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Abstract
Arterial hypertension is considered to be an inflammatory condition with low intensity. Therefore, an elevated concentration of
inflammatory cytokines can be expected in patients with systemic arterial hypertension, including tumor necrosis factor (TNF).
The study includedagroupof96personsaged18 to65years: 76patientswithprimary arterial hypertensionand20healthy individuals

(control group). Blood pressure was measured in all individuals using the office and ambulatory blood pressure monitoring (ABPM)
measurement, bloodwas collected for laboratory tests [tumor necrosis factor (TNF), tumor necrosis factor receptor 1 (TNFR1)], and 24-
hour urine collection was performed in which albuminuria and TNF concentration were assessed. Moreover, assessment of the intima-
media thickness (IMT) in ultrasonography and left ventricular mass index (LVMI) in echocardiography were carried out.
Statistically elevated TNF concentration in the blood serum (P= .0001) and in the 24-hour urine collection (P= .0087) was

determined in patients with hypertension in comparison with the control group. The TNF and TNFR1 concentration in the serum and
TNF in the 24-hour urine in the group of patients with arterial hypertension and organ damages and without such complications did
not differ statistically significantly.
We observed a positive and statistically significant correlation between TNFR1 concentration in the serum and TNF urine excretion

in patients with hypertension (r=0.369, P< .05)
Patients with arterial hypertension are characterized by higher TNF concentrations in blood serum and higher TNF excretion in 24-

hour urine than healthy persons.
TNF andTNFR1 concentration in blood serumand TNFexcretion in 24-hour urine in patientswith early organ damages due to arterial

hypertension do not differ significantly from those parameters in patients with arterial hypertension without organ complications.
There is a positive correlation between TNFR1 concentration in the serum and TNF urine excretion in patients with hypertension.

Abbreviations: ABPM = ambulatory blood pressure monitoring, BPV-DBP24h = diastolic blood pressure variability in 24-h
ambulatory blood pressure monitoring, BPV-DBPd = daily diastolic blood pressure variability in 24-h ambulatory blood pressure
monitoring, BPV-DBPn = night diastolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-SBP24h =
systolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-SBPd = daily systolic blood pressure variability
in 24-h ambulatory blood pressure monitoring, BPV-SBPn = night systolic blood pressure variability in 24-h ambulatory blood
pressure monitoring, CRP = C-reactive protein, DBP = diastolic blood pressure, DBP24h = mean diastolic blood pressure in 24-h
ambulatory blood pressure monitoring, DBPd = daily mean diastolic blood pressure in 24-h ambulatory blood pressure monitoring,
DBPn = night mean diastolic blood pressure in 24-h ambulatory blood pressure monitoring, eGFR = estimated glomerular filtration
rate, IMT= carotid artery intima-media thickness, LVMI= left ventricular mass index, MAD=median absolute deviation, MAP=mean
arterial pressure, MAP24h = mean arterial pressure in 24-h ambulatory blood pressure monitoring, MAPd = daily mean arterial
pressure in 24-h ambulatory blood pressure monitoring, MAPn = night mean arterial pressure in 24-h ambulatory blood pressure
monitoring, SBP = systolic blood pressure, SBP24h = mean systolic blood pressure in 24-h ambulatory blood pressure monitoring,
SBPd = daily mean systolic blood pressure in 24-h ambulatory blood pressure monitoring, SBPn = night mean systolic blood
pressure in 24-h ambulatory blood pressure monitoring, SD = standard deviation, TNF = tumor necrosis factor, TNFR1 = tumor
necrosis factor receptor 1, WHO = World Health Organization.
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1. Introduction 2. Material and method
Due to its prevalence and complications, arterial hypertension
constitutes a serious health and economic issue. Hypertension
can now be diagnosed in more than 12.5 million adult Poles
(42.7% of the population aged 19–99 years) and it is one of the
most important causes of cardiovascular complications and
mortality due to cardiovascular and cerebrovascular disease. On
the basis of the results of the WOBASZ (2003–2005) and
WOBASZ II (2013–2014) studies, it is known that the prevalence
of hypertension in Poland is on an upward trend (it has changed
by 12% within a decade).[1] It is estimated that more than over 7
million deaths per year worldwide could be caused by
hypertension, and according to WHO, elevated blood pressure
is the primary cause of deaths globally.[2,3] In approx. 90%,
arterial hypertension has a primary character. Pathogenesis of
primary hypertension is complex and its direct etiology has not
been fully explained. It has been assumed that its genesis is
influenced by a series of genetic, environmental, and behavioral
factors.[4–6] Interventional and clinical studies prove that arterial
hypertension is also an inflammatory condition with low
intensity.[7,8] The inflammatory condition is characterized by
an increased concentration of certain proteins in the blood serum,
which include, among others C-reactive protein (CRP), TNF,
fibrinogen, and interleukins 6 and 8.[9] Among those, TNF is one
of the major cytokines of inflammatory and immunologic
response, regulating the differential and growth of cells. It is
primarily produced by mastocytes, macrophages as well as
granulocytes, endothelial cells, fibroblasts, lymphocytes T,
smooth muscle myocytes.[10] This cytokine can be also secreted
in pathological conditions by malignant cells such as breast
cancer, pancreatic cancer, ovarian cancer, kidney cancer,
melanoma, and chronic B-cell lymphoid leukemia.[11] Metabolic
functions of TNF include, among others, influence on the increase
of leptin concentration, which may lead to insulin resis-
tance.[12,13] TNF exerts a biological effect on 2 receptor types
(TNFR1 and TNFR2), which differ in their glycation degree,
molecular mass, and type of transduced signal.[14] Increased
concentration of proinflammatory cytokines, including TNF, is
observed in conditions such as heart failure, obesity (and its
associated insulin resistance), diabetes, or rheumatoid arthri-
tis.[12,13,15–17] Increasing evidence has been presented that TNF is
indeed associated with arterial hypertension, yet we still do not
know whether it only constitutes a marker for the disease, or it is
a significant etiopathogenetic factor of primary hypertension.[18]

Arterial hypertension constitutes a risk factor for other diseases.
The most frequent cardiovascular complications include ischemic
heart disease, arrhythmia, peripheral arterial disease, heart
failure, strokes, and dementia.[19–21] Untreated arterial hyperten-
sion may also lead to the development of numerous renal
complications manifested by creatinine elevation, proteinuria, up
to end-stage kidney failure.[22]

The objective of the study was comparison of TNF
concentration in the blood serum and assessment of TNF
excretion level in the urine of patients with arterial hypertension
and normotensive individuals, comparison of serum TNF
concentration and assessment of the level of TNF excretion
level in the urine in patients with arterial hypertension with and
without early organ damages, and comparison of serum soluble
receptor 1 concentration for TNF in the serum of patients with
arterial hypertension with and without early organ damages.
2

The study included a group of patients with arterial hypertension
diagnosed at the Department of Hypertensiology, Angiology and
Internal Diseases, Poznan University of Medical Sciences in the
period 2012 to 2015. The study design was submitted to the
Bioethics Committee at the Poznan University of Medical
Sciences and an approval for its conduct was obtained (decision
no. 42/10 of 2010). All patients were informed of the objective
and principles of the study and provided written consent to
participate in the study.
The study involved 96 individuals aged 18 to 65 years,

including 76 patients with primary arterial hypertension (mild
and moderate, thus far untreated) and 20 healthy individuals
with normal values of blood pressure (control group). A 2-day
study protocol was applied. On the first day, patients visited the
clinic in morning hours, between 8:00 AM and 9:00 AM, on an
empty stomach. An interview and physical examination were
carried out, blood was collected for laboratory tests, blood
pressure wasmeasured using officemeasurement, the ambulatory
blood pressure monitor (ABPM) was applied, and 24-hour urine
collection was ordered. On the second day, heart echocardiogra-
phy was performed and the IMT of the carotid arteries was
measured.
The blood pressure was performed according to ESC 2013

(European Society of Cardiology/European Society of Hyperten-
sion)[23] and PTNT 2015 (Polish Society of Hypertension)[24]

guidelines using electronic apparatus Omron-705IT (Omron
Corporation, Kyoto, Japan). The arterial blood pressure was
measured on the left arm in a sitting position after a 10-minute
rest; moreover, at least 30minutes before the measurement,
patient refrained from drinking coffee and smoking tobacco.
Three measurements at 2-minute intervals were preformed using
a standard cuff (measuring 12–13cm width and 35cm length). In
the case of a larger or smaller arm circumference, the cuff size was
adjusted accordingly. The value of arterial blood pressure was
determined as a mean from 3 subsequent measurements.
ABPM was carried out using a 2430TM apparatus by A&D

(A&D Company, Limited, Tokyo, Japan) and Mobil-O-Graph
(IEM GmbH, Stolberg, Germany) by IEM. Cuff of suitable size
was applied on the left arm of the patient. The measurement
frequency was set at 15minutes during the day and 30minutes at
night. Daytime hours were set at the period between 6.00 and
22.00 and nighttime hours from 22.00 to 6.00. Having
completed an interview on the nighttime rest, the actual sleep
time was corrected for each patient. Switching the measurement
preview off eliminated the potential stress-inducing factor. The
following parameters were determined based on the obtained
measurements: mean SBP and DBP for the entire day (SBP24h,
DBP24h), mean SBP and DBP for daytime measurements (SBPd,
DBPd) and nighttime measurements (SBPn, DBPn).
Venous blood was collected on an empty stomach for

laboratory testing. The tests were carried out at the Laboratory
of the Poznan University of Sciences Hospital of Lord’s
Transfiguration. Serum and urine TNF were determined at the
Laboratory of Nuclear Medicine. TNF concentration was
determined using commercial sets by DIAsource ImmunoAssays,
Louvain-la-Neuve, Belgium. Urine TNF concentration was
determined in samples obtained from 24-hour urine collection.
The concentration of soluble receptor TNF R1 was performed
using ELISA method (it was performed only in 40 patients).
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The testing of 24-hour urine collection was commenced on
obtaining the first portion of morning urine, and it was completed
with the morning urine portion of the following day. After 24
hours, the total volume of collected urine was recorded. From the
obtained 24-hour urine collection, approximately 40mL of urine
was preserved, in which creatinine, sodium, potassium, and total
protein concentration were determined, as well as approx.
Twenty milliliter of urine was collected to determine TNF.
Microalbumin urine was assessed using a semi-quantitative
method by means of a Clinitek apparatus by Siemens (Siemens
Healthcare GmbH, Kemnath, Germany) (bar result >150mg/L
indicated clinical albuminuria).
The carotid arteries examinations were performed in patients

in the recumbent posture, with head tilted back, directed slightly
in the opposite direction to the tested side, after a several minute
rest. Testing in all patients was performed using the ultrasono-
graphic apparatus Esaote MyLab 60 (Esaote S.p.A., Genova,
Italy) with linear head LA 523 with changeable frequency in the
range 4 to 13MHz. The assessment of the intima and media
complex was performed within carotid arteries approximately 1
to 2cm below the carotid sinus, using 2-dimensional ultrasound.
The IMT thickness in excess of 0.9mm was determined as
abnormal.
Echocardiography was performed using Vivid 6 apparatus by

GE Medical System (GE Vingmed Ultrasound AS, Norway),
equipped with a sector head M4S RS with frequency changeable
in the range 1.5 to 3.6MHz, in 2-dimensional presentation (2D)
and M-mode and with the application of a color Doppler. The
images were obtained in views: parasternal long and short axis
and apical: 4, 2, and 3-chamber. For the assessment of the left
ventricular size, images obtained from parasternal long axis view
were used.
In arterial hypertension, the left ventricular remodeling was

assessed based on the LVMI; standard for men <125g/m2, for
women <110g/m2).
Table 1

Anthropometric and biochemical parameters in the group of patients

Group with arterial hypertension n=

Mean S

Men (%) 73.7 �
Age, y 39.64 12
Smoking (%) 32 �
Height, cm 176.34 7
Weight, kg 86.58 16
BMI, kg/m2 27.94 4
Waist, cm 94.04 12
Waist-to-hip ratio 0.95 0
Glucose, mmol/L 5.55 1
Total cholesterol, mmol/L 5.65 1
LDL, mmol/L 3.51 1
HDL, mmol/L 1.41 0
Triglycerides, mmol/L 1.53 0
GPT, U/L 37.93 32
GOT, U/L 26.51 1
Na, mmol/L 140 2
K, mmol/L 4.47 0
Creatinine, mmol/L 78.29 13
CRP, mg/L 2.28 2
Fibrinogen, mg/dL 280.55 65

BMI=body mass index, CRP=C-reactive protein, GOT=glutamic oxoloacetic transaminase, GPT=gluta
Na= sodium, SD= standard deviation.
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Left ventricular mass index (LVMI) was calculated based on
the formulas recommended by the American Echocardiography
Society in Devereux modification.[25]
2.1. Statistical analysis

The analyzed parameters were described, in the case of a normal
distribution, by an arithmetic mean and standard deviation (SD),
otherwise with a median and median absolute deviation. In the
case of data with normal distribution, Student t test was used for
unrelated data, otherwise Mann–Whitney test was used. For the
correlation between TNFR1 concentration in the serum and TNF
urine excretion, the nonparametric Spearman correlation coeffi-
cient was determined. Statistical calculations were performed
with Statistica 10 by StatSoft (CSS Statistica v. 10.0 Stat Soft, Inc.,
Oklahoma, USA). The significance level was assumed at P< .05.
3. Results

Patients qualified to the study were classified into 2 experimental
groups. The first group is 76 patients (56-M, 20-F, mean age
39.64±12.69 years) with untreated arterial hypertension. The
second group is control comprising of 20 healthy persons (15-M,
5-F, mean age 42.15±15.03 years). Anthropometric and
biochemical parameters of both groups are presented in Table 1.
The mean values of arterial blood pressure obtained through

officemeasurement in the experimental group amounted for systolic
blood pressure (SBP) 149.4mmHg, and for diastolic blood pressure
(DBP) 86.5mm Hg. In the control group, the respective SBP was
129.3mmHgandDBP81.5mmHg.Moreover,Table2presents the
mean values of arterial blood pressure recorded with the ABPM
method in the group with arterial hypertension and in control.
Mean TNF values in blood serumwere significantly higher in the

group of patients with hypertension. Similar weremean TNF values
in 24-hour urine collection. The results are presented in Table 3.
with arterial hypertension and in control group.

76 Control group n=20

D Mean SD P

75 � .91
.69 42.15 15.03 .40

15 � .28
.61 175.8 8.01 .71
.79 87.3 13.12 .91
.72 28.23 3.76 .71
.67 95.45 10.29 .68
.1 1 0.1 .96
.55 5.39 0.38 .72
.23 5.56 1.22 .63
.06 3.33 1.02 .49
.3 1.42 0.31 .91
.91 1.33 0.72 .39
.75 34.9 26.03 .84
2.9 25.65 16.26 .65
.6 139.1 1.8 .14
.4 4.38 0.31 .36
.64 79.29 14.19 .74
.02 3.21 3.37 .16
.01 289.4 58.58 .52

mic pyruvic transferase, HDL=high-density lipoprotein, K=potassium, LDL= low-density lipoprotein,
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Table 2

Mean values of arterial blood pressure in office and ABPM measurements.

Group with hypertension n=76 Control group n=20

Mean SD Mean SD P

SBP office, mm Hg 149.4 10.9 129.3 8 <.001
DBP office, mm Hg 86.5 9.3 81.5 7.1 .02
MAP office, mm Hg 107.4 8.5 97.4 7.1 <.001
SBP24h, mm Hg 149.3 10.1 126.4 6.2 <.001
BPV-SBP24h, mm Hg 19.8 4.5 18.5 5 .27
DBP24h, mm Hg 86.9 10.1 77.4 5 <.001
BPV-DBP24h, mm Hg 15.7 3.7 15.9 3.5 .73
MAP24h, mm Hg 105.4 11 96.9 8 <.001
SBPd, mm Hg 153.2 11.6 131.6 5.5 <.001
BPV-SBPd, mm Hg 17.5 5.4 16.3 5 .31
DBPd, mm Hg 91.4 10.5 82 4.4 <.001
BPV-DBPd, mm Hg 14.4 4.6 14.7 4.1 .76
MAPd, mm Hg 110.5 11.2 102.9 7.9 <.001
SBPn, mm Hg 126.9 9.3 110.7 8.3 <.001
BPV-SBPn, mm Hg 14.2 4.7 12 2.8 .01
DBPn, mm Hg 75.9 11.1 65.9 6.6 <.001
BPV-DBPn, mm Hg 11.2 4.6 9.9 2.8 .47
MAPn, mm Hg 93 12.2 84.1 10.4 <.001

ABPM= ambulatory blood pressure monitoring, BPV-DBP24h=diastolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-DBPd=daily diastolic blood pressure variability in 24-h
ambulatory blood pressure monitoring, BPV-DBPn=night diastolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-SBP24h= systolic blood pressure variability in 24-h ambulatory
blood pressure monitoring, BPV-SBPd=daily systolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-SBPn=night systolic blood pressure variability in 24-h ambulatory blood
pressure monitoring, DBP=diastolic blood pressure, DBP24h=mean diastolic blood pressure in 24-h ambulatory blood pressure monitoring, DBPd=daily mean diastolic blood pressure in 24-h ambulatory blood
pressure monitoring, DBPn=night mean diastolic blood pressure in 24-h ambulatory blood pressure monitoring, MAP=mean arterial pressure, MAP24h=mean arterial pressure in 24-h ambulatory blood
pressure monitoring, MAPd=daily mean arterial pressure in 24-h ambulatory blood pressure monitoring, MAPn=night mean arterial pressure in 24-h ambulatory blood pressure monitoring, SBP= systolic blood
pressure, SBP24h=mean systolic blood pressure in 24-h ambulatory blood pressure monitoring, SBPd=daily mean systolic blood pressure in 24-h ambulatory blood pressure monitoring, SBPn=night mean
systolic blood pressure in 24-h ambulatory blood pressure monitoring.

Table 3

Mean TNF values in serum and 24-h urine collection.

Group with hypertension n=76 Control group n=20

Mean SD Mean SD P

TNF-serum, pg/mL 16.2 4.2 12.6 2 <.001
TNF-urine, 24-h urine, pg/mL 147.1 44.3 104.2 38.2 .01
TNF-urine/eGFR 1.2

∗
0.5 0.8

∗
0.4 .01

IMT= carotid artery intima-media thickness, LVMI= left ventricular mass index, MAD=median absolute deviation, SD= standard deviation, TNF= tumor necrosis factor.
∗
Median and median absolute deviation.
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Mean values of albumin excretion and LVMI in the group of
patients with arterial hypertension were higher than in the
control group. However, those values did not differ statistically
significantly. Mean values of IMT in the group of patients with
arterial hypertension were statistically significantly higher than in
the control group. Data are presented in Table 4.
Among the patients with arterial hypertension, microalbumi-

nuria was diagnosed for 20 patients, IMT >0.9mm in 13
Table 4

Mean values of microalbuminuria, IMT, and LVMI in the group of pat

Group with arterial hypertension n=76

Median MAD

Microalbuminuria, mg/L 15.9
∗

11.5
IMT, mm 0.7 0.1
LVMI, g/m2 89.6 19.9

IMT= carotid artery intima-media thickness, LVMI= left ventricular mass index, MAD=median absolute
∗
Mean and SD.

4

patients, and LV hypertrophy in 5 patients. On this basis, two,
38-person patient subgroups were distinguished, with arterial
hypertension complications and without them.
Mean values of microalbuminuria, IMT, and LVMI for both

subgroups are presented in Table 5.
The mean values of arterial blood pressure obtained by means

of office measurement in the group of patients with arterial
hypertension with organ damages were for SBP 150.5mm Hg,
ients with arterial hypertension and in control group.

Control group n=20

Median MAD P

13
∗

7.3 .16
0.6 0.1 <.001
77.2 17.5 .22

deviation, SD= standard deviation.



Table 5

Mean values of microalbuminuria, IMT, and LVMI in the group with arterial hypertension with organ damages and without them.

Group with arterial hypertension with organ damages n=38 Group with arterial hypertension without organ damages n=38

Mean SD Mean SD P

Microalbuminuria, mg/L 18.8 13.1 10.0 9.3 <.001
IMT, mm 0.8 0.2 0.7 0.1 <.001
LVMI, g/m2 100.0

∗
17.6 69.7

∗
14.5 <.001

IMT=carotid artery intima-media thickness, LVMI= left ventricular mass index, MAD=median absolute deviation, SD= standard deviation.
∗
Median and median absolute deviation (MAD).

Table 6

Mean values of arterial blood pressure in office and ABPM measurements in the group of patients with arterial hypertension with and
without organ damages.

Group with hypertension with organ damages n=38 Group with hypertension without organ damages n=38

Mean SD Mean SD P

SBP office, mm Hg 150.59 11.49 146.84 9.45 .13
DBP office, mm Hg 87.55 9.56 84.24 8.53 .15
MAP office, mm Hg 108.56 8.86 105.11 7.44 .04
SBP24h, mm Hg 150.61 10.92 146.48 7.53 .06
BPV-SBP24h, mm Hg 20.21 4.69 18.98 3.9 .26
DBP24h, mm Hg 89.12 9.95 82.44 9.11 .01
BPV-DBP24h, mm Hg 16.1 3.69 14.84 3.63 .16
MAP24h, mm Hg 107.61 11.34 100.96 8.95 .01
SBPd, mm Hg 154.61 12.49 150.32 9.02 .19
BPV-SBPd, mm Hg 18.11 5.7 16.26 4.67 .16
DBPd, mm Hg 93.39 10.52 87.24 9.19 .01
BPV-DBPd, mm Hg 14.93 4.63 13.28 4.35 .14
MAPd, mm Hg 107.61 11.34 100.96 8.95 .02
SBPn, mm Hg 128.04 10.88 124.64 3.78 .05
BPV-SBPn, mm Hg 14.69 5.03 13.35 3.96 .25
DBPn, mm Hg 77.65 11.41 72.4 9.73 .05
BPV-DBPn, mm Hg 11.33 4.24 10.93 5.44 .29

ABPM= ambulatory blood pressure monitoring, BPV-DBP24h=diastolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-DBPd=daily diastolic blood pressure variability in 24-h
ambulatory blood pressure monitoring, BPV-DBPn=night diastolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-SBP24h= systolic blood pressure variability in 24-h ambulatory
blood pressure monitoring, BPV-SBPd=daily systolic blood pressure variability in 24-h ambulatory blood pressure monitoring, BPV-SBPn=night systolic blood pressure variability in 24-h ambulatory blood
pressure monitoring, DBP=diastolic blood pressure, DBP24h=mean diastolic blood pressure in 24-h ambulatory blood pressure monitoring, DBPd=daily mean diastolic blood pressure in 24-h ambulatory blood
pressure monitoring, DBPn=night mean diastolic blood pressure in 24-h ambulatory blood pressure monitoring, MAP=mean arterial pressure, MAP24h=mean arterial pressure in 24-h ambulatory blood
pressure monitoring, MAPd=daily mean arterial pressure in 24-h ambulatory blood pressure monitoring, MAPn=night mean arterial pressure in 24-h ambulatory blood pressure monitoring, SBP= systolic blood
pressure, SBP24h=mean systolic blood pressure in 24-h ambulatory blood pressure monitoring, SBPd=daily mean systolic blood pressure in 24-h ambulatory blood pressure monitoring, SBPn=night mean
systolic blood pressure in 24-h ambulatory blood pressure monitoring.
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and for DBP 88.5mm Hg. In the group of patients with arterial
hypertension without organ damages, the respective SBP was
146.8mmHg and DBP 84.2mmHg. Moreover, Table 6 presents
the mean values of arterial blood pressure recorded with the
ABPM method in the group with and without early arterial
hypertension complications.
Mean TNF values in the serum and in the 24-hour urine in the

group of patients with arterial hypertension and organ damages
and without complications did not differ statistically significantly
(Table 7).
The concentration of the TNFR 1 (which was performed only

in 40 patients) in the serum in the group of patients with arterial
hypertension with organ damages was 1089.6±186.4pg/mL,
and without complicating conditions was 1126.9±227.6pg/mL.
Those results did not differ statistically significantly (P= .5718).
We observed a positive and statistically significant correla-

tion between TNFR1 concentration in the serum and TNF
urine excretion in patients with hypertension (r=0.369,
P< .05).
5

4. Discussion
Contrary to a series of experimental studies performed on
animals, the current research and observations on TNF
concentration and its serum soluble receptor in patients with
primary arterial hypertension is relatively limited, and its results
have been conflicting. Our study has demonstrated that TNF
concentration in the serum of patients with primary arterial
hypertension is significantly higher than in healthy persons.
Similar results were obtained by Bautista et al,[26] who assessed
TNF concentration in the blood serum of 196 individuals, of
whom 79 examined had been diagnosed with arterial hyperten-
sion. It was demonstrated that the higher the blood pressure, the
higher was TNF and interleukin 6 concentration in the blood.
The CRP concentration was similar between hypertensive and
healthy persons.[26] In the Japanese population, Furumoto[27]

observed significantly higher TNF concentration in persons with
slightly elevated arterial blood pressure (mean 139/80) mmHg in
comparison to persons with arterial blood pressure of mean
118/71mm Hg. Bogda�nski et al[28] observed statistically

http://www.md-journal.com


Table 7

Mean TNF values in serum and in 24-hour urine in the group of patients with arterial hypertension and organ damages and without
complications.

Group with hypertension with organ damages n=38 Group with hypertension without organ damages n=38

Mean SD Mean SD P

TNF-serum, pg/mL 16.2 4.5 16.7 3.1 .87
TNF-urine, 24-h urine, pg/mL 137.2 53.1 154.3 53.6 .27
TNF-urine/eGFR 0.8 0.7 1.0 0.7 .18

eGFR= estimated glomerular filtration rate, SD= standard deviation, TNF= tumor necrosis factor.
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significantly higher TNF concentration in patients with arterial
hypertension, particularly in those with obesity. Patients with a
history of myocardial infarction or stroke also exhibited higher
serum TNF concentration than patients without those compli-
cations in the medical history. Huang et al[29] demonstrated
significantly increased TNF concentration in a group of 34
patients with arterial hypertension and 60 persons with arterial
hypertension and prediabetes condition. On the contrary, in the
study of Navarro-Gonzalez et al,[30] the serum TNF concentra-
tion in patients with arterial hypertension was only insignificantly
higher than in healthy persons. Normal TNF concentration in
patients with arterial hypertension was observed by Peeters
et al.[31] In the study of Jastrzębski et al,[32] the TNF
concentration in patients with primary arterial hypertension
without organ damages did not differ from the concentration of
this compound in healthy persons.
In the present paper, the mean TNF values in 24-hour urine

collection were also higher in the group of patients with arterial
hypertension than in the control group and this difference was
statistically significant. Elevated TNF concentration in urine, but
not in serum, was observed in the study of Lampropoupou
et al[33] in patients with diabetes and microalbuminuria. The level
of microalbuminuria in this study correlated with the systolic
pressure of the examined patients. Navarro-Gonzalez et al[34]

described elevated urine TNF concentration as one of the risk
factors for microalbuminuria in prehypertensive subjects. The
conducted experimental studies in animals proved that TNF
administration increases kidney injuries, and blockage of
exogenous TNF through its soluble receptors result in reduced
activity of tumor necrosis factor and IL-1 concentration and
improves renal function.[35,36]

The available literature contains sparse data on significant
differences in TNF concentration between patients with arterial
hypertension with their already occurring organ damages and
patients without such complications.
In the present study, the serum TNF values in the group of

patients with arterial hypertension with and without organ
damages were comparable.
One of the subclinical complications of arterial hypertension

we described is kidney injury, which is expressed by creatinine
elevation in serum, reduced creatinine clearance rate, and
microalbuminuria. Microalbuminuria occurs as a result of
increased permeability of glomerule or reduced renal tubular
reabsorption. Increased albumin excretion rate may stem from
functional or structural damage of the glomerular ultrafiltration
barrier.Microalbuminuria can be determined as a renal symptom
of generalized endothelial dysfunction.[22]

In our study, we have not observed the significantly higher
concentration of TNF and its soluble receptor in patients with
microalbuminuria in comparison with hypertensive patients
6

without microalbuminuria. Cottone et al[37] compared TNF
concentration among patients with arterial hypertension with
normal renal function and with renal disease (with micro-
albuminuria or proteinuria) and in control group. Results of the
presented study have confirmed that TNF concentration was
higher in the group of patients with renal failure compared with
hypertensive patients without renal failure and with normoten-
sive persons. However, in the present study, no difference has
been demonstrated between persons with normal blood pressure
and persons with arterial hypertension without renal failure.
Perhaps the obtained results were caused by the chronic
inflammatory process or reduced kidney cytokine clearance. In
our study, patients with microalbuminuria had normal blood
creatinine concentration and normal glomerular filtration rate
and perhaps, therefore, TNF concentration was not increased
relative to arterial hypertension without organ damages.
Intima-media thickening is another complication of arterial

hypertension. It indicates early atherosclerotic changes. Guide-
lines of the Polish Society of Arterial Hypertension and the
European Society of Hypertension and of Cardiology classify
IMT increase >0.9mm and/or presence of atherosclerotic
coronary plaques in carotid arteries as an arterial hypertension
organ damage. PTNT recommends an assessment of the IMT
within the assessment of the risk of cardiovascular events in
patients with hypertension.[23,24] The correlation between TNF
concentration and the IMT has been studied by a low number of
authors. The thickness of this complex and concentration of TNF
and its soluble receptors 1 and 2 were assessed by Elkind et al[38]

in 279 patients aged 67±8.5 years, of which half had arterial
hypertension. However, these authors did not demonstrate a
correlation between IMT and TNF concentration. However, the
concentration of soluble TNF R1 receptor was significantly
elevated in 25% of those individuals with the highest IMT. Also,
Morillas et al[39] determined elevated concentration of type 1 and
2 soluble receptor of TNF in hypertensive patients with organ
damages, particularly with coexisting IMT thickening, LV
hypertrophy, and renal injury. In our study, we have not
observed a significant increase of TNF and its soluble receptor in
patients with increased IMT. However, the patients we examined
were of relatively low age, and the mean IMT was slightly above
0.9mm.
The increase of LVM, thickening of its walls, and diastolic

dysfunction are frequently observed in the course of arterial
hypertension. Mass hypertrophy and disorders of the left
ventricular geometry are independent risk factors for cardiovas-
cular complications and mortality among patients with arterial
hypertension. The LV hypertrophy due to arterial hypertension is
caused by a change in the proportion between myocytes, vessels,
and the amount of intercellular substance, which constitutes a
response to increased end-systolic pressure. The increased
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amount of collagen I leads to heart wall fibrosis. As a
proinflammatory cytokine, TNF may be also produced by
cardiomyocytes, which typically occurs under unfavorable
hemodynamic conditions with excessive pressure or volume
load.[40] It may lead to metabolic disorders in the myocardium,
left ventricular dysfunctions, reduced peripheral flow, and left
ventricular remodeling. Through stimulation of synthesis and
inhibition of protein degradation, TNF leads to myocardial
hypertrophy. Moreover, TNF is an important stimulator of
angiotensinogen gene transcription.[41] A series of clinical and
experimental studies have been published proving that TNF
participates in the process of myocardial hypertrophy.
Yokoyama et al[42] demonstrated that under the TNF stimula-
tion, increased synthesis of actin and heavy myosin chains occur.
Patel et al[43] confirmed the contribution of TNF in the
development of heart hypertrophy in hypertrophic myocardiop-
athy in young persons. In an experimental study in hypertensive
rabbits with myocardial hypertrophy, Stamm et al[44] demon-
strated increased concentration of TNF in the hypertrophy phase
without heart failure. In their study on hypertensive rats,
Bergman et al[45] demonstrated increased TNF value already at
early stages of hypertension. However, in this study, when no
heart failure was developed, these values returned to normal.[46]

Jastrzębski et al[32] determined higher TNF concentration in
patients with arterial hypertension and organ damages including
LV hypertrophy. Also, Navarro-Gonzalez et al[46] determined the
correlation between TNF and Cornell product, an electrocar-
diographic marker of LV hypertrophy. Sriramula et al[47] showed
that through angiotensin II, TNF can influence the development
of myocardial hypertrophy. In her study, Aksenova[48] demon-
strated that proinflammatory cytokines, including TNF, lead to
endothelial dysfunction, and their concentration correlates with
the presence of left ventricle hypertrophy. On the contrary, the
study of Stetson et al [49] demonstrated that only 32% of patients
with hypertrophied left ventricle had elevated TNF concentra-
tion; however, this correlation was also observed in 14% of
patients with normal LV mass. In the present study, we have also
been unable to observe a significant increase of TNF and its
soluble receptor in patients with myocardial hypertrophy.
We also observed a positive correlation between TNFR1

concentration in the serum and TNF urine excretion in patients
with hypertension. We could not find data on this subject in the
literature, perhaps because our work was the first to comprehen-
sively evaluate both TNF and TNFR1 in serum and TNF in urine
in patients with hypertension.
There were some limitations in our study. First, our study, as

an observational study, is limited by lack of randomization.
Second, the number of patients was small, and additionally, the
concentration of TNFR 1 was performed only in a part of
patients, so the results of this study need the further confirmation
by studies with larger sample size.

5. Conclusion

Patients with arterial hypertension are characterized by higher
TNF concentrations in blood serum and higher TNF excretion in
24-hour urine than healthy persons.
TNF and TNFR1 concentration in blood serum and TNF

excretion in 24-hour urine in patients with early organ damages
due to arterial hypertension do not differ significantly from those
parameters in patients with arterial hypertension without organ
damages.
7

There is a positive correlation between TNFR1 concentration
in the serum and TNF urine excretion in patients with
hypertension.
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