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ABSTRACT

Background: Previous studies have reported vascular inflammation in hypertension, which
mediates its complications. However, studies’ regarding vascular inflammation in prehypertensives
has been neglected.

Aim: Our study aims at investigating vascular inflammation using tumour necrosis factor-alpha
(TNF-a) in prehypertensive individuals.

Materials and Methods: This case-control study comprised of 70 randomly selected male and
female patients aged 18-55 years, who were attending general health, check up at a tertiary
hospital. The biochemical and anthropometric parameters of 35 prehypertensives were compared
with 35 normotensive control group.

Results: Prehypertensives (systolic blood pressure [SBP] 130.91+8.70; diastolic BP 83.17+5.86)
had significant (P<.002), elevated TNF-a level compared to anthropometrically matched
normotensives (SBP 111.03+6.89; DBP 70.40+3.87). No significant difference (P>0.05) was
observed in the levels of lipids between the two study groups. A significant positive correlation was
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observed between; TNF-a and SBP (r=.387, P=.022), TNF-a and DBP (r=.381, P=.024) in the
prehypertensive group. There was no significant correlation (P>0.05) between; TNF-a and plasma
lipids, TNF-a and body mass index, TNF-a and waist circumference in the prehypertensive group.
Conclusion: Our study observes a positive association of TNF-a with blood pressure in
prehypertensives. It is indicative that prehypertension predisposes individuals to mild chronic

inflammation.

Keywords: Prehypertension, tumour necrosis factor-alpha, inflammation, blood pressure.

1. INTRODUCTION

High blood pressure is among the risk factors of
cardiovascular and renal diseases. A limited
knowledge of high blood pressure (HBP) risk
factors has exposed individuals to HBP [1]. The
concept  prehypertension  (PreHTN) was
introduced as a guideline for the management of
blood pressure by the seventh report of the Joint
National Committee on Prevention, Detection,
Evaluation, and Treatment (JNC-7) of HBP [2].
Prehypertension was defined as a systolic blood
pressure of 120—139 mmHg and/or a diastolic
blood pressure of 80-89 mmHg. The JNC-7
classified individuals consistently having SBP of
2140 and DBP =89mmHg as hypertensives.
Recently, the American College of Cardiology
(ACC) and American Heart Association (AHA)
proposed a new classification of high blood
pressure [3]. This new guideline sub-divides the
widely acceptable JNC-7 prehypertension into;
raised blood pressure (as persons with systolic
BP between 120-129 mmHg and diastolic BP
less than 80 mmHg) and Stage 1- hypertension
(systolic between 130-139 or diastolic between
80-89). Hypertension defined by JNC-7 is
renamed stage 2 hypertension (systolic BP of at
least 140 or diastolic BP of at least 90 mm Hg)
by the ACC/AHA [3]. Both JNC-7 and ACC/AHA
maintains normotensives as individuals with
systolic BP of <120 and/or diastolic BP of <80
mmHg [2,3].

A statistical analysis of disease-free (apparently
healthy)  National Health and  Nutrition
Examination Survey (NHANES) adult participants
conducted from 1999 to 2006 found the overall
prevalence of PreHTN in apparently healthy
adults to be 36.3% [4]. A cross-sectional analysis
of 5553 prehypertensives from a population-
based national cohort study, showed a 62.9%
prevalence of prehypertension in the black race
compared to 54.1% in whites [5]. Patients with
PreHTN (120-139/80-89 mmHg) have an
increased risk of cardiovascular morbidity and
mortality compared with normotensive (<120/80
mmHg)  individuals  [6]. Prehypertensive

individuals are not usually placed on
antihypertensive drug therapy, but rather advised
to modify their lifestyle to lower their blood
pressure to normal values targeted at reducing
the risk of developing hypertension [7].

Vascular inflammation has been reported to play
key roles in the pathogenesis and progression of
hypertension [8]. Published data suggest that
chronic inflammation could be an independent
risk factor for high blood pressure [9]. Tumour
necrosis factor-alpha (TNF-a) is a known marker
of mild chronic inflammation, synthesized by
various cell types under the stimulatory action of
cell stressors [10]. The major stimulants of TNF-

a gene transcription in these cells include
microbial lipopolysaccharides and  other
macrophage activating agents [10]. Most
cardiovascular risk factors are recognized

promoters of inflammation [11-13]. Specifically,
arterial hypertension is reported an independent
correlate of circulating inflammatory markers [14-
16]. The inflammatory roles of TNF-a include;
enhancement of cell differentiation, proliferation
and apoptosis [17].

Over the years, researchers paid more attention
to the existence of generalized endothelial

dysfunction in essential hypertension than
preHTN. However, the relationship between
preHTN and inflammation has not been

thoroughly investigated. Most previous studies
regarding inflammation in hypertensives failed to
control for other risk factors of chronic
inflammation and high blood pressure. This study
aimed at determining the relationship between
preHTN and inflammation, devoid of confounding
effects.

2. MATERIALS AND METHODS
2.1 Study Design
The case-control study compared the

anthropometric and biochemical parameters of
prehypertensives with normotensive controls.




Agbecha and Gberindyer; IJTDH, 32(1): 1-12, 2018; Article no.IlJTDH.41507

2.2 Study Area and Population

A sample of male and female participants aged
18-55 years, was randomly drawn from patients
attending general health checkup at the Federal
Medical Centre Makurdi, from December 2015 to
February 2016.

2.3 Sample Size

The sample size was determined using the
formula for case-control studies that compare
two group means [18]; n=1+20(s/d)2, where s, is
the standard deviation (an estimate of the
population standard deviation of blood pressure),
d the effect size (the estimated mean difference
of the blood pressure of prehypertensives and
normotensives) and C a constant dependent on
the level of significance and statistical power. At
a significance level of 5%, and statistical power
of 90%, C is 10.51. The calculated sample size
was 32.4, which was approximated to 35 for
each group.

2.4 Selection Criteria

The inclusion criteria took into cognizance,
the impact of infectious organisms/other
conditions that stimulate TNF production, and as
such excluded patients with infections from the
study. Other confounding factors of raised
blood pressure were as well considered.
Individuals were eligible to participate in the
study if they: (a) were 18 to 55 years of age; (b)
had no history of hypertension and were
not using antihy-pertensive medications; (c) had
no history of cardiovascular disease (coronary
disease, stroke, peripheral vascular disease)
and were not dyslipidemic nor using lipid-
lowering drugs; (d) were free of any other
major  systemic illnesses (e.g. cancer,
diabetes mellitus); (e) were nonsmokers; (f)

were not pregnant. All subjects provided
written informed consent, and the study
was approved by the institutional ethical
committee.

2.5 Data Collection

Participants on a 12 hour overnight fast, arrived
during morning hours in a fasting state. Self-
reported information on demographic
characteristics (age, sex, financial status, and
education), detailed medical history, dietary and
lifestyle habits, such as smoking status, and
physical activity were obtained.

2.5.1 Blood pressure

The health checkup examination required 2
visits, 1 week apart. All participants rested for an
acclimation period of at least 30-minutes, each
time they visit the clinic. Blood pressure
measurement during each visit was taken using
an aneroid sphygmomanometer (ELKA aneroid
sphygmomanometer; Von Schlieben Co., Berlin,
Germany), three times 5 minutes apart with the
right arm relaxed and well supported by a table,
at an angle of 45-degree from the trunk. The
systolic BP level was determined by the first
perception of sound. The diastolic BP level was
determined by phase V when the repetitive
sounds become fully disappeared. The average
of the second and third measurements was taken
as the participant’s BP during each visit. The
average BP of the two visits was used in this
analysis. Patients whose average BP levels were
greater or equal to 140/90 mmHg or were taking
antihypertensive medication or had a physician
tell them that they have hypertension but were
untreated were classified as hypertensives.
Participants who had mean systolic/diastolic BPs
within the range of 120 to 139/80 to 89 mmHg
and never told that they had high BP levels were
defined as prehypertensives, according to JNC-7
[2] guidelines. Normotensives were also defined
according to JNC-7 criteria.

2.5.2 Body mass index and waist circum-
ference

Body weight to the nearest 0.1 kg and height to
the nearest centimetre were measured with the
subjects barefoot and in light clothing and BMI
was calculated as weight (kilograms)/height
(meters squared). Waist circumference (WC)
was measured horizontally at the level of the
natural waist, which was identified as the level at
the hollow moulding of the trunk when the trunk
was laterally concave.

2.5.3 Blood sample collection

Blood samples were collected between 8 and 10
AM from fasting participants. Subjects were
supine for 10 min before blood collection. Blood
was collected into a plain glass vacutainer tube
for serum lipids and TNF-a determination. All
samples were collected without occlusion. The
tubes were kept on ice until centrifuged at 3000
rpm for 10 min within 2 h of blood collection.
Serum was extracted aseptically and stored at -
70°C for estimation of TNF-a. Biochemical
evaluation using fresh serum was carried out in
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the laboratory of the institution following the
criteria of the World Health Organization
reference laboratories.

2.6 Laboratory Methods

The E-max microplate reader (Molecular
Devices, Sunnyvale, USA) was used for
immunoassay of TNF-q, whereas a
spectrophotometer OPTIMA SP 300 (OPTIMA
Inc., Tokyo, Japan) was used for analysis of
fasting plasma total cholesterol, high-density
lipoprotein cholesterol (HDL-C), and triglycerides
(TGs).

2.6.1 Determination of tumour

necrosis factor-alpha

serum

The TNF-a immunoassay kit (DRG international
California, USA), was used for the assay of TNF-
a. The determination of TNF-a in serum was
based on the enzyme-linked immunosorbent
assay sandwich principle. At a sample detection
limit of 0.7 pg/ml given by the manufacturer, the
results of 30 serum samples from apparently
healthy persons ranged between 4.6 and 12.4

pg/ml.

2.6.2 Determination of serum lipids

The reagent kits for the determination of total
cholesterol, HDL-C, and TGs were obtained from
Randox laboratories Limited, United Kingdom.
Total cholesterol was determined by the
cholesterol esterase method. The HDL-C was
determined by the cholesterol esterase method
after fractional separation from other lipids.
Triglycerides were determined using the lipase
method. LDL-C and VLDL-C were estimated
using the Friedewald equation [19].

2.7 Statistical Analysis

Continuous variables were presented as mean
values + standard deviation. Comparisons
between continuous variables of prehypertensive
and normotensive groups were performed by the
student’s t-test. Pearson’s correlation coefficient
was used in testing relationships between TNF-a
and systolic BP, diastolic BP, total cholesterol,
HDL-C, LDL-C, VLDL-C and TGs. All reported P
values were based on two-sided tests and
compared to a significance level of 5% (0.05).
SPSS version 21 (Statistical Package for Social
Sciences; IBM Armonk, New York, United
States) software was used for all the statistical
calculations.

3. RESULTS

The comparison of serum TNF-a level, total
cholesterol, HDL-C, LDL-C, VLDL-C, TGs
between prehypertensives and
anthropometrically matched normotensives is
presented in Table 1. Prehypertensives had
significant (P<0.002), elevated TNF-a level
compared to normotensives, with no significant
difference (P>0.05) observed in the levels of
lipids between the two study groups.

Figs. 1 and 2 respectively present the
relationships between TNF-a and systolic BP,
TNF-a and diastolic BP in prehypertensive
subjects. A significant positive correlation was
observed between; TNF-a and systolic BP
(r=0.387, P=0.022), TNF-a and diastolic BP
(r=0.381, P=0.024) in prehypertensive subjects.

Fig. 3 presents the relationship between TNF-a
and systolic BP, in normotensive subjects. A
significant positive correlation was observed
between; TNF-a and systolic BP (r=0.816,
P=0.000) in normotensives.

Figs. 4 and 5 respectively present the
relationships between TNF-a and systolic BP,
diastolic BP in all the apparently healthy subjects
studied. In the overall subjects studied, TNF-a
level was shown to significantly correlate
positively with both systolic BP (r=0.473,
P=0.000), and diastolic BP (r=0.467, P=0.000).

Table 2 presents the relationships of TNF-q,
blood pressure with lipids, age, BMI, WC in
prehypertensive subjects. There was a significant
(r=0.414, P=0.013) relationship between TNF-a
and age, where as no significant correlation
(P>0.05) was observed between; TNF-a and
lipids (total cholesterol, HDL-C, LDL-C, VLDL-C,
TGs), TNF-a and BMI, TNF-a and WC in
prehypertensive subjects. There was no
significant correlation (P>0.05) between; blood
pressure (systolic & diastolic) and lipids (total
cholesterol, LDL-C, VLDL-C, TGs), blood
pressure and age, blood pressure and BMI,
blood pressure and WC in prehypertensive
subjects.

The relationships of TNF-a, blood pressure and
lipids, age, BMI, WC in normotensive subjects
studied is presented in Table 3. A significant
correlation of DBP was observed with
age(r=0.372, P=0.028), BMI(r=0.523, P=0.001),
WC(r=0.338, P=0.047), VLDL-C(r=0.368,
P=0.03), and TGs(r=0.371, P=0.028). No
significant correlation was observed between
TNF-a and DBP(r=0.225, P=0.193).
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The relationships of TNF-a, blood pressure and
lipids, age, BMI, WC in the overall subjects
studied are presented in Table 4. Whereas a
significant (r=0.326, P=0.006) correlation existed
between TNF-a and age, a non-significant
correlation (P>0.05) was observed between;
TNF-a and lipids (total cholesterol, HDL-C, LDL-
C, VLDL-C, TGs), TNF-a and BMI, TNF-a and
WC in all the apparently healthy subjects. No
significant correlation (P>0.05) was observed
between; blood pressure (systolic & diastolic)
and lipids (total cholesterol, LDL-C, VLDL-C,
TGs), blood pressure and age, blood pressure
and BMI, blood pressure and WC in all the
apparently healthy subjects.

4. DISCUSSION

Prehypertension is a precursor of clinical
hypertension. Hypertension is a well known
major injurious risk factor that promotes
cardiovascular diseases like atherosclerosis.
Vascular inflammation is the hallmark in the

pathogenesis and progression of hypertension
and atherosclerosis. Our study determined to
circulate TNF-a as a biomarker of mild chronic
inflammation in prehypertensives. Previous
reports exist on the association of inflammation
with hypertension. Scant literature in this regard
is available in prehypertensives. It is in this light
that our study sought to investigate the
relationship between mild chronic inflammation
and preHTN independent of confounding factors
of raised TNF-a and blood pressure. Abnormal
high levels of serum TNF-a is reported in septic
shock, graft rejection, infections, cancer, obesity,
immunological diseases, diabetes mellitus,
cardiovascular  diseases, advanced age
[10,11,12,13,17]. To obtain homogenous results
devoid of interferences from these confounding
factors, participants were carefully selected by
excluding those with infectious diseases (viral,
parasitic and bacterial), immunological diseases,
cancer, abnormal body composition, diabetes,
dyslipidemia, advanced age, hypertension and
other disease conditions. Participants in the

Table 1. Blood pressure, age, BMI, waist circumference, TNF-a, Lipids in prehypertensive and
normotensive control subjects

Parameters PreHTN (n=35) Control (n=35) Calc. t- value P-value
SBP (mmHg) 130.9148.70 111.0346.89 10.60 0.000*
DBP (mmHg) 83.17+5.86 70.40+3.87 10.80 0.000*
Age (years) 35.57 £10.73 33.63+9.10 0.82 0.417
BMI (Kg/m2) 24.72+3.39 24.40+3.51 1.81 0.072
WC (cm) 69.17+8.04 68.204+5.96 0.40 0.694
TNF-a (pg/mL) 52.85+90.69 4.59+5.08 3.14 0.002*
T.Chol (mmol/L) 4,28+ 0.63 418+ 0.58 0.71 0.483
HDL-C (mmol/L) 1.61+0.37 1.59+ 0.37 0.19 0.848
LDL-C (mmol/L) 2.21+£0.70 2.14+0.70 0.45 0.658
VLDL-C (mmol/L) 0.49+0.22 0.45+0.13 1.10 0.274
TG (mmol/l) 1.00+0.38 0.94+0.30 0.77 0.445

mean + standard deviation, critical t = 1.99, *significant, SBP- systolic blood pressure, DBP- diastolic blood
pressure, WC- waist
circumference, BMI- body mass index, T.Chol.-total cholesterol, HDL-C- high-density lipoprotein cholesterol,
LDL-C- low density

lipoprotein cholesterol, VLDL-C- very low-density lipoprotein cholesterol, TG- triglyceride

Table 2. Pearson’s correlation coefficients of blood pressure and TNF-alpha with other
variables in prehypertensive subjects

Parameters Age BMI WC TC HDL LDL VLDL TG
SBP 0.224 -0.033 -0.065 -0.077 0.441* -0.261 0.038 -0.145
DBP 0.128 0.162 -0.027 0.142 0.412*  -0.045 -0.055 -0.144
TNF-a 0.414* 0.115 -0.167 0.297 0.260 0.065 0.170 0.221

* Correlation is significant at the 0.05 level (2-tailed). SBP- systolic blood pressure, DBP- diastolic blood
pressure, WC- waist

circumference, BMI- body mass index, TC.-total cholesterol, HDL- high-density lipoprotein cholesterol, LDL- low-
density lipoprotein cholesterol, VLDL- very low-density lipoprotein cholesterol, TG- triglyceride
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Table 3. Pearson’s correlation coefficients of blood pressure and TNF-alpha with other
variables in normotensives

Parameters Age BMI WC TC HDL LDL VLDL TG

SBP -0.055 -0.013  -0.136  -0.191  -0.047 -0.154 0.103  0.046
DBP 0.372 0.523 0.338 0.054 -0.142  0.052 0.368 0.371
TNF-a -0.077 -0.150 -0.230 -0.141 0.045  -0.157 0.083 0.029

**Correlation is significant at the 0.01 level (2-tailed), * Correlation is significant at the 0.05 level (2-tailed). SBP-
systolic blood pressure, DBP- diastolic blood pressure, WC- waist circumference, BMI- body mass index, T.Chol.-
total cholesterol, HDL-C- high-density lipoprotein cholesterol, LDL-C- low-density lipoprotein cholesterol, VLDL-C-

very low-density lipoprotein cholesterol, TG- triglyceride

Table 4. Pearson’s correlation coefficients of blood pressure and TNF-alpha with other
variables in overall apparently healthy subjects

Parameters Age BMI WC TC HDL LDL VLDL TG

SBP 0.146 0.023 -0.001 -0.009 0.157 -0.088 0.109 0.030
DBP 0.208 0.221 0.111 0.133 0.134 0.039 0.143 0.093
TNF-a 0.326** 0.086 -0.107 0.229 0.182 0.056 0.185 0.195

**Correlation is significant at the 0.01 level (2-tailed), SBP- systolic blood pressure, DBP- diastolic blood
pressure, WC- waist circumference, BMI- body mass index, T.Chol.-total cholesterol, HDL-C- high-density
lipoprotein cholesterol, LDL-C- low-density lipoprotein cholesterol, VLDL-C- very low-density lipoprotein
cholesterol, TG- triglyceride
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Fig. 1. Correlation of TNF-alpha with systolic blood pressure in prehypertensive subjects
r=0.387, n=35, p=0.022, BP- blood pressure, TNF-tumor necrosis factor

prehypertensive group were also carefully Our study compared TNF-a level, lipids in
anthropometrically matched with normotensive  anthropometrically matched prehypertensive and
controls. normotensive apparently healthy subjects. In this
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study, while lipid levels remained the same, TNF-
a level was observed to be higher in the
prehypertensive than normotensive individuals.
This study found a positive correlation of TNF-a
with blood pressure (systolic and diastolic)
separately in prehypertensives and overall
apparently healthy participants. In
normotensives, diastolic blood pressure and not
SBP correlated positively with TNF-a. Diastolic
BP of normotensives also correlated positively
with age, BMI, WC, VLDL-C and TGs. Blood
pressure (systolic and diastolic) did not correlate
with  lipids or physical variables in
prehypertensives and the overall participants
of our study. In all the 3 groups studied
TNF-a levels did not correlate with lipids or
physical variables. Our findings show that the
relationship observed between TNF-a and
blood pressure in the prehypertensive group
was not influenced by physical parameters and
lipids.

This study is consistent with other studies in
hypertensives. Increased plasma concentration
of proinflammatory cytokines, in hypertensive
individuals, have been confirmed in such studies
[20-23]. A previous study conducted in different

grades of blood pressure in essential
hypertensive patients showed that TNF-a levels
were consistently elevated in both stage 1 and 2
of hypertension [24]. Daytime diastolic blood
pressure has been shown to be independently
associated with TNF-a in hypertensive patients
[1,25]. In apparently healthy Japanese women,
Ito et al. found an association of serum TNF-a
with LDL-C and blood pressure [26]. Chae et al.
reported a significant association between
inflammatory markers and elevated BP in
apparently healthy patients [27]. Abramson et al.
demonstrated a positive association between
TNF-a and daytime diastolic BP in healthy,
normotensive adults [28]. Chrysohoou et al.
studied the association between prehypertension
status and inflammatory markers related to
atherosclerotic disease and observed a higher
increase in TNF-a level, in prehypertensive
subjects compared to normotensive subjects
[29].

The studies of Sheu et al. and Mendall et al. in
human subjects did not agree with the positive
association between TNF-a level and blood
pressure found in our study and other studies
[30,31].
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Fig. 2. Correlation of TNF-alpha with diastolic blood pressure in prehypertensive subjects
r=0.381, n=35, p=0.024, BP- blood pressure, TNF-tumor necrosis factor
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Fig. 5. Correlation of TNF-alpha with diastolic blood pressure in all apparently healthy subjects
r=0.467, n=70, p=0.000, BP- blood pressure, TNF-tumor necrosis factor

Essential hypertension is characterized by
increased peripheral vascular resistance to blood
flow [32]. This resistance induces stress on the
vascular endothelium contributing to
complications  of  hypertension  [33]. In
hypertension, resistance arteries undergo a
process of inflammatory remodelling involving
extracellular matrix deposition and chronic
vasoconstriction [33,34]. Experimental data
suggest that elevated blood pressure may
stimulate pro-inflammatory responses, resulting
in endothelial inflammation in the arterial walls
and subsequently to hypertension [35,36].
Experimental evidence suggests that elevated
BP specifically stimulate endothelial expression
of cytokines that promote inflammation in
hypertension [27,37]. An experimental study
conducted by Fernandez-Real et al. showed that
the degree of activation of the TNF-a system was
positively and significantly associated with
systolic and diastolic BP in type 2 diabetics [38].
TNF-a has been shown to decrease endothelial
nitric oxide synthase mRNA level by shortening
its half-life [39]. This decreases bioavailable
nitric oxide leading to endothelial dysfunction,
followed by chronic vasoconstriction and
elevated blood pressure. Also, a polymorphism
in the promoter region of the TNF-a gene has
been associated with increased TNF-a and

systolic BP [40]. It is possible that elevated TNF-
a, initiates the development of high blood
pressure, or enhances the progression of
hypertension through stages to complications.

The limitations of our study must be considered.
The number of subjects in our study groups was
small due to the selection criteria aimed at
eliminating confounding factors of the measured
variables. A battery of inflammatory markers
other than TNF-a can be measured. Since TNF-a
was measured at the same point in time as BP, it
is not possible to know whether one precedes
the other or vice versa. A follow-up study on
participants is required to determine the direction
of the cause-effect relationship between blood
pressure and TNF- a.

5. CONCLUSION

Our study observes an association of blood
pressure with TNF-a in prehypertensives. The
cause and effect relationship between blood
pressure and TNF-a could be bidirectional. A
moderate rise in blood pressure could serve as a
stress inducer of TNF-a production in initiating
vascular inflammation. The mild chronic
inflammation in the prehypertensives could
further enhance the progression of moderately
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elevated blood pressure to hypertension and its
complications. We recommend the adoption of
healthy lifestyles geared towards maintenance of
normal blood pressure levels.

CONSENT

The patient’s written consent has been collected
and preserved by the authors.

ETHICAL APPROVAL

Ethical approval for this study was obtained from
the ethics committee of Federal Medical Centre,
Makurdi, Nigeria.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

Bautista LE, Vera LM, Arenas IA, Gamarra
G. Independent association between
inflammatory markers (C-reactive protein,
interleukin-6, and TNF-a) and essential
hypertension. J Hum Hyperten. 2005;
19(2):149-154.

DOI: 10.1038/sj.jhh.1001785

Lenfant C, Chobanian AV, Jones DW,
Roccella EJ. For the joint national
committee on the prevention, detection,
evaluation, and treatment of high blood
pressure: Seventh report of the joint
national committee on the prevention.
Detection, Evaluation, and Treatment of
High Blood Pressure (JNC 7): Resetting
the hypertension sails. Hypertension.
2003;41(6):1178-1179.

DOI: 10.1161/01.HYP.0000075790.33892.
AE

Whelton PK, Carey RM, Aronow WS,
Casey DE, Collins KJ, Himmelfarb CD, et
al. Guideline for the prevention, detection,
evaluation, and management of high blood
pressure in adults: Executive summary. A
Report of the American College of
Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines.
[e-pub ahead of print]. Hypertension; 2017.
Available:https://doi.org/10.1161/HYP.0000
000000000066

Gupta AK, McGlone M, Greenway FL,
Johnson WD. Prehypertension in disease-
free adults: A marker for an adverse

10

10.

11.

12.

13.

14.

cardiometabolic risk profile.
Res. 2010;33(9):905-910.
DOI: 10.1038/hr.2010.91
Glasser SP, Judd S, Basile J, Lackland D,
Halanych J, Cushman M, et al.
Prehypertension, racial prevalence and
association with risk factors: Analysis of
the reasons for geographic and racial
differences in stroke (REGARDS) study.
Am J Hypertens. 2011;24(2):194—199.
DOI: 10.1038/ajh.2010.204

Kshirsagar AV, Carpenter M, Bang H,
Wyatt SB, Colindres RE. Blood pressure
usually considered normal is associated
with an elevated risk of cardiovascular
disease. Am J Med. 2006;119(2):133—141.
DOI: 10.1016/j.amjmed.2005.08.023
Zhang W, Li N. Review article: Prevalence,
risk factors, and management of
prehypertension. Int J Hypertens. 2011;
605359.

DOI: 10.4061/2011/605359

Savoia C, Schiffrin EL. Inflammation in
hypertension. Curr Opin Nephrol Hyper-
tens. 2006;15(2):152—158.

DOI: 10.1097/01.mnh.0000203189.57513.
76

Sesso HD, Jiménez MC, Wang L, Ridker
PM, Buring JE, Gaziano JM. Plasma
infammatory markers and the risk of
developing hypertension in men. J Am
Heart Assoc. 2015;4:e001802.
Available:https://doi.org/10.1161/JAHA.115
.001802

Yu M, Shi W, Zhang J, Niu L, Chen Q, Yan
D, et al. Influence of reverse signaling via
membrane TNF-a on cytotoxicity of NK92
cell. Eur J Cell Biol. 2009,88(3):181-91.
DOI: 10.1016/j.ejcb.2008.09.001

Piek JJ, van der Wal AC, Meuwissen M,
Koch KT, Chamuleau SA, Teeling P, et al.
Plaque inflammation in restenotic coronary
lesions of patients with stable or unstable
angina. J Am Coll Cardiol. 2000;35(4):
963-967.

Libby P. Inflammation in atherosclerosis.
Nature. 2002;420(6917):868-874.

DOI: 10.1038/nature01323

Libby P, Ridker PM, Masseri A.
Inflammation and atherosclerosis. Circula-
tion. 2002;105(9):1135-1143.
Hernandez-Presa M, Bustos C, Ortego M,
Tunon J, Renedo G, Ruiz-Ortega M.
Angiotensin converting enzyme inhibition
prevents arterial nuclear factor-kappa B
activation, monocyte = chemoattractant
protein-1 expression and macrophage

Hypertens




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Agbecha and Gberindyer; IJTDH, 32(1): 1-12, 2018; Article no.IlJTDH.41507

infiltration in a rabbit model
accelerated atherosclerosis.
1997;95(6):1532—-1541.
Morrissey JJ, Klahr S. Differential effects of
ACE and AT1 receptor inhibition on
chemoattractant and adhesion molecule
synthesis. Am J Physiol Renal Physiol.
1998;274(3 Pt 2):F580-586.

Schillaci G, Pirro M, Gemelli F, Pasqualini
L, Vaudo G, Marchesi S, et al. Increased
C-reactive protein concentrations in never-
treated hypertension: The role of systolic
and pulse pressure. J Hypertens. 2003;
21(10):1841-1846.

DOI: 10.1097/01.hjh.0000084764.37215.60
Popa C, Netea MG, van Riel PM, van der
Meer JM, Stalenhoef AH. The role of TNF-
a in chronic inflammatory conditions,
intermediary metabolism, and cardio-
vascular risk. J Lipid Res. 2007;48(4):751—
762.

DOI: 10.1194/jir.R600021-JLR200

Dell RB, Holleran S, Ramakrishnan R.
Sample size determination. ILARJ. 2002;
43(4):207-213.

Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of low
density lipoprotein cholesterol in plasma,
without use of the preparative ultracen-
trifuge. Clin Chem. 1972;18(6):499-502.
Parissis JT, Korivesis S, Giatitzoglou E,
Kalivas P, Katritsis D. Plasma profiles of
peripheral monocyte-related inflammatory
markers in patients with arterial hyper-
tension. Correlations with plasma endo-
thelin-1. Int J Cardiol. 2002;83:13-21.
Derhaschnig U, Shehata M, Herkner H,
Bur A, Woiserschlaer C, Laggner AN, et al.
Increased levels of transforming growth
factor-beta1 in essential hypertension. Am
J Hypertens. 2002;15(3):207-211.

Pockley AG, De Faire U, Kiessling R,
Lemne C, Thulin T, Frostegard J.
Circulating heat shock protein antibody
levels in established hypertension. J
Hypertens. 2002;20(9):1815-1820.
Furumoto T, Saito N, Dong J, Mikami T,
Fujii S, Kitabatake A. Association of
cardiovascular risk factors and endothelial
dysfunction in japanese hypertensive
patients: Implications for early athero-
sclerosis. Hypertens Res. 2002;25(3):475—
480.

Khan SA, Aslam M, Owais M, Zaheer MS.
Correlation between tumour necrosis
factor-alpha and other co-variates and
different grades of blood pressure in

of early
Circulation

11

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

essential hypertensive patients.
Biomedical Research. 2010;21(2):184-188.
Kim KI, Lee JH, Chang HJ, Cho YS, Youn
TJ, Chung WY, et al. Association between
blood pressure variability and inflammatory
marker in hypertensive patients. Circ J.
2008;72(2):293—-298.

lto H, Ohshima A, Tsuzuki M, Ohto N,
Takao K, Hijii C, et al. Association of
serum tumour necrosis factor-alpha with
serum low-density lipoprotein-cholesterol
and blood pressure in apparently healthy
Japanese women. Clin Exp Pharmacol
Physiol. 2001;28:188-192.

Chae CU, Lee RT, Rifai N, Ridker PM.
Blood pressure and inflammation in
apparently healthy men. Hypertension.
2001;38(3):399—403.

Abramson JL, Lewis C, Murrah NV,
Anderson GT, Vaccarino V. Relation of C-
reactive protein and tumor necrosis factor-
alpha to ambulatory blood pressure
variability in healthy adults. Am J Cardiol.
2006;98(5):649-652.

DOI: 10.1016/j.amjcard.2006.03.045
Chrysohoou C, Pitsavos C, Panagiotakos
DB, Skoumas J, Stefanadis C. Association
between prehypertension status and
inflammatory markers related to
atherosclerotic disease. Am J Hypertens.
2004;17(7):568-573.

DOI: 10.1016/j.amjhyper.2004.03.675
Sheu WHH, Lee WJ, Chang RL, Chen YT.
Plasma tumor necrosis factor alpha levels
and insulin sensitivity in hypertensive
subjects. Clin Exp Hypertens. 2000;22(6):
595-606.

Mendall MA, Patel P, Asante M, Ballam L,
Morris J, Strachan DP, et al. Relation of
serum cytokine oncentrations to
cardiovascular risk factors and coronary
heart disease. Heart. 1997;78(3):273-277.
Schiffrin EL. Reactivity of small blood
vessels in hypertension: Relation with
structural changes. State of the Art
Lecture. Hypertension. 1992;19:111-119.
Schiffrin EL. Resistance arteries as
endpoints in hypertension. Blood Press
Suppl. 1997;2:24-30.

Bakker EN, van der Meulen ET, van den
Berg BM, Everts V, Spaan JA, VanBavel
E. Inward remodeling follows chronic
vasoconstriction in isolated resistance
arteries. J Vasc Res. 2002;39:12-20.
Intengan HD, Schiffrin EL. Vascular
remodeling in hypertension: Roles of



36.

37.

38.

Agbecha and Gberindyer; IJTDH, 32(1): 1-12, 2018; Article no.IlJTDH.41507

apoptosis, inflammation, and fibrosis.
Hypertension. 2001;38:581-587.

Verma S, Wang CH, Li SH, Dumont AS,
Fedak PWM, Badiwala MV, et al. A self-
fulfiling prophecy: C-reactive protein
attenuates nitric oxide production and
inhibits angiogenesis. Circulation. 2002;
106(8):913-919.

Granger JP. An emerging role for
inflammatory cytokines in hypertension.
Am J Physiol Heart Circ Physiol. 2006;
290(3):H923-H4.

DOI: 10.1152/ajpheart.01278.2005
Fernandez-Real JM, Lainez B, Vendrell J,
Rigla M, Castro A, Penarroja G, et al.

39.

40.

Shedding of TNF-alpha receptors, blood
pressure, and insulin sensitivity in type 2
diabetes mellitus. Am J Physiol Endocrinol
Metab. 2002;282(4):952—959.

DOI: 10.1152/ajpendo.00444.2001
Yoshizumi M, Perrella MA, Burnett JC Jr,
Lee ME. Tumor necrosis factor down-
regulates an endothelial nitric oxide
synthase mRNA by shortening its half-life.
Circ Res. 1993;73(1):205-209.

Dalziel B, Gosby AK, Richman RM, Bryson
JM, Caterson ID. Association of the TNF-
alpha -308 G/A promoter polymorphism
with insulin resistance in obesity. Obes
Res. 2002;10:401-407.

© 2018 Agbecha and Gberindyer; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/25926

12



