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Sixty adult males divided into: a control group (n=30) included normal weight subjects

Keywords (BMI < 25 kg/m?) and an overweight (OW) and obese group (n=30) included subjects

' with BMI > 25 kg/m?. Each group was randomly subdivided into three groups (n=10

: i);zrsci;e each): low, moderate and high intensity exercise groups. Anthropometric measurements
CRE obtained and plasma C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis
L6 factor alpha (TNF-0) levels were measured before and thirty minutes after twenty
- TNF-o minutes incremental exercise, at 45%, 60% or 80% of predicted maximum heart rate, on

a motor driven treadmill. Following an acute bout of moderate or high intensity exercise,
OW and obese subjects showed significant increase in CRP and IL-6 levels; however,
TNF-a levels significantly decreased. Nevertheless, an acute low intensity exercise
induced no significant changes in any of the measured markers in the OW and obese
subjects. In conclusion, an acute bout of moderate or high intensity exercise, but not low
intensity exercise, induces an inflammatory response, characterized by a rise in levels of

CRP and IL-6, and a decrease in TNF-a level in overweight and obese subjects.
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INTRODUCTION

The prevalence of obesity has increased in recent
years. Around 1.9 billion adults are overweight
worldwide, of which over 600 million individuals
are obese [1].

Obesity is associated with chronic low-grade
inflammation characterized by increase in systemic
circulating levels of inflammatory markers such as
C-reactive protein (CRP) and the pro-
inflammatory cytokines tumor necrosis factor
alpha (TNF-a) and interleukin-6 (IL-6) [2]. This
has been implicated in the interplay between
obesity and metabolic complications, including
type 2 diabetes, atherosclerosis and cardiovascular
disease [3,4]. However, studies reported that this
state of low grade inflammation seems to be
reversible via weight loss achieved through dietary
intervention alone or diet and exercise [5,6].

Physical activity, with or without weight loss,
has significant beneficial effects on cardiovascular
and metabolic risk factors. It modulates immune
function, improves plasma lipoprotein status
particularly increasing high density lipoproteins
and therefore may be of benefit to obese
individuals [7].

The effect of exercise on inflammatory markers
has been the subject of many studies; however,
results have been somehow inconsistent. A number
of studies reported that participation in regular
exercise can reduce basal or resting levels of many
inflammatory markers including CRP, TNF-o and
IL-6 and thus could protect against diseases
associated with chronic low-grade systemic
inflammation [8,9]. However, other studies

reported no change in either TNF-a [10] or IL-6

[11] levels after 12 weeks of moderate-intensity
exercise training.

It has been hypothesized that the long-term
effect of exercise and the protection against
diseases associated with chronic low-grade
inflammation may be ascribed to the anti-
inflammatory response elicited by each bout of
acute exercise [12]. Nevertheless, studies
investigating the effect of acute exercise on
inflammatory markers have provided conflicting
results [13-16].

IL-6 has been reported as the earliest and most
marked post-exercise inflammatory respondent
[13,15,16]. Some studies reported a significant
increase in circulating TNF-a [16] and CRP [15]
levels after acute bouts of moderate intensity
exercise, while other studies found no change in
TNF-a [13] or CRP [14] levels.

Exercise can be used as an adjuvant in treatment
of inflammatory and non-inflammatory diseases
[17]. Thus, understanding the acute inflammatory
response to exercise may assist with appropriate
exercise prescription and avoidance of undesirable
consequences. Due to the inconsistency in
literature about the inflammatory response to an
acute bout of exercise, hence, the aim of this work
was to investigate the effect of an acute bout of
different exercise intensities on modifying the
inflammatory markers in overweight and obese
subjects.

Materials and methods
Participants

Sixty adult male subjects participated in this
study. They were divided according to their body
mass index (BMI) into: a control group (n=30)
included normal weight subjects with BMI < 25
kg/m? (20.54 £ 2.10) and an overweight (OW) and
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obese group (n=30) included subjects whose BMI
was > 25 kg/m? (33.34 + 4.23). Each group was
randomly subdivided into three exercise groups
(n=10 each): low, moderate and high intensity
exercise groups; each exercise group included ten
subjects with BMI > 25 kg/m? and ten normal
weight subjects with BMI < 25 kg/m? All
participants have been weight stable (2 kg) for at
least two weeks before the study and didn’t engage
in any regular physical activity or exercise training
(sedentary to lightly active lifestyle). Exclusion
criteria were cardiovascular disease, diabetes, or
orthopedic difficulties causing inability to perform
the required exercise. No subjects received
medication that could affect the investigated

markers. Prior to participation, the subjects gave a

written informed consent according to the ethical
guidelines of the Medical Research Institute,
Alexandria University, Egypt.
Methods
Anthropometric measurements

Current body weight was measured. Height
was measured with a standing stadiometer and
recorded with a precision of 0.1 cm. BMI was
calculated using the standard formula: body weight
in kilograms divided by height in meters squared
(kg/m?) [18]. Waist circumference was measured,
as recommended by the WHO, as the
circumference line half way between the lowest
costal margin and the iliac crest [18].
Anthropometric data of the subjects in different

groups are presented in table (1).

Table (1): Anthropometric data of control and overweight (OW) & obese subjects in different groups of exercise intensity.

Total Low intensity exercise

Control OW & obese Control OW & obese Control

Moderate intensity exercise ~ High intensity exercise

OW& obese Control OW & obese

(n=30) (n=30) (n=10) (n=10) (n=10) (n=10) (n=10)
Age (Years)

Mean + SEM. 29.73 £1.71 30.67+1.85 30.0%+3.15 26.30+230 29.80+£2.78 3290+4.0 2940+3.24 32.80+2.94
Sig. bet. groups (p) 0.712 0.355 0.532 0.447

Weight (Kg)

Mean + SEM. 63.27+1.49 100.13 £2.48 60.30£1.40 104.90+5.21 63.60+2.30 100.10+4.40 6590+3.52 95.40=+2.48
Sig. bet. groups (p) <0.001" <0.001" <0.001" <0.001"

Height (m)

Mean + SEM. 1.75+£0.01 1.73 £0.01 1.77 £0.03 1.73 £0.02 1.75+£0.02 1.74 £ 0.02 1.75+£0.02 1.73 +£0.02
Sig. bet. groups (p) 0.215 0.270 0.701 0.641

BMI (Kg/m?)

Mean + SEM. 20.54 £0.38 33.34+0.77 19.23+0.31 3492+1.49 2093+0.82 3324+1.37 2145+0.59 31.86+1.06
Sig. bet. groups (p) <0.001" <0.001" <0.001" <0.001"

Waist circum. (cm)

Mean + SEM. 79.13+£1.20 108.63 £1.74 77.90+1.31

108.70 £3.26 79.50+2.71 111.10+3.38 80.0+2.14 106.10+2.41
Sig. bet. groups (p) <0.001" <0.001"

<0.001" <0.001"

Note: p, p value for Student t-test for comparing between cases and control in each subgroup; SEM, standard error of

mean; *: Statistically significant at p < 0.05.
Exercise protocol

Participants performed one session of twenty
minutes incremental exercise test of low, moderate
or high intensity (at 45%, 60% and 80% of their
age predicted maximum heart rate, respectively)

on a motor driven treadmill with adjustable speed

and grade and equipped with a heart rate sensor.
The age predicted maximum heart rate was
calculated using the equation: HRmax =220 — age
[19]. The test started with a 5-min warm-up,
during which speed was gradually increased at a

rate of 1km/h each minute, until a starting speed of
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5.3 km/h was reached, at which point the twenty
minutes exercise session was started, based on the
Balke protocol [20], starting with an incline of 0%
and a speed of 5.3 km/h (3.3mph), the incline was
then increased to 2% after one minute, then
increased by 1% each minute thereafter until target
heart rate was reached. Participants continued to
run until the end of the twenty minutes period.
Incline was reduced to 0 and speed to 3 km/h and
participants continued to run for another two
minutes as a recovery period. For some
participants with low cardiorespiratory fitness, the
target heart rate was reached during the warm up
period, hence the speed and incline couldn’t be
increased any further.
Blood sampling and analysis

Blood samples (5 ml) were collected by
venipuncture immediately before exercise and
thirty minutes after termination of exercise. The
serum was separated and frozen at —20 °C for later
analysis. Serum CRP, IL-6 and TNF-a levels were
measured using commercially available enzyme-
linked immunosorbent assay (ELISA) kits (human
Hs-CRP ELISA kit (Immunospec, USA), human
IL-6 ELISA kit (eBioscience, Austria) and human
TNF-a ELISA kit (eBioscience, Austria),
respectively), according to the manufacturer’s
instructions [21].
Statistical analysis

Statistical analysis was performed using IBM
SPSS  software  package  version  20.0.
Kolmogorov—Smirnov test was used to determine
the normality of distribution and revealed that
most of the data were non-normally distributed.
Non-normally distributed quantitative data were
described using range (minimum and maximum)

and median. However, mean and standard

deviation were used to describe normally
distributed quantitative data. Student t-test was
used for comparing normally distributed
quantitative variables between two studied groups.
Mann Whitney test was used for comparing non-
normally  distributed quantitative  variables
between two studied groups. Wilcoxon signed
ranks test was used for comparing non-normally
distributed quantitative variables between two
periods (baseline and after exercise). Kruskal-
Wallis test was used for comparing non-normally
distributed quantitative variables between three
groups. Correlations between measured parameters
were assessed by Spearman’s correlation. The
level of significance was set at P<0.05.

Results

CRP level was significantly higher in OW and
obese subjects when compared with control
subjects in the total group and in the different
subgroups of exercise intensity, before and after
exercise. CRP levels increased significantly after
exercise in the total OW and obese group, as well
as in the moderate and high intensity exercise
subgroups (table 2). The percent of change in CRP
level increased significantly with increasing
exercise intensity from low to high intensity in the
OW and obese subjects (p=0.009). There was,
however, no significant difference in the percent of
change in CRP levels between the different
subgroups of exercise intensity in the control
subjects (table 5).

IL-6 level was significantly higher in the OW
and obese subjects when compared with the
control subjects in the total group and in the
different subgroups of exercise intensity, before
and after exercise. IL-6 level significantly

increased after exercise, when compared with
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before exercise, in the OW and obese subjects in
the total group and in the moderate and high
intensity exercise subgroups, but not in the low
intensity exercise subgroup (table 3). The percent
of change in IL-6 level increased significantly with

increasing exercise intensity from low to high

intensity (p=0.007) and from moderate to high
intensity (p=0.017) in the OW and obese subjects.
There was, however, no significant difference in
the percent of change in IL-6 levels between the
different subgroups of exercise intensity in the

control subjects (table 5).

Table (2): C-reactive protein (CRP) level in control and overweight (OW) & obese subjects in different groups of exercise intensity

Total Low intensity exercise = Moderate intensity exercise High intensity exercise
CRP Control OW & obese Control OW & obese Control OW & obese Control OW & obese
(n=30) (n=30) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Before Ex (mg/l)
Min. — Max. 0.39-3.91 1.08-6.73 0.61-2.80 1.58-4.32 0.39-3.91 1.08-6.73  0.50-2.96 1.35-4.90
Median 0.93 3.47 1.20 2.39 1.04 3.82 0.74 3.82
Sig. bet. groups(p) <0.001* 0.028* 0.007* 0.001"
After Ex (mg/l)
Min. — Max. 0.52-3.96 1.51-7.06 0.63-3.0 1.90-4.23 0.53-3.96 1.51-7.06  0.52-2.97 2.10-5.74
Median 1.01 3.59 1.55 2.71 1.06 4.03 0.74 4.30
Sig. bet. groups(p) <0.001" 0.019" 0.003" 0.001*
p1 0.087 <0.001" 0.506 0.386 0.241 0.005" 0.215 0.005"
Percent of change
Min. —Max. -22.06-64.10 -9.09-56.25 -21.43-36.36 -9.09-33.54 -22.06-64.10 3.18-39.81 -5.48-7.41 7.8-56.25
Median 4.33 12.45 3.23 4.55 8.38 13.41 2.30 17.09
Sig. bet. groups(p) 0.013" 0.940 0.257 <0.001"

Note: Sig. bet. groups was done using Mann Whitney test for comparing between cases and control in each subgroup. pi, p
value for Wilcoxon signed ranks test for comparing between baseline and after exercise; *statistically significant at p < 0.05.

Table (3): Interleukin-6 (IL-6) level in control and overweight (OW) & obese subjects in different groups of exercise intensity.
Moderate intensity

Low intensity exercise High intensity exercise

Total exercise
IL6 OW &
Control OW & obese  Control OW & obese Control obese Control OW & obese
(n=30) (n=30) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Before Ex(Pg/ml)
Min. — Max. 0.16-1.80 0.50-5.12  0.16-0.62 0.80-5.12 0.25-1.56 091-3.41 0.41-1.80 0.50-2.85
Median 0.58 1.15 0.40 1.35 0.59 1.05 0.70 1.67
Sig. bet. groups (p) <0.001" <0.001" 0.019" 0.034"
After Ex (Pg/ml)
Min. — Max. 0.17-2.18 1.05-5.89 0.17-0.74 1.05-4.56 0.46-1.93 1.20-4.83 0.48-2.18 1.21-5.89
Median 0.67 2.40 0.47 2.42 0.68 2.0 0.84 3.32
Sig. bet. groups (p) <0.001" <0.001" 0.001" 0.001"
P <0.001" <0.001" 0.059 0.069 0.047" 0.005" 0.005" 0.005"
Percent of change
Min. — Max. -33.66-230.0 -10.94-180.81 -13.79-230 -10.94-180.81 -33.66-84.0 17.65-98.0 10.0-36.25 87.8 —165.71
Median 19.30 89.62 22.01 17.92 19.20 42.16 17.49 104.85
Sig. bet. groups (p) <0.001" 0.705 0.005" <0.001"

Note: Sig. bet. groups was done using Mann Whitney test for comparing between cases and control in each subgroup.
p1, p value for Wilcoxon signed ranks test for comparing between baseline and after exercise; * statistically significant at
p <0.05.

TNF-a level was significantly higher in the OW exercise. However, in the moderate intensity

and obese subjects when compared with the exercise subgroup, the increase in levels of TNF-a
control subjects in the total group as well as in the in OW and obese individuals, compared with

low intensity exercise subgroup, before and after control subjects, did not reach the level of
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significance whether before or after exercise. In
the high intensity exercise subgroup, TNF-a level
was significantly higher in the OW and obese
subjects when compared with the control subjects,
only before exercise. TNF-a level decreased
significantly following exercise in the OW and

obese subjects in the total OW and obese group

and in the moderate and high intensity exercise

subgroups; however, the decrease was not
significant in the low intensity exercise subgroup
(table 4). The percent of change in TNF-a levels
didn’t differ significantly with increasing exercise
intensity in the OW and obese subjects or in the

control subjects (table 5).

Table (4): Tumor necrosis factor alpha (TNF-a) level in control and overweight (OW) & obese subjects in different groups of

exercise intensity.

Total Low intensity exercise Moderate intensity exercise ~ High intensity exercise
TNF-a Control OW & obese Control OW& obese Control OW& obese Control (())‘szf
(n=30) (n=30) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Before Ex (Pg/ml)
Min. — Max. 0.32-3.82 0.47-4.55 0.54-3.82 1.33-4.55 0.53-2.81 0.74-1.32 0.32-1.69  0.47-1.83
Median 0.98 1.52 1.86 2.78 0.84 0.97 1.01 1.55
Sig. bet. groups(p) 0.039" 0.049" 0.545 0.016"
After Ex (Pg/ml)
Min. — Max. 0.25-4.02 0.58 —4.90 0.46-4.02 1.10-4.90 0.58-2.72 0.58-1.17 0.25-1.65  0.63-1.72
Median 0.80 1.23 1.59 2.59 0.79 0.83 0.78 1.26
Sig. bet. groups(p) 0.048" 0.049* 0.880 0.075
p1 0.005" 0.001" 0.059 0.414 0.168 0.005" 0.126 0.012"
Percent of change
Min. — Max. -34.29-26.67 -26.5-34.04 -17.02-14.86 -17.29-10.68 -24.53—26.67 -21.62--3.66 -34.29-13.27 -26.5-34.04
Median -12.29 -10.97 -13.07 -4.48 -3.98 -11.80 -21.19 -14.0
Sig. bet. groups(p) 0.802 0.174 0.174 0.364

Note: Sig. bet. groups was done using Mann Whitney test for comparing between cases and control in each subgroup. pi, p
value for Wilcoxon signed ranks test for comparing between baseline and after exercise; *statistically significant at p < 0.05.

Table (5): Effect of different exercise intensities on C-reactive protein (CRP), Interlukin-6 (IL-6) and Tumor necrosis factor

alpha (TNF-a) levels in the control subjects and in the overweight and obese subjects.

Control (n=30)

OW& obese (n=30)

Low intensity Moderate intensity High intensity
exercise exercise exercise

Low intensity Moderate intensity High intensity
exercise exercise exercise

(n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
CRP
Percent of change
Min. — Max. -21.43 -36.36 -22.06 — 64.10 -5.48 —7.41 -9.09 —33.54 3.18 —39.81 7.84-56.25
Median 3.23 8.38 2.30 4.55 13.41 17.09
H(p) 1.683(0.431) 7.0017(0.030")
Sig. bet. groups p1=0.099, p2=0.009", p3=0.344
IL-6
Percent of change
Min. — Max. -13.79 -230 -33.66 - 84.0 10.0 —36.25 -10.94 - 180.81 17.65-98.0 87.8-165.71
Median 22.01 19.2 17.49 17.92 42.16 104.85
H(p) 0.049(0.976) 8.799(0.012%)
Sig. bet. groups p1=0.741, p2=0.007", p3=0.017"
TNF-a
Percent of change
Min. — Max. -17.02 - 14.86 -24.53 -26.67  -34.29-13.27 -17.29 - 10.68 -21.62 —-3.66 -26.58-34.04
Median -13.07 -3.98 -21.19 -4.48 -11.80 -14.0
H(p) 2.898(0.235) 5.492(0.064)

Sig. bet. groups

Note: H, p, H and p values for Kruskal Wallis test; Sig. bet. groups was done using Post Hoc Test (Dunn's multiple comparisons
test); pi, p value for comparing between low and moderate exercise intensities; p,, p value for comparing between low and high
exercise intensities; ps, p value for comparing between moderate and high exercise intensities; *statistically significant at p < 0.05.
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Correlation studies: In the total OW and obese group, Also, the percent of increase in IL-6 levels following
the percent of increase in IL-6 levels following exercise exercise correlated positively with the percent of
correlated positively with each of the following: percent decrease in TNF-a levels in the OW and obese
of increase in CRP levels (r=0.57, p=0.001), fig.(1) and moderate (r=0.782, p=0.008) and high (r=0.648,
percent of decrease in TNF-a levels (r=0.394, p=0.031). p=0.003) intensity exercise subgroups, figs. (2, 3).
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Figure (1): Correlation between percent of increase of C-reactive protein (CRP) and percent of increase of intelukin-6
(IL-6) following exercise in total OW & obese group.
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Figure (2): Correlation  between  percent of  decrease of  tumor  necrosis factor alpha

(TNF-a) and percent of increase of intelukin-6 (IL-6) following exercise in OW & obese moderate
intensity exercise subgroup.
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Figure (3):  Correlation  between  percent of  decrease of  tumor  necrosis factor alpha
(TNF-a) and percent of increase of intelukin-6 (IL-6) following exercise in OW & obese high intensity
exercise subgroup.
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Discussion

Regular exercise training has been reported to
decrease chronic inflammation [22]. The long-term
effect of exercise training in protection against
diseases associated with chronic low-grade
inflammation may be attributed to the anti-
inflammatory response elicited by repeated bouts
of acute exercise [12,22].

However, most of the researches on exercise-
derived inflammatory markers have primarily been
performed in young lean subjects leaving the
question of the impact of obesity unanswered [23].
Additionally, some of the studies investigating
acute moderate intensity exercise have reported
significant changes in certain inflammatory
markers [16,24], while others [14, 25] reported no
detectable effect on markers of inflammation.

In the present study, the total OW and obese
group exhibited significantly higher basal serum
levels of CRP, IL-6 and TNF-a, when compared
with the total control group. Following an acute
bout of moderate or high intensity exercise, OW
and obese subjects showed significant increase in
CRP and IL-6 levels; however, TNF-o levels
significantly decreased. Nevertheless, an acute low
intensity exercise induced no significant changes
in any of the measured inflammatory markers in
the OW and obese subjects.

Our findings are consistent with findings of
other investigators [26,27] who demonstrated
significantly higher levels of CRP, TNF-a and IL-
6 in obese subjects in comparison to lean subjects.
The main source for the increased production of
TNF-a and IL-6 in obesity is adipose tissue
macrophages (ATMs), other sources include
adipocytes and pre-adipocytes [28]. IL-6 in turn
increases the hepatic production of CRP [29].

In the current study, CRP levels increased
significantly following a 20 minutes incremental
exercise session in the OW and obese subjects who
performed moderate (at 60% of age predicted
maximum heart rate) and high (at 80% of age
predicted maximum heart rate) intensity exercise.
CRP levels did not significantly increase in OW
and obese subjects who performed low (at 45% of
age predicted maximum heart rate) intensity
exercise. These findings are consistent with
Mendham et al. [15] who found a higher CRP
response following 40 minutes moderate-vigorous
exercise protocol in comparison to low-intensity
protocol in sedentary overweight subjects. In
contrast, Makrovitch et al. [14] reported that
treadmill walking at a moderate intensity for 30
minutes did not change CRP concentrations in
overweight middle-aged men (mean BMI 28+3
kg/m?). This discrepancy could be explained by
differences in subjects’ characteristics such as the
degree of obesity and BMI.

Our observation that the rise in CRP
concentrations  increased  significantly = with
increasing exercise intensity from low to high
intensity in the OW and obese subjects, can be
explained by CRP production associated with
exercise-induced muscle damage and subsequent
repair [30]. BMI was found to be one of the
potential factors related to the extent of muscle
damage after exercise [31].

In the present study, there was a significant
positive correlation between the percent of
increase of IL-6 and the percent of increase of
CRP in the total OW and obese group, which can
be explained by the role of IL-6 in stimulating
CRP production from the liver [29].



Acute exercise in overweight and obese subjects

291

In the present study, we found a significant
increase in IL-6 levels in the OW and obese
subjects following an acute bout of moderate and
high intensity exercise. However, IL-6 levels
didn’t significantly increase in OW and obese
subjects who performed low intensity exercise.

Our findings agree with the results of previous
studies [13,32,33] in which IL-6 appears to be the
cytokine most consistently elevated in response to
exercise. Hojbjerre et al. [13] reported that one
hour of exercise at 55% of VOimax increased the
plasma IL-6 concentration and the increase tended
to be higher in overweight than in lean subjects.
Gokbel et al. [32] also concluded that plasma IL-6
levels significantly increased following
supramaximal exercise compared with pre-
exercise.

Monocytes are not major contributors to the
IL-6 response to exercise [34]. The major source
for the exercise-related IL-6 increase is the skeletal
muscle [35]. Small amounts of IL-6 are also
produced and released from adipose tissue [36].
The peritendon tissue may release IL-6 in response
to exercise as well [37]. Although the biological
action of muscle-derived IL-6 has not been
determined, increasing data suggest that the role of
IL-6 released from contracting muscle during
exercise is to act in a hormone like manner to
induce mobilization of extracellular substrates
and/or augmentation of substrate delivery during
exercise [38,39]. Moreover, IL-6 stimulates
lipolysis as well as fat oxidation [40].

Our results also showed that the rise in IL-6
levels increased with increasing exercise intensity
from low to moderate to high intensity in the OW
and obese subjects. This is probably a result of

increased muscle damage, as IL-6 has been shown

to be correlated with markers of muscle damage,
most importantly creatine kinase (CK) [41] that
has been demonstrated to be significantly higher in
the high BMI subjects than in the normal BMI
subjects following exercise [31]. IL-6 is believed
to play an important mediatory role in the
inflammatory response needed for the exercise-
associated muscle damage repair  [42].
Additionally, the exercise-induced increase in
plasma IL-6 may be related to some extent to the
sympatho-adrenal response to exercise [43]. This
may explain the intensity dependent increase in IL-
6 following exercise.

On the other hand, we observed a modest,
though significant, decrease in TNF-o levels
following an acute bout of exercise among the OW
and obese subjects in the moderate and high
intensity exercise subgroups. However, the
decrease in TNF-a levels didn’t reach the level of
significance in the OW and obese subjects who
performed low intensity exercise.

In accordance with our findings, Hirose et al.
[44] reported a significant decrease in TNF-a
levels following a single bout of eccentric
exercise. On the other hand, findings from the
work carried out by Hojbjerre et al. [13] revealed
that one hour of exercise at 55% of VOzmax did not
change the plasma TNF-o concentration in either
overweight or lean subjects. Similarly, another
study by Gokbel et al. [32] concluded that plasma
TNF-a levels did not change with supramaximal
exercise compared with pre-exercise.

Several factors could account for the
inconsistency of results between different studies
including difference in subjects’ characteristics
(age, bodyweight, individual level of

cardiorespiratory fitness), exercise intensity and
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duration, exercise type, and timing of blood
sampling.

In the present study, we observed a significant
positive correlation between the percent of
increase of IL-6 and the percent of decrease of
TNF-a in the OW and obese moderate and high
intensity exercise subgroups and total OW and
obese group. Hence, the observed decrease in
TNF-a levels may be the result of the inhibitory
role of IL-6, since it has been demonstrated that
IL-6 inhibits TNF-o production [41]. The
suppression of TNF-a following exercise is likely
also via IL-6 independent pathways. High levels of
epinephrine are provoked by exercise, and
epinephrine has been shown to suppress monocyte
TNF-a production via B2 adrenergic receptors
(ARs) dependent mechanism [45].

High serum TNF-a levels are associated with
insulin resistance as a result of impaired insulin
signaling [46]. TNF-o has also been shown to
negatively regulate adiponectin production and
secretion from adipocytes [47]. Adiponectin plays
a role in increasing insulin sensitivity via
suppression of gluconeogenesis and regulation of
fatty acid metabolism [48]. Since insulin
sensitivity improves with both acute and chronic
exercise training [49], it is reasonable to assume
that the exercise-induced decrease in TNF-o may
play a role in modifying insulin sensitivity
following a single exercise session.

In conclusion, our results suggest that an acute
bout of moderate or high intensity exercise, but not
low intensity exercise, induces an inflammatory
response characterized by a rise in the levels of
CRP and IL-6, and a decrease in the level of TNF-a
in overweight and obese subjects. Thus, it seems

that exercise intensity is a determining factor for

the inflammatory response to an acute bout of
exercise in overweight and obese subjects, with
some sort of intensity threshold that must be
reached to provoke a detectable change in various
makers of inflammation. One potential limitation
in the present study is the small sample size per
group, which can’t be excluded as a reason for the
inability to detect significant differences in the
levels of the inflammatory markers in the
overweight and obese subjects following low
intensity exercise. Further research using a larger
sample size is recommended in order to increase
the statistical power for investigating the effect of
an acute bout of low intensity exercise on the
inflammatory markers in overweight and obese
subjects.
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