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Abstract: Low-grade systemic inflammation leads to critical alterations of several tissues and organs
that can promote the appearance of non-communicable diseases, a risk that is increased in adults
with obesity. Exercise training may counteract low-grade systemic inflammation, but there is a lack
of consensus on how cytokines are modulated by training in adults with obesity. This study aimed
of examining the effects of exercise training on circulating pro- and anti-inflammatory cytokines
in adults with overweight and obesity, and whether exercise-induced fat mass reduction could
mediate that effect. The search was conducted on Medline (Pubmed), SPORTDiscus and Web of
Science databases from January 1998 to August 2021, using keywords pertaining to inflammation,
exercise, and obesity. A total of 27 studies were selected, in which the circulating concentration levels
of cytokines were analyzed. Endurance training (ET) decreased circulating CRP, IL-6 and TNF-«
levels. TNF-a was reduced after resistance and concurrent training (CT), while IL-10 increased
after resistance training (RT). Changes in IL-10 and CRP coincided with fat mass reduction, while
decreased TNF-« levels were concomitant with changes in IL-6 and IL-10. Exercise training may
reduce systemic low-grade inflammation profile in adults with overweight and obesity.

Keywords: exercise immunology; low-grade inflammation; cytokines; fat mass; exercise

1. Introduction

Physical inactivity is a serious health problem [1] that causes low-grade systemic in-
flammation and visceral fat mass accumulation [2]. These two intrinsically linked processes
are key factors that influence cardio-metabolic, neurodegenerative, and immune disease
development [3]. In people with obesity, low-grade systemic inflammation is related to
skeletal muscle mass loss and reduced muscle strength production, metabolic and func-
tional limitations observed in people with multiple comorbidities [4], osteoarthritis [5], or
who are hospitalized [6]. Unfortunately, low-grade systemic inflammation still generates
more questions than answers and whether exercise training could modulate the chronic
inflammatory state of a population with excessive fat mass accumulation or not is one of
the critical unsolved questions [7].

Visceral fat mass accumulation stimulates the activation of the innate immunity, which
promotes a local response to cellular damage facilitated by increased blood flow, immune
cell infiltration (i.e., macrophages) and inflammatory mediator production to repair the
damaged tissue, as well as neutralizing any toxic agent produced [8,9]. However, when
the inflammatory state persists, adipocytes and immune cells release pro-inflammatory
cytokines into the circulation, such as C-reactive protein (CRP), interleukin-6 (IL-6), and
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tumor necrosis alpha (TNF-«), among others [10]. A chronic presence in the circulation
of these pro-inflammatory cytokines is called low-grade systemic inflammation, which
contributes to the inflammatory spiral that damage several tissues [11], elevating the risk
of non-communicable diseases [12].

In contrast, exercise promotes several anti-inflammatory signals that prevent low-
grade systemic inflammation [2,12], by reducing the expression of Toll-like receptors (TLR2
and TLR4) in immune cells [13], attenuating M1 macrophages and CD8" T-cells [14], de-
creasing macrophages infiltration in adipose tissue and improving adipocytes blood and
nutrient supply in visceral fat mass [15]. Some circulatory biomarkers that are released
acutely contribute to these anti-inflammatory signals are IL-6 or interleukin-10 (IL-10).
Nevertheless, it remains to be elucidated whether exercise training can restrain the inflam-
matory spiral in patients with overweight or obesity by attenuating low-grade systemic
inflammation [7]. Previous narrative reviews have explored the role of physical activity
in systemic low-grade inflammation [16-18], and some systematic review has examined
exercise-induced changes in a particular inflammation marker (e.g., CRP) in general popu-
lation [19]. However, to our knowledge, no study has analyzed the effect of different doses
of exercise on systemic low-grade inflammation. Therefore, this study aimed at examining
the effects of exercise training on circulating pro- and anti-inflammatory cytokines in adults
with overweight or obesity through a systematic review, as well as to examine whether this
effect is mediated by exercise-induced fat mass loss.

2. Materials and Methods
2.1. Protocol

The present systematic review was developed using guidance from the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis protocols (PRISMA-P) [20].

2.2. Eligibility Criteria

All types of randomized controlled trials (RCTs) and non-controlled trials examining
exercise training intervention (resistance, endurance, high-intensity interval, or concur-
rent training) on circulating levels of pro- and anti-inflammatory cytokines (CRP, IL-13,
IL-1ra, IL-6, IL-8, IL-10, MCP-1, TNF-«) in adults aged 18 to 65 years old with overweight
(>25 kg/m?) or obesity (>30 kg/m?) were included. Type of exercise, circulating cytokine
levels, exercise-induced fat mass loss, and placebo (non-exercise interventions) were used
as potential comparators.

2.3. Search Strategy, Information Sources and Data Management

Literature was explored using Medline (PubMed), SPORTDiscus and Web of Science,
including articles published between January 1998 and August 2021. The search strategy
(inflammation AND exercise AND obesity) is presented in Supplementary Table S1, to-
gether with an example of the search engine used. A list of reference of included RCTs
was elaborated, and an extra scan was performed for additional RCTs. Study authors were
contacted when unpublished studies or additional data were required. The identification,
screening and abstraction was performed by two authors working independently, while a
third author evaluated the quality of the studies, contact with other authors, and explored
non-English articles.

2.4. Study Selection

After a pilot-testing eligibility criteria for citations, abstract and full-text articles,
screening was conducted by two authors working independently, and when any discrep-
ancy regarding eligibility took place, a third author was involved to solve the conflict. The
interventions were coded independently, classified into the following broad categories:
cytokines, type of exercise, and exercise-induced fat mass loss. Study quality was evaluated
independently by two authors; a third authors was not required for this task, since no
conflict appears between authors.
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Articles were included when they involved physically inactive (<150 min/week),
overweight or obese (BMI > 25 kg/m?) adult populations (18 to 65 years), who participated
in an exercise training program. We examined studies including several biomarkers (CRP,
IL-1B, IL-1ra, IL-6, IL-8, IL-10, MCP-1, TNF-a); however, for the purpose of this manuscript,
only CRP, IL-6, IL-10 and TNF-« were analyzed and discussed. The remaining biomarker
(IL-1p3,IL-1ra, IL-8 and MCP-1) are presented in Supplementary Tables S2-55. While articles
were excluded if they involved populations whith overweight or obesity and diagnosed by
other cardio-metabolic, immunological, or musculoskeletal pathology, or if the training
program lasted less than two weeks or was accompanied by a diet program, articles were
also excluded if they included older populations (>65 years) or postmenopausal women.

2.5. Data Extraction and Synthesis

The following information was extracted from each study: author, date of publication,
sample size, participants’ characteristics, experimental design and procedure, training
intervention, and cytokines pre- vs. post-intervention difference. Data were independently
extracted by two authors, and any discrepancy was resolved by a third author. Data
was collected and presented as the mean =+ standard deviation (SD) or mean (SD). When
circulating cytokine levels or fat mass loss were provided in figures, values were estimated,
and authors were contacted when no data was provided.

Given the heterogeneity of studies (gender, age, duration, intervention, types of
training, etc.), it is not possible to combine the studies presented in this systematic review
for quantitative analysis (meta-analysis).

2.6. Quality Measurement

Study quality assessment was conducted using the PEDro scale [21]. Studies were
scored by two authors (Supplementary Table S6). A total score out to 10 was given for each
study, 1 was given when the item was satisfied, and 0 when it was not satisfied. When
the item was not applicable to that study, NA was used. The first item was excluded
from the score calculation. The 27 studies included had a mean PEDro score of 4.8. The
most common problems were lack of concealed allocation and a lack of blinding, which is
challenging in this type of trial.

3. Results

Figure 1 illustrates the systematic review flow diagram of the present study. The database
search showed 1557 articles, 1045 of which were eliminated after title and abstract examination.
The full-text evaluation was performed in 512 articles, and 27 meet the inclusion criteria for
systematic review and 0 for meta-analysis. The number of studies included according to
cytokines alone and combined with type of exercise are detailed below:

—  Protein C-reactive (CRP) (n = 13), CRP and endurance training (n = 11), CRP and resistance
exercise (n = 3), CRP and HIIT (n = 0) and CRP and concurrent training (n = 1).

— Interleukin-1 beta (IL-13) (n = 3), IL-13 and endurance training (n = 2), IL-1 and
resistance exercise (n = 1), IL-1p and HIIT (n = 0) and IL-1 and concurrent training
(n=0).

— Interleukin-1 receptor alpha (IL-1ra) (1 = 1), IL-1ra and endurance training (n = 1),
IL-1ra and resistance training, HITT and concurrent training (n = 0).

— Interleukin-6 (IL-6) (n = 17), IL-6 and endurance training (n = 13), IL-6 and resistance
exercise (n = 4), IL-6 and HIIT (n = 3) and IL-6 and concurrent training (1 = 3).

— Interleukin-8 (IL-8) (n = 2), IL-8 and endurance training (n = 1), IL-8 and resistance
exercise (n = 0), IL-8 and HIIT (n = 1) and IL-8 and concurrent training (1 = 0).

— Interleukin-10 (IL-10) (n = 5), IL-10 and endurance training (n = 1), IL-10 and resistance
exercise (n = 2), IL-10 and HIIT (n = 2) and IL-10 and concurrent training (n = 1).

— Monocyte chemoattractant protein-1 (MCP-1) (n = 4), MCP-1 and endurance training
(n = 3), MCP-1 and resistance exercise (n = 0), MCP-1 and HIIT (n = 0) and MCP-1 and
concurrent training (n = 0).
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Figure 1. Flow diagram of the systematic review.

3.1. Participants and Exercise Interventions’ Characteristics

Circulating CRP levels were analyzed in 13 studies which included 561 participants with
overweight or obesity and were involved in a training program [22-34]. Participants were
young and middle-aged males [23,25,27,28,30,32,34] and females [22,25-28,30,33] who were
involved in a randomized control [22,23,26-28,31-34], randomized non-controlled [29,30] or
non-randomized non-controlled trial [24,25]. All studies performed an endurance training
(ET) program [22-32], except four studies, in which resistance training (RT) [30,33,34] and
concurrent training (CT) [30] were analyzed. In ET studies, the training programs consisted of 6
to 12 weeks [23,28,32] or more than 12 weeks [22,24-27,29-31], performed 24 [30,32], or 5-7
exercise sessions per week [22-29,31] at moderate intensity [22-25,27-32], except three studies,
in which low [26] and vigorous-intensity training were selected [27,31]. In RT and CT studies,
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the training programs consisted of 8, 22 and 52 weeks [30,33,34], performed 34 exercise sessions
per week [30,33,34] at moderate intensity [30,34].

Circulating IL-6 lvels were analyzed in 17 studies, in which 439 participants with over-
weight and obesity were involved in a training program [23-26,30,33,35-45]. Young and middle-
aged men [23,30,35,40-45] and women [25,26,30,33,38-40,43], older men and women [37] partic-
ipated in a randomized control [23,26,33,35,37,42], randomized non-controlled [30,36,38,40,43]
or a non-randomized non-controlled trial [24,25,39,41,44,45]. Most studies explore the effects of
ET on circulating IL-6 levels [23-26,30,35-41,43] although RT [30,33,37,44], HIIT [35,40,45]
and CT were also evaluated [30,37,42]. In ET studies, the training programs consisted
of 2 to 6, 6 to 12 [23,25,35-37,3941,43] or more than 12 weeks [24,26,30,38], performed
3-4[30,35,38,40,43] and 5-7 exercise sessions per week [23-26,36,37,39,41], at low [26] or moder-
ate intensity [23-25,30,35-41,43]. In RT studies, the training programs consisted of 6 to 12 [37,44]
or more than 12 weeks [30,33] performed 2 [33], 34 [30,44], or 5 exercise sessions per week [37]
at moderate intensity [30,33,37,44]. In the HIIT studies [35,40,45], the duration of the interven-
tions was 2, 6, or 8 weeks, performing 3, 4, and 5 exercise sessions per week in which 4 to
10 series of 1:1 or 2:1 of work:recovery ratio at >75% heart rate of reserve (HRR) or >85% VOomax
were carried out. In CT studies, the duration of the programs were 6 to 12 weeks [37] or more
than 12 weeks of training [30,42], performed 3 [30,42] or 5 exercise sessions per week [37] at
moderate intensity.

Circulating IL-10 levels were analyzed in 5 studies in which 77 participants with overweight
or obesity were involved in a training program [23,42,45-47]. Participants were young and
middle-aged men [23,42,45-47] who took part in a randomized control [23,42,46,47] or a non-
randomized non-controlled trial [45]. Moreover, different training types were evaluated: ET [23],
RT [46,47], HIIT [45,46], and CT [42].

Circulating TNF-« levels were analyzed in 14 studies in which 319 participants with
overweight or obesity were involved in a training program [23,24,30,35-40,42,44-46,48]. Partici-
pants were young and middle-aged men [23,24,30,35,37,40,42,44-46] and young or middle-aged
women [24,30,36—40,48] who were involved in a randomized control [23,35,37,42,46], a random-
ized non-controlled [30,36,38,40] or a non-randomized non-controlled trial [24,39,44,45]. In ET
studies, the training programs consisted of 6 to 12 [23,35-37,39,40] or more than 12 weeks
of training [24,30,38,48], performed 3—4 [30,35,38,40] or more than 4 exercise sessions per
week [23,24,36,37,39 48] at moderate intensity. In RT studies, the training program consisted of
between 6-12 [37,44,46] or more than 12 weeks of training [30], performed 3—4 [30,44,46] or 5 ex-
ercise sessions per week [37] at moderate [30,37,44] and vigorous intensity [46]. In CT studies,
the training program consisted of 12 [37], 22 [30] and 24 [42], performed 3 to 5 days a week at
moderate intensity. In HIIT protocols, the duration of the program was less than 6 weeks [45]
and between 6-12 weeks [35,40,46], 3 to 5 exercise sessions per week were performed.

3.2. C-Reactive Protein (CRP)

Table 1 presents information extracted from the studies that examined circulating CRP
concentration levels.

Table 1. Effects of training on the circulating concentrations levels of CRP in sedentary adults with overweight or obesity.

: Pre- vs. Post-Training Differences
Study Subjects Experu.n.ental Training Protocol &
Conditions Fat Mass (%) CRP (mg/L)
EC1: ET (35.0 + 24 months EC1: 3.2 (1.5-8.4) vs.
. Women (20 to 46 yr) 23 kg/m?; n = 60) Aerobic games, 2.1(0.9-1.9) *#
Esposito etal., 2003 (n = 120) EC2: Control (34.7 + swimming and NR EC2: 3.4 (1.4-8.3) vs.
2.4kg/m?; n = 60) walking 3.1(1.3-8.2)
15 weeks
Brun et al. 2005 \lx\v/[ei(ﬁ (‘nlf)l‘é‘) EC1: ET (45.8 + 5 days/week EC1: 46.0 + 2.5 vs. EC1: 9.8 + 12 vs.
utm et al, N (ISIR v 1.9 kg/m?%; n = 23) 2-3 h/session 411+23* 70+1.0*

Endurance exercises




Int. J. Environ. Res. Public Health 2021, 18, 13258

60of 17

Table 1. Cont.

: Pre- vs. Post-Training Differences
Study Subjects Experu.n.ental Training Protocol 8
Conditions Fat Mass (%) CRP (mg/L)
9 weeks
Dvorakova- Women EC1: ET (315 + 6 days/week EC1: 431 + 3.71 vs.
Lorenzova et al., (25 to 35 y1) 4.0 kg /m2; n = 40) 45-60 min/session NR 301 4312 *
2005 (n = 40) LRe/me = Aerobic exercises ’ :
130-135 HR
EC1: ET moderate
intensity (339 £ 16 weeks EC1:39.7 + 83vs.  ECI: 49 + 32 vs.
49kg/m*;n=17) 5 days/week
: ) . 28.0+£27* 39+27
Men (n = 20) and EC2: ET vigorous ~ 30—40 min/session EC2: 398 + 75 vs EC2: 34 4 35 vs
Marecell et al., 2005 Women (n = 31) intensity (32.5 + EC1: walking or o Y P o
(45.3 £8.3yr) 5.3 kg/m?; n = 20) jogging 30 min 280429 30 £ 3.0
Oy o emy 198815 - T EC3:43.7 + 64vs. EC3:57+5.1vs.
EC3: Control (35.3 EC2: treadmill 434 4 5.9 A7+ 46
+ 3.7 kg/m?; 80-90% HRR ' ' ' '
n=14)
EC1: ET (28.8 £ 3 months .
Men (n = 35) and 2.0 kg/m?; n =23) >5 days/week EC10. (())91:6;5 8713 Ve
Jae et al., 2006 Women (n = 12) EC2: Control (27.8  50-60 min/session NR ’ ’
2 . . EC2: 0.10 £ 0.08 vs.
(49.6 £ 6.9 yr) +2.4kg/m%; Aerobic exercises 015 + 0.17
n=24) 60-80% HRmax ’ ’
EC1: RT (269 + 1 year EC1:434+37vs. EC1:33+04vs.
Olson et al.. 2007 Women (24 to 3.0 kg/m?; n = 16) 2 days/week 415+47 30+04*
v 44 yr) (n = 28) EC2: Control (27 + ~9 exercises EC2:448 +44vs. EC2:32+04vs.
3kg/m?; n=12) (3 x 8—10) 43.0+49 34+04
16 weeks EC1: 5.02
Arikawa et al Women (1 = 319) EC;’_E;F 6(61)\IR’ 5 days/week EC1:36.4 £8.7vs. (4.17-6.03) vs. 4.32
2010 v (18 to 30_ 1) EC2: C;ntrol (NR; 45 min/session NR EC2: 36.1 + 83  (3.60-5.19) ** EC2:
y .n - 153) ” Endurance training vs. NR 3.94 (3.25-4.76) vs.
- 65-85% HRmax 3.90 (3.22-4.73)
ZE% 5;&??1'9_?) . Olé stfsifek EC1:295+3.1vs. ECl: ~2.25 4 0.75
Moghadasi et al., Men (11 = 16) vy éon trol (;2 0 45 mii session 27.2 + 3.7+ vs. ~0.85 & 0.65 *#
2012 (Middle-aged) ' 5 . o EC2:31.4 £ 55vs. EC2: ~2.8 +0.8vs.
+ 5.3 kg/m*; Treadmill 75-80%
314+£55 ~31+0.8
n=28) VO2max
11?53/11{2(231 1i2) 12 weeks EC1:31.3+41vs. EC1:14+0.5vs.
Auerbach et al., Men (20 to 40 yr) E.CZ'gCont;ol E28 1 7 days/week 294 +3.8* 1.6 £0.7
2013 (n =48) i' 13 ke /m2: ' 65-85% HRR EC2:313+41vs. EC2:14+05vs.
2 KB/ (600 kcal) 311435 14406
n=12)
22 weeks
3 days/week
EC1: 8 exercise EC1: 1.89

Loria-Kohen et al.,
2013

Men (n = 46) and
Women (n = 46)
(18 to 50 yr)

EC1: RT (29.5 +
2.0kg/m?; n=19)
EC2: ET (289 +
1.7 kg/m?; n = 25)
EC3: Concurrent
training (28.3 £
1.5 kg/m?; n =22)

(11 x 15 at 50-60%
I5RM (R=155)
EC2: treadmill or
cycle 50-60% HRR
EC3: treadmill or
cycle 50-60% HRR
+ 8 exercise (1 x 15
at 50-60% 15 RM
(R=155)

EC1:40.2 £ 6.7 vs.
36.1+7.7*
EC2: 39.8 £ 5.6 vs.
353+£68*
EC3:37.5 £ 6.0 vs.
300£7.6*

(0.69-3.62) vs. 1.45
(0.79-3.17) EC2:
2.09 (1.00-5.07) vs.
1.02 (0.79-4.05) *
EC3: 0.96
(0.79-2.08) vs. 0.79
(0.79-2.01)
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Table 1. Cont.

i Pre- vs. Post-Training Differences
Study Subjects Expern'n'ental Training Protocol 8
Conditions Fat Mass (%) CRP (mg/L)
24 weeks
) 3-7 days/week ) )
Khoo et al.. 2015 Men (~42.6 yr) EC1: ET (32.1 + 4560 min /session EC1:34.7 £ 5.5vs. EC1: 3.94 + 3.56 vs.
M (n =80) 2.6 kg/mz; n =40) . . 31.0+£34* 1.83 £3.13*
Aerobic exercises
60-80% HRR
EC1: ET moderate
intensity (29.2
= 2.
(285 ig;géf)g/m ' EC1: ~1.5 + 1.3 vs.
- ~ * 4
Men (n = 46) and EC2: ET vigorous E C1'651(1)10;)n\’;}65 E CZQ.Zlil 150 dvs
Gram et al., 2017 Women (n = 44) intensity (30.1 ey o 2peak NR o T
(20 to 45 yr) (29.2-30.5) kg /m?; EC2: 70% VOgzpeax ~0.8+04
y N EC3: Bike EC3: ~1.4 + 19 vs.
n=24) ~1.6+21
EC3: Control (30.2 ’ ’
(28.9-31.5) kg/m?;
n=16)
8 weeks
3-7 days/week
60 min/session
EC1: Control , 'Progressn‘fe. EC1: ~1.5 4 0.8 vs.
. (81.1 £3.2kg/m*;  resistance training
Kolahdouzi et al., .. . ~1.5+0.8
2019 Men (n = 30) n=15) circuit: 8 exercises NR EC2: ~21 + 13 vs
EC2: RT (30.12 + (2—4 x 8—12 at '~1 6 i 12' ’
2.99 kg/m?; n = 15) 65-85% RM : '

(R =15 s between
exercises and 3 min
between series)

EC = experimental condition; ET = Endurance training; HRR = heart rate reserve; HRmax = maximal heart rate; NR = non-reported; R = rest
between series; RM = maximal repetition; RT = Resistance training; VOomax = maximal oxygen consumption; ~ = estimated data; some data
are presented as median (interquartile range); * p < 0.05 within group comparison; # p < 0.05 between groups comparison (vs control). Data

are shown as mean + SD.

In response to ET, the circulating concentration levels of CRP showed a statistically
significant reduction (from —9 to —53%) in 8 of 11 studies (Table 1). When the ET was com-
pared to a control group, four of seven studies reported statistically significant decreases in
circulating CRP levels [22,26,27,32], and the reduction of this biomarker was concomitant
with a reduction in fat mass in 3 of 4 studies [24,29,30,32]. In response to RT, a statistically
significant reduction in circulating CRP levels was found, but no differences were detected
when RT was compared to a control group [33], whereas Kolahdouzi et al. (2019) did not
find statistically significant changes in CRP levels within or between groups after RT [34].

Furthermore, we examined whether gender could influence these results. A statisti-
cally significant reduction in circulating CPR levels was observed in all studies conducted
in women, while studies in men showed a statistically significant reduction in CPR levels
in two of three (Table 1).

3.3. Interleukin-6 (IL-6)

Table 2 presents information extracted from the studies that examined circulating IL-6
concentration levels.
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Table 2. Effects of training on the circulating concentrations of IL-6 in sedentary adults with overweight or obesity.

i Pre- vs. Post-Training Differences
Study Subjects Experu'n'ental Training Protocol 8
Conditions Fat Mass (%) IL-6 (pg/mL)
EC1: ET (35.0 £ 24 months EC1: 4.3 (1.9-9.0) vs.
. Women (20 to 46 yr) 23kg/ m?; 1 = 60) Aerobic games, 2.9 (1.1-6.5) **
Esposito et al., 2003 (n =120) EC2: Control (34.7 + swimming, and NR EC2: 4.1 (2.0-9.0) vs.
2.4 kg/m?; n = 60) walking 3.8(2.1-8.9)
15 weeks
Men (n = 11) & ECI: ET (45.8 + 5 days/week ECI: 46.0 + 2.5 vs. ECI: 4.6 + 0.6 vs.
Bruun et al., 2005 Women (n = 12) 1.9 kg /m?; 1 = 23) 2-3 h/session 411 +23% 34+ 0.6
(NR yr) F e/ = Moderate intensity ' ’ ’ ’
(NR)
9 weeks
Dvorakova- Women (25 to 35 yr) EC1: ET (315 + 6 days/week EC1: 9.01 + 6.47 vs.
Lorenzova et al., (n = 40) 4.0 kg/m2; 1 = 40) 45-60 min/session NR 11.05 + 7.01
2005 B LRy = Aerobic exercises ’ ’
130-135 HR
12 weeks
Klimcakova et al., Men (50.4 + 2.3 yr) Ecllzzlf ;ﬁ b 63 f:if/s ‘e”sesil)(n EC1: 31.6 4+ 4.9 vs. ECl: 1.4 + 0.7 vs.
2006 (n=12) = Ke/me . 301+ 42 15+06
n=12) 17 exercises, 1 x
12—15 at 60-70% RM
12 weeks
. 5 days/week . .
Polak et al., 2006 Women (40.4 + EC1: ET (322 £ 45 min /session EC1:38.8 + 4.2 vs. EC1: 3.1+ 3.7 vs.

Olson et al., 2007

Christiansen et al.,
2010

Leggate et al., 2012

Auerbach et al., 2013

Besse-Patin et al.,
2013

Ho et al. 2013

Lakhdar et al., 2013

6.7 yr) (n = 25)

Women (24 to 44 yr)
(n =28)

Men (n = 40) and
Women (n = 34) (18 to
45 yr)

Men (23.7 £ 5.2 yr)
(n=12)

Men (20 to 40 yr)
(n =48)

Men (35.4 £ 1.5 yr)
(n=11)

Men (n =10) &
Women (n = 87)
(40 to 65 yr)

Women (~38 yr)
(n=30)

2.2 kg/m?; n = 25)

EC1: RT (269 +
3.0 kg/mz; n=16)
EC2: Control (27 +

3 kg/mz; n=12)

EC1: ET (33.3 +
4.0 kg/m?; n = 25)

EC1: HIIT (29.1 £
3.1 kg/mz; n=12)

EC1: ET (28.1 +
1.3 kg/mz; n=12)
EC2: Control (28.1 +
1.3 kg/mz; n=12)

EC1: ET (32.6 £
2.3 kg/mz; n=11)

EC1: ET (32.7
(25.0-45.6) kg /m?;
n =15)

EC2: RT (33.0
(25.8-44.6) kg /m?;
n=16)

EC3: Concurrent
training (33.3
(23.4-40.2) kg /m?;
n=17)

EC4: Control (32.4
(26.0-48.0) kg/m?;
n=16)

EC1: ET (33.5 +
3.7 kg/mz; n=10)

Cycling at 55-65%
VOomax
1 year
2 days/week
~9 exercises (3 x
8—10)
12 weeks
3 days/week
60-75 min/session
(500-600 kcal)
2 weeks
3 days/week
HIIT 10 X (4 min 85%
VOzpeak + NR R)
12 weeks
7 days/week
65-85% HRR
(600 kcal)
8 weeks
5 days/week
45-60 min/session
Cycling or running
35-85% VOomax

12 weeks
5 days/week
30 min/session
EC1: treadmill at 60%
HRR
EC2: 5 exercises (4 x
8—12 at 10 RM,
R=605s)

EC3: 15 min
treadmill 60% HRR +
5 exercises (2 x 8—12

at 10 RM, R =60 s)

24 weeks
3 days/week
Treadmill 30-45 min
at 55-80% HRpmax

363 +4.6%

EC1:43.4 £3.7 vs.
415+47
EC2:44.8 £ 4.4 vs.
43.0+49

NR

NR

EC1: 31.3 £ 4.1 vs.
294 +£3.8*
EC2:31.3 £4.1vs.
31.1+3.5

NR

EC1: 44.6 (30.7-52.5)
vs. NR

EC2: 43.7 (34.6-52.2)
vs. NR

EC3: 45.8 (28.8-55.5)
vs. NR

EC4: 46.5 (35.9-9.9)
vs. NR

EC1:41.3 £ 1.2 vs.
411+13

14+£15

EC1: 2.8 1.8 vs.
20£0.7
EC2:2.4 4+ 09 vs.
25+13

EC1:32 +24vs.
25+£16

EC1:3.1+3.0vs.
26+22

EC1: 15 £ 27 vs. 14.6
+ 252 EC2: 15 £ 27
vs. 12.7 £ 26

EC1: ~6.2 £ 4.0 vs.
~5.0+2.0

EC1: 2.5 (0.0-8.5) vs.
~20+0.7

EC2: 2.3 (0.0-7.4) vs.
~1.7+£05

EC3: 2.3 (0.0-12.4) vs.
~28+1.1

EC4: 3.0 (0.0-13.1) vs.
~234+09

EC1: 6.87 - 0.24 vs.
6.75 £ 0.27
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Table 2. Cont.

Study

Subjects

Experimental
Conditions

Training Protocol

Pre- vs. Post-Training Differences

Fat Mass (%)

IL-6 (pg/mL)

Loria-Kohen et al.,
2013

Ahmadizad et al.,
2015

Brunelli et al., 2015

Vella et al., 2017

Duzova et al., 2018

Men (n = 46) and
Women (1 = 46)
(18 to 50 yr)

Men (25 £ 1 yr)
(n =30)

Men (48.7 + 1.0 yr)
(n =30)

Men (n =7) and
Women (1 = 10)
(18 to 44 yr)

Women (~38.5 yr)
(n =25)

EC1: RT (29.5 +
2.0kg/m?; n=19)
EC2: ET (289 +
1.7 kg/m?; n = 25)
EC3: Concurrent
training (28.3 £
1.5 kg/m?; n = 22)

EC1: HIIT (27.6 £
1.9 kg/m?; n =10)
EC2: ET (27.6 +
1.9 kg/mz; n=10)
EC3: Control (27.6
+ 1.9 kg/m?;
n=10)

EC1: Concurrent
training (31.0 =
0.4 kg/m2; n=17)
EC2: Control (31.0
+ 0.4 kg/m?;
n=13)

EC1: HIIT (29.9 +
3.3 kg/m2; n=238)
EC2: ET (33.1 +
6.0 kg/m?; n =9)

EC1: ET-steps (25.7
+0.8 kg/mz;
n =10)
EC2: ET-walking
(29.0 £ 1.3 kg/m?;
n=15)

22 weeks
3 days/week
EC1: 8 exercise
(1 x 15 at 50-60%
1I5RM (R=155)
EC2: treadmill or
cycle 50-60% HRR
EC3: treadmill or
cycle 50-60% HRR
+ 8 exercise (1 x 15
at 50-60% 15 RM
(R=155)
6 weeks
3 days/week
EC1: 8 x (4—6 min
at 90% VOZmaX +
2-3 min R)
EC2: 30-70 min at
50-60% VOomax
24 weeks
3 days/week
6 exercise (3 x
6—10rep RM (R =
1 min)) + 30 min
running 50-85%
VOZpeak
8 weeks
4 days/week
30 min/session
EC1: 10 x (60 s at
75-80% HRR + 60 s
at 35-40% HRR)
EC2: 55-59% HRR
12 weeks
5 days/week
EC1: steps aerobics
40-60 min 80%
HRmaX
EC2:
jogging-walking
50-60 min 80%
HRmax

EC1:40.2 £ 6.7 vs.

36.1£7.7*

EC2: 39.8 £ 5.6 vs.

353+ 68*

EC3: 375 4+ 6.0 vs.

300L£7.6*

EC1:242 + 2.1 vs.

232 +£2.1#

EC2:26.2 2.3 vs.

25.1 +23*#

EC3:25.4 + 2.1 vs.

264 +£20

EC1:36.0 = 1.4 vs.

286 +1.6*

EC2: 323 £ 1.7 vs.

31.1+£1.8

EC1:35.2 + 6.8 vs.

NR

EC2: 353 £ 7.2 vs.

NR

EC1:31.23 £ 1.76
vs. 27.33 = 1.96
EC2:35.81 +1.76
vs. 32.67 £ 1.91

EC1: 2.60
(2.28-3.75) vs. 2.70
(1.97-4.90)
EC2: 4.89
(3.42-7.89) vs. 4.44
(3.32-5.34)
EC3: 2.45
(0.13-3.65) vs. 2.11
(0.11-3.67)

EC1: ~0.5 & 0.3 vs.
~04+03
EC2: ~0.5 + 0.4 vs.
~04+03
EC3: ~0.5 & 0.4 vs.
~0.5+ 04

EC1: ~1.9 £ 0.2 vs.
~1.8 +£0.1
EC2: ~1.6 = 0.1 vs.
~24 402

EC1: 0.5+ 0.1 vs.
1.0+02%
EC2: 1.0 + 0.3 vs.
04402

EC1:11.24 £ 1.3 vs.

10.5 £ 1.4 EC2:
9.40 £ 0.67 vs.
16.6 £ 6.1

EC = experimental condition; ET = Endurance training; HIIT = high intensity interval training; HRR = heart rate reserve; HRpax = maximal
heart rate; R = rest between series; RM = maximal repetition; RT = Resistance training; VOZpeak = peak oxygen uptake; NR = not reported;

~ = estimated data. * p < 0.05 within group comparison; # p < 0.05 between groups comparison (vs control); some data are presented as
median (interquartile range). Data are shown as mean =+ SD.

In response to ET, circulating IL-6 showed a statistically significant reduction (from
—26 to —32%) in 2 of 13 studies [24,26], but only one study reported statistically significant
differences when the ET was compared to a control group [26]. Moreover, in Bruun et al.,
the reduction in IL-6 levels caused by ET was accompanied by a significant reduction
in fat mass [24]. In response to the remaining training types, non-statistically significant
differences were found for this biomarker.

Regarding gender-differences, in one of six studies conducted in women was found
a statistically significant differences in CPR concentrations [26], while non-significant
differences were found in any study performed in men for this biomarker (Table 2).
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3.4. Interleukin-10 (IL-10)

Table 3 presents information extracted from the studies that examined circulating
IL-10 concentration levels.

Table 3. Effects of training on the circulating concentrations of IL-10 in sedentary adults with overweight or obesity.

: Pre- vs. Post-Training Differences
Study Subjects Experu.n.ental Training Protocol 8
Conditions Fat Mass (%) IL-10 (pg/mL)
2 weeks
Men (23.7 £ 5.2 yr) EC1: HIIT (29.1 + 3 days/week EC1: 2.1 £ 0.6 vs.
Leggate etal,, 2012 (n=12) 31kg/m%n=12)  HIT10 x (4 min 85% NR 1.9+ 06
VOspeak + NRR)
ECI1: ET (28.1 + 12 weeks EC1: 31.3 £ 4.1 vs. ECI1: 11 £ 11 vs.
Men (20 to 40 yr) 1.3kg/m?; n=12) 7 days/week 294 +38* 9.5£85
Auerbach et al,, 2013 (n =48) EC2: Control (28.1 £ 65-85% HRR EC2: 31.3 + 4.1 vs. EC2: 11 & 11 vs.
1.3kg/m% n=12) (600 kcal) 311435 15.5 + 16.2
12 weeks
3 days/week .
EC1: HIIT (NR; 45-60 min/session ECI: ~30.4 ECL: 6.68 + 082 vs.
n=12) EC1: 4 x (4 min Vs, ~27.9 *# 7.32 £0.99
Nikseresht etal, 2014 ~ Men (3410 46yr) EC2: RT (NR; 1 = 12) 80-90% HRpmax + EC2: ~30.0 EC2:7.06 + 071 vs.
(n=32) . ; p 746 4+ 0.64 %
EC3: Control (NR; 3 min 55-65% HRmax) vs. ~27.4 % EC3: 7.31 + 1.06 vs
n =10) EC2: 1-45/2-20rep ~ EC3: ~29.5 vs. ~30.1 st
40-95% RM : :
(R =1-7 min)
24 weeks
ECL: Concurrent 3 days/week EC1:36.0 + 14vs.  ECL: ~0.22 £ 0.01 vs.

Brunelli et al., 2015

Men (48.7 £ 1.0 yr)
(n=230)

training (31.0
0.4 kg/m?;n=17)
EC2: Control (31.0 +
0.4 kg/mz; n=13)

6 exercise (3 x 6—10
rep RM (R = 1 min)) +
30 min running
50-85% VOnpeak

286+16*
EC2:32.3 + 1.7 vs.
31.1+1.8

~0.32 £+ 0.02
EC2: ~0.38 £ 0.04 vs.
~0.22 £+ 0.02

Nikseresht et al., 2018

Men (~39.5 yr)
(n=22)

EC1: RT (n = 12)
EC2: Control (n = 10)

12 weeks
3 days/week
10 exercise (1 x 20 at
40 to 90%1 RM)

EC1: 30.7 = 1.8 vs.
284 +19**
EC2:29.7 £ 1.2 vs.
30.1+1.7

EC1:7.06 & 0.71 vs.
7.58 £ 0.67 *
EC2: 7.46 £ 0.64 vs.
717 £ 0.81

EC = experimental condition; ET = Endurance training; HIIT = high intensity interval training; HRR = heart rate reserve; HRpnax = maximal
heart rate; NR = non-reported; R = rest between series; RM = maximal repetition; VOypeak = peak oxygen uptake; ~ = estimated data;

* p < 0.05 within group comparison; # p < 0.05 between group comparison. Data are shown as mean =+ SD.

Different training types were evaluated: HIIT [45,46] ET [23] RT [46,47], and CT [42].
Circulating IL-10 levels reported statistically significant increase in response to HIIT
(10%) [46], and RT (6 to 7%) [46,47]. In these three studies, the increase in IL-10 levels was
accompanied by a statistically significant decrease in fat mass.

None of the studies performed included a cohort of women participants which satis-
fied the inclusion criteria, thus, we could not examine the potential influence of gender on
the IL-10 response to exercise training.

3.5. Tumor Necrosis Alpha (TNF-a)

Table 4 presents information extracted from the studies that examined circulating
TNEF-a concentration levels.
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Table 4. Effects of training on the circulating concentrations of TNF-« in sedentary adults who were overweight or obese.

: Pre- vs. Post-Training Differences
Study Subjects Experlr'n'ental Training Protocol 8
Conditions Fat Mass (%) TNF-« (pg/mL)
15 weeks
Men (n = 11) & EC1: ET (45.8 + 5 days/week EC1: 46.0 + 2.5 vs. EC1: 1.0 £ 0.1 vs.
Bruun et al., 2005 Women (n = 12) 1.9 kg /m?; 1 = 23) 2-3 h/session 411 +23% 1.0+ 02
(NR yr) e/ = Moderate intensity ’ ’ ' ’
(NR)
12 weeks
Klimcakova et al., Men (50.4 + 2.3 yr) ECI: RT (33.6 + 63 ?niis//s Z’S‘:‘l’};n EC1: 31.6 + 4.9 vs. ECI1:2.0 + 1.5 vs.
2006 (n=12) 1.2kg/m%; n =12) . 301+ 42 23422
17 exercises, 1 x
12—15 at 60-70% RM
EC1: ET (29.5 + 4_52§ Wejks . EC1:29.8 4 0.9 vs. EC1: 7.6 + 23 vs.
Kondo et al. 2006 Women (18 to 23 yr) 2.7 kg/m?%; 1 = 8) 30 mfri’j We.en 256+ 4.6% 48+12*
ondo etal, (n=16) EC2: Control (21.9 + (300 4005‘115511‘; EC2: 22.5 + 8.9 vs. EC2: 2.3 £ 0.9 vs.
32kg/m%; n=8) 8 185 +3.2% 21+ 14

60-70% HRR

Women (404 +

ECI1: ET (322 +

12 weeks
5 days/week

EC1: 38.8 4.2 vs.

EC1: 6.1 £ 7.6 vs.

Polak et al., 2006 6.7 yr) P 45 min/session .
(n=25) 2.2 kg/m?; n = 25) Cydling at 55-65% 363+ 46 48+45
VOZmax
2 weeks
Men (23.7 & 5.2 yr) EC1: HIIT (29.1 + 3 days/week EC1: 1.3 £ 0.4 vs.
Leggate et al,, 2012 (n=12) 31kg/m%n=12)  HIT 10 x (4 min 85% NR 13405
VOspeak + NRR)
EC1: ET (28.1 + 12 weeks EC1: 31.3 £ 4.1 vs. EC1: 7.1 £ 24 vs.
Men (20 to 40 yr) 1.3 kg/m?;n=12) 7 days/week 294 +38* 8.0+3.1
Auerbach et al,, 2013 (n = 48) EC2: Control (28.1 + 65-85% HRR EC2: 313 + 4.1 vs. EC2: 7.1 + 24 vs.
1.3kg/m?;n=12) (600 kcal) 311435 6.7 +£2.0
EC1: ET (32.7
(25.0-45.6) kg /m?; 12 weeks
1 = 15) 5 days/week
EC2: RT(33.0 30 min/session EC1: 44.6 (30.7-52.5)  EC1: 14.6 (8.1-23.3)
5 8—4.4 6) k ./mz' EC1: treadmill at 60% vs. NR vs. ~11.6 £1.0*
Men (1 = 10) & R 6)g ’ HRR EC2: 43.7 (34.6-52.2)  EC2: 12.0 (6.4-20.0)
Ho etal., 2013 Women (n = 87) EC3: Concurrent EC2: 5 exercises vs. NR vs. ~88 0.5
(40 t0 65 yr) training (333 (4 x 8-12at 10RM, R EC3: 45.8 (28.8-55.5)  EC3: 12.6 (4.3-25.8)
y (23440 2% o =605s) vs. NR vs. ~8.6 + 1.0 **
o 17)g ’ EC3: 15 min EC4: 46.5 (35.9-9.9) EC4: 10.2 (4.9-17.0)
ECA: Control (324 treadmill 60% HRR + vs. NR vs. ~9.6 + 0.5
26 O 48.0) k /m.z' 5 exercises (2 x 8-12
: n;16)g ’ at 10RM, R = 60 s)
24 weeks
Women (~38 yr) + EC1: ET (33.5 £ 3 days/week EC1: 413+ 1.2 vs. EC1: 2.62 +0.29 vs.
Lakhdar et al., 2013 (n =30) 37kg/m%n=10)  Treadmill 30-45 min 411+13 245 +0.26
at 55-80% HRmax
22 weeks
3 days/week

Loria-Kohen et al.,
2013

Men (n = 46) and
Women (n = 46)
(18 to 50 yr)

EC1: RT (29.5 £
2.0kg/m?; n=19)
EC2: ET (28.9 +
1.7 kg/m?2; n = 25)
EC3: Concurrent
training (28.3
15 kg/mz; n=22)

EC1: 8 exercises (1 x
15 at 50-60% 15 RM
(R=1559)

EC2: treadmill or
cycle 50-60% HRR
EC3: treadmill or
cycle 50-60% HRR +
8 exercise (1 x 15 at
50-60% 15 RM
(R=155)

EC1: 40.2 + 6.7 vs.
36.1+77*%
EC2: 39.8 + 5.6 vs.
353+6.8*
EC3: 37.5 + 6.0 vs.
30.0+76%

EC1: 4.96 (4.18-5.48)
vs. 4.44 (3.98-5.21)
EC2: 3.60 (3.14-4.87)
vs. 3.31 (2.66-4.38)
EC3: 4.68 (0.91-7.33)
vs. 4.41 (0.73-6.17)
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Table 4. Cont.

. Pre- vs. Post-Training Differences
Study Subjects Experu.n.ental Training Protocol 8
Conditions Fat Mass (%) TNF-« (pg/mL)
12 weeks
3 days/week
EC1: HIIT (NR; 45-60 min /session EC1: ~30.4 vs. EC1: 2,99 + 0.64 vs.
n=12) EC1: 4 X (4 min ~27.9 *# 2.60 £0.54*
Nikseresht et al., Men (34 to 46 yr) EC2: RT (NR; 80-90% HRpmax + EC2: ~30.0 vs. EC2: 3.00 + 0.46 vs.
2014 (n=32) n=12) 3 min 55-65% ~27.4 +# 2.66 + 0.53 *
EC3: Control (NR; HRpmax) EC3: ~29.5 vs. EC3:2.90 4+ 0.74 vs.
n=10) EC2: 1-4s/2-20 ~30.1 2.96 4+ 0.64
rep 40-95% RM
(R =1-7 min)
ECL: HIIT (27.6 + 6 weeks EC1:242+21vs. ECI: ~3.0 £ 0.8 vs.
1.9 kg/m=; n = 10) 3 days/week u
EC2: ET (27.6 =  ECI: 8 x (4-6 min 2324217 ~25+1.0
Ahmadizad et al., Men (25 £ 1 yr) L L EC2:262 +23vs. EC2: ~28+15vs.
1.9 kg/m=; n = 10) at 90% VOomax + 4
2015 (n = 30) . 25.142.3% ~2.7+16
EC3: Control (27.6 2-3 min R)
o . EC3:254 +21vs. EC3:~28+13vs.
+ 19 kg/m*; EC2: 30-70 min at 264 + 2.0 294+13
n =10) 50-60% VOomax ’ ’ ' ’
EC1: Concurrent 3 d24 w/eeks K
training (31.0 + . exzi,csiszvéex EC1:36.0 + 1.4vs. ECIL: ~2.4 £ 0.1 vs.
. Men (487 +1.0yr) 0O4kg/mZn=17)  ° _ 286+ 1.6* ~1.9 £0.1
Brunelli et al., 2015 (1 = 30) EC2: Control (31.0 61 r}l?;;pf;%/[ﬁn‘ EC2:323+1.7vs. EC2: ~2.3£0.1vs.
+ 04 kg/mz; . o 3114+ 1.8 ~35+03*
_ running 50-85%
n=13)
VOZpeak
8 weeks
4 days/week
EC1: HIIT (299 + . . EC1: 35.2 + 6.8 vs. EC1: 2.1 + 0.2 vs.
Men (n = 7) and 3.3 kg/m2; 1 =8) 30 min/session NR 21401
Vellaetal, 2017 Women (2 =10)  'gry’prgzy . BCL10X(O0sat  poy a53 1 75 00 BC2: 20401 vs.
(18 to 44 yr) 6.0 kg/m2; 1 = 9) 75-80% HRR + 60 s NR 21401
- at 35-40% HRR) A=0.
EC2: 55-59% HRR
12 weeks
i Eraeps S
(25.7 £ 0.8 kg/m2; 40.—6OIrjnin 80°% EC1:31.23 +1.76  EC1: 95.6 &+ 18.6 vs.
Dugova ctal 201g  Women (=385 yr) n=10) TR 0 vs. 27.33 + 1.96 102.9 + 18.5 *#
M (n=25) EC2: ET-walking ECn;X EC2: 3581 £1.76  EC2:57.5 4+ 14.3 vs.
(29.0+1.3 kg/m2; . . o vs. 32.67 =191 56.1 +13.8
1 = 15) jogging-walking
50-60 min 80%
HRmaX

EC = experimental condition; ET = Endurance training; HIIT = high intensity interval training; HRR = heart rate reserve; HRpnax = maximal
heart rate; NR = not reported; R = rest between series; RM = maximal repetition; RT = Resistance training; VOapcax = peak oxygen uptake;

~ = estimated data; * p < 0.05 within group comparison; # p < 0.05 between group comparison. Data are shown as mean = SD.

Circulating concentration levels of TNF-« showed a statistically significant decrease
in response to ET (from —21 to —37%) [37,48], RT (—11% and —26%) [37,46], CT [37], and
HIIT [46]. When the training intervention was compared to a control group, only ET and
CT [37] reported statistically significant differences. While the decrease in TNF-a was only
concomitant with a statistically significant reduction in fat mass in two studies [46,48].

Regarding gender-differences, in one of four of the studies conducted in women was
found a statistically significant decrease of IL-6 levels [48]. Similarly, in studies on men,
one of six studies reported a significant decrease of this biomarker [46].
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Adults with overwegith
and obesity

4. Discussion

The present systematic review aimed at evaluating the effects of exercise training
on pro- and anti-inflammatory cytokines as low-grade systemic inflammation markers in
adults with overweight or obesity. The results are summarized and illustrated in Figure 2.
Essentially, circulating concentration levels of CRP, IL-6 and TNF-« are reduced in response
to endurance training, while TNF-« is also downregulated after resistance and concurrent
training. Moreover, IL-10 increases after resistance training. However, only changes in
circulating CRP and IL-10 coincides with a reduction in body fat mass.
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Figure 2. Summary of the results obtained from the systematic review. Note: (1) increased and (]) decreased circulating

concentrations levels. CRP, C-reactive protein; HIIT, High-intensity interval training; IL-6, interleukin-6; IL-10, interleukin-

10; NA, not analyzed; NS, studies reporting non-significant differences; S, studies reporting significant differences; TNF-«,

tumor necrosis factor alpha.

CRP (together with IL-6) is considered a convincing marker of low-grade systemic
inflammation [49]. Hepatocytes are the primary regulators of CRP, whose synthesis is
stimulated by IL-6 production from T-cells [50]. One of the main purposes of CRP is to
stimulate phagocytosis activity of macrophages to clear damaged cells or bacteria [50].

Most studies examined the effect of ET on the circulating levels of CRP found a
significant decrease from —9 to —53% in 8 of 11 studies (Figure 2 and Table 1). This
effect was observed in studies performed ET programs at moderate intensity, but with
varied training duration and frequency. Interestingly, the significant reduction of CRP
was concomitant with a fat mass diminution [24,29,30,32]. Since no substantial reduction
of visceral fat (~5%) is required to promote a reduction of circulating CRP [29], exercise
training may indirectly regulate the circulating concentrations levels of this inflammatory
marker through stimulating the reduction of body fat mass, consequently promoting a
decrease of macrophages infiltration in peripheral tissues.

Initially, IL-6 was categorized as a pro-inflammatory cytokine, given its upregulation
during infection. Later, the anti-inflammatory effect of this cytokine was discovered [51].
Although mononuclear cells can be responsible for the circulating fluctuation of IL-6, this
does not seem to be the case in response to exercise [52]. In fact, skeletal muscle has
been identified as a critical regulator of circulating levels of IL-6 after prolonged exercise
training [53].

In the present review, it can be observed that in adults with overweight or obesity, ET
training causes a decrease in circulating levels of IL-6 (from —2 to —56%) in 11 of 13 studies,
regardless of exercise-induced fat mass loss (Figure 2 and Table 2). These results seem to
indicate that depending on the prevailing stimuli, training (anti-inflammatory), or fat mass
accumulation (pro-inflammatory), IL-6 bioavailability may be regulated by a different cell
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type (immune and skeletal muscle cell) facilitating the dual pro- vs. anti-inflammatory
function attributed to IL-15 [54], a cytokine of the same family. This dual function of
IL-6 may be supported by the consistent but non-significant decrease of IL-6 observed in
response not only after endurance, but also after resistance, concurrent, and HIIT training
(Figure 2).

In humans, IL-10 synthesis is primarily regulated by monocytes [55], facilitating the
inhibition of pro-inflammatory cytokines production in macrophages [56]. Although IL-10
does not seem to be expressed by myocytes [57], in healthy individuals, exercise promotes
an upregulation (>80%) of the circulating concentration levels of this cytokine [58]. How-
ever, in this review, only RT reported a consistent increase of IL-10, which was concomitant
with a reduction in fat mass (Figure 2 and Table 3). It can be argued that in skeletal muscle,
the increased expression levels of microRNAs and/or myokines after exercise [59], may
increase IL-10 production from monocytes regulating the pro-inflammatory signaling path-
way in peripheral tissues, such as adipose tissue, in which macrophages and neutrophils
are infiltrated.

Furthermore, in healthy humans, acute bouts of exercise activate myocytes TNF-o
expression levels, whereas the small increase of circulating concentrations suggests that
skeletal muscle may not be the major regulator of this cytokine [58]. In fact, it seems that
monocytes can be the key regulator of this cytokine [60,61], which can be responsible for
TNF-« reduction found after ET, RT and HIIT in this review.

Interestingly, a decreased concentration levels of TNF-o has been linked with the
downregulation of IL-6 [62] and upregulation of IL-10 [56]. Regarding the TNF-o/IL-6
relationship, most of the analyzed studies reported a coinciding decrease between these
two cytokines [24,30,35,37,39]. This decrease of TNF-x and IL-6 can reduce the risk of
insulin resistance in a population with obesity [63]. Moreover, a coinciding inverse rela-
tionship between TNF-« and IL-10 was also observed in most studies [23,42,46]. Therefore,
this evidence may support the regulative role of TNF-« on IL-6 and IL-10 concentration
levels in adults with overweight or obesity who experimented an alteration of monocyte
metabolism after exercise training. This effect facilitates a diminished inflammatory state
by downregulating (IL-6) and upregulating (IL-10).

Despite the regulative role of exercise training on the circulating concentration levels
of CRP, IL-6, IL-10 and TNF«x observed here, the amount of evidence and the disparity
among participants’ characteristics, training protocols, and methods used to determine
cytokines concentration levels in blood were major limitations of this systematic review, all
of which complicate the understanding of exercise training effects on low-grade systemic
inflammation in adults with overweight and obesity. Therefore, further studies with
homogeneous characteristics are needed to conduct meta-analysis and to decode the
bioavailability of cytokines as markers of the intricate pro- and anti-inflammatory response
to training in this population.

5. Conclusions

In summary, prolonged doses of endurance, resistance and high-intensity interval
training promote a reduction on the circulating concentration of pro-inflammatory cy-
tokines (IL-6, CRP and TNF-«), while resistance training stimulates an increase in anti-
inflammatory cytokines (IL-10). This regulative role of exercise training on systemic
low-grade inflammation seems to be independent of exercise-induced fat mass loss.

Therefore, the present systematic review may help clinicians to attenuate low-grade
systemic inflammation by prescribing the adequate dose of exercise training according to
the alteration of pro- and anti-inflammatory cytokines of each patient. However, additional
clinical trials are required to further elucidate the regulative role of exercise on the cytokines
responsible for low-grade systemic inflammation.
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