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Objective: The purpose of this study was to investigate the responses of selected inflammatory cytokines to isometric
handgrip exercise and identify possible effects of intensity and duration of the isometric effort on these variables.
Methods: A total of 192 sedentary prehypertensive Nigerian participants aged between 30 and 50 years were
recruited into the study and randomly distributed into 3 groups of 64 participants each. The participants performed 24
consecutive days of isometric handgrip exercise at 30% maximum voluntary contraction. At the end of the 24 days,
group 1 discontinued the exercise protocol, while group 2 continued the exercise protocol for another 24 consecutive
days, and group 3 continued with the exercise protocol for another 24 consecutive days but at 50% maximum
voluntary contraction. The parameters used to assess the inflammatory cytokine variables included interleukin-6
(IL-6), interleukin-10 (IL-10), and tumor necrosis factor-alpha (TNF-a).
Results: There was an increase in the resting values of IL-10 across the 3 groups, while the resting values of IL-6 and
TNF-a were reduced significantly across groups. Generally, the exercise-induced changes in the levels of these
cytokines (TNF-a, IL-6, and IL-10) should improve inflammatory and metabolic abnormalities.
Conclusion: The isometric handgrip exercise protocols in this study resulted in elevation of anti-inflammatory
cytokine (IL-10) and reductions in the values of proinflammatory cytokines TNF- a and IL-6. (J Chiropr Med
2022;21;177-186)

Key Indexing Terms: Chronic Disease; Cytokines; Exercise
TAGGEDH1INTRODUCTION TAGGEDEND

Chronic low-grade systemic inflammation is a promi-
nent risk factor for several chronic diseases.1-4 Empirical
evidence, as indicated by higher levels of circulating proin-
flammatory mediators, links low-grade inflammation with
diseases and disorders of several body systems, affecting
the cardiovascular (atherosclerosis, heart failure), endocrine
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(insulin resistance, metabolic syndrome), musculoskeletal
(sarcopenia, arthritis, osteoporosis), respiratory (chronic
obstructive pulmonary disease), and neurological (demen-
tia, depression) systems, including many other adverse
health conditions, and the inflammatory pathway is a
potential therapeutic target.4 The prevalence of chronic dis-
ease has increased steadily in recent years—nearly half of
the population of the world has at least 1 chronic condition,
and the number is growing.5

According to the Centers for Disease Control and Pre-
vention, more than two-thirds of deaths are the result of
chronic diseases.6 By 2030, the scientific community proj-
ect that chronic diseases will account for more than three-
fourths of deaths worldwide.7 The advent of the 21st cen-
tury witnessed an upsurge of chronic diseases, while infec-
tious diseases became relatively less of a burden. While
pharmacotherapy may manage some acute diseases, the
biomedical model is complicated when dealing with health
crises resulting from chronic diseases. Chronic diseases,
such as cancer, diabetes, inflammatory bowel disease,
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central nervous system degenerative diseases, hyperten-
sion, stroke, heart disease, respiratory diseases, arthritis,
obesity, and oral diseases, are largely associated with life-
style factors and can be minimized or prevented, for the
most part, by lifestyle changes.7

Due to the increasing longevity and growing aging pop-
ulation and a global scale increase in risk factors for
chronic diseases, alternative interventions are required to
minimize physician supervision and associated diagnostic
and hospitalization costs. Given the scope and prevalence
of chronic diseases, a population health approach using
preventive measures would be the most appropriate model
to adopt to deal with this ubiquitous problem. Such preven-
tative measures would help in reducing the global burden
of chronic diseases plaguing the health care systems of the
world.2 Regular physical exercise has been reported to cre-
ate an anti-inflammatory milieu, leading to reduced resting
levels of proinflammatory cytokines and increased levels of
anti-inflammatory cytokine concentrations in both younger
and older adults.8,9

Physical exercise is recognized as an important strategy
for reducing the risk of chronic disease, and recent research
has focused on its role in the improvement of the inflamma-
tory profile. Physical exercise has equally been shown to
represent a quantifiable model of stress, and many physical
stressors have been found to induce a pattern of hormonal
and immunological responses that have similarities to that
of exercise.10

This pattern of hormonal and immunological responses
is characterized as a body’s defense response, whose goal
is to promote healing and repair. The magnitude of this pro-
cess, however, is the determinant of the health benefit and
is regulated by proinflammatory and anti-inflammatory
cytokines. Localized inflammation is thought to be highly
beneficial and physiologically protective to initial tissue
injury, but an elevated response can result in cytokine
release into the circulation known as systemic inflamma-
tory response syndrome or hypercytokinemia, which
becomes pathogenic and self-destructive and sometimes
fatal to the host.11 The overproduction of proinflammatory
cytokines leads to this syndrome and could result in multi-
ple organ damage associated with thermal and ischemia-
reperfusion injury, severe trauma, septic shock, and sys-
temic infections.12,13

Over the last century, a sedentary lifestyle increasingly
became the norm, with more people becoming less active;
thus, this has been promoted either by the alteration in the
kind of work or by the adoption of new habits attributable
in part to changes in the demands of work. This scenario
has resulted in an unexpected increase in the prevalence of
chronic diseases.14 Physical exercise is considered an effec-
tive and preventive countermeasure to chronic diseases,
and findings from previous studies indicated that physical
exercise improves many components of cardiovascular risk
factors as well as insulin sensitivity.15 Unfortunately,
physical activity is becoming increasingly difficult to sus-
tain. This may be because society is advancing rapidly in
technology that most people today are spared the burden of
physical labor, coupled with the fact that most occupations
do not require substantial physical activity. Nowadays, lei-
sure time is filled with sedentary behaviors.16

Physical exercise recommendations have centered on
dynamic exercise, and there have been restrictions and cau-
tion regarding the recommendations of isometric exercise.
There is a paucity of data regarding recommendations for
isometric or resistance exercises.17 Despite much evidence
indicating that increased physical activity is associated
with reduced systemic inflammation, the results of inter-
vention studies are still controversial. One promising regi-
men currently being explored is isometric hand grip
exercise training.17 Preliminary studies have shown that
this type of exercise may have a positive impact on the
inflammatory profile.

Therefore, the purpose of this study was to investigate
the responses of selected inflammatory cytokines to isomet-
ric handgrip exercise and identify possible effects of inten-
sity and duration of the isometric effort on these variables.
The hypothesis of the study was to see if there was a
change in inflammatory cytokine properties following the
interventions.
TAGGEDH1MATERIALS AND METHODTAGGEDEND

General Study Design
The procedure of this study consisted of an isometric

handgrip exercise trial. One hundred and ninety-two Niger-
ian people who were prehypertensive (n = 192, 105 men
and 87 women, aged 39.04 § 6.4 years; body mass index,
25.45 § 2.72 kg/m2) were recruited for this study. All the
participants had been diagnosed and referred by the physi-
cian with a blood pressure level classified as prehyperten-
sion based on the classification of the Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. This represents a sys-
tolic blood pressure range of 120 to 139 mmHg and a dia-
stolic blood pressure range of 80 to 89 mmHg. The
participants had an age ranging from 30 to 50 years. This is
because inflammatory diseases and prehypertension have
been found to have an increased risk in individuals 40 years
and above.

A screening session was conducted to assess the base-
line parameters and blood pressure of the participants, and
blood samples were collected. All blood sample collection
and blood pressure measurements were done according to
international guidelines. The sample population was ran-
domly selected into any of the 3 groups. The participants
were asked to pick from a ballot box, concealing papers
marked G1, G2, or G3, to determine which group the par-
ticipants would belong to. A detailed procedure of the
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exercise was then given to the participants before com-
mencement of the exercise training.
Sample Size Calculation
For this study, the minimum number of samples

required was computed in accordance with the following
Charan and Biswas18 formula for experimental studies:
N = [(Z1-a/2

2SD2) / d2]. Therefore: (1.962[102] / 52 = 100 *
3.8416 / 25 = 384.16 / 25 = 16. In the equation, SD is the
standard deviation, Z1-a/2 is the standard normal variate,
and d is the absolute error or precision.

A total of 16 participants were to be assigned to each
group; however, to ensure more generalization of the
results, the sample size was increased to a total of 64 partic-
ipants randomly assigned to each group, giving rise to a
total of 192 participants.
Inclusion criteria
Inclusion into the study was subject to a normal medical

examination, determined by a consultant physician. Only par-
ticipants with no clinical evidence of infectious, inflamma-
tory, and/or chronic diseases were recruited. More so,
participants were not on medication, and all recruited partici-
pants were sedentary, which was defined by a score of 3 or
less using the Rapid Assessment of Physical Activity survey.
Ethics
The participants were properly briefed, and written

informed consent was obtained. This study conformed to
the Declaration of Helsinki and jointly received institutional
ethical approval from the Federal Medical Centre Asaba,
Delta State (FMC/ASB/A81.VOLXII/101), and the Faculty
of Basic Medical Sciences, Delta State University, Abraka,
Delta State (REC/FBMS/DELSU/18/16/103) in Nigeria.
Exclusion Criteria
Participants were excluded from the study according to

the following exclusion criteria: age below and or above
the range of 30 to 50 years; queried health status with clini-
cal evidence of chronic diseases; blood pressure above or
below the prehypertension level; participants on medica-
tion; and/or participants who declined to participate in the
study. Other exclusion criteria for isometric handgrip
included individuals experiencing debilitating arthritis, car-
pal tunnel, peripheral neuropathy, an aneurysm, or mitral
valve complications.
Assessment of Participants and Data collection
Following a detailed medical examination, including a

12-lead electrocardiogram by the consultant physician to
rule out contraindications to physical exercise, a study of
the participant’s case notes was done, and important infor-
mation was noted. The general and more detailed informa-
tion regarding the participants’ health, medication, and
lifestyles were personally reported by using both a ques-
tionnaire and verbal statement during history taking and
medical examination. The succeeding designated health
parameters were formerly measured to get hold of further
evidence and baseline values of the participants on the rele-
vant parameters to this study.
Initial Resting Parameters
The initial resting parameters are the baseline parame-

ters collected prior to the date of commencement of the
intervention. The initial resting parameters were measured
between the hours of 7 AM and 9 AM. The measures were
repeated twice so that the average of the 2 scores was used
for the data. The measurements were carried out after each
participant had observed a 15-minute seated rest on arrival.
Final Resting Parameters
The final resting parameters were taken on the 49th day

to the commencement of the exercise. These parameters
were measured between the hours of 7 AM and 9 AM, fol-
lowing at least a 15-minute seated rest for each patient.
Biodata
Biodata was collected via face-to-face interviews of the

participants. As the participants arrived at the clinic, they
were made to rest in a chair for at least 10 minutes. The partic-
ipants were hereafter evaluated via a structured questionnaire.
Height
Height was measured using Stadiometer (Ayrton Corpo-

ration, Prior Lake, Minnesota), which is a measuring scale
for height calibrated in centimeters. Each participant was
instructed to stand barefooted on the platform of the height
scale with both feet together. The knees were flexed at
180° while the participants rested against the height scale
with the back with the eyes looking forward. The measure
of the height was taken as the space from the scale platform
to the vertex of the head, which was read and recorded.
Weight
The participants were weighed using a weighing scale.

Measurements were taken using the Digital Weighing
Scale (BEU-GS27−007, Beurer GmbH, Ulm, Germany).
The Digital Weighing Scale has excellent reliability in
static limb loading measurement.19 Each participant was
instructed to wear light clothing and stand barefooted, with
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1 foot on each side of the scale still standing straightfor-
ward on the weighing scale with the arms kept by the side.
Blood Pressure Assessment
The participants were screened to evaluate the blood

pressure of prospective candidates. All blood pressure
measurements were taken according to the 2019 American
College of Cardiology/American Heart Association Guide-
lines for blood pressure measurement,20 which require par-
ticipants to rest in a quiet environment for at least 10
minutes prior to the measurement. Upon coming into the
clinic, the participants were made to rest in a sited position
for at least 15 minutes, comfortably with the back sup-
ported and legs uncrossed. The position adopted by the par-
ticipants during measurement was an upright position in a
chair with the arms supported on a table.
Electronic Sphygmomanometer
Resting blood pressure and pulse rate measurements

were made using an automated monitor (Dinamap Pro 300;
GE Medical Systems, Berks, United Kingdom). The Dina-
map Pro 300 device was evaluated for accurateness and
dependability of measurement by means of the mercury
sphygmomanometer. The cuff was placed around the par-
ticipant’s left arm over the left brachial artery, about 1.5 cm
directly above the antecubital fossa and leveled with the
heart. Measuring instructions required that the participants
remained silent throughout the procedure. The position
adopted by the participants during measurement was an
upright position in a chair while the upper limbs were sup-
ported on the table, lower limbs uncrossed, and feet posi-
tioned flat on the floor. The lowest of 3 measures was used
for analysis, as reported by Wiles et al,21 since it has been
previously stated that initial measurements are often higher
than subsequent measures and so are not reflective of true
resting arterial pressures.19 Each of the 3 measures was sep-
arated by an interval of 60 seconds, which is in agreement
by way of earlier recommendations and studies.21
Experimental Procedure
On arrival at the clinic on the first day, participants were

made to observe a 15-minute seated rest period, after which
their blood samples were collected for baseline levels of
inflammatory cytokines (interleukin-6 [IL-6], interleukin-
10 [IL-10], and tumor necrosis factor-alpha [TNF-a]). A
detailed explanation and a demonstration of the exercise
protocol were given to the participants, and they were
asked to report to the physiotherapy clinic at 4 PM for the
exercise daily. The training session for each day took place
between the hours of 4 PM and 8 PM daily.

The participants, upon arrival at the clinic, were made to
observe a 15-minute seated rest period, after which they
were asked to squeeze the dynamometer with their domi-
nant hand twice for a maximum of 2 seconds with a 5-min-
ute rest in between so as to determine their respective
maximum voluntary contraction (MVC) for each session.
The mean of the 2 readings was taken as the MVC for each
participant for that session. Participants were thereafter
instructed to squeeze and sustain the dynamometer for 2
minutes at 30% MVC. The dynamometer pointer, which
read the scale, gave visual feedback to the participants for
the maintenance of the 30% MVC.

This procedure was repeated twice for each training ses-
sion with a 5-minute rest in between. The position adopted
by the participants throughout the exercise training was sit-
ting with upper limbs supported on a table. The exercise
protocol was performed for 24 consecutive days. Group 1
(G1) discontinued, with the exercise protocol after 24 days,
while group 2 (G2) continued for another 24 consecutive
days at 30% MVC. On the other hand, group 3 (G3) contin-
ued with the exercise protocol for another 24 consecutive
days but at 50% MVC. At the end of the 48 days, blood
samples were collected on the 49th day for assessment of
the resting data of the inflammatory cytokines (TNF-a, IL-
6, and IL-10) parameters.
Blood Sample Collection and Analysis of Cytokines
Five mL of overnight fasting (10-12 hours) blood sam-

ples were intravenously collected before and after exercise.
The pre-exercise blood sample collection was done on the
first day of the screening prior to the commencement of the
exercise between the hours of 7 AM and 9 AM, and the
post-exercise blood sample was collected on the 49th day
to the commencement of the exercise at the same time.
After 10 minutes of resting in a chair, venous blood from
the antecubital vein was collected into a serum tube. Imme-
diately following collection, blood samples were allowed
to settle at room temperature for 20 minutes to 1 hour in
the vacutainer tubes using standard aseptic techniques to be
clotted and then were centrifuged (1000 g) at 4°C for 20
minutes to separate serum from plasma.

Serum samples were then allocated into 1.5 mL tubes
and immediately frozen for further analyses. Commercially
available ELISA kits were then used to measure IL-6, IL-
10, and TNF-a concentrations. Samples were analyzed in
duplicate, and all techniques and materials were used
according to the manufacturer’s instructions by qualified
and licensed medical laboratory scientists. All samples for
any one participant were analyzed using the same assay to
eliminate inter-assay variance.
Data Collection and Analysis
Three major inflammatory cytokines were selected based

on their peculiar role and/or characteristics and ease of labo-
ratory assay with regard to available resources and facilities.



Table 1. Descriptive Demographic Data of the Participants

Variable N Mean Standard Deviation

Age (y) 192 39.04 6.441

Height (m) 192 1.7000 .11299

Weight (kg) 192 73.3750 9.00975

Body mass index (kg/m2) 192 25.4487 2.72359
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These were IL-6, IL-10, and TNF-a, which are major proin-
flammatory cytokines and have been shown to modulate
multiple signaling pathways with wide-ranging downstream
effects.19,22 TNF-a plays a vital role in the typical immune
response through modulation of pathways that involves an
immediate inflammatory response with subsequent prolifera-
tion and programmed cell death. It has been shown in a
number of inflammatory diseases, particularly in rheumatoid
arthritis, ankylosing spondylitis, and Crohn’s disease,22

while IL-6 exerts a proinflammatory effect when the signal-
ing receptor protein, which activates the membrane-bound
signaling receptor protein, thus, higher levels of cardiopul-
monary fitness have been associated with lower circulating
concentrations of both IL-6 and c-reactive protein at rest.1,2,9

The collected data were statistically analyzed using
descriptive and inferential statistics. The descriptive statis-
tics employed in this study were the mean and standard
deviation. The inferential statistics used in the analysis of
the data included a 1-tailed Student’s t test to determine the
intragroup differences in the initial and final values of the
parameters of the 3 groups. One-way analysis of variance
(ANOVA) was thereafter used to compare the means of the
3 groups to determine their level of relationship. Further-
more, a 2-tailed Student t test was used to determine the
intragroup differences in the initial and final resting values
of the parameters of G1 and G2 and with G2 and G3 to
determine the effect of continuation (duration) and increase
in dosage (intensity) of the isometric effort, respectively.
TAGGEDH1RESULTS TAGGEDEND

Table 1 presents descriptive demographic data of all the
participants. There were 192 participants total, with a mean
Table 2. Pre- and Post-Exercise Mean Values of the Inflammatory C

Parameter Pre-Exercise Post-Exercise D

TNF-a (pg/mL) 1.63 § 0.26 1.58 § 0.26 −

IL-6 (pg/mL) 0.45 § 0.08 0.42 § 0.08 −

IL-10 (pg/mL) 6.5 § 1.58 7.03 § 1.59

Data are expressed as the mean § standard deviation (n = 64) unless otherwis
Diff, difference in exercise protocol;Df, degree of freedom; IL-6, interleukin-6; IL
a P < .05.
age of 39.04 § 6.4 years, height 1.7 § 0.11 m, weight
73.4 § 9.0 kg, and body mass index of 25.4 § 2.7 kg/m2.

The body mass index distribution of the participants
showed that 3.1%, 15.6%, 34.4%, and 46.9% of the partici-
pants were morbidly obese, obese, overweight, and normal
with their weight, respectively (Table 1). There were 6 peo-
ple who were morbidly obese, 30 participants were obese,
66 participants were overweight, and 90 participants had
normal weight. From this data, weight may be related to
prehypertension since the participants were randomly
selected, though this was not the focus of the study.

The distribution of the participants was based on their
sex—a total of 54.7 % (105) were men while the rest
45.3% (87) were women. It could be deduced from this
data that prehypertension is more associated with men.

Table 2 shows the pre- and post-exercise mean values of
the inflammatory cytokines of the exercise for G1. Results
obtained revealed a mean reduction of 0.05 § 0.036 pg/mL
and 0.036 § 0.017 pg/mL in TNF-a and IL-6, respectively,
and a mean increase of 0.53 § 0.14 pg/mL in IL-10. These
values were statistically significant. This means that the
exercise protocol of G1 produced a significant mean reduc-
tion in the values of TNF-a and IL-6 and a significant
mean increase in IL-10. It appears then that isometric hand-
grip exercise at 30% MVC has an anti-inflammatory effect
in humans.

Table 3 shows the pre- and post-exercise mean values of
the inflammatory cytokines of the exercise for G2. The par-
ticipants showed a mean reduction of 0.065 §
0.026 pg/mL and 0.057 § 0.014 pg/mL in TNF-a and IL-
6, respectively, and an increase of 0.493 § 0.24 pg/mL in
IL-10. The values were statistically significant. This means
that isometric handgrip exercise at 30% MVC over a longer
duration also promotes an anti-inflammatory effect in
humans.

Table 4 shows the pre- and post-exercise mean values of
the inflammatory cytokines of exercise G3. The partici-
pants also had a mean reduction of 0.10 § 0.11pg/mL and
0.07 § 0.28 pg/mL in TNF-a and IL-6, respectively, and
an increase of 0.77 § 0.32 pg/mL in IL-10. The values
were statistically significant. This means that isometric
handgrip exercise at 30% MVC over a longer duration and
at increased intensity also promotes an anti-inflammatory
effect in humans.
ytokines of Exercise Group 1

iff. Df Sig. (2-tailed) Remark

0.05 § 0.04 63 <.001a Significant

0.04 § 0.01 63 <.001a Significant

0.53 § 0.14 63 <.001a Significant

e indicated.
-10, interleukin-10; Sig, significance;TNF-a, tumor necrosis factor-alpha.



Table 3. Pre- and Post-Exercise Mean Values of the Inflammatory Cytokines of Exercise Group 2

Parameter Pre-Exercise Post-Exercise Diff. Df Sig. (2-tailed) Remark

TNF-a (pg/mL) 1.47 § 0.27 1.41 § 0.26 −0.07 § 0.03 63 <.001a Significant

IL-6 (pg/mL) 0.47 § 0.10 0.41 § 0.09 −0.06 § 0.01 63 <.001a Significant

IL-10 (pg/mL) 6.2 § 1.3 6.69 § 1.44 0.49 § 0.24 63 <.001a Significant

Data are expressed as the mean § standard deviation (n = 64) unless otherwise indicated.
IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-alpha.
a P < .05.

Table 4. Pre- and Post-Exercise Mean Values of the Inflammatory Cytokines of Exercise Group 3

Parameter Pre-Exercise Post-Exercise Diff. Df Sig. (2-tailed) Remark

TNF-a (pg/ mL) 1.52 § 0.16 1.41 § 0.16 −0.10 § 0.11 63 .003a Significant

IL-6 (pg/mL) 0.47 § 0.11 0.40 § 0.10 −0.07 § 0.28 63 <.001a Significant

IL-10 (pg/mL) 6.53 § 1.25 7.31 § 1.30 0.77 § 0.32 63 <.001a Significant

Data are expressed as the mean § standard deviation (n = 64) unless otherwise indicated.
IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-alpha.
a P < .05.
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Table 5 shows the effects of cessation and continuation
of the exercise protocol in the mean values of the inflam-
matory cytokine parameters for G1 and G2. The table
shows an increase with average values of 0.015 §
0.01 pg/mL and 0.021 § 1.35 pg/mL in TNF-a and IL-6,
respectively, and a mean decrease of 0.042 § 0.10 pg/mL
in IL-10 following a continuation of the exercise protocol
as seen in G2. This means that cessation of the exercise
protocol after 24 days, as seen in G1, produced a lesser
effect compared to continuation of the exercise protocols,
as seen in G2. However, the changes were not statistically
significant except with IL-6. The results of Table 5 clearly
demonstrate that the effects of duration on the observed
changes were not statistically significant.

Table 6 shows the effects of continuation and increase in
the intensity of the exercise protocol in the mean values of
the parameters of the inflammatory cytokines. Results
showed an increase with average values of 0.045 §
Table 5. The Comparative Effects of Cessation and Continuation of t
Cytokines

Parameter Exercise Group 1 Exercise Group 2

TNF-a (pg/mL) 0.05 § 0.036 0.07 § 0.026

IL-6 (pg/mL) 0.036 § 0.017 0.06 § 0.014

IL-10 (pg/mL) 0.53 § 0.14 0.49 § 0.24

Data are expressed as the mean § standard deviation (n = 128) unless otherwi
IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-alpha
a P < .05.
0.07 pg/mL and 0.013 § 0.35 pg/mL in TNF-a and IL-6,
respectively, and a mean decrease of 0.2 § 0.06 pg/mL in
IL-10, following an increase in the intensity of the exercise
protocol as seen in G3. These values were, however, not
significant, except with IL-10. The results of Table 6
clearly demonstrate that the effect of increase in the inten-
sity of the exercise protocols on the observed changes was
not statistically significant but significantly boosted the
anti-inflammatory effect.

Table 7 shows 1-way ANOVA of the inflammatory
cytokine mean difference across the 3 groups. There was
no statistical significance following 1-way ANOVA in the
3 exercise procedures on the values of the inflammatory
cytokine parameters. The results of Table 7 above clearly
demonstrate that isometric handgrip exercise at 30%
MVC promotes an anti-inflammatory effect that is not pre-
dominantly affected by the duration and or increase in
intensity.
he Exercise Protocol at the End of 48 Days on Inflammatory

Diff. Df Sig. (2-tailed) Remark

0.015 § 0.01 127 .553 Insignificant

0.021 § 1.35 127 .001a Significant

0.04 § 0.10 127 .956 Insignificant

se indicated.
.



Table 6. The Comparative Effects of Continuation and Increase in Intensity of the Exercise Protocol at the End of 48 Days on Inflam-
matory Cytokines

Parameter Exercise Group 2 Exercise Group 3 Diff. Df Sig. (2-tailed) Remark

TNF-a (pg/mL) 0.065 § 0.026 0.10 § 0.11 0.045 § 0.07 127 .197 Insignificant

IL-6 (pg/mL) 0.057 § 0.014 0.07 § 0.28 0.013 § 0.35 127 .082 Insignificant

IL-10 (pg/mL) 0.493 § 0.24 0.77 § 0.3 0.2 § 0.06 127 .009a Significant

Data are expressed as the mean § standard deviation (n = 128) unless otherwise indicated.
IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-alpha.
a P < .05.
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TAGGEDH1DISCUSSION TAGGEDEND

The widespread deleterious health effect of the aug-
mented inflammatory state critically calls for identification
of therapies that could reduce inflammation, and physical
exercise is currently becoming a promising panacea to this
ubiquitous health burden. The main focus of this study was
to assess the responses of selected cytokines to isometric
handgrip exercise and identify possible effects of continua-
tion, cessation, and increase in the intensity of the isometric
exercise. The effects of physical activity on systemic inflam-
mation have not been extensively studied, and available data
have shown controversial reports.2,3 The outcome of this
investigation shows that the isometric handgrip exercise pro-
tocols lead to a significant alteration in the resting values of
the inflammatory cytokines post-exercise. Conspicuously,
the isometric handgrip exercise occasioned a decline in the
proinflammatory cytokines and gave way to a rise in anti-
inflammatory cytokines. The results further revealed that
continuation of the exercise protocol after 24 days enhanced
and produced a significant decrease of proinflammatory
cytokines and a rise in anti-inflammatory cytokines. The
exercise-induced changes in inflammatory cytokine levels
have been reported to be related to the type, intensity, and
Table 7. Analyses of Variance for the 3 Groups on Inflammatory Cyt

Parameter Sum of Squares

TNF-a (pg/mL) Between-groups .026

Within-groups .240

Total .266

IL-6 (pg/mL) Between-groups .010

Within-groups .020

Total .030

IL-10 (pg/mL) Between-groups .705

Within-groups 2.574

Total 3.279

IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-alpha
duration of exercise and endurance capacity of the partici-
pant.15 Many studies indicated that acute exercise increased
inflammatory cytokines, but opposite effects were observed
after chronic exercise.9 Several studies have reported reduc-
tions in proinflammatory cytokines following physical activ-
ities, indicating that long-term exercise training may reduce
chronic low-grade systemic inflammation.15,23

The exercise trials in this study resulted in significant
changes in the post-exercise resting values of the inflamma-
tory cytokines. Notably, there was a reduction in the proin-
flammatory cytokines and an increase in the anti-
inflammatory cytokines. The results further revealed that a
continuation of the exercise protocol after 24 days, as seen
in G2, resulted in a further reduction of the proinflamma-
tory cytokines and an increase in anti-inflammatory cyto-
kines compared to cessation of the exercise protocol after
24 days, as seen in G1, although the changes were not sta-
tistically significant except with IL-6. On the other hand,
the increase in the intensity of the exercise protocol, as
seen in G3, significantly further reduced the resting values
of IL-6 and increased IL-10, but the reduction on TNF-a
was not significant compared to continuation of the exer-
cise protocol after 24 days.
okine Parameters Inflammatory Biomarkers

Df Mean Square F Sig.

2 .013 2.420 .100

189 .005

191

2 .005 11.611 .060

189 .000

191

2 .353 6.167 .054

189 .057

191

.
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Moreover, increase in exercise intensity, as seen in G3,
significantly further reduced the resting values of IL 6 and
TNF-a but increased IL-10. In G1, there was a mean reduc-
tion of 0.05 § 0.036 pg/mL in TNF-a and 0.057 §
0.014 pg/mL in IL-6, whereas a mean rise of 0.53 §
0.14 pg/mL in IL-10 was observed. Similarly, the G2 par-
ticipants showed a mean reduction of 0.065 §
0.026 pg/mL and 0.057 § 0.014 pg/mL in the TNF-a and
IL-6, respectively, and an increase of 0.493 § 0.24 pg/mL
in IL-10. In G3, the participants also had a mean reduction
of 0.10 § 0.11 pg/mL and 0.07 § 0.28 pg/mL in TNF-a
and IL-6, respectively, and an increase of 0.77 §
0.32 pg/mL in IL-10. These changes were interestingly sta-
tistically significant in all 3 exercise groups; thus, it appears
that inflammatory cytokines have a high sensitivity to iso-
metric exercise protocols. Despite the seeming controver-
sies surrounding the effect of physical exercises, the
potential for regular physical exercise as an anti-inflamma-
tory intervention is increasingly being recognized.4

Exercises have been applied as a means of intervention
in inflammatory and immune system disorders, even in
conditions where it was previously contraindicated.24,25

Comparing the effects of cessation and continuation of the
exercise protocols showed an increase, with average values
of 0.015 § 0.01 pg/mL and 0.021 § 1.35 pg/mL in TNF-a
and IL-6, respectively, and a mean decrease of 0.042 §
0.10 pg/mL in IL-10 following a continuation of the exer-
cise protocol as seen in G2, showing that duration of the
exercise protocol has a direct proportional effect in the val-
ues of these parameters. Nevertheless, these differences did
not show any statistical significance except with IL-6. On
the other hand, the comparative effects of continuation and
increase in intensity of the exercise protocol showed an
increase, with average values of 0.045 § 0.07 pg/mL and
0.013 § 0.35 pg/mL in TNF-a and IL-6, respectively, and
a mean decrease of 0.2 § 0.06 pg/mL in IL-10, following
an increase in the intensity of the exercise protocol as seen
in G3. These differences were also not statistically signifi-
cant except for IL-10. ANOVA showed no significant dif-
ference in the 3 exercise groups in all of the variables
analyzed.

Observational data from large population cohort studies
consistently show an association between physical activity
and inflammation. A linear trend for lower IL-6 and TNF-a
has been reported with greater amounts of physical activity
in the health, aging, and body composition study.26 In a
cross-sectional and prospective study, Taaffe et al27

reported that IL-6 concentrations were inversely propor-
tional to the number of reported hours of moderate and
strenuous exercise spent in a year. Reuben et al28 also
reported low concentrations of IL-6 in elderly persons with
the highest levels of recreational activity. Specifically,
lower proinflammatory cytokine concentrations were
observed in individuals who reported performing more fre-
quent and more intense physical activity.2
These reports are consistent with the results of this
study. However, this study employed an intervention
designed with a quantifiable exercise protocol in contrast to
the aforementioned reports. Since elevated levels of TNF-a
and IL-6 have been linked to morbidity and mortality of
conditions such as obesity, insulin resistance, type 2 diabe-
tes, cardiovascular diseases, and inflammatory diseases like
rheumatoid arthritis, Crohn disease, ankylosing spondylitis,
and psoriasis,2,9,22,23,29 the reductions observed in the val-
ues of these cytokines in this present study would be of
much health benefit. The results of this study showed that
24 to 48 consecutive days of isometric handgrip exercise
resulted in reductions in the values of proinflammatory
cytokines (decreased serum levels of TNF- a and IL-6) and
elevation of anti-inflammatory cytokines (IL-10) in mid-
dle-aged prehypertensive individuals.
Limitations and Future Studies
This study had prominent limitations, including a lack of

consistency in exercise protocols and quantification of inten-
sity of the exercise utilized. Furthermore, numerous sources
of bias, as well as the attitude of participants towards the
experimental protocol, were tentative limitations to the scope
and content of the present research. This study was limited
to people who had been diagnosed with prehypertension
who were 30 to 50 years of age and who lived in Nigeria.
Therefore, our findings may not necessarily apply to people
of different ages or who live in different regions. Future stud-
ies using the same exercise protocols should focus on moni-
toring the chronic effect over a longer duration.
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The isometric handgrip exercise protocols in this study
resulted in elevation of anti-inflammatory cytokine (IL-10)
and reduction in the values of proinflammatory cytokines
TNF- a and IL-6.
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Practical Applications
� We investigated the responses of selected
inflammatory cytokines to isometric handgrip
exercise.

� We found an increase in the resting values of
interleukin 10 across the 3 groups.

� Isometric handgrip exercise protocols resulted
in the elevation of anti-inflammatory cyto-
kines (interleukin 10) and reductions in the
values of proinflammatory cytokines tumor
necrosis factor-a and interleukin 6.
TAGGEDH1REFERENCES TAGGEDEND

1. Monastero RN, Pentyala S. Cytokines as biomarkers and their
respective clinical cutoff levels. Int J Inflam. 2017;2017:
4309485.

2. Wu D, Dinh TL, Bausk BP, Walt DR. Long-term measure-
ments of human inflammatory cytokines reveal complex
baseline variations between individuals. Am J Pathol.
2017;187(12):2620-2626.

3. Moon MK, Cho BJ, Lee YJ, et al. The effects of chronic exer-
cise on the inflammatory cytokines interleukin-6 and 2 tumor
necrosis factor-a are different with age. Appl Physiol Nutr
Metab. 2012;37(4):631-636.

4. Beavers KM, Brinkley TE, Nicklas BJ. Effect of exercise
training on chronic inflammation. Clin Chim Acta. 2010;411
(11):785-793.

5. National Conference of State Legislatures. Chronic disease
prevention and management. Available at: https://www.ncsl.
org/documents/health/chronicdtk13.pdf. Accessed January
29, 2021.

6. National Center for Chronic Disease Prevention and Health
Promotion. The power of prevention: chronic disease. . .the
public health challenge of the 21st century. Available at:
https://www.cdc.gov/chronicdisease/pdf/2009-power-of-pre
vention.pdf. Accessed January 29, 2021.

7. Khan M, Mensah G. Changing Practices to Improve Dietary
Outcomes and Reduce Cardiovascular Risk: A Food
Company’s Perspective. Purchase, NY: Background Paper
Commissioned by the Committee; 2009.

8. Santos RVT, Viana VAR, Boscolo RA, et al. Moderate exer-
cise training modulates cytokine profile and sleep in elderly
people. Cytokine. 2012;60:731-735.

9. Windsor MT, Bailey TG, Perissiou M, et al. Cytokine
responses to acute exercise in healthy older adults the effect
of cardiorespiratory fitness. Front Physiol. 2018;9:203.

10. Petersen AM, Pedersen BK. The anti-inflammatory effect of
exercise. J Appl Physiol. 2005;98:1154-1162.

11. Suzuki K. Cytokine response to exercise and its modulation.
Antioxidants. 2017;7(1):17.

12. Hung YL, Suzuki K. The pattern recognition receptors and
lipopolysaccharides (LPS)-induced systemic inflammation.
Int J Res Stud Med Health Sci. 2017;2:1-7.

13. Lim CL, Suzuki K. Systemic inflammation mediates the
effects of endotoxemia in the mechanisms of heat stroke. Biol
Med. 2017;9:376.

14. Petersen AM, Pedersen BK. The role of IL-6 in mediating the
anti-inflammatory effects of exercise. J Physiol Pharmacol.
2006;57(10):43-51.

15. Koh Y, Park S. Responses of inflammatory cytokines follow-
ing moderate intensity walking exercise in overweight or
obese individuals. J Exerc Rehabil. 2017;13(4):472-476.

16. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T,
McDowell M. Physical activity in the United States measured
by accelerometer. Med Sci Sports. 2008;40:181-198.

17. Chrysant SG. Current evidence on the hemodynamic and
blood pressure effect of isometric exercise in normotensive
and hypertensive persons. J Clin Hypertens (Greenwich).
2010;12:721-726.

18. Charan J, Biswas T. How to calculate sample size for differ-
ent study designs in medical research? Indian J Psychol Med.
2013;35(2):121-126.

19. Kumar SNS, Omar B, Htwe O, et al. Reliability, agreement,
and validity of digital weighing scale with MatScan in limb
load measurement. J Rehabil Res Dev. 2014;51(4):591-598.

20. Muntner P, Shimbo D, Carey RM, et al. Measurement of
blood pressure in humans: a scientific statement from the
American Heart Association. Hypertension. 2019;73(5):e35-
e66.

21. Wiles JD, Coleman DA, Swaine IL. The effects of perform-
ing isometric training at two exercise intensities in healthy
young males. Eur J Appl Physiol. 2010;108(3):419-428.

22. da Silva FOC, Macedo DV. Physical exercise, inflammatory
process and adaptive condition: an overview. Rev Bras Cin-
eantropom Desempenho Hum. 2011;13(4):320-328.

23. Holbrook J, Lara-Reyna S, Jarosz-Griffiths H, McDermott
MF. Tumor necrosis factor signaling in health and disease.
F1000Res. 2019;8. F1000 Faculty Rev-111.

24. Ogbutor UG, Nwangwa EK, Ogbeivor C, et al. Immune sys-
tem response to isometric handgrip exercise and effects of
duration and intensity of the exercise protocol on selected
immune system parameters in prehypertensives. Int J Physiol
Pathophysiol Pharmacol. 2022;14(1):24-32.

25. Salamat KM, Azarbayjani MA, Yusof A, Dehghan F. The
response of pre-inflammatory cytokines factors to different
exercises (endurance, resistance, concurrent) in overweight
men. AJM. 2016;52:367-370.

26. Colbert LH, Visser M, Simonsick EM. Physical activity,
exercise, and inflammatory markers in older adults: findings
from the Health, Aging and Body Composition Study. J Am
Geriatr Soc. 2004;52:1098-1104.

27. Taaffe DR, Harris TB, Ferrucci L, Rowe J, Seeman TE.
Cross-sectional and prospective relationships of interleukin-6

http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0001
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0001
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0001
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0002
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0002
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0002
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0002
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0003
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0003
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0003
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0003
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0003
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0004
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0004
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0004
https://www.ncsl.org/documents/health/chronicdtk13.pdf
https://www.ncsl.org/documents/health/chronicdtk13.pdf
https://www.cdc.gov/chronicdisease/pdf/2009-power-of-prevention.pdf
https://www.cdc.gov/chronicdisease/pdf/2009-power-of-prevention.pdf
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0007
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0007
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0007
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0007
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0008
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0008
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0008
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0009
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0009
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0009
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0010
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0010
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0011
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0011
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0012
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0012
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0012
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0013
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0013
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0013
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0014
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0014
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0014
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0015
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0015
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0015
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0016
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0016
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0016
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0017
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0017
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0017
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0017
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0018
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0018
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0018
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0019
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0019
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0019
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0020
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0020
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0020
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0020
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0021
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0021
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0021
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0022
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0022
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0022
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0023
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0023
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0023
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0024
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0024
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0024
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0024
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0024
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0025
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0025
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0025
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0025
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0026
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0026
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0026
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0026
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0027
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0027


Ogbutor et al Journal of Chiropractic Medicine
Inflammatory Cytokines Changes to Exercise September 2022

186
and C-reactive protein with physical performance in elderly
persons: MacArthur Studies of Successful Aging. J Gerontol
A Biol Sci Med Sci. 2000;55:709-715.

28. Reuben DB, Judd-Hamilton L, Harris TB, Seeman TE. The
associations between physical activity and inflammatory
markers in high-functioning older persons: MacArthur
Studies of Successful Aging. J Am Geriatr Soc.
2003;51:1125-1130.

29. Mendham AE, Duffield R, Marino F, Coutts AJ. Differences
in the acute inflammatory and glucose regulatory responses
between small sided games and cycling in sedentary, middle-
aged men. J Sci Med Sport. 2015;18:714-719.

http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0027
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0027
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0027
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0028
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0028
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0028
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0028
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0028
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0029
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0029
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0029
http://refhub.elsevier.com/S1556-3707(22)00083-9/sbref0029

	Proinflammatory and Anti-inflammatory Cytokine Response to Isometric Handgrip Exercise and the Effects of Duration and Intensity of the Isometric Efforts in Prehypertensive Participants
	Introduction
	Materials and Method
	General Study Design
	Sample Size Calculation
	Inclusion criteria
	Ethics
	Exclusion Criteria
	Assessment of Participants and Data collection
	Initial Resting Parameters
	Final Resting Parameters
	Biodata
	Height
	Weight
	Blood Pressure Assessment
	Electronic Sphygmomanometer
	Experimental Procedure
	Blood Sample Collection and Analysis of Cytokines
	Data Collection and Analysis

	Results
	Discussion
	Limitations and Future Studies

	Conclusion
	Funding Sources and Conflicts of Interest
	Contributorship Information
	References


