, TIMP-1, and MDA, but
decreased levels of GSH and NO compared with the control group (p < 0.001). The MMP-9/TIMP-1 ratio
was significantly increased in the OHTN group, representing extracellular matrix remodelling. In addition,
MMP-9 levels were significantly correlated with MDA (r = 0.56) and inversely correlated with NO (r = -
0.42) and GSH (r = -0.49), reflecting a close correlation between oxidative stress and hypertension-related
vascular remodelling.
Conclusion: The results of the current study indicate the crucial involvement of oxidative and nitrosative
stress in the vascular system dysfunction and extracellular matrix remodelling in hypertensive patients,
especially in obese patients. Increased MMP-9 and TIMP-1 levels, as well as markers of oxidative stress,
could represent potential biomarkers of early diagnosis and treatment of hypertension. Therapies targeting
oxidative stress and the MMP/TIMP pathway could open new therapeutic perspectives.

Keywords: Obesity, Hypertension, Oxidative Stress, Nitric Oxide, Malondialdehyde, Glutathione, MMP-
9, TIMP-1

1. INTRODUCTION recognised when the diastolic blood pressure
Hypertension (HTN) is a major and common (DBP) 1s 90 mm Hg or higher, or when the
systolic blood pressure (SBP) is 140 mm Hg or

worldwide health issue. According to the Joint
higher. Often presenting without symptoms,

National Committee-8 (JNC 8) guidelines, it is
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HTN is frequently referred to as the ‘“silent
killer” because of its capacity to cause serious
complications in the cardiovascular, renal, and
cerebrovascular systems if not adequately
managed. In India, approximately 29.8% of the
population is affected by HTN, with its
prevalence higher in urban areas at 33%. But
only around one-third of people with
hypertension can effectively regulate their blood
pressure, which suggests that management and
therapy are seriously lacking [1]. The increasing
prevalence of fat exacerbates the risks of
hypertension. Vascular dysfunction is closely
associated with obesity, and it not only makes
controlling blood pressure more difficult but also
hastens the onset of several end-stage renal
failure, stroke, and coronary artery disease,
which are examples of cardiac conditions.
Furthermore, vascular anomalies caused by
obesity are often resistant to conventional
antihypertensive treatments [2, 3].

The involvement of matrix metalloproteinases
(MMPs), particularly MMP-9, is crucial in
degrading the extracellular matrix (ECM),
contributing remodelling and
dysfunction observed in hypertension. The
activity of MMP-9 is modulated by tissue
inhibitors of metalloproteinases (TIMPs), such as
TIMP-1, which maintain vascular integrity. An
imbalance between MMPs and TIMPs has been
associated  with cardiovascular
disorders, including HTN. Although previous
research has investigated the roles of MMP-9 and
TIMP-1 in hypertension, their interplay with
oxidative stress markers remains insufficiently
studied, particularly in Indian populations [4,5].
Vascular damage in hypertension is primarily
caused by the hallmarks of oxidative stress,
including an excess of reactive oxygen species
(ROS) and a compromised antioxidant defence
mechanism. It is commonly known that
biomarkers like Nitric oxide (NO), Glutathione
(GSH), and Malondialdehyde (MDA) participate
in the aetiology of hypertension. Nevertheless,
the connection among oxidative stress, MMP-9,
TIMP-1, and anthropometric parameters in
hypertensive individuals, particularly those with
obesity, is poorly understood. Furthermore, a
dearth of research investigating these biomarkers

to vascular

numerous
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in conjunction with oxidative stress within Indian
cohorts [6, 7].

Studies suggest elevated MMP-9 levels are
linked to blood pressure and endothelial
dysfunction. At the same time, oxidative stress
biomarkers such as MDA and NO are closely
associated with vascular remodelling and
hypertension  progression [8]. However,
integrative studies investigating how MMP-9,
TIMP-1, oxidative stress, and anthropometric
parameters are interrelated in hypertensive
individuals, both obese and non-obese, are still
limited in Indian populations. This study was
conducted in Northern Karnataka, India, to
address these research gaps. It evaluates serum
levels of MMP-9 and TIMP-1 while examining
their correlations with oxidative stress markers
and anthropometric parameters in hypertensive
and non-hypertensive individuals with and
without obesity. The findings aim to offer novel
insights into the function that oxidative stress
performs in the development of hypertension,
especially in obesity. Additionally, this research
may pave the way for developing targeted
therapeutic approaches to improve hypertension
management.

2. Materials and Methods

Study Design

In Vijayapura, Karnataka, India, at the Shri B. M.
Patil Medical College, Hospital, and Research
Centre of BLDE University, a cross-sectional
hospital-based study was carried out. The
research explored the association between
hypertension, obesity, and biomarkers MMP-9,
also known as matrix metalloproteinase, and
TIMP-1, as a inhibitor  of
metalloproteinases [4]. The institution’s ethical
committee provided ethical approval prior to the
start of the research (clearance number:
IEC/BLDE/2022/26). Every participant provided
written informed consent. The Joint National
Committee (JNC 8) guidelines were followed
throughout the study.

Study Population

A total of 106 participants were selected and
categorised into four groups:

e Obese Hypertensive (OHTN, n =27)

e Non-Obese Hypertensive (NOHTN, n = 26)

tissue
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e Obese Control (OC, n=26)

¢ Non-Obese Control (NOC, n = 27)

Both male and female participants aged 51 + 14

years were included.

Inclusion Criteria

e Individuals newly  diagnosed  with
hypertension (SBP> 140 mmHg and DBP
>90 mmHg). [1]

e Normotensive individuals (SBP <120 mmHg
and DBP <80 mmHg) formed the control
group.

Exclusion Criteria

Patients diagnosed with renal failure, stroke,

diabetes, diseases, or gout.

Individuals unwilling to provide blood samples.

Subjects with thyroid disorders, smokers, alcohol

consumers, pregnant women, and menstruating

females [4].

Note on Grouping and Sample Size

Justification: Notes on Grouping and Sample

Size Justification: 106 participants

registered to meet the goal sample size of about

25 people per group. Strict inclusion & exclusion

criteria resulted in smaller final group sizes.

OHTN (n=27), NOHTN (n=26), OC (n=26), and

NOC (n=27). The technique incorporates four

distinct groups to evaluate the impact of obesity

and hypertension on biomarkers. Including obese
and non-obese control groups enables baseline
comparisons for each phenotype, verifying that
observed differences are due to the disease rather

liver

Wwere

than body composition alone. Based on a power
analysis of the pilot data, the sample size was
determined to be 100 people (25 in each group).
A power analysis of the pilot data revealed that
100 participants (25 in each group) would be
enough to detect a medium effect size (Cohen’s
d=0.5) at 80% power and 5% significance level.

Data Collection and Measurements:
Anthropometric and Hemodynamic
Measurements

Anthropometric measurements were taken of
participants when they were dressed lightly and
without shoes. A calibrated digital weighing
scale determined the weight to the nearest 0.1 kg.
The Body Mass Index (BMI) was determined by
dividing weight (kg) by height (m?) using a
stadiometer that was accurate to 0.1 cm. With a
non-stretchable measuring tape, the waist
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circumference (WC) Measurement was taken
halfway between the top of the iliac crest and the
final visible rib. The hip circumference (HC) was
measured from the broadest part of the buttocks.
WC/HC was used to determine the Waist-to-Hip
Ratio (WHR), and WC/height was used to get the
Waist-to-Height Ratio (WHtR).[9] After at least
five minutes of relaxation, the subject was seated
and their blood pressure was taken using a
calibrated mercury sphygmomanometer
(Diamond Deluxe BP device, Pune, India). The
average of two measurements that were collected
two minutes apart was noted. Arm circumference
was utilised to determine the proper cuff size.
Diastolic and systolic blood pressure have been
taken to the nearest 2 mmHg.

Blood Collection and Sample Processing:
Participants were given thorough research
information and were asked for their consent
before collecting samples. Under aseptic
circumstances, venepuncture took 5 mL of
fasting blood from a vein. The samples were
centrifuged at 3000 rpm for 10 minutes to extract
serum, which was then transferred to polyethene
tubes and stored at -80°C until analysis. To make
sure accuracy and repeatability, all samples were
immediately brought to the laboratory and
evaluated within 24 hours.

Biochemical Analysis

1. Extracellular matrix biomarkers:

MMP-9 and TIMP-1 Levels: Utilising enzyme-
linked immunosorbent assay (ELISA) Kkits,
serum concentrations were determined (E-lab-
science, Human MMP-9 and TIMP-1) following
the manufacturer’s protocol [10].

2. Oxidative Stress Biomarkers:
Malondialdehyde (MDA): Buege and Aust
(1978) described the thiobarbituric acid reactive
substances (TBARS) technique for estimating
serum and tissue malondialdehyde (MDA), a
marker of lipid peroxidation. The test is based on
the reaction of MDA, a subsequent product of
polyunsaturated fatty acid peroxidation, with
thiobarbituric acid (TBA) in acidic conditions
and at high temperature, resulting in a pink
chromogen detectable at 535 nm. To experiment,
100 pl of serum was diluted with 500 pl of
distilled water and combined with 1 ml of TCA-
TBA-HCI reagent (15% trichloroacetic acid,
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0.375% thiobarbituric acid in 025 N
hydrochloric acid). The mixture was incubated in
a boiling water bath for 15 minutes, then cooled
to room temperature and centrifuged. The
absorbance of the supernatant was measured at
535 nm with a UV-visible spectrophotometer
(Shimadzu, UV-1800).10]

Glutathione(GSH):

The reduced glutathione in whole blood was
calculated using the Beutler et al. (1963)
technique. The test is based on the reduction of
5, 5’-dithiobis (2-nitrobenzoic acid) (DTNB) by
thiol groups to create a yellow-colored 5-thio-2-
nitrobenzoic acid (TNB), which is detected at
412 nm. A solution including EDTA, NaCl, and
metaphosphoric acid was employed to precipitate
whole blood samples. After centrifugation, the
supernatant was mixed with phosphate buffer
and DTNB reagent. The absorbance was
measured at 412 nm in 5 minutes. A standard
curve was built using known levels of reduced
glutathione (0.5 mg/mL stock solution), and
GSH values in test samples were expressed as
mg/dL of whole blood. 11]

Total Nitric Oxide (NO):

Total nitrite and nitrate (NOx) levels, which are
stable nitric oxide metabolites, were determined
using the Griess reaction and the cadmium
reduction technique (Green et al., 1982; Cortas
and Wakid, 1990; Moshage et al., 1995). Serum
samples were initially deproteinized using zinc
sulphate and sodium hydroxide. Nitrate was
converted to nitrite using activated cadmium
granules covered with copper sulphate in a
glycine-NaOH buffer. The resultant nitrite was
diazotised with sulphanilamide and combined
with N-(1-naphthyl) ethylenediamine to produce
a stable azo dye that was detected at 540 nm.
Concentrations were calculated using a sodium

nitrite  standard curve, with findings in
pmol/L.[12]
Statistical Analysis

Microsoft Excel was utilised to enter the data.

The SPSS program (version 20) was used to

analyse the data.

e The Shapiro-Wilk and Kolmogorov-
Smirnov tests were used to determine if the
continuous data were normal. As applicable,
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descriptive statistics were provided, such as
the mean, standard deviation, counts, and
percentages.

The following statistical tests were applied:

e For continuously distributed data with a
normal distribution, Pearson’s correlation
was applied.

e  When dealing with variables that were not
normally  distributed, Spearman’s rho
correlation was utilised.

Numerous groups were compared using analysis

of variance (ANOVA)

e The Kruskal-Wallis H test was utilised for
non-parametric data analysis.

e When overall significance (p < 0.05) was
discovered, post-hoc pairwise comparisons
were done using Tukey’s HSD test (for
ANOVA) or Dunn’s test (for Kruskal-
Wallis).

e A p-value of less than 0.05 was considered
statistically significant. It was a two-tailed
test.

3. Result:

Factors related to
anthropometry
Demographic and anthropometric comparisons
between the four study groups are summarised in
Table -1.

Table 1: Anthropometric and Hemodynamic
Parameters across Study Groups

demographics and

Parameter OHTN |NOHTN|OC NOC p-value
m=23) [(n=23) |(n=23) [(n=23)

Age (years) |51.63+ [56.22+ [47.74+ |46.93+ [0.073
9.62 10.08 10.35 8.04 (NS)

BMI (kg/m?) [29.48+ |21.10+ (29.40+ [21.09+ |<0.001**
3.59 2.11 3.20 2.27

Waist 1.06+ [0.87+ 099+ [0.86+ |<0.001**

Circumference|0.19 0.1 0.07 0.19

(m)

Hip 1.13+ 096+ [1.07+ [0.93+ |0.021*

Circumference|0.196 0.076 0.09 0.06

(m)

Waist-to-Hip |0.91+ [0.90+ [0.86+ |0.87+ [0.038*

Ratio 0.209 0.06 0.106 0.07

Systolic BP  |144.6 + [145.35+|113.04 +(114.33 £{<0.001**

(mmHg) 5.67 6.02 4.705 5.040

Diastolic BP  [91.5+ (92.09+ (82.61+ (78.33+ |<0.001**

(mmHg) 3.83 341 6.88 6.47

Abbreviations: The study uses OHTN to denote
Obese Hypertensive individuals and NOHTN for
Non-Obese Hypertensive individuals, while OC
represents Obese Control subjects, NOC stands
for Non-Obese Control participants, BMI
indicates Body Mass Index, and BP stands for
Blood Pressure.
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Note: Data are provided as mean + SD for
normally distributed variables and median (IQR)
for non-normal variables. P-values indicate
comparisons between the four research groups
using one-way ANOVA (for normal data) or the
Kruskal-Wallis test (for non-normal data).
Tukey’s HSD was used to do post-hoc pairwise
comparisons (for ANOVA) or Dunn’s test (for
Kruskal-Wallis) when overall p < 0.05. The
significance thresholds are as follows: p <0.05 (*)
statistically significant, p < 0.01 (**) highly
significant, p < 0.001 (***) very highly
significant, and p > 0.05 (ns).

The mean age across groups was 51 + 14 years.
The OHTN group demonstrated a markedly
higher body mass index (BMI) compared to the
NOHTN group (p < 0.001). Both hypertensive
groups showed significantly higher systolic
blood pressure (SBP) and diastolic blood
pressure (DBP) values than the control groups.

Anthropometric and Hemodynamic
Parameters:
The OHTN group had a significantly higher BMI

than the NOHTN group (p < 0.001). Both
hypertension groups (OHTN and NOHTN)
exhibited higher systolic and diastolic blood
pressures than the control groups, with the
OHTN group seeing the most significant mean
increase (p < 0.001).

Oxidative Stress Markers

Table 2 demonstrates that hypertensive groups
had considerably higher MDA values, indicating
increased lipid peroxidation. Lower GSH levels
were found in these groups, indicating poor
antioxidant defence, with the lowest level in the
OHTN group. NO levels were dramatically
lowered in hypertension patients, particularly in
the NOHTN group, indicating severe endothelial

dysfunction.
Table 2: Oxidative Stress Markers across
StudyGroups
Parameter(OHTN [(NOHTN |OC NOC p-value
®=23) |m=23) |m=23) |m=23)
MDA 3.99 + 413+ 232+ 2305+ |<0.001***
(umol/L) [1.30 1.01 0.75 0.56
GSH 2430+ [26.63+ [29.33+ (24.67+ [<0.001%**
(mg/dL) 9.12 10.19 9.43 6.62
NO 3323+ |32.72+ |44.71+ |39.30+ [<0.001%**
(umol/L) 19.98 11.71 10.22 9.52

Note: Data are provided as mean + SD for
normally distributed variables & median (IQR)
for non-normal variables. P-values indicate
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comparisons between the four research groups
using one-way ANOVA (for normal data) or the
Kruskal-Wallis test (for non-normal data). (For
ANOVA) or Dunn’s test (for Kruskal-Wallis)
when overall p < 0.05. The significance
thresholds are as follows: p < 0.05 (*), p < 0.01
(**), p <0.001 (***), p <0.001 (***), & p > 0.05 (ns).
Levels of TIMP-1 and MMP-9

Table 3 demonstrates that OHTN has the most
significant MMP-9 expression, followed by
NOHTN. The control groups showed
considerably lower levels (p < 0.001). TIMP-1
concentrations followed a similar pattern, with
higher levels in hypertensive groups, particularly
OHTN. As measured by the MMP-9/TIMP-1 ratio,
the extracellular matrix remodelling imbalance
was highest in OHTN & lowest in NOHTN.

Table 3: MMP-9 & TIMP-1 Levels across Study

Groups

Parameter OHTN [NOHTN (OC NOC p-value

®=23) |m=23) |m=23) |m=23)
MMP-9 |977.66 + |866.79 + |820 + 725.03 £ | <
(ng/mL) [308.32 299.46 [280.76 |257.94 [0.001***
TIMP-1 |1185.07 |1236+ [1138.96 [985.72+ | <
(ng/mL) |+366.73 |346.37 [+227.61 |227.719 [0.001***
MMP- 0877+ [0.745+ [0.71 % 0.75 <0.001***
9/TIMP-1 (0.35 0.35 0.19 0.28
Ratio

Note: Data are provided as mean + SD for
normally distributed variables & median (IQR)
for non-normal variables. P-values indicate
comparisons between the four research groups
using one-way ANOVA (for normal data) or the
Kruskal-Wallis test (for non-normal data). Post-
hoc pairwise comparisons were done using
Tukey’s HSD. (For ANOVA) or Dunn’s test (for
Kruskal-Wallis) when overall p < 0.05. The
significance thresholds are as follows: p < 0.05
(*) statistically significant, p < 0.01 (**) highly
significant, p < 0.001 (***) very highly
significant, and p > 0.05 (ns) not significant.

Correlation between Extracellular Matrix
Biomarkers and Oxidative Stress Markers

MMP-9/TIMP-1 Ratio Across Groups
0.88 .
0.88
0.84
0.82

2080
g

0.78

0.76

0.74

0.72

MMP-3/TIMP-1 Ratio

Figure 1: MMP-9/TIMP-1 Ratio across Groups
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Correlation between MMP-9 and Oxidative
Stress Markers:
Table 4 demonstrates a substantial association

between MMP-9 and oxidative stress indicators,
including a positive correlation with MDA (r =
0.56, p <0.05) and negative correlations with NO
(r=-0.42, p < 0.05) and GSH (r = -0.49, p <
0.05). This shows that greater MMP-9 levels are
associated with increased oxidative stress and
endothelial dysfunction.
Table 4: Correlation Analysis between MMP-9
and Oxidative Stress Markers

Correlation |Pearson’s r [p-value [Interpretation
MMP-9vs |0.56 <0.05* |A positive correlation
MDA (higher MMP-9 linked to
increased lipid
peroxidation)
MMP-9vs |-0.42 <0.05* [Negative correlation
NO (higher MMP-9
associated with
endothelial dysfunction)
MMP-9vs |-0.49 <0.05* [Negative correlation
GSH (higher oxidative stress
reduces GSH)

Note: Data are provided as mean + SD for
normally distributed variables and median (IQR)
for non-normal variables. P-values indicate
comparisons between the four research groups
using one-way ANOVA (for normal data) or the
Kruskal-Wallis test (for non-normal data). Post-
hoc comparisons among pairs were done using
Tukey’s HSD. (For ANOVA) or Dunn’s test (for
Kruskal-Wallis) when overall p < 0.05. The
significance thresholds are as follows: p < 0.05
(*) statistically significant, p < 0.01 (**) highly
significant, p < 0.001 (*¥**) very highly
significant, and p > 0.05 (ns).

TIMP-1 correlations:

Table 5 displays modest and non-significant
relationships between TIMP-1 and oxidative
stress markers. TIMP-1 levels, unlike MMP-9,
were not significantly affected by oxidative
stress in this research sample.

Table 5. Correlation Analysis between TIMP-1
and Oxidative Stress Markers

9
Correlation Pear:on S p-value Interpretation
TIMP-1 vs Weak positive, not
MDA 0.072 >0.05 (NS) significant
TIMP-1 vs Weak negative, not
GSH 0147 >0.05 (NS) significant
TIMP-1 vs Weak positive, not
NO 0.066 >0.05 (NS) significant

Note: Data are provided as mean + SD for
normally distributed variables and median (IQR)
for non-normal variables. P-values indicate
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comparisons between the four research groups
using one-way ANOVA (for normal data) or the
Kruskal-Wallis test (for non-normal data). Post-
hoc comparisons among pairs were done using
Tukey’s HSD. (For ANOVA) or Dunn’s test (for
Kruskal-Wallis) when overall p < 0.05. The
significance thresholds are as follows: p < 0.05
(*) statistically significant, p < 0.01 (**) highly
significant, p < 0.001 (*¥**) very highly
significant, and p > 0.05 (ns).
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4. Discussion

This cross-sectional research at a hospital
investigated the interaction among hypertension,
obesity, oxidative stress, and extracellular matrix
(ECM) remodelling markers—namely, MMP-9
and TIMP-1. Our findings indicate that
individuals with hypertension had higher levels
of MMP-9 and TIMP-1, particularly with
remarkable elevation among the obese. Like
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previous studies, our findings show that MMP-9
has a role in vascular remodelling via ECM
protein  breakdown and tone
modulation, leading to arterial stiffness and the
development of hypertension [4, 13].

Recent research also confirms these correlations.
For example, a research study demonstrated that
the MMP-9 protein concentrations are
considerably higher among patients with
hypertensive crises, indicating its possible use as
a biomarker for acute blood pressure rise [4].
Moreover, evidence shows that obesity promotes
MMP-9 expression, indicative of a synergistic
influence on cardiovascular risk among
hypertensive patients [ 13].

TIMP-1, being a natural inhibitor of MMPs, also
demonstrated elevated levels in our obese and
hypertensive groups. This is likely reflective of a
compensatory response to counteract increased
MMP activity. However, dysregulation between
MMPs and TIMPs can contribute to pathological
vascular remodelling and organ damage.
Consistent with this, a review drew attention to
the pathogenic role of MMP/TIMP dysregulation
in organ damage caused by hypertension [8].
Our study also demonstrated increased oxidative
stress in hypertensive and obese subjects, shown
by decreased amounts of GSH and NO and rising
levels of MDA. One indicator of lipid
peroxidation is MDA, and GSH is an important
intracellular antioxidant. Low NO levels reflect
endothelial dysfunction, a characteristic of
hypertension. Our observations are based on
recent research emphasising the role that
oxidative stress plays in the actiology of vascular
dysfunction and hypertension [7, 12].

In this study, MMP-9 showed close correlations
with oxidative stress markers, negative
correlations with GSH and NO, and positive
correlations with MDA. The findings indicate
that enhanced MMP-9 levels could be related to
endothelial ~dysfunction, lower antioxidant
defence, and enhanced lipid peroxidation in
hypertensive patients. The correlations confirm
that oxidative stress may affect MMP-9 activity,
resulting in ECM remodelling.

In contrast, only weak and statistically non-
significant associations were observed with
TIMP-1 for MDA, GSH, and NO, indicating that

vascular
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TIMP-1 levels within this cohort were less likely
to be directly affected by oxidative stress status.
Despite this, its increased status within
hypertensive  groups could represent a
compensatory effect in response to enhanced
MMP-9 activity in preference to an action of
oxidative stress. This trend is consistent with the
earlier literature that suggests that although
MMP-9 is very sensitive to oxidative shifts,
TIMP-1 regulation can be through other
metabolic or inflammatory pathways [7, 12]
Notably, our research design contributes new
information by correlating MMP-9, TIMP-1, and
significant markers of oxidative stress (MDA,
GSH, NO) in hypertensive-obese versus
hypertensive-no obese patients, an integrated
analysis not commonly described in the previous
literature. Unlike earlier research that considered
individual parameters or particular
comorbidities, our stratified analysis identifies
how obesity enhances oxidative stress and ECM
remodelling in hypertensive patients. This
detailed evaluation in an Indian hospital-based
population presents region-specific data and
implies that combined biomarker profiling can
improve the clinic’s risk stratification and early
diagnosis [7, 12].
Deregulation of the MMP/TIMP pathway in the
hypertensive, particularly obese, patient points
toward new therapeutic strategies. Therapies that
block MMP action or re-establish TIMP-1
balance may prevent pathological extracellular
matrix remodelling, decrease vascular stiffness,
and improve endothelial function. In addition,
drugs reducing oxidative stress or inflammation
may secondarily correct MMP/TIMP function
and represent exciting alternatives for controlling
hypertension and cardiovascular disease.
Strengths
e This research is new in that it simultaneously
assesses MMP-9, TIMP-1, and oxidative
stress indices (MDA, GSH, NO) in stratified
hypertensive patients with and without
obesity, presenting a singular view of the
interrelation between ECM remodelling and
redox disorder in different hypertensive
phenotypes. [2-8, 10-12]
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e Comprehensive analysis of oxidative stress
markers (MDA, GSH, and NO) and ECM
remodelling markers (MMP-9, TIMP-1)
gives a complete picture of the
pathophysiological processes of
hypertension.

e Measurement of MMP-9 and TIMP-1
inclusion provides information about ECM
remodelling, one of the main features of
hypertensive vascular pathology.

e Obesity status stratification makes it possible
to separate the effect of obesity on vascular
biomarkers in patients with hypertension.

e Application of standardised ELISA
protocols and cross-validated biochemical
assays increases the consistency and
reproducibility of biomarker measurements.

Limitations:

e The study used a broad age range (mean 51
+ 14 years) but age-matched groups to reduce
bias. Biochemical correlations between
markers of oxidative and ECM-related states
depend more upon metabolic/inflammatory
status, which is characterised by specific
markers or conditions, than age.

e The cross-sectional design only captures an
instant of oxidative/nitrosative stress in
hypertension and does not provide causality;
this underscores the need for longitudinal
and intervention studies, which present an
exciting opportunity for future research in
the field.

e The study’s single-centre design and small
sample size (n=106) may limit
generalizability, yet significant patterns and
correlations were observed.

e An experimental design of laboratory-based
type was impossible because of limited
resources and clinical environment;
however, future mechanistic validation of in
vitro and animal studies, which will involve
[specific methods or techniques], is on
schedule.

e The study period, stringent inclusion and
exclusion criteria, and recruitment of eligible
patients decided the sample size.

DOI: https://doi.org/10.51248/v45i3.119

5. Conclusion

This research indicates that high blood MMP-9
levels, raised oxidative stress indices, and
lowered antioxidant defences could be involved
in the vascular remodelling and induction of
hypertension. TIMP-1 was also raised with
MMP-9 as a compensatory response to prevent
excessive degradation of the ECM. The increase
in TIMP-1 could also advance collagen
formation and vascular fibrosis through
inhibition of MMP-9. Notably, we had high
positive correlation between MMP-9 and MDA
and high negative correlations with GSH and
NO, highlighting the intimate relationship
between oxidative stress and ECM remodelling.
While TIMP-1 had weak and non-significant
correlations with markers of oxidative stress, its
elevated levels in patients with hypertension
suggest a possible role in the pathophysiology of
the disease. These findings collectively elucidate
the interactive relationship between oxidative
stress and MMP/TIMP imbalance in vascular
dysfunction and propose putative avenues for the
early diagnosis and therapeutic intervention of
hypertensive patients, especially those who are
obese.
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