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Abstract
Microcirculation influences peripheral vascular resistance and therefore contributes to arterial blood pressure. The aim of this
study was to investigate the correlation between serum markers of inflammation and microcirculatory parameters observed
by nailfold videocapillaroscopy (NVC) in patients with resistant (RH, 58 [50–63] years, n= 25) or mild-to-moderate
hypertension (MMH, 56 [47–64] years, n= 25) compared to normotensive patients (control group (CG), 33 [27–52] years,
n= 25). C-reactive protein (CRP), endothelin, adiponectin, I-CAM and V-CAM levels were obtained by laboratory analysis.
Functional capillary density (FCD; the number of capillaries with flowing red blood cells by unit tissue area), capillary
diameters, maximum red blood cell velocity (RBCVmax) during the reactive hyperemia response/RBCVbaseline after 1 min of
arterial occlusion at the finger base and time to reach RBCVmax were determined by NVC. A sub-analysis was also
conducted on hypertensive patients not taking statins, with controlled/uncontrolled blood pressure. The RH group showed
lower RBCV and RBCVmax values and longer TRBCVmax compared to MMH and CG patients, with worse values in those
with uncontrolled blood pressure. FCD and diameters showed no significant differences among the three groups, with higher
CRP values in the RH and MMH groups. An increase in endothelin was observed only in patients not taking statins in both
hypertensive groups. Patients with severe hypertension and uncontrolled blood pressure levels presented more pronounced
microvascular dysfunction, as well as higher serum values for CRP and endothelin (without statin treatment), suggesting that
the use of statins decreases endothelin release.

Introduction

Worldwide, cardiovascular diseases (CVD) are associated
with high cardiovascular mortality and morbidity rates
[1, 2] in addition to numerous hospital admissions with high
medical, social, and economic costs. Owing to its pre-
valence, hypertension is one of the main drivers of CVD
and damage to target organs, such as the kidneys (renal
sclerosis), brain (brain stroke), blood vessels (peripheral

vascular diseases), and heart (coronary artery disease) [3].
The global prevalence of hypertension is growing rapidly,
and many patients present masked hypertension, including
18% of young sub-Saharan African adults [4].

Hypertension is an important public health problem in
Brazil [5], with its prevalence exceeding 30% of the
population (approximately 61.4 million persons), of whom
only 20% have controlled blood pressure (BP) [3]. In the
United States of America, data from the National Health
and Nutrition Examination Survey [6] between 2005 and
2008 indicate that 29–31% of adults have hypertension, i.e.,
approximately 76.4 million US citizens >20 years [7, 8].

Inflammatory markers are emerging as risk factors for
potential use in the clinical stratification of CVD to establish
prognostic and diagnostic values for atherosclerotic disease
[9]. In fact, many cross-sectional studies have shown an
association between high levels of inflammation and
hypertension [10]. Increasing evidence has also shown an
association between hypertension and increased levels of
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C-reactive protein (CRP), one of the strongest and most
reliable markers of vascular inflammation recognized for its
participation in the pathophysiology of the disease, espe-
cially in resistant (RH) or malignant forms [11].

Microcirculatory alterations are also present in hyper-
tension pathophysiology. In the presence of left ventricle
hypertrophy, abnormalities, such as rarefaction, gradual loss
of capillaries, and small arterioles, have already been
described [12], leading to increased peripheral vascular
resistance. This imbalance between angiogenesis and vas-
cular remodeling is characteristic of more advanced forms
of the disease [12–15]. Currently, there is no routine
recommendation for the use of inflammatory markers or
microcirculatory evaluation in the diagnostic, prognostic
assessment, or primary prevention of hypertension. This is
likely due to the lack of robust evidence on this matter,
although it could be a promising field for future research.

This study aimed to evaluate the behavior of serum
inflammatory markers and the microcirculation through
nailfold videocapillaroscopy (NVC) in patients with RH,
mild-to-moderate hypertension (MMH), and controls with
normal BP (control group [CG]).

Methods

This was a cross-sectional study with a convenience sample
consisting of patients from the hypertension clinics treated
at Policlínica Piquet Carneiro, State University of Rio de
Janeiro (UERJ).

All subjects signed the written Informed Consent Form
enclosed in the protocol approved by the Hospital Ethics
Committee (Policlínica Piquet Carneiro; no. CAAE
40803114.9.0000.5259) from the State University of Rio de
Janeiro according to Helsinki Declaration.

The study population comprised 75 patients of both
sexes aged >18 years and was stratified into three groups:
RH (n= 25), MMH (n= 25), and normotensive controls
(n= 25). We included RH patients (uncontrolled hyper-
tension ≥140/90 mmHg; using three or more anti-
hypertensive drugs of different classes, including diuretics;
or controlled hypertension with four or more drugs), MMH
patients (hypertensive stages 1 and 2 of the VI Brazilian
Guidelines of hypertension, with BP levels ranging from
140/90 mmHg to 179/109 mmHg, up to two anti-
hypertensive drugs of different classes, and BP levels con-
trolled in the past 2 months) and normotensive patients (BP
< 140/90 mmHg and no comorbidities).

The following exclusion criteria were adopted as they
may cause changes in microcirculation and inflammatory
markers: diabetes mellitus type 1 or 2, heart failure, myo-
cardial infarction or stroke within the past 3 months, chronic
kidney disease, use of hormonal or non-hormonal anti-

inflammatory drugs, recent trauma (in the past 3 months),
autoimmune disease, current infection, current neoplasia,
aspirin use (anti-inflammatory dose), obesity grade III (body
mass index (BMI) > 40 kg/m2), and chronic inflammatory
disease.

A full clinical examination was performed, including
measurements of at-rest BP, weight and height to calculate
BMI, waist and hip measurements, bio-electrical impedance
to measure fat and muscle mass percentages, blood draw for
laboratory analyses, and NVC examination.

BP was measured in both arms with the patient seated,
and the highest value obtained was recorded. High BP
(levels ≥140/90 mmHg) was defined as elevated BP in at
least three different appointments during 2-month intervals.
All patients underwent ambulatory BP monitoring and were
investigated to exclude secondary causes of hypertension.

NVC variables and serum biomarker results were ana-
lyzed and compared among groups using two sub-analyses:
(1) taking or not taking statins (all three groups); and (2)
hypertensive (RH and MMH groups) with controlled/
uncontrolled BP.

The following biomarker tests were performed: CRP
using the turbidimetry/BioSystems/latex and vascular cell
adhesion molecule (VCAM), intercellular cell adhesion
molecule (ICAM), adiponectin, and endothelin using a
Milliplex Kit (Human Cardiovascular Disease Panel 2 Kit
96-Well Plate Assay, Millipore Company, USA). Labora-
tory tests were conducted in the same place on a single
morning using venous blood draws after an 8-h fast.

Microcirculation assessment by NVC

Patients were accommodated in an acclimatized room with
a controlled temperature of 24 ± 1 °C for 20 min before
procedures began.

Participants were examined after 8 h of fasting following
these rules: (1) not removing cuticles of fingers and not
painting nails within 14 days prior to the examination; (2)
not smoking within 48 h prior to the examination; (3) not
ingesting alcohol or liquids containing caffeine (tea, coffee,
mate, guarana, chocolate, soft drinks) on the day of the
examination; and (4) not handling paints, detergents, dyes,
or solvents at least 7 days before the test.

The patient sat comfortably in a chair and placed, at
hearing level, the fourth finger of the left hand on the acrylic
platform of a Leica MZFLIII stereoscopic microscope
(Wetzlar, Germany) equipped with epi-illumination by a
45-degree optical fiber bundle (Leica GLS 100 set), polar-
ized light, and a 100W mercury vapor lamp coupled with a
JVC TK-S250 video camera (Kyoto, Japan), Philips VR
999/78 VCR (São Paulo, Brazil) and Kodo KBM1700E
monitor (Seoul, South Korea) for microcirculatory image
recordings (Fig. 1a).
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A drop of mineral oil was placed on the nailfold bed to
improve image quality. A pressure cuff connected to a
mercury manometer was placed on the evaluated finger for
functional testing of the microcirculation (reactive hyper-
emia response). Capillary morphology and functional den-
sity (number of capillaries in the microscopic field with
flowing red blood cells (RBCs)) were evaluated with 250×
magnification. At a magnification of 680×, we obtained the
diameters of capillaries (DAFc—afferent, DAPc—apical,
and DEFc—efferent; in micrometers), basal RBC velocity
(RBCV; in mm/s), maximum RBCV after 1 min of
arterial occlusion release in the evaluated finger (RBCVmax;
in mm/s) during the reactive hyperemia response, and the
time to reach RBCV in seconds (TRBCVmax) (Fig. 1a, b).

Mean values of the variables were obtained in the cen-
tral, medial, and lateral fields of the nailfold bed to decrease
variability. Only RBCVmax and TRBCVmax were obtained
from single measurements due to ischemia.

Statistical analysis

Statistical analysis was performed with SAS® System, ver-
sion 6.11 (SAS Institute, Inc., Cary, NC, USA) to compare
numerical clinical, laboratory, and NVC data among the
three groups (RH, MMH, and CG) using one-way analysis

of variance (ANOVA)/Kruskal–Wallis [16] tests (nonpara-
metric ANOVA), multiple comparison Tukey or Dunn [17]
tests (nonparametric), and chi-square or Fisher’s exact test
for categorical clinical data. NVC variables were adjusted
for age and BMI through analysis of covariance.

Owing to the lack of normal distribution, the data are
expressed as the medians and interquartile ranges in the
tables, and a 5% level was adopted for significance.

Results

Overall, 75 patients were included. The mean ages were
55.5 ± 10.2 years for RH, 55.0 ± 9.8 years for MMH,
and 39.4 ± 15.8 years for CG, and the mean arterial
pressures were 147 ± 26/85 ± 15 mmHg for RH, 131 ± 16/
75 ± 12 mmHg for MMH, and 110 ± 13/67 ± 9 mmHg
for CG.

CG participants had a lower mean age, BMI, waist cir-
cumference, waist/hip ratio, and fat mass compared to
hypertensive patients (Table 1). No significant differences
in these variables were found between the hypertensive
groups (RH and MMH).5

All patients used at least an angiotensin II converting
enzyme inhibitor, which could have changed their

Fig. 1 a A photo of the nailfold videocapillaroscopy technique and a
description of the microcirculatory parameters studied. b Maximum
red blood cell velocity (RBCVmax) in nailfold capillaries of control
(CG) and hypertensive patients (MMH and RH) with and without
statins. One can note the lowest values of maximum RBCV in patients
with resistant hypertension. Representative images from the micro-
circulation (middle of the figure) demonstrate how RBCVmax was

calculated. The contour in white shows one capillary analyzed. Plasma
gaps are tracked (white circle) over time using software. Numbers 1, 2,
and 3 indicate different positions of plasma gaps over time. *p < 0.05
between CG and RH. NA not applicable, FCD functional capillary
density, AFD, APD and EFD afferent, apical, and efferent capillary
diameters, respectively, TRBCVmax time to reach RBCVmax in seconds
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inflammation profiles. However, we could not stop the drug
treatment. Other classes of antihypertensive medicaments
have been used, such as thiazide diuretics (hydro-
chlorothiazide or chlorthalidone), calcium channel blockers
(nifedipine or amlodipine), beta-blockers (atenolol or
metoprolol), hydralazine, and clonidine, but there are no
descriptions in the literature of their influence over endo-
thelial function or inflammation. The vast majority of the
participants were non-smokers (RH, 88.0%; MMH, 80.0%;
and CG, 100%).

CRP showed higher levels in RH and MMH patients,
without a significant difference between the two hyperten-
sive groups (RH and MMH). Indeed, there were no other
intergroup differences in inflammatory variables and adhe-
sion molecules (Table 2).

The RH group showed lower RBCV and RBCVmax

values and prolonged time to reach RBCVmax compared to
the CG and MMH groups. There was no significant dif-
ference between MMH and CG for these variables. There
were no significant differences in functional capillary den-
sity (FCD) or capillary diameters (afferent, apical, and
efferent) among the groups. The statistical significance
persisted after correcting for confounding variables, such as
age and BMI (Fig. 2).

A subgroup analysis performed on individuals who were
not taking statins (CG, n= 25; MMH, n= 11; and RH,
n= 8) revealed an increase of endothelin, which reached
higher serum values in the MMH and RH groups compared
to the CG group (MMH ≠CG, p= 0.0001; RH ≠CG,
p= 0.003). CRP was higher in the RH group than in the

MMH and CG groups (p= 0.04), and RBCV presented
lower values in the RH group than in the CG group through
NVC (p= 0.01) (Table 3).

Intragroup analysis regarding the use or non-use of sta-
tins in only hypertensive individuals (RH and MMH)
showed that endothelin reached higher values, with sig-
nificant differences between hypertensive individuals
who did and did not use statins. In the RH group, the
values of endothelin, in pg/dl, were 24.3 [23.3–27.0]
without statin (n= 8) and 16.5 [12.3–19.2] with statin,
while in the MMH group, the endothelin vales were 26.7
[25.9–38.8] without statin (n= 11) and 13.1 [10.2–17.6]
with statin (p < 0.01).

Statin did not interfere with BP in the hypertensive
groups. Without statin, the results, in mmHg, were 130
[118–149] for systolic and 75 [63–88] for diastolic,
and the mean BP was 95 [81–107]. With statins, the results
were 139 [123–161] for systolic and 78 [74–97] for dia-
stolic, and the mean BP was 102 [89–117] mmHg
(p > 0.05). No other statistically significant differences
could be found.

An analysis of BP in each hypertensive group revealed
no significant differences. However, when the two groups
were evaluated together, higher values for RBCV and
RBCVmax and diminished time needed to reach RBCVmax

(TRBCVmax) were found in patients with controlled BP
(Table 4).

No significant differences were found in serum bio-
marker levels related to BP control, taken together or in
isolation.

Table 1 Comparative analysis: age, anthropometric variables, blood pressure levels, heart rates, and bio-impedance in the groups under study

Variable RH (N= 25) MMH (N= 25) CG (N= 25) p-Valuea Sig. Diff.b

Age (years) 58 [50–63] 56 [47–64] 33 [27–52] 0.0003 (RH and MMH) ≠ CG

Weight (Kg) 75.4 [68.7–88.8] 74.2 [63.8–85.4] 71 [61.4–78.2] 0.11

BMI (Kg/m2) 30.7 [26.1–34.1] 27.3 [25.3–33.8] 24.5 [23.1–26.9] 0.0004 (RH and MMH) ≠ CG

WC (cm) 98 [92–108] 96 [89–106] 85 [73–91] 0.0001 (RH and MMH) ≠ CG

Hip (cm) 109 [98–115] 104 [101–114] 100 [96–104] 0.024 (RH and MMH) ≠ CG

WC/Hip 0.92 [089–0.97] 0.92 [0.90–0.94] 0.87 [0.75–0.91] 0.001 (RH and MMH) ≠ CG

SBP (mm hg) 149 [124–160] 130 [121–140] 108 [103–118] 0.0001 RH ≠MMH ≠CG

DBP (mmHg) 87 [74–97] 76 [70–78] 66 [60–71] 0.0001 RH ≠MMH ≠CG

MBP (mmHg) 107 [90–120] 92 [86–102] 80 [75–88] 0.0001 RH ≠MMH ≠CG

HR (bpm) 59 [52–65] 63 [58–67] 59 [55–64] 0.25

Muscle (%) 63.1 [59.6–71.8] 66.1 [58.5–69.8] 74.7 [71.0–80.1] 0.0001 (RH and MMH) ≠ CG

Fat (%) 36.9 [28.3–40.5] 33.9 [30.2–41.5] 25.3 [20.0–29.1] 0.0001 (RH and MMH) ≠ CG

[Q1–Q3]: interquartile range

BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, bpm beats per minute,
RH resistant hypertension, MMH mild-to-moderate hypertension, CG control group. Bold values represent significant p values (p < 0.05 or
p< 0.01).
a ANOVA one-way or Kruskal–Wallis
b Tukey or Dunn tests at 5%
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Discussion

Inflammation and hypertension cause microcirculatory
impairment that worsens with the development of RH
[18–21].

Vascular endothelial function includes inflammation
modulation, maintenance of muscular tone, and coagulation
control [18–22]. When hypertension damages the endothe-
lium, all vascular-protective properties are lost or altered,
and the endothelium becomes pro-constrictive, pro-throm-
botic, and anti-fibrinolytic, leading to platelet aggregation,
cellular migration, and the proliferation of vascular smooth
muscle cells, low-density lipoprotein oxidation, monocyte
and platelet adhesion, and inflammatory cytokine synthesis
[22]. Vasoconstrictors, such as angiotensin lI, endothelin-1,
thromboxane A2, and reactive oxygen species, overlap the
effects of vasodilators, such as nitric oxide (NO),
endothelium-derived hyperpolarizing factor, kinins, and
prostacyclins [18, 23, 24]. Endothelial function is also
influenced by genetics. Zhao et al. showed that variation in
the methylation of the glucocorticoid receptor gene is
associated with endothelial dysfunction, a marker of early
atherosclerosis [25]. On the other hand, Tarnoki et al.
quantified the contribution of genetics and the environment
to BP related to obesity and arterial stiffness. Correlations
between BMI and BP components were explained by
genetic factors in 65–77% of all cases [26].

Many inflammatory markers, such as CRP, endothelin,
cytokines, and adhesion molecules, have been found at high
levels in hypertensive patients and seem to be associated
with target organ damage and increased risks of future
cardiovascular events. In normotensive patients, these
markers have been associated with higher risk of future
development of hypertension [20, 21, 27, 28]. Among
inflammatory markers, CRP is the most widely studied and
is generally used in clinical practice. Inflammation level as
assessed by plasma CRP concentrations predicts the long-
term risk of first myocardial infarction occurrence, ischemic

stroke, or peripheral arterial disease [27–32] and contributes
directly to increased vascular resistance by reducing NO
synthesis by endothelial cells [33–35].

This study showed significantly higher CRP values
(p < 0.05) in hypertensive patients (RH and MMH) com-
pared to normotensive individuals (CG). Factors known to
influence inflammation, such as older age, higher mean
anthropometric variables (BMI, waist circumference, waist/
hip ratio), higher bio-electrical impedance (body fat), and
higher BP values, were observed mainly in the RH and
MMH groups, reflecting the higher cardiovascular risk
profile of such individuals and contributing to changes
observed in CRP levels.

However, knowing that inflammation is generally pre-
sent in hypertensive patients but to a greater extent in those
with more severe forms of the disease, significantly higher
CRP levels were expected in the RH compared to the MMH
group, which was not observed. One possible explanation
may be the aggressive treatment consisting of higher doses
and greater numbers of antihypertensive drug classes in the
RH group, which could attenuate or reduce inflammatory
marker expression. All the hypertensive patients (RH
and MMH) in this study used some form of a
renin–angiotensin–aldosterone blocker, the class with
greater potential to interfere with inflammation. It has
already been demonstrated that administration of angio-
tensin II enhances the expression of CD68, a macrophage
marker, in the rat hearts, suggesting increased infiltration of
macrophages during inflammation in hypertension [36].
Other classes of antihypertensive drugs used by the patients
in our study have not been shown to interfere with
inflammation. All groups were balanced with regard to
antihypertensive use.

No significant intergroup differences were noted in other
analyzed inflammatory markers, including adiponectin,
ICAM, VCAM, and endothelin, possibly related to drug use
by hypertensive patients. In agreement with the findings of
Ridker and co-workers [9, 32, 37, 38], this study showed

Table 2 Inflammatory biomarkers and adhesion molecules in the groups under investigation

Variable RH (N= 25) MMH (N= 25) CG (N= 25) p-Valuea Sig. Diff.b

Adiponectin (ng/dl) 13,284 [6739–22,033] 16,652 [9775–29,315] 14,088 [8687–29,235] 0.41

VCAM (ng/dl) 521 [436–693] 472 [418–607] 480 [410–570] 0.47

ICAM (ng/dl) 137 [104–162] 121 [113–153] 121 [98–148] 0.42

Endothelin (pg/dl) 19.2 [14.8–23.3] 18.5 [12.0–26.7] 15.1 [9.6–19.6] 0.13

CRP (ng/dl) 0.36 [0.09–0.52] 021 [0.08–0.39] 0.06 [0.02–021] 0.005 (RH and MMH) ≠ CG

[Q1–Q3]: interquartile range

VCAM vascular cell adhesion molecule, ICAM intercellular adhesion molecule, CRP C-reactive protein, RH resistant hypertension, MMH mild-to-
moderate hypertension, CG control group. Bold values represent significant p values (p < 0.05 or p< 0.01).
a ANOVA one-way or Kruskal–Wallis
b Tukey or Dunn tests at 5%
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that, despite its low specificity, CRP is an excellent high-
sensitivity marker of inflammation in these patients.

Although there is a relationship between hypertension
and inflammation, as demonstrated in this study by
increased CRP in the RH group, other pathologies may
present changes in inflammatory markers and in micro-
circulation without changing BP levels or atherosclerosis.
For example, this may occur in autoimmune diseases, such
as systemic lupus erythematosus and antiphospholipid
syndrome [39, 40].

It should be noted that many commonly used drugs, such
as statins and even antihypertensive drugs, may interfere
with inflammatory marker expression [38, 41]. Accord-
ingly, to test the possible effect of a drug known
to have pleiotropic effects, we analyzed the data of
individuals in the RH and MMH groups who did
not use statins. Our findings showed higher endothelin
values in this group compared to patients who used
statins. The reasons for these findings are unclear but
reinforce the notion that inflammatory markers are
present in the context of hypertension and are possibly
influenced by the drug used [35, 38, 41]. Ungvari and
Koller suggested the participation of endothelium-derived
endothelin and prostaglandin H2/Thromboxane A2 as fac-
tors that increase the Ca2+ sensitivity of arteriolar smooth
muscle, thus improving myogenic constriction in hyper-
tension [42, 43].

Microcirculatory changes have also been documented in
hypertension, although the mechanisms are not fully
understood. These changes may result in increased arteriolar
sensitivity to vasoconstrictor substances, reduced
endothelium-dependent dilatation, and increased oxidative
stress in the vascular endothelium and contribute at least in
part to increased systemic vascular resistance, closely linked
to increased BP [44–46]. In this situation, arterioles con-
tribute to peripheral resistance control by indirectly mod-
ulating the narrowing of capillary diameter and decreasing
the number of capillaries. On the other hand, RBCV may
fluctuate under the influence of peripheral vascular resis-
tance changes [47].

Microcirculatory dysfunction appears to be both the
cause and effect of increased arteriolar pressure [44].
Capillary rarefaction and arteriolar remodeling are char-
acteristics of hypertension and have been disclosed by pri-
mary hypertension in clinical studies and animal models
[44, 48]. We have shown lower RBCV, RBCVmax, and
prolonged TRBCVmax values only in RH compared to the
MMH and CG groups. On the other hand, MMH did not
differ significantly from the CG group. These findings
suggest that functional damage of the microcirculation
occurs in late-stage disease; in other words, in RH, systemic
small arteries and arterioles with myogenic capacity lose
the ability to self-regulate and protect the capillary network
[48, 49].

Fig. 2 Microcirculatory parameter results obtained from nailfold
videocapillaroscopy. RH resistant hypertension, MMH mild-to-
moderate hypertension, CG control group, DAFc afferent capillary

diameter, DAPc apical capillary diameter, DEFc efferent capillary
diameter. *p < 0.05 RH ≠ (MMH and CG)
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It should be noted that, although hypertensive patients
(RH and MMH) had a higher mean age, BMI, BP and body
fat percentages than CG patients, there was no significant
difference between the MMH and CG groups by NVC.
When the data were corrected for age and BMI, no sig-
nificant intergroup differences were observed. Another
factor that can influence BP is vascular stiffness, which was
not measured in our study, and its increase can lead to
higher BP [26]. In future studies, vascular stiffness should
be compared to microcirculatory impairment and different
categories of high BP to determine how the vascular system
in hypertensive patients modifies the microcirculatory
environment.

BP control is a very important issue to consider. A meta-
analysis of 11 randomized studies showed an absolute
cardiovascular risk reduction with BP control and hyper-
tension treatment [50]. Accordingly, adequate BP control
could help to reduce microcirculatory damage and favorably
influence NVC variables. Individuals with uncontrolled BP
(≥140/90 mmHg) showed lower RBCV values (RBCV and

RBCVmax) and prolonged TRBCVmax compared to those
with controlled pressure (<140/90 mmHg) via anti-
hypertensive treatment [14, 51]. Ungvari et al. proposed that
the chronic presence of high pressure itself could elicit
arterial oxidative stress, primarily by activating protein
kinase C-dependent NAD(P)H oxidase pathway, leading to
oxidative tissue damage. This finding reinforces the need
for rigid BP control [52].

Microcirculatory and inflammatory changes are impor-
tant components of microvascular dysfunction and con-
tribute significantly to the pathophysiology of hypertension,
potentially guiding antihypertensive treatment [44]. Another
interesting point of view is modification of the gut micro-
biome in hypertensive patients. Yan et al. showed higher
membrane transport, lipopolysaccharide biosynthesis, and
steroid degradation by the gut microbiome of patients with
high BP in contrast to healthy controls, where the meta-
bolism of amino acids, cofactors, and vitamins was higher.
Furthermore, Klebsiella spp. and Streptococcus spp. were
frequently present in hypertensive gut microbiomes, while
Roseburia spp. and Faecalibacterium prausnitzii were
higher in controls [53]. Although causality between the gut
microbiome and hypertension could not be proven, perhaps
microbiome alterations could also be involved in inflam-
mation and microcirculation, thus producing hypertension.

Thus the results of this study highlight the need for
additional microcirculatory studies to investigate the intima-
media thickness and calcium score in individuals with dif-
ferent pressure levels, as well as observations of the
moment when dysfunction begins [51]. Perhaps micro-
circulation should be a new target for hypertension treat-
ment [54].

Study limitations

The following limitations should be noted: a small sample
size in the sub-analyses (patients without statin use),
although statistical significance was very high (p < 0.001);
the need to use and maintain various drugs prescribed by
assistant physicians, such as antihypertensives and statins
(because they are high cardiovascular risk patients); and the
lowest mean patient age was for the CG group due to
great difficulty in finding normotensive persons without

Table 3 Comparative analysis of endothelin, C-reactive protein, and red blood cell velocity in patients not taking statins

CG (n= 25) MMH (n= 11) RH (n= 8) p < 0.05

Endothelin 15.09 [9.84–19.29] 26.7 [25.9–38.7] 24.3 [23.3–27.1] CG/MMH; CG/RH

RBCV 0.95 [0.94–0.97] 0.95 [0.88–0.96] 0.91 [0.88–0.93] CG/RH

CRP 0.06 [0.02–0.18] 0.17 [0.06–0.41] 0.45 [0.24–1.14] CG/RH

[Q1–Q3]: interquartile range

CG control group, MMH mild-to-moderate hypertensives, RH resistant hypertensives, RBCV red blood cell velocity, CRP C-reactive protein

Table 4 Analysis of videocapillaroscopy variables in hypertensive
patients (resistant hypertension and mild-to-moderate hypertension)
with controlled/uncontrolled blood pressure

Variable Uncontrolled BP
(N= 24)

Controlled BP
(N= 26)

p-
Valuea

Videocapillaroscopy

FCD mean (N/mm2) 14.9 [9.2–19.2] 12.2 [8.4–16.4] 0.12

AFDc (µm) 10.0 [7.3–11.7] 12.0 [9.5–13.1] 0.096

APDc (µm) 15.5 [13.5–18.5] 15.7 [13.8–17.9] 0.84

EFDc (µm) 14.7 [12.3–18.1] 16.9 [15.1–18.9] 0.12

RBCV (mm/s) 0.90 [0.88–0.93] 0.93 [0.91–0.96] 0.018

RBCVmax (mm/s) 0.99 [0.96–1.06] 1.11 [1.05–1.14] 0.005

TRBCVmax (s) 5 [4–7] 4 [3–5] 0.008

[Q1–Q3]: interquartile range

FCD functional capillary density, AFDc afferent capillary diameter,
APDc apical capillary diameter, EFDc efferent capillary diameter,
RBCV red blood cell velocity, RBCVmax maximum red blood cell
velocity, TRBCVmax reperfusion time, after 1-min ischemia. Bold
values represent significant p values (p < 0.05 or p< 0.01).
a Mann–Whitney test
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comorbidities in the age group closest to the hypertensive
groups. The difference in age did not affect the micro-
vascular functional evaluation after multivariate analysis.

Conclusion

Patients with more severe forms of hypertension without BP
control showed greater functional microvascular damage on
NVC, as well as higher serum levels of CRP. Higher levels
of endothelin were found in patients without statin use,
which suggests that this drug might decrease endothelin
release.
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