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Abstract  

Background:  Inflammation has been shown to play an  
important role in the mechanisms involved in the pathogenesis  
of hypertension.  

Aim of Study:  To evaluate the effect of circuit weight  
training on tumor necrosis factor-alpha on essential hyperten-
sive patients.  

Material and Methods:  Fifty hypertensive men patients  
participated in this study, their ages ranged from 40 to 50  

years old, They were randomly assigned into two groups:  

Group A (study group) were 30 patients who participated in  

circuit weight training program performing 3 times per week  

for 8 weeks in addition to their medical treatment. Group B  
(control group) were 20 patients who received their medical  
treatment only.  

Results:  Systolic blood pressure decreased by 6.46% in  
study group while was 1.15% in control group. Diastolic  

blood pressure decreased by 5.39% in study group while was  

0.6% in control group. The tumor necrosis factor alpha de-
creased by 28.21% in study group while was 1.76% in control  

group. Heart rate decreased by 5.18% in study group while  
was 0.43% in control group. Rate pressure product decreased  

by 10.49% in study group while was 0.76% in control group.  

Conclusion:  Circuit weight training had great effect in  
decreasing tumor necrosis factor alpha, blood pressure, heart  

rate and rate pressure product.  

Key Words:  Hypertension – Circuit weight training – Tumor  
necrosis factor alpha.  

Introduction  

WORLDWIDE  raised blood pressure is estimated  
to cause 7.5 million death, about 12.5% of the total  
annual deaths. This accounts for 57 million DALYS  
(Disability Adjusted Life Years) [1] .  
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It is a major risk factor for coronary artery  

disease, stroke, heart failure, atrial fibrillation,  

peripheral arterial disease, vision loss, chronic  

kidney disease, and dementia [2] .  

Inflammation has been shown to play an im-
portant role in the mechanisms involved in the  

pathogenesis of hypertension [3]  inflammatory  
cytokines, such as tumor necrosis factor alpha  

(TNF (x), play a pivotal role in the induction of  
vascular dysfunction in cardiovascular and meta-
bolic diseases [4] , TNF is one of the major cytokines  
of inflammatory and immunologic response, regu-
lating the differential and growth of cells. It is  
primarily produced by mastocytes, macrophages  

as well as granulocytes, endothelial cells, fibrob-
lasts, lymphocytes T, smooth muscle myocytes [5]  
Metabolic functions of TNF include, among others,  

influence on the increase of leptin concentration,  

which may lead to insulin resistance and plays an  

important role in the dysregulation of macrovas-
cular and microvascular function in metabolic and  
inflammatory diseases [6] .  

Circuit weight training is a form of body con-
ditioning or endurance training or resistance train-
ing using high intensity. It targets strength building  
of muscular endurance. An exercise (circuit) is one  
completion of all prescribed exercises in the pro-
gram. When one circuit is complete, one begins  
the first exercise again for the next circuit. Tradi-
tionally, the time between exercises in circuit  
training is short [7] . It utilizes the force of gravity  
In the form of weighted bars, dumbbells in order  

to oppose the force generated by muscle through  

concentric or eccentric contraction. Weight training  
uses a variety of specialized equipment to target  

specific muscle groups and types of movement [8] .  
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Subjects and Methods  

The current study is a randomized controlled  
study to identify efficacy of circuit weight training  
on tumor necrosis factor-alpha on essential hyper-
tensive patients.  

This study was conducted at Cairo transport  
authority hospital from July 2020 till April 2021.  
The study was approved by research ethical com-
mittee of faculty of physical therapy.  

A- Fifty hypertensive men patients with age  
range from 40 to 50 years who fulfilled the inclu-
sion criteria of the study were randomly assigned  
to Group A (study group) and Group B (control  

group). Study group (A): 30 patients participated  

in circuit weight training program performing 3  
times per week for 8 weeks. Group B (control  

group) were 20 patients received their medical  

treatment only.  

Inclusion criteria were as follows:  
(1) Patients aged between 40 to 50years. (2)  

They suffered from mild to moderate degree of  
essential hypertension with systolic blood pressure  

ranges from (140-170) mmHg and diastolic blood  
pressure ranges from (90-109) mmHg. (3) Body  

mass index=25 :29.9 Kg/m2 . (4) Patients following  
antihypertensive medications.  

Exclusion criteria were as follows:  
(1) Patients who were medically unstable and  

complicated with other disorder. (2) Sever cardio-
vascular disorders. (3) Respiratory disorders. (4)  

chronic renal impairments. (5) previous stroke. (6)  
neuromuscular disease. (7) Musculoskeletal dis-
eases which may affect their physical activity. (8)  

diabetes mellitus.  

Blood collection and analysis of TNF:  

Venous blood sample will be taken from each  
patient’s antecubital vein before the training pro-
gram (pre-study) and after 8 weeks from study and  

control group.  

Physical therapy program:  
The patients were randomly assigned into two  

groups:  
The patients in study group (Group A):  

The patients in this group participated in circuit  
weight training for 30 minutes, three sessions per  
week for 8 weeks. They were underwent the proper  

warm up to minimize the risk of musculoskeletal  

injury. The training session started by a proper  

warm up for 5-10min in the form of mild stretching  

for the involved muscle group to prepare the exer-
cised muscles and improve blood supply for skeletal  

muscle to prevent fatigue or injury. Patients in this  
study group performed resistive exercise (in the  
form of circuit weight training) which consist of  

hip flexion, hip abduction and knee extension for  

lower limb, biceps curl, triceps push-down. All  

sessions were supervised to ensure correct tech-
nique and monitor the appropriate amount of exer-
cise and rest intervals. They started the active phase  

of resisted exercise by using free weights (dumb-
bells for upper limb and sand bags for lower limb).  

The intensity was 40% of 1-RM which graduated  

to 60% of 1-RM at the end of the eight week with  
10-15 repetition for each exercise. The exercises  

within each circuit were separated by brief, timed  

rest intervals, and each circuit will be separated  

by a longer rest period. Alternating between upper  

and lower body work to allow for adequate rest  
between exercises about 15 seconds rest between  

each exercise and 1min between each set in three  
circuits [9] .  

While the patients in the control group just  
received anti hypertensive medication only.  

Statistical analysis:  
Unpaired t-test were conducted for comparison  

of subject characteristics between groups. Normal  

distribution of data was checked using the Shapiro-
Wilk test. Levene’s test for homogeneity of vari-
ances was conducted to ensure the homogeneity  

between groups. Unpaired t-test was conducted to  
compare the mean values of systolic and diastolic  
blood pressure, TNF, HR and RPP between study  

and control groups. Paired t-test was conducted  
for comparison between pre and post treatment in  
each group. The level of significance for all statis-
tical tests was set at p<0.05. All statistical analysis  
was conducted through the statistical package for  
social studies (SPSS) version 25 for windows (IBM  
SPSS, Chicago, IL, USA).  

Results  

Subject characteristics:  
Table (1) showed the subject characteristics of  

the study and control groups. There was no signif-
icant difference between both groups in the mean  

age and BMI (p>0.05).  

Table (1): Comparison of subject characteristics between  

study and control groups.  

Group B  

Mean ±  SD  

Age (years) 
 

45.08±2.96 
 

45.32±3.23  –0.24  –0.04 
 

0.95  

BMI (kg/m2) 
 

27.25± 1.44 
 

27.68± 1.47  –0.43  –1.03 
 

0.3  

SD : Standard deviation. p-value: Probability value.  
MD: Mean difference.  

Group A  

Mean ±  SD  
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Effect of treatment on systolic and diastolic  

blood pressure, TNF, HR and RPP:  

-  Within group comparison:  

There was a significant decrease in systolic and  
diastolic blood pressure, TNF, HR and RPP in the  

study group post treatment compared with that pre  

treatment (p>0.001). The percent of change of  

systolic and diastolic blood pressure, TNF, HR and  
RPP in the study group was 6.46, 5.39, 28.21, 5.18  
and 10.49% respectively. There was no significant  

change in systolic and diastolic blood pressure,  

TNF, HR and RPP between pre and post treatment  
in both the control group (p>0.05). (Table 2).  

-  Between groups comparison:  

There was no significant difference in all var-
iables between groups pre-treatment ( p>0.05).  
Comparison between groups post treatment re-
vealed a significant decrease in systolic and diasto-
lic blood pressure, TNF, HR and RPP of the study  
group compared with that of the control group  

(p>0.01). (Table 2).  

Table (2): Mean systolic and diastolic blood pressure, TNF, HR and RPP pre and post treatment of the study and control groups.  

Pre  Post  
MD  % of  

change  
t- 

value  
p - 

value  Mean ±  SD  Mean ±  SD  

Systolic blood pressure (mmHg):  

Study group  154.08±8.08  144.13 ±7.48  9.95  6.46  13.52  0.001  
Control group  152.05±9.72  150.3±9  1.75  1.15  1.7  0.1  
MD  2.03  –6.17  
t-value  0.8  –2.63  

p=0.42  p=0.01  
Diastolic blood pressure (mmHg):  

Study group  95.26±4.59  90.13±4.66  5.13  5.39  17.48  0.001  
Control group  94.62±4.04  94.05±4.14  0.57  0.6  1.57  0.13  
MD  0.64  –3.932  
t-value  0.5  –3.03  

p=0.61  p=0.004  
TNFα  (pg/ml):  

Study group  18.54±2.39  13.31 ± 1.84  5.23  28.21  13.18  0.001  
Control group  19.35±2.57  19.01 ±2.24  0.34  1.76  1.4  0.17  
MD  –0.81  –5.7  
t-value  –1.13  –9.81  

p=0.26  p=0.001  
HR (beats/min):  

Study group  86.46±4.98  81.98±4.05  4.48  5.18  15.34  0.001  
Control group  85.37±4.14  85±3.71  0.37  0.43  1.13  0.27  
MD  1.09  –3.02  
t-value  0.81  –2.66  

p=0.42  p=0.01  
RPP:  

Study group  13.35±0.98  11.95±0.88  1.4  10.49  28.87  0.001  
Control group  13.11 ±0.81  13.01 ± 1.25  0.1  0.76  0.51  0.61  
MD  0.24  –1.06  
t-value  0.87  –3.49  

p=0.38  p=0.001  

SD : Standard deviation. p-value: Probability values. HR : Heart rate.  
MD: Mean difference. TNFα : Tumor necrosis factor alpha. RPP : Rate pressure product.  

Discussion  

At the end of the study, the results revealed  

that there was no significance difference between  

groups in age and BMI (p>0.05). There was a  
significant decrease in the systolic blood pressure  
of study group compared with that of control group  

post treatment (p=0.01). There was a significant  
decrease in the diastolic blood pressure of study  

group compared with that of control group post  
treatment (p=0.004). There was a significant de-
crease in the TNFα  of study group compared with  
that of control group post treatment (p=0.0001).  
There was a significant decrease in the HR of study  

group compared with that of control group post  
treatment (p=0.01). There was a significant decrease  
in the RPP of study group compared with that of  
control group post treatment ( p=0.001).  
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The result of the current study was supported  

by Eskandari et al., 2021 [10]  who showed there is  
a significant decrease in the level of tumor necrosis  

factor alpha, systolic blood pressure, diastolic  

blood pressure after four weeks of short duration  
Upper limb resistance training and lower limb  
resistance training compared to the control group,  

but there was no significant difference between  

the two experimental groups. TNF-alpha levels  

were found to significantly positive correlate with  

SBP, DBP. This study suggested that short duration  

and moderate-intensity UBRT and LBRT leads to  

similar changes in the reduction of blood pressure  

and TNF- (as a risk factor of hypertension). So,  

these trainings can be a good alternative to each  

other as an effective strategy for reducing blood  

pressure in hypertensive middle-aged and elderly  
men with possible activity limitation or with mus-
culoskeletal disorders in the upper or lower body.  
It is also recommended that resistance training  
synergizes with medication to optimize the reduc-
tion in the blood pressure and inflammatory risk  

factor of hypertension.  

The results also agreed with that of Macêdo et  
al., (2018) [11]  who demonstrated that eight weeks  
of resistance training significantly decreased the  

serum concentrations of IL-6, TNF- α , and CRP in  
the elderly women.  

Balducci et al., 2010 [12]  although confirmed  
that IL-6, and TNF- α  reduction is more evident  
when subjects are trained for 12 months with  

combined aerobic and resistance training of high  
intensity compared with subjects trained with  

aerobic only, on the contrary, that anti-inflammatory  

cytokines (IL-4 and IL-10) increase more in the  
mixed exercise group.  

Resistance exercise significantly reduced the  
expression of TNF-α , These effects correlated with  
increases in lower body muscular strength. This is  
the first study to demonstrate the beneficial effects  

of resistance training on the inflammatory profile  

of breast cancer survivors and suggests that the  

effect is linked to increases in muscular (Strength-
Hagstrom et al., 2016) [13] .  

Hilawe et al. (2013) [14]  also came in the same  
line of this study and approved that physical exer-
cise in form of circuit weight training could be  

used as full weapon against local vascular and  
systemic inflammation. Serum levels of IL-6, TNF-
α  and CRP were significantly decreased after  

twelve weeks of circuit weight training program.  

Diogo et al., (2020) [15]  stated that the circuit  
training protocol proves effective not only in im- 

proving physical fitness but also reducing blood  
pressure at rest in hypertensive older women.  

Trevizani et al., (2018) [16]  showed that the  
resistance training program was effective for mus-
cular endurance and strength gain, promoted acute  

BP response, with evident reduction of SBP after  

the resistance exercise sessions.  

Kazeminia et al., (2020) [17]  indicated that  
exercise leads to significant reduction in both  

systolic and diastolic blood pressure. Accordingly,  
regular exercise can be part of the treatment plan  

for hypertensive elderly.  

Stamou et al. (2020) [18]  Also reported that  
increasing physical activity from low to moderate  
level significantly decreased heart rate and systolic  
blood pressure, These findings indicated that the  

beneficial effect of physical activity on heart rate  

was stronger.  

On the other hand, Taheri & Nikseresht, (2015)  
[19]  indicated that 10 weeks resistance and aerobic  
training with moderate intensity and volume are  

not sufficient to reduce inflammatory cytokines  

(TNF-α  and IL 6) in sedentary healthy overweight  

men. It can be concluded that the probable reason  
for not reducing of this cytokines is because of the  

normal concentrations in baseline and the subjects  

being young.  

Mateus et al., (2018) [20]  results also come  
against this study and said that: The combined  

training protocol was not correlated with changes  

in the TNF-α ; however, the exercise training was  
able to improve body composition and functional  
capabilities and contained the worsening of sys-
temic inflammation associated to obesity.  

Conclusion:  
In conclusion, circuit weight training had great  

effect in decreasing tumor necrosis factor alpha,  
blood pressure, heart rate and rate pressure product.  
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