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Abstract
Objective The effects of exercise training on suppression of inflammation have been proposed as a therapeutic approach in recent
years to modify the obesity-induced inflammatory status and immunometabolic disorders. The present study aimed to assess the
impacts of an all-extremity combined high-intensity interval training (HIIT) on inflammatory state and glycolipid metabolism in
young sedentary overweight and obese females.
Method This was an quasi-experimental study which was applied by comparing two groups. The participants were allocated to
two active (AG, n = 15) and inactive (IG, n = 15) groups. The serum level of adiponectin, interleukin (IL)-10, pentraxin 3 (PTX3),
and tumor-necrosis factor α (TNFα) was measured in all subjects. Also, glycolipid metabolism was assessed by measuring the
fasting lipid profile parameters, glucose, and insulin levels and calculating the homeostasis model assessment of insulin resistance
(HOMA2-IR).
Results Following a 10-week combined all-extremity HIIT in the active subjects, the TNFα, PTX3/IL-10, and TNFα/
adiponectin were significantly reduced. However, the absolute levels of adiponectin, IL-10, and PTX3 remained unchanged.
Additionally, a significant decrease was found in insulin, LDL, and HOMA2-IR, while insulin sensitivity and HDL levels
showed a significant increase in the active group compared to the inactive group.
Conclusions Our 10-week time-efficient combined all-extremity HIIT promoted an anti-inflammatory state and glycolipid
metabolism improvement, suggesting this protocol as a practical therapeutic approach in sedentary obese females.
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Introduction

Obesity is accompanied by adipose tissue (AT) homeostasis
disturbances as a result of adipocyte hypertrophy. A relation
between excess nutrients and chronic low-grade systemic in-
flammation (CLSI) persistency implicates the immune cell

dysfunction and/or an imbalanced cytokine production during
obesity [1].

Accordingly, the assessment of cytokines as the key or-
chestrators of the immune system could be useful for finding
out the genesis, progression, and pathogenesis of these distur-
bances. Protein 3 (PTX3) is a critical mediator that links obe-
sity, CLSI, and innate immunity [2, 3], since it is produced by
the inflammatory pathways-induced tumor necrosis factor
(TNF) α and interleukin (IL) 1β [4]. Several human studies,
though not all [5], have demonstrated the increased PTX3
plasma levels in patients with low-grade inflammation such
as non-alcoholic fatty liver (NAFL) [6], metabolic syndrome
(MetS), [7] and obesity [8]. However, recent evidence has
indicated a counter-regulatory function for PTX3 through
the increase of IL-10 production [9], suggesting a double-
edged role of PTX3 in immune regulation. The plasma level
of IL-10, a suppressor of inflammation, reduces during obesity
[10, 11]. However, there has been resistance to this anti-
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inflammatory function in reducing the inflammation in obese
(OB) state [12]. Adiponectin is another potent regulator of
innate immune system which its downregulation induces in-
flammation progression in obesity and related metabolic dis-
eases [13]. It promotes the production of the anti-
inflammatory macrophage (M2) markers such as IL-10 [13].
In contrast, the activation of the nuclear factor kappa-B
(NF-κB) signaling and increase of TNFα production have
been indicated in adiponectin-treated macrophages [14].
Accordingly, a complex interaction of anti- and pro-
inflammatory cytokines is involved in obesity-related meta-
inflammation initiation and progression, which needs to be
further investigated.

Recent microarray analysis has revealed the combined ex-
ercise training overlaps with different immune-associated
pathways, including toll-like receptors (TLRs), B and T
cells-related signaling, and leukocytes’ migration [15].
These pathways promote the inflammatory cytokines’ produc-
tion, such as TNFα and PTX3 [15]. Evidence has indicated
that obesity-induced endogenous ligands, such as lipopolysac-
charide and free fatty-acids, constantly stimulate the inflam-
matory pathways such as TLR4 [16]. Therefore, assessing the
effects of an exercise intervention on reducing inflammatory
status has arisen.

Concerning the imbalanced work-life time and lack of time
in modern society, the high-intensity interval training (HIIT)
is mostly recommended as a time-efficient protocol to solve
the worldwide problem of the low rate of participating in
exercise programs [17]. The high-intensity combined training
is the most effective approach in reducing inflammation [11].
Considering that the high-intensity protocols induce the anti-
inflammatory [18, 19], pro-inflammatory [20], or even immu-
nosuppressive [10] status, the precise immune responses to
these time-efficient training largely remain unclear.
Therefore, as the act and/or interact of the anti- and pro-
inflammatory cytokines arrange the network of inflammatory
status during obesity, apparently involved in glycolipid me-
tabolism, this study aimed to assess the influence of a time-
efficient combined HIIT on this network and inflammatory
status. We measured the anti- and pro-inflammatory cyto-
kines, lipid profile and glucose metabolism parameters, and
assessed their ratio changes and correlations following this
protocol.

Materials and methods

Study design

The present investigation was a quasi-experimental study. In
th i s sub - s t udy , we as se s s ed the TLR4- r e l a t ed
immunometabolic alterations and its negative regulator in re-
sponse to different combined all-extremity HIIT protocols,

and we suggested a new practical preventive and therapeutic
approach for obesity-induced cardiometabolic diseases (the
data not yet published). A schematic design of the present
study is shown in Fig. 1. This experiment was a controlled
exercise training intervention trial approved by the Office of
Research Affairs, Ethics Research Committee of the
U n i v e r s i t y o f I s f a h a n , I r a n ( E t h i c s N O .
IR.UI.REC.1396.039). The inflammatory profile, lipid panel,
and glucose metabolism were assessed following a 10-week
combined all-extremity HIIT. The training sessions were fully
supervised and conducted four days per week. The blood
samples were taken once one week before the training inter-
vention and then at the end of the ten weeks (~ 48 h after the
last training session), Fig. 1(b). A trained person who was
blinded to the group allocation collected the samples and cod-
ed the subject’s data to concern blinding in outcome
assessments.

Participants

All interested participants were invited to the Laboratory
of the Sports Science Faculty at the University of Isfahan,
Iran. Thirty females (BMI = 25–35 kg/m2, age = 18–25
years, sedentary who not meet the exclusion criteria
(Fig. 1(a)) were recruited in the study. They were asked
about their physical activity range, including leisure-time,
job, and house- related physical activities. The eligible
subjects were randomly allocated in two inactive (IG,
n = 15) and active (AG, n = 15) groups. The coin tossing
was used to determine randomization performing by an
independent researcher who was unaware of the control
and intervention groups. The participants involved in both
groups were notified about the experiment procedures and
possible risks before signing a written consent. They were
instructed not to change their regular physical activities
and diet. The IG continued their routine inactive lifestyle,
whereas the AG was involved in the proposed exercise
training.

Exercise training protocol

According to Fig. 1 (c), this newly proposed combined
all-extremity HIIT consisted of four intervals separated
by the 3-min active rest (lower-body cycling). Each inter-
val consisted of 4*45 sec. During every 4-min interval,
the participants performed two aerobic and two resistance
exercises alternatively. The RT involved the leg press,
chest press, leg flexion, and lat pulldown (Vectra fitness
on-line 4800; USA). The leg press and chest press were
performed in the first and third interval, and the leg flex-
ion and lat pulldown were performed in the second and
the last interval. The AT, which involved the all-extremity
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cycling (Monark Ergomedic 839 E and 831 E; Monark,
Sweden), were performed after a 45-sec of every RT in
each interval. During the intervals, subjects were
instructed to move the next exercise in a 15-sec. The
AT intensity was monitored in all intervals by Polar watch
(F4 Electro, Oy, Kempele, Finland), and increased pro-
gressively based on age-predicted maximum heart rate
(HRmax) percentage; Fig. 1(c). The RT load was gradu-
ally increased according to one maximum repetition
(1RM) test; Fig. 1(c). The AG was familiarized with train-
ing protocol procedures and intensity during two familiar-
ization sessions. They performed two or three intervals in
each familiarization session.

Maximum strength calculation

The maximum strength of each resistance exercise was
assessed by 1RM prediction through a 1-6RM equation

[21]. The AG was invited to the lab five days before the
pre-intervention blood sampling collection day. They were
instructed on how to perform all resistance exercises and
allowed to practice the lifting techniques. The next day, the
testing procedure was explained once, and then the 1-6RM
test was assessed for each resistance exercise.

Blood analysis

Blood collection and serum preparation

Following overnight fasting (approximately 12 h), 10 ml of
venous blood samples were taken from the antecubital vein.
To prevent the circadian status effects, both pre- and post-
intervention sampling was taken between 07:30 to 9 a.m.
The serum was separated by centrifuging and stored in 150
µl aliquots at -80 °C for analysis.
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Fig. 1 Schematic design of the study. (a) A total of 86 sedentary females
(18–25 years) with OW/OB interested to participate in this study. 15 out
of 86 were excluded because of not meeting the age and BMI range.
Following a verbal meeting, another 41 subjects were excluded as a result
of meeting exclusion criteria including consuming specific medication,
being on a diet, time conflict, any diagnosed diseases, participating in any
training at least 6 months before this study, and smoking. The remaining
30 eligible individuals were allocated into two inactive (IG: n = 15, con-
tinued their regular diet and physical activities) and active (AG: n = 15,
participating in the proposed combined HIIT) groups. Four subjects who
uncompleted the training sessions or post-intervention procedures were

omitted from the final statistical analysis. (b) Both groups underwent two
blood sampling collection days. The pre-intervention sampling was con-
ducted one week prior to the first training session and the post-
intervention sampling approximately 48 h after the last training session.
(c) The newly proposed all-extremity combined HIIT consisted of
4*4 min intervals separated by a 3-minutes active rest (lower-body cy-
cling). Every four minutes’ interval consisted of a 45-sec all-extremity
cycling followed by a 45-sec a lower-body or an upper-body resistance
training alternatively. The intensity and volume of the training increased
progressively based on the HRmax and 1RM percentage
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Biochemical markers assay

The serum biochemical markers concentrations, including
high-density lipoprotein (HDL), triglyceride (TG) [23], cho-
lesterol [24], fasting blood glucose (FBG), and insulin (FBI)
were measured by the photometric method (Autoanalyzer,
Alpha-Classic, Tehran, Iran). The low-density lipoprotein
(LDL) values were calculated by the Friedewald formula
[24]. The homeostasis model assessment of insulin resistance
(HOMA2-IR) and HOMA2-β cell function (HOMA-β) were
calculated by the University of Oxford Diabetes Trial Unit
software (www.dtu.ox.ac.uk/homacalculator).

Quantitative detection of cytokines

The serum concentrations of cytokines were assessed using an
ELISA kit to examine the activity levels of the biological
pathway. The concentration of PTX3 (MyBioSource, Inc.,
USA), TNFα (BioLegend, Inc., USA), IL-10 (BioLegend,
Inc., USA) and adiponectin (BioLegend, Inc., USA) were an-
alyzed by microplate reader (Hiperion, MPR 4+, Germany)
and the absorbance was adjusted according to manufacturer’s
protocol of kits.

Statistical analysis

The Q-Q plots and Shapiro-Wilks tests were performed to
assess the data distribution. The non-normal data were
analyzed in a transformed logarithm (log10). Levene’s
test was run to analyze the homogeneity of variances.
Assessing the intervention effects on dependent variables
was run by ANCOVA analysis, while the pre-testing
values were inputted as the covariate factor. The values
of Δ% were calculated to assess the magnitude of inter-
vention impacts. The Spearman’s Correlation Coefficient
was used to investigate the association of serum cytokine
level changes with the lipid profile and glucose metabo-
lism indices in response to exercise. The sensitivity test
was run to assess the omitted outlier effects on the report-
ed results, demonstrating the non-significant changes. The
significant level was adjusted at p < 0.05. All data were
reported in mean ± SD. All results were analyzed by IBM
SPSS Statistics 22 and GraphPad Prism 8.0.1.

Results

According to Fig. 1(a), the two out of fifteen subjects of each
group were omitted, who not completed the training or testing
procedure, so the data were analyzed from twenty-six out of
thirty subjects test results. There were no significant differ-
ences at baseline in two groups (P > 0.05) (Table 1).

Serum cytokine concentrations

The serum concentration changes of TNFα after 10-week ex-
ercise indicated the significant reduction in both within (p =
0.001, Δ% = -71.84) and between group (p = 0.001) compar-
isons. The decreased level of PTX3 (Δ% = -5.82) and in-
creased values of IL-10 (Δ% = 11.59) and adiponectin (Δ%
= 5.51) were not significant (p = 0.3, p = 0.12 and p = 0.22,
respectively) (Table 2). As we shown in Fig. 2, the total status
of inflammatory profile of AG demonstrated an anti-
inflammatory state following exercise as the AG showed the
significant reduction in the levels of PTX3/IL-10 (p < 0.05)
compared to IG. Also, the significant reduction of TNFα/IL-
10 and TNFα/adiponectin compared to the pre-intervention
(p < 0.01, p < 0.05) and IG (p < 0.01, p < 0.01) was found,
respectively. The changes of PTX3/adiponectin were not sta-
tistically significant (p > 0.05).

Glucose and lipid profile parameters

Overall a significant improvement was observed in glucose
metabolism after exercise intervention (Table 2). The FBG
and FBI values in AG were significantly reduced in compar-
ison with IG (p = 0.004). Also, the within group comparison
showed a significant reduction in FBI levels (p < 0.01, Δ% = -
31.67) in AG, where this comparison was not significant for
FBS (p > 0.05). The AG within group comparison indicated a
significant reduction in HOMA2-B% (p < 0.01, Δ% = -28.52)
and HOMA2-IR (p < 0.01, Δ% = -36.92). Also, the HOMA2-

Table 1 The baseline characteristics of both the inactive and active
groups

Variable IG AG

Weight (kg) 81.47 ± 14.7
78.01(14.8)

80.4 ± 13.3

BMI (kg/m2) 30.7 ± 4.3
29.3(5)

31.1 ± 4.2
29(4.9)

TG (mg/dL) * 99.11 ± 27.75 114.76 ± 51.72

HDL (mg/dL) 45.07 ± 6.61 42.15 ± 8.5

FBG (mg/dL) * 76.34 ± 6.31 79.38 ± 9.56

FBI (mu/L) 15.76 ± 6.81 17.9 ± 8.85

HOMA2-IR 1.92 ± 0.83 2.41 ± 1.3

All data were reported in mean ± SD

The non-normally distributed variables were reported in median (inter-
quartile). There were no differences in the baseline values in two groups
(p > 0.05) execpt TG and FBG.

Abbreviations: IG, inactive group; AG, active group; BMI, body mass
index; HDL, high-density lipoprotein; FBG, fasting blood glucose; FBI,
fasting blood insulin; HOMA2-IR, homeostasis model assessment of in-
sulin resistance
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Table 2 Serum cytokine concentration, glucose and lipid profile parameters following 10-week CHIIT

IG analysis AG analysis IG vs. AG analysis

Variable Pre-
intervention

Post- intervention Δ% Pre- intervention Post- intervention Δ% Mean difference
(95% CI of difference
lower–upper)

p-value

Serum cytokine concentrations

IL10 b 1.48 ± 0.3 1.41 ± 0.32 -4.73 1.38 ± 0.52 1.54 ± 0.27 11.59 0.23 (0.03–0.49) 0.12

Adiponectin b 8.82 ± 1.19 8.69 ± 1.26 -1.47 8.53 ± 1.58 9 ± 0.81 5.51 0.6 (0.41–1.59) 0.22

TNF-α a 18.4 ± 19 19.1 ± 18.9 3.8 22.4 ± 11.5 6.3 ± 5.4 * * -71.87 -16.9 (10–23.8) 0.001

PTX3a 31.64 ± 16.84 32 ± 15.92 1.13 28.85 ± 19.7 27.17 ± 19.87 -5.82 2.01 (-1.93–5.97) 0.3

Glucose and lipid profile parameters

FBG a 76.34 ± 6.31 77.3 ± 7.71 1.26 79.38 ± 9.56 80.23 ± 7.57 1.07 0.11 (-4.2 – +4.43) 0.004

FBI c 15.76 ± 6.81 16.48 ± 7.61 4.57 17.9 ± 8.85 12.23 ± 4.5 * -31.67 -6.39 (0.6–12.19) 0.004

HOMA2-B%c 210.54 ± 54.8 210.86 ± 59.9 0.15 229.06 ± 107.51 163.73 ± 45.7 * -28.52 -65.63(-136.4 – +5.1) 0.01

HOMA2-S%c 61.79 ± 26.85 61.5 ± 30.95 -0.32 63.3 ± 55.48 74.81 ± 32.6 13.44 11.79(-23.84–47.42) 0.01

HOMA2-IR c 1.92 ± 0.83 2.01 ± 0.93 4.69 2.41 ± 1.3 1.52 ± 0.54 * -36.92 -0.98 (-1.77 – -0.19) 0.002

TG (mg/dl) a 99.11 ± 27.75 99.96 ± 27.2 0.86 114.76 ± 51.72 108.46 ± 51.7 -5.48 7.1 (-16.6 – +30.91) 0.74

TC (mg/dl) a 157.46 ± 19.71 156.07 ± 19.6 -0.88 166.3 ± 24.23 160.15 ± 24.66 -3.7 -4.7 (-17.07 – +7.53) 0.61

HDL(mg/dl) a 45.07 ± 6.61 44.92 ± 5.69 -0.33 42.15 ± 8.5 47.38 ± 10.58 * 12.41 5.38 (+ 0.5 – +10.26) 0.04

LDL(mg/dl) c 92.56 ± 18.66 91.16 ± 19.1 * -1.51 102.32 ± 24.71 91.07 ± 20.28 * -10.99 -9.8 (-20.78 – +1.09) 0.33

Body composition

Weight (kg) a 81.49 ± 14.7 81.6 ± 14.6 0.09 80.4 ± 13.3 78.3 ± 11.9* -2.58 -2.11(0.51–3.74) 0.006

BMI (kg/m2) a 30.7 ± 4.3 30.8 ± 4.3 0.13 31.1 ± 4.2 30.3 ± 3.69* -2.51 -0.8 (0.18–1.5) 0.01

The data were reported in mean ± SD

The within group differences were analyzed by a ANCOVA; b mean differences t-test; c Mann-Whitney test

* p < 0.05 and * * p < 0.01

Abbreviations: IG, inactive group; AG, active group; PTX3, pentraxin 3; TNFα, tumor-necrosis factor α; IL-10, interleukin 10; TG, triglyceride; HDL,
high-density lipoprotein; FBG, fasting blood glucose; FBI, fasting blood insulin; LDL, low-density lipoprotein; TC, total cholesterol; HOMA2-IR,
homeostasis model assessment of insulin resistance; BMI, body mass index
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B%, HOMA2-IR and HOMA2.S% values significantly de-
creased in AG compared to IG (p = 0.01, p = 0.002 and p =
0.01, respectively), Fig. 3. The level of TG and TC did not
change in either within or between group comparison (p =
0.74, p = 0.61, respectively), Fig. 4. In contrast, the HDL
levels significantly increased in AG following exercise in both
within (p < 0.05, Δ% = -36.92) and between (p = 0.04) group
comparisons. Although the LDL levels significantly de-
creased in AG and IG compared to their pre-intervention
states (p < 0.05, Δ% = -1.51 and p < 0.05, Δ% = -10.99, re-
spectively), there was no significant changes in AG in com-
parison with IG (p = 0.33).

Correlation analysis

The correlation analysis indicated the statistical significance
relations between TNFα level changes and HDL (r = -0.62, p
< 0.01), HOMA2.B% (r = -0.49, p < 0.05) and HOMA2.IR (r
= -0.4, p < 0.05) following exercise training (Table 3). The
adiponectin concentrations showed the significant correlations
with FBI levels (r = -0.47, p < 0.05) and HOMA.B% changes
(r = 0.63, p < 0.01). The IL-10 levels significantly correlated
with HDL (r = 0.53, p < 0.01), TG (r = -0.74, p < 0.01) and
FBG (r = -0.42, p < 0.05) changes. Also, the PTX3 level
showed the significant relations with LDL (r = 0.65, p <
0.01) and TC (r = 0.58, p < 0.01) levels after a 10-week com-
bined all-extremity HIIT.

Discussion

This study assessed the effects of a new all-extremity com-
bined HIIT on the inflammatory status and glycolipid metab-
olism among sedentary overweight/obese females. We found
that a 10-week combined all-extremity HIIT improves the

inflammatory profile (pro- and anti-inflammatory factors),
cardiometabolic risk factors (lipid profile parameters), and
glucose metabolism (insulin and glucose homeostasis).

Regarding CLSI improvement by the exercise-induced an-
ti-inflammatory environment [10, 16], we found a slight in-
crease in adiponectin levels which was supported by
Christiansen et al. [25]. Adiponectin is involved in M2 polar-
ization through suppressing the TLRs pathway and promoting
signal transducer and activator of transcription (STAT) 6 and
IL-4 related pathway [13], suggesting a potential role of this
exercise in the maintenance of the anti-inflammatory state.
Another immunomodulatory act of adiponectin is related to
increase the anti-inflammatory cytokines’ production such as
IL-10 [13]. Although the IL-10 levels have increased follow-
ing a 12-week HIIT [27], the 11% increase in IL-10 levels
were not statistically significant in our study. As high glucose
level is a common condition in the obese state, it has been
reported that IL-10 production rates are impaired during high
glucose exposure [28]. Neither insulin level reduction nor
HOMA-IR improvement could affect IL-10 production levels
in this study, indicating the complex of factors determining
stimulation or inhibition of an anti-inflammatory response af-
ter exercise in obesity.

A potential mechanism describing the immunoregulatory
ability of the exercise training is associated with reducing the
TLR4 activities [10, 16]. In this context, the PTX3 and TNFα
expression are controlled by NF-κB pathway when TLR-
induced inflammation [29]. Our findings revealed a signifi-
cant reduction in TNFα, however, the PTX3 decreased was
not statistically significant. The insignificant PTX3 changes
were in agreement with other’s findings following both acute
[30] and long-term exercises [19, 31]. In contrast, either an
unchanged [12, 32, 33] or increased TNFα levels [20] have
been revealed following different exercise interventions. The
contracting skeletal muscle-released IL-6 and irisin might be a
reason for a decrease in TNFα level in this study, since these
myokines interfere the TLR4/NF-κB pathway activities [11,
34]. Although the PTX3 basal levels in obese subjects were
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not significantly different from normal weight individuals, a
continuous aerobic exercise session reduced PBMCs-
stimulated production of PTX3 in both the normal weight
and obese groups [18]. The role of PTX3 in adipocyte differ-
entiation has revealed its potential power in lipid accumula-
tion and, consequently, increase the meta-inflammatory state
during obesity [35]. Therefore, these double-edge responses
of PTX3 either in obesity or following the exercise training
could be partially related to the different action/interaction of
various circulating immune cells in producing PTX3, meta-
bolic dysfunction rates, and severity of meta-inflammatory
state.

An imbalanced cytokine network induces multifactorial
diseases because of neutralizing and/or antagonizing influ-
ences of the anti-inflammatory cytokines on pro-
inflammatory ones, indicating the importance of evaluating
the pro- to anti-inflammatory cytokines ratios. These ratios
are the general immunoreactivity indicators which may be
more informative than a cytokine’s absolute level.
Accordingly, the helper T cells type 1 to type 2 (Th1/Th2)-

produced cytokines’ ratio, like TNFα/IL-10, has been report-
ed to be an indicator of increased risk of coronary heart dis-
eases [36], a metabolic dysfunction-mediated disorder. In this
regard, despite the insignificant increase in absolute levels of
evaluated cytokines in this study, the immunoreactivity as-
sessments revealed an overall anti-inflammatory status be-
cause of a significant reduction in TNFα / IL-10,
TNFα/adiponectin, and PTX3/IL-10 values. The reduction
in the immunoreactivity assessments has been indicated fol-
lowing HIIT protocol [37]. In contrast, the increased IL-6/IL-
10 values in response to lipopolysaccharide have been shown
after the maximal exercises [38, 39]. These discrepancies may
be related to the difference in the healthiness and sex of par-
ticipants and/or duration of protocols in two studies.

Hyperlipidemia partially induces by the failed attempts ofAT-
resident macrophages to maintain the tissue homeostasis [40],
indicating that the improvement in lipid profile parameter could
reflect improved AT macrophages function. In this context, al-
though the TG and TC reduction was not significant in response
to combined all-extremity HIIT in our study, increased HDL and
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Fig. 4 Lipid profile changes
before and after of 10-week
CHIIT in both control (IG) and
exercise (AG) subjects. All data
presented as mean ± SEM.
Abbreviations: IG, inactive
group; AG, active group; TG, tri-
glyceride; HDL, high-density li-
poprotein; LDL, low-density li-
poprotein; TC, total cholesterol. *
p < 0.05 and * * p < 0.01

Table 3 Correlation between lipid profile and glucose metabolism parameters and inflammatory panel

Variables FBG FBI HOMA2.B% HOMA2.IR TG TC HDL LDL

TNFα 0.02 0.37 -0.49 * -0.4 * 0.25 0.28 -0.62 ** 0.06

Adiponectin 0.29 -0.47 * 0.63 ** 0.33 -0.28 -0.22 0.26 -0.29

IL10 -0.42 * 0.07 0.13 0.16 -0.74 ** -0.11 0.53 ** -0.19

PTX3 0.06 0.33 0.08 0.2 0.15 0.58 ** -0.02 0.65 **

r: Pearson Correlation Coefficient test

* p < 0.05 and * * p < 0.01

Abbreviations: PTX3, pentraxin 3; TNFα, tumor-necrosis factor α; IL-10, interleukin 10; TG, triglyceride; HDL, high-density lipoprotein; FBG, fasting
blood glucose; FBI, fasting blood insulin; LDL, low-density lipoprotein; TC, total cholesterol; HOMA2-IR, homeostasis model assessment of insulin
resistance
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decreased LDL levels revealed overall improvement in lipid pro-
file. Although these results are in accordance with some studies
[27, 33, 41, 42], others showed a significant reduction in TG and
TC levels [19, 33, 42]. According to correlation analyses here,
the increased HDL levels showed either a positive relation with
IL-10 changes or a negative association with TNFα and TG
changes. Moreover, PTX3 changes were positively associated
with TC and LDL reduction. Accordingly, as dyslipidemia influ-
ences on the innate immune system through TLR4 pathway [43],
it could be reflected the TNFα reduction here.

Hyperglycemia is an essential factor in neural damage, cog-
nitive failure, liver cancer, and NAFL [44, 45]. An acute aerobic
training with sever intensity has reduced the glucose levels more
than the same with lower intensities [39], suggesting the effec-
tiveness of exercise protocols with higher intensities in modify-
ing glucose metabolism. In this context, we found a decrease in
the FBI, HOMA2-IR, and -B% values and an increase in
HOMA2-S% levels. These results were supported by others
evaluating the effects of a circuit RT [42]. The significantly in-
creased FBG values in the AG in comparison with the IG could
be related to the pre-intervention significant differences between
two groups in glucose levels at baseline. Liu et al. have reported a
reduction in FBG and FBI levels without significant changes in
HOMA-IR values in T2D patients [19]. In contrast, the FBG and
FBI levels have not been significantly altered following 12weeks
among dysglycaemia males and sedentary females [15, 32].
Concerning the negative impact of TNFα on insulin signaling
[11], we found a negative correlation between the decreased

TNFα levels and HOMA2-IR, HOMA2-B%, and HDL chang-
es. The adiponectin changes were negatively correlated with
values of the FBI and HOMA2-B%, suggesting the possible
mechanism in which adiponectin enhances the glucose metabo-
lism, since it is known as an insulin sensitizer [13]. Also, Ptx3
knockout mice have shown an increase in insulin plasma con-
centration [46], indicating the PTX3 role in IR development [40].
Accordingly, the improvement of insulin sensitivity and glucose
metabolism in our study confirm the inverse correlation findings.

Limitations

Although this study revealed the impressive results, it should
be noted the limitations. The small sample size could be af-
fected by some insignificant results. This was related to, first,
the limited volunteers during the participant recruitment stage
and then, the precise inclusion/exclusion criteria to provide
consistency in all subjects, providing more reliable results.
Moreover, limited funding forced the authors to limit the eval-
uated cytokines network.

Suggestions for future studies

As a cytokine is produced by the specific immune cells related
to innate or adaptive immunity, it is suggested that the pro-
duction of a cytokine and its receptor is evaluated in a specific
immune cell, simultaneously. Furthermore, it is more infor-
mative that future exercise immunology studies evaluate the

Fig. 5 The immunoreactivity of a 10-week CHIIT. The hyper-immune
system activities induced in an obese state promote an imbalanced cyto-
kines network relating to the pathology of the obesity-associated meta-
bolic diseases. On the contrary, exercise training promotes a balanced
state through increasing the anti-inflammatory cytokines production, sug-
gesting neutralizing and/or antagonizing the inflammatory cytokines. In
this study, the 10 weeks CHIIT promoted the increased levels of inflam-
matory cytokines (PTX3 and TNFα) and glycolipid metabolism param-
eters (FBG, FBI, LDL, TG and TC) (a) towards an anti-inflammatory

balanced state through decreasing the values of FBG, FBI, TNFα,
PTX3/IL-10, TNFα/adiponectin and increasing the HOMA-IR and
HDL levels (b)
Abbreviations: CHIIT, combined high-intensity interval training; adipo,
adiponectin; PTX3, pentraxin 3; TNFα, tumor-necrosis factor α; IL-10,
interleukin 10; TG, triglyceride; HDL, high-density lipoprotein; FBG,
fasting blood glucose; FBI, fasting blood insulin; LDL, low-density lipo-
protein; TC, total cholesterol; HOMA2-IR, homeostasis model assess-
ment of insulin resistance
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anti-inflammatory cytokine function in response to the differ-
ent exercise protocols, such as assessment the adiponectin or
IL-10 ability to suppress the lipopolysaccharide-induced
PTX3 or TNFα production through whole blood cultures.

Conclusions

In conclusion, according to Fig. 5, our proposed combined all-
extremity HIIT induced positive anti-inflammatory adaptation
in sedentary obese females, indicating either a failure in
mechanisms-mediated the anti-inflammatory cytokines’ pro-
duction or an insufficient time, duration, and intensity of this
intervention to stimulate their pathways. Furthermore, the im-
paired function in anti-inflammatory cytokine production
might be associated with obesity-induced impaired glycolipid
metabolism. However, more investigations are needed to
achieve a better understanding of cytokine crosstalk (Th1/
Th2) in meta-inflammatory status in responses to exercise.
However, the glycolipid metabolism improvement and in-
flammatory status reduction indicated that this time-efficient
practical exercise training could be proposed either as a ther-
apeutic approach among sedentary overweight/obese individ-
uals or a solution promoting exercise program participating in
modern societies with time-complicated-induced metabolic
disorders.
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