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ABSTRACT

Background: Physical exercise has considerable effects on inflammation markers. Objective: The aim of
this review was to compare the acute effects of high-intensity exercise and moderate-intensity exercise on
inflammation in young men. Methods: A search was conducted in the Medline/Pubmed, Embase, Cochra-
ne Library, Lilacs/BVS and Web of Science databases and completed in July 2021. Studies were eligible if
they met the predefined inclusion criteria: a) randomized clinical trials and quasi-experimental studies;
b) conducted on active young men (15 to 24 years old); c) written in Portuguese, English or Spanish; d)
applying intense and/or moderate physical exercise protocols. The search strategy was built with the
following descriptors: “young adult”, “exercise”, “high-intensity interval training”, and “inflammation”.
The specific components examined included circulating levels of cytokines IL-6, IL-10, IL-1B, and TNF-a.
The risk-of-bias in the results of the studies was assessed with the tools Rob 2 and ROBINS-I. Results:
From the 1417 records identified, 5 studies were selected for analysis (n = 96). Most studies showed a high
risk-of-bias. Conclusion: The results suggested an increase in the acute inflammatory response, regardless
of exercise intensity. It is assumed that the inflammatory response may also have been influenced by the
duration and type of exercise. Further research is needed to examine the impact of exercise intensity on
inflammation.

Keywords: exercise; inflammation; cytokines; high intensity interval training; tumor necrosis factor alpha.

RESUMO

Introducio: O exercicio fisico tem efeitos consideraveis nos marcadores de inflamagio. Objetivo: O ob-
jetivo desta revisao foi comparar os efeitos agudos do exercicio de alta intensidade e do exercicio de in-
tensidade moderada na inflamacio em homens jovens. Métodos: Uma busca foi realizada nas bases de
dados Medline/PubMed, Embase, Cochrane Library, Lilacs/BVS e Web of Science e concluida em julho de
2021. Os estudos eram elegiveis se atendessem aos critérios de inclusio predefinidos: a) ensaios clinicos
randomizados e quase-experimentais; b) realizado em homens jovens ativos (15 a 24 anos); c) escritos em
portugués, inglés ou espanhol; d) aplicacao de protocolos de exercicios fisicos intensos e/ou moderados.
A estratégia de busca foi construida com os seguintes descritores: “adulto jovem”, “exercicio”, “treina-
mento intervalado de alta intensidade” e “inflamacdo”. Os componentes especificos examinados inclui-
ram niveis circulantes de citocinas IL-6, IL-10, IL-1B e TNF-o. O risco de viés nos resultados dos estudos foi
avaliado com as ferramentas Rob 2 e ROBINS-I. Resultados: Dos 1.417 registros identificados, 5 estudos
foram selecionados para andlise (n = 96). A maioria dos estudos mostrou um alto risco de viés. Conclusio:
Os resultados sugeriram um aumento da resposta inflamatéria aguda, independente da intensidade do
exercicio. Supde-se que a resposta inflamatéria também pode ter sido influenciada pela duragio e tipo
de exercicio. Mais pesquisas sio necessarias para examinar o impacto da intensidade do exercicio na in-
flamacao.

Palavras-chave: exercicio; inflamacio; citocinas; treinamento intervalado de alta intensidade; fator de necrose
\ tumoral alfa. )
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Introduction

Inflammation is described as a defense response of the body against an ag-
gressor agent to promote healing/repair [1]. The extent of this process is regulated by
pro- and anti-inflammatory factors [2].

Physical exercise leads to a robust inflammatory response determined by
the recruitment of leukocytes and increase in the level of circulating inflammatory
markers produced by immune cells and directly from active muscle tissue [3].

Exercise-induced changes in inflammation can be divided into acute effects
(changes during and immediately after exercising) and chronic effects (changes
in resting or baseline levels when the acute effects induced by exercise are washed
away) [3,4].

Overload during exercise causes microtraumas of different levels in striated
skeletal muscle tissue, connective tissue, and bone tissue resulting in an acute in-
flammatory response, orchestrated, among others, by neutrophils and macropha-
ges whose function is to clean, repair and restore previously damaged tissues [5].
The pro-inflammatory response promotes the release of interleukin-1 beta (IL-1p)
and tumor necrosis factor alpha (TNF-a), which are expressed in the skeletal muscle,
followed by the expression of the anti-inflammatory cytokines interleukin-6 (IL-6),
interleukin 1 receptor antagonist protein (IL-1ra), soluble TNF-a receptors and inter-
leukin-10 (IL -10) [6].

Previous studies found different results when comparing the acute and chro-
nic effects of high-intensity intermittent training (HIIT) and moderate-intensity
training on the metabolic profile and inflammatory response in adult men [7,2].

Cabral-Santos et al. [2] concluded that when the volume of both exercise pro-
tocols equals, both promote similar inflammatory responses, leading to an anti-in-
flammatory state. In contrast, the findings of Lira et al. [7] showed that HIIT had a
greater impact on the acute response of IL-6 regardless of the training period, and an
acute increase in the post-exercise TNF-o levels, regardless of the intensity and the
training period. IL-10 increased immediately after acute exercise, regardless of the
training period and intensity.

Evidence from a recent systematic review [3] points to an acute inflammatory
response after training. TNF-o and IL-10 increased only after intense exercise, and a
greater increase in the levels of IL-6 and IL-1p after intense exercise compared to mo-
derate exercise. However, it is noteworthy that the participants of the studies analy-
zed in the review were moderately or highly trained adults and athletes.

Because of the scarcity of studies comparing these training protocols in a
younger population, the present study aimed to analyze and summarize the available
scientific evidence on the acute effects of high-intensity versus moderate-intensity
physical exercise on inflammatory markers in young men.
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Methods

This review was prepared in accordance with the Cochrane Handbook for Sys-
tematic Reviews of Interventions [8] and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses PRISMA Statement 2020 [9]. It was based on the metho-
dological instructions for the preparation of a systematic review and meta-analysis
proposed by Martimbianco [10]. The review protocol was registered with PROSPERO
(International Prospective Register of Systematic Reviews), n® CRD42021259733.

Search strategy

A sensitive search was performed in the databases: Medical Literature Analy-
sis and Retrieval System Online (Medline, via Pubmed), Embase, Cochrane Library,
Latin American and Caribbean Health Sciences Literature (Lilacs) via VHL Regional
Portal and Web of Science. We conducted a handsearch in reference lists of included
studies, after analysis of the full text, to retrieve potentially relevant studies that had
not appeared in the initial search. Searches were conducted in July 2021.

We used Boolean operators in the research protocol, requiring the title, abs-
tract, or keywords to include the following Descriptors in Health Sciences (DeCS)
and Medical Subject Headings (MeSH): “young adult”, “exercise”, “high-intensity in-
terval training”, and “inflammation”. Similar terms or synonyms were used to ensure
a more inclusive initial search and avoid an overly narrow scope of the studies analy-
zed. The search strategies used are presented along with the search strategy used in

Medline via Pubmed adapted to other databases (Chart I).

Research question

The research question and the search strategy were constructed using the Po-
pulation, Intervention, Comparison, and Outcome (PICO) model, common in the Evi-
dence-Based Practice and recommended for the development of systematic reviews
[11].

From the foregoing, young men (15 to 24 years old) [12] doing regular physi-
cal activity (at least 1 year) were selected as “Population”; studies with intense physi-
cal exercise were considered for “Intervention”; studies involving moderate-intensity
physical exercise were considered for “Control”; and the primary and/or secondary
outcomes that assessed acute inflammatory responses were considered as “Outco-
me”. Thus, the following PICO question was constructed: Does high-intensity physi-
cal exercise induce greater acute inflammatory responses than does moderate-inten-
sity exercise in young men?
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Chart I- Strategies used for electronic searches

Database Search strategy

Medline/ Pub-
med

((“Young Adult”[Mesh] OR “Adult, Young” OR “Adults, Young” OR “Young Adults”) AND ((“Ex-
ercise”[Mesh] OR “Activities, Physical” OR “Activity, Physical” OR “Acute Exercise” OR “Acute
Exercises” OR “Aerobic Exercise” OR “Aerobic Exercises” OR “Exercise Training” OR “Exercise
Trainings” OR “Exercise, Acute” OR “Exercise, Aerobic” OR “Exercise, Isometric” OR “Exercise,
Physical” OR “Exercises” OR “Exercises, Acute” OR “Exercises, Aerobic” OR “Exercises, [sometric”
OR “Exercises, Physical” OR “Isometric Exercise” OR “Isometric Exercises” OR “Physical Activi-
ties” OR “Physical Activity” OR “Physical Exercise” OR “Physical Exercises” OR “Training, Exer-
cise”) OR (“High-Intensity Interval Training”[Mesh] OR “Exercise, High-Intensity Intermittent”
OR “High Intensity Interval Training” OR “High-Intensity Intermittent Exercise” OR “High-In-
tensity Intermittent Exercises” OR “High-Intensity Interval Trainings” OR “Interval Training,
High-Intensity” OR “Sprint Interval Training” OR “Sprint Interval Trainings” OR “Training,
High-Intensity Interval”))) AND ((((“Inflammation”[Mesh] OR “Inflammations” OR “Innate
Inflammatory Response” OR “Inflammatory Response, Innate” OR “Innate Inflammatory Re-
sponses”)

80

Embase

(‘young adult’/exp OR ‘adult, young’ OR ‘prime adult’ OR ‘prime adults’ OR ‘young adult’ OR
‘young adults’) AND (‘exercise’/exp OR ‘exercise’ OR ‘exercise performance’ OR ‘exercise training’
OR ‘fitness training’ OR ‘physical conditioning, human’ OR ‘physical effort’ OR ‘physical exer-
cise’ OR ‘physical exertion” OR ‘high intensity interval training’/exp OR ‘high intensity interval
training’ OR ‘high-intensity intermittent exercise’ OR ‘high-intensity intermittent training’ OR
‘high-intensity interval exercise’ OR ‘high-intensity interval training’) AND (‘inflammation’/exp
OR ‘acute inflammation” OR ‘inflammation” OR ‘inflammation response’ OR ‘inflammatory re-
sponse’ OR ‘response, inflammatory’

Cochrane

#1 “Young Adult” OR “Adult, Young” OR “Adults, Young” OR “Young Adults”

#2 “Exercise” OR “Activities, Physical” OR “Activity, Physical” OR “Acute Exercise” OR “Acute Ex-
ercises” OR “Aerobic Exercise” OR “Aerobic Exercises” OR “Exercise Training” OR “Exercise Train-
ings” OR “Exercise, Acute” OR “Exercise, Aerobic” OR “Exercise, Isometric” OR “Exercise, Physi-
cal” OR “Exercises” OR “Exercises, Acute” OR “Exercises, Aerobic” OR “Exercises, Isometric” OR
“Exercises, Physical” OR “Isometric Exercise” OR “Isometric Exercises” OR “Physical Activities”
OR “Physical Activity” OR “Physical Exercise” OR “Physical Exercises” OR “Training, Exercise”
#3 “High Intensity Interval Training” OR “Exercise, High Intensity Intermittent” OR “High Inten-
sity Interval Training” OR “High Intensity Intermittent Exercise” OR “High Intensity Intermit-
tent Exercises” OR “High Intensity Interval Trainings” OR “Interval Training, High Intensity” OR
“Sprint Interval Training” OR “Sprint Interval Trainings” OR “Training, High Intensity Interval”
#4 = #2 OR #3

#5 “Inflammation” OR “Inflammations” OR “Innate Inflammatory Response” OR “Inflammatory
Response, Innate” OR “Innate Inflammatory Responses”

#6 = #1 AND #4 AND #5

Web of Science

#1 TS=(“Young Adult” OR “Adult, Young” OR “Adults, Young” OR “Young Adults”)

#2 TS=(“Exercise” OR “Activities, Physical” OR “Activity, Physical” OR “Acute Exercise” OR “Acute
Exercises” OR “Aerobic Exercise” OR “Aerobic Exercises” OR “Exercise Training” OR “Exercise
Trainings” OR “Exercise, Acute” OR “Exercise, Aerobic” OR “Exercise, Isometric” OR “Exercise,
Physical” OR “Exercises” OR “Exercises, Acute” OR “Exercises, Aerobic” OR “Exercises, [sometric”
OR “Exercises, Physical” OR “Isometric Exercise” OR “Isometric Exercises” OR “Physical Activi-
ties” OR “Physical Activity” OR “Physical Exercise” OR “Physical Exercises” OR “Training, Exer-
cise”)

#3 TS=(“High-Intensity Interval Training” OR “Exercise, High-Intensity Intermittent” OR “High
Intensity Interval Training” OR “High-Intensity Intermittent Exercise” OR “High-Intensity Inter-
mittent Exercises” OR “High-Intensity Interval Trainings” OR “Interval Training, High-Intensity”
OR “Sprint Interval Training” OR “Sprint Interval Trainings” OR “Training, High-Intensity Inter-
val”)

#4 = #2 OR #3

#5 TS=(“Inflammation” OR “Inflammations” OR “Innate Inflammatory Response” OR “Inflam-
matory Response, Innate” OR “Innate Inflammatory Responses”)

#6 = #1 AND #4 AND #5

Lilacs/BVS

((“young adult” OR “adulto joven” OR “adulto jovem”) OR (“adultos jovens” OR “jovem adulto”
OR “jovem” OR “jovens” OR “juventude”)) AND ((“exercise” OR “ejercicio fisico” OR “exercicio
fisico”) OR (“high-intensity interval training” OR “entrenamiento de intervalos de alta intensi-
dad” OR “treinamento intervalado de alta intensidade”)) AND ((“inflammation” OR “inflama-
cién” OR “inflamacio”)
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Eligibility criteria

Randomized clinical trials and quasi-experimental (non-randomized) studies
published in English, Spanish and Portuguese were included. There was no restric-
tion on publication date or duration of studies. The following exclusion criteria were
stipulated: studies other than randomized and nonrandomized clinical trials; studies
carried out with adults (> 25 years), older adults, children, disabled young people,
people with chronic diseases or other limitations; studies with high performance
athletes and studies with animal models.

Study selection

Two review authors independently screened the studies, and disagreements
were resolved by consensus or deliberation with a third reviewer. The selection of
studies was carried out in two stages. At the first stage, titles and abstracts of records
retrieved in the initial search were examined, and potentially eligible studies were
pre-selected. At the second stage, the full text of the pre-selected studies was evalua-
ted to confirm eligibility. The screening process was carried out using the Rayyan
web application (https://rayyan.qcri.org) [13]. The entire study screening process
followed the steps proposed by the PRISMA 2020 [9] Flowchart, as illustrated in Fi-
gure 1.

Records identified from

= databases (n = 1417)

2 Duplicate records removed Records identified via manual

8 MEDLINE/PubMed (n = 334) (n =480) search

£ EMBASE (n = 264) > iy

3 Cochrane (n=540) Records removed (n = $19) (n=01)

=2 LILACS (n = 22)

Web of Science (n = 257)
Records screened
(n=18)

e |

=

=

g Reports assessed for eligibility N Reports assessed for eligibility

| " (n=18) "| Records excluded: (n=01)
Different population (n = 04)
Different intervention (n=07)
Different outcome (n = 03)
v
E Studies included in review
‘_E (n=05) *

Figure 1 - Flow diagram of article selection. Adapted from: Page et al. [9]

Data extraction

At this step, we used standardized data extraction forms. Two reviewers inde-
pendently conducted the extraction of data regarding the methodological characte-
ristics of the studies, interventions and outcomes. Disagreements were resolved by
consensus. Data on exercise type, exercise intensity and duration, and exercise-indu-
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ced changes in inflammation markers were identified and evaluated. The effects of
exercise intensities on inflammatory markers were examined in blood samples collec-
ted pre- and post-exercise and up to 72h post-exercise.

Risk-of-bias assessment

The risk of bias was assessed independently by two reviewers using suitable
tools for each study design. The Cochrane [14] risk-of-bias tool for randomized trials
(RoB 2) has five domains, as follows: 1) bias arising from the randomization process;
2) bias due to deviations from intended interventions; 3) bias due to missing out-
come data; 4) bias in measurement of the outcome; and 5) bias in selection of the
reported result. For non-randomized or quasi-randomized studies, the ROBINS-I [15]
tool has seven domains for assessment of bias: 1) bias due to confounding; 2) bias
in the selection of participants into the study; 3) bias in the classification of inter-
ventions; 4) bias due to deviations from the intended interventions; 5) bias due to
missing data; 6) bias in measurement of outcomes; and 7) bias in the selection of the
reported result. The risk-of-bias assessment of randomized clinical trials is summari-
zed in Figure 2, and the risk of bias of non-randomized or quasi-experimental studies
is summarized in Figure 3.

Results

The initial search identified 1417 records in the databases. After excluding
480 duplicates, 937 studies were examined (reading of title and abstract) and 18 stu-
dies were pre-selected for full text reading and eligibility assessment. Fourteen stu-
dies were excluded for presenting different populations, interventions and outcomes.
One study was identified and included through handsearching in the reference lists
of the eligible studies. Finally, 05 studies were selected for the qualitative synthesis
(n=96) (Figure 1).

Study characteristics

The studies were categorized according to design, exercise protocol and in-
flammatory markers measured. Two studies used a randomized clinical trial design
with experimental group(s) and a control group [16,17]. The others used a non-ran-
domized or quasi-experimental design [18-20], while two studies [18,20] presented a
crossover model.

The studies applied the following exercise protocols: upper limb resistance
training [16,17]; walking [18] and running on a treadmill [20]; interval and conti-
nuous exercises on the cycle ergometer [19].

The inflammatory marker interleukin-6 was evaluated in all studies [16-20],
TNF-o in three studies [16-18] and IL-10 [20] and IL-1B [17] in one study.

Most studies collected blood samples prior to exercise, immediately post exer-
cise, and at different times up to 24 hours post exercise. However, some markers were
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evaluated up to 48 hours (IL-6 and TNF-a) [18] and 72 hours after exercise (IL-6, TNF-o,
and IL-1B) [17].

Because the studies presented distinct characteristics of interventions such
as different protocols and measurement times of inflammatory markers, it was not
possible to carry out a quantitative synthesis among the set of studies. Therefore, a
qualitative approach was more appropriate. Chart II shows the characteristics of the

study.

Chart 11 - Characteristics of the studies

Study Design  Participants Intervention protocol/ Inflammatory Results
control markers/time
of evaluation
Brunelli et |RCT 18 trained | EG (n = 9): acute tri-set | IL-6 e TNF-a |« TNF-a, IL-6
al. (2014) young men | RT protocol using two | (prior, 15 min | over = measured
[16] (22.0 + 1.8|combinations of three |and 24 h post) | times
years) exercises for the same
muscle group; 6 to 8
repetitions at 75% of
1MR per exercise
CG (n =9): did not per-
form RT
Uchidaet |RCT 35 young sol- | EG: TR (50%1-RM, 75% | IL-6, TNF-a, |~ IL-6, TNF-a,
al. (2009) diers trained | 1-MR, 90% 1-RM, 110% | IL-1 B (prior, | IL-1 B
[17] (19.1 +1.8 | 1-MR 24,48 and 72 h
years) CG: did not perform RT | post)
Brown et QRCT |17 healthy | HIIW: 3 x 5 min a 80% | IL-6 and TNF- | <> HIIW vs CMW
al. (2018) young men VO, separated by 3 x |-a (prior, post, | IL-6 and TNF-a
[18] (22.6 + 4.6|5minat30%VO, 2h, 4h, 24h,|(peak immediate-
years) CMW: 60% VO___ for 30 | 48h post) ly post-exercise)
min e IL-6 and TNF-a re-
mained elevated
up to 4 h post-ex-
ercise
Leggateet |QRCT |11 healthy | HIIE: 10 x 4 min on cy- | IL-6  (prior, | 1 IL-6 during HIIE
al. (2010) young men |cle ergometer at 85 to | post, 1,5, 6 and | compared to MICE
[19] (223 £ 4.0|90%VO2__,2minrest |23h post)
years) MICE: 60% VO, _for 59
min on cycle ergometer
Neves etal. | QRCT |15 physically | HIAE: 80% VO, IL-6, IL-10 | AIE: acute eleva-
(2014) [20] active young (prior, post, | tion of IL- 6 (68%);
men (21.0 +1.9 | LIAE: 40% VO, 2h post) —IL-10

years)

BIE: acute reduc-
tion of IL-6 (18%),
IL-10 (72%)

« IL-6, IL-10 2h

post

1 = significant increase (p < 0.05); | = significant reduction (p < 0.05); <> = no changes; RCT = Randomized
Clinical Trial; QRCT = Quasi-Randomized Clinical Trial; EG = Experimental Group; CG = Control group; HIIW
= High Intensity Intermittent Walking; CMW = Continuous walking of moderate intensity; HIIE = High-intensity
intermittent exercise, MICE = Moderate-intensity continuous exercise; HIAE = High Intensity Aerobic Exercise;
LIAE = Low/moderate intensity aerobic exercise; RT = Resistance training; MR = Maximum repetition; IL-6 =
Interleukin 6; IL-1p = Interleukin 1 beta; TNF-a = Tumor necrosis factor alpha
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Risk of bias of individual studies

The Cochrane risk-of-bias tool for randomized trials RoB 2 [16,17] presented
a high risk of overall bias (100%), taking into account the worst assessment for each
study (Figure 2). Both studies had problems with randomization, that is, the authors
did not report how the randomization was performed and whether the allocation
sequence was adequately concealed. The studies were considered as having high risk
of bias [16] and a number of concerns [17] due to deviations from the intended inter-
vention, as participants and instructors were aware of the interventions provided to
the groups of the research.

Uchida et al. [17] investigated plasma concentrations of IL-1, IL-6 and TNF-a
and found them not detectable for some participants even after exercise, resulting in
a high risk of bias due to missing outcome data. There was a low risk of bias resul-
ting from the measurement of outcomes and selection of reported results in the two
randomized clinical trials [16,17]. This estimation derives from the use of appropria-
te methods of outcome measurement, with no difference between the experimental
and control groups. There was no evidence of publication bias in the two studies
analyzed.

4 )

Bias arising from the randomisation process |

Bias due to deviations from intended interventions

Bias due to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result

Cverall Bias

0% 28%, 50% 7a%  100%

¥ LOZ Nlaunig

@ |coozepan

&

Bias arising from the randomisation process

i

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Cverall Bias

S I Low risk [] someconcems [ Hight risk

Figure 2 - Percentage distribution and risk-of-bias scenario in individual studies (Rob2) [14]

J

In the assessment carried out with the ROBINS-I (Figure 3), two quasi-experi-
mental studies [18,19] had severe risk of overall bias considering the worst evaluation
for each study. Both studies had no control group (rest or did not perform the com-
pared training), which probably implied a high risk of bias on D3. However, the study
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by Neves et al. [20] was found as having a moderate risk of bias, considering that the
it presented a low or moderate risk of bias for all domains.

D1 D2 D3 D4 D5 D6 D7 Total
Brown (2018) - + + + - +
Leggate (2010) - + + + - +
Neves (2014) - + - 4= + - = =

Green ( +) =lowrisk of bias; Yellow ( -) = moderate risk of bias; Red (X} = serious risk of bias; Wine-
colored (! ) = critical risk of bias.

Domains:

D1: Bias related to confounding factors;

D2: Bias related to participant selection;

D3: Bias related to intervention classification;

D4: Bias related to deviati ons from intended interventi ons;

D3: Bias related to missing data;

D6: Bias related to outcome assessment;

D7: Selection bias in the report of results.

Figure 3 - Summary of risk of bias in non-randomized studies using the ROBINS-I [15] tool
Discussion

The analysis of individual studies with resistance training of different inten-
sities for upper limbs showed that there were no significant changes in plasma con-
centrations of proinflammatory cytokines after exercise over the measurement times,
regardless of intensity. IL-6 and TNF-a showed trivial to small effect sizes after high-
-intensity resistance training (tri-set) (75% of 1IMR) compared to control [16]. There
were also no significant changes in IL-6, TNF-o and IL-13 markers after bench press
training at different intensities and the same volume (50% of 1MR, 75% of 1MR, 90%
of 1IMR and 110% of 1MR) [17].

In contrast to the findings of this analysis, the concentration of IL-6 signifi-
cantly increased after high-intensity resistance training in healthy adult men [21,22]
and trained and untrained men [23], with increased levels up to one hour post-exer-
cise [21,23].

Another study showed a significant increase in the plasma concentration of
TNF-a up to 2 hours after both high volume and high intensity and low volume and
high intensity resistance exercises [24]. [halainen et al. [25] observed that IL-1B incre-
ased immediately after high-intensity resistance exercise (80% of 1MR) in adults. It is
noteworthy that these studies evaluated different muscle groups in adult individuals
with different training statuses, which may partially explain the different results.

Apparently, resistance exercise-induced inflammation does not result in large
increases in pro-inflammatory cytokines such as high-intensity aerobic and inter-
mittent exercises [7,18-20,26]. Factors other than muscle damage, including exercise
duration, energy requirements, and oxidative stress are assumed to determine the
size of the cytokine response [3,17].
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Studies using different protocols of aerobic and intermittent exercises showed
conflicting results [18-20]. Brown et al. [18] found significant increases in the pro-
-inflammatory cytokines IL-6 and TNF-a after high- and moderate-intensity walking
exercises. The peak of these cytokines occurred immediately after exercise and re-
mained elevated until at least 4 hours post-exercise. Thus, the exercise of walking,
regardless of the intensity, promoted a systemic increase in the concentrations of IL-6
and TNF-a.

These results are consistent with the findings of Cyprian et al. [27] for the
serum concentration of IL-6, which did not change significantly when comparing
pre- and post-exercise values in both intervention groups (continuous vs. intermit-
tent), as well as in the control group within at least 5 hours after rest. In another stu-
dy, TNF-o increased immediately after the acute exercise session, despite the intensity
of different protocols of intermittent exercise in adults [7].

However, Leggate et al. [19] showed that high-intensity intermittent exercise
(HIIT) caused a significantly greater increase in IL-6 concentrations than continuous
moderate-intensity exercise. Similar results were found in other studies [7,26].

Lira et al. [7] observed a significant increase in IL-6 immediately after a ses-
sion of HIIT compared with the acute and chronic effects of HIIT versus continuous
training of moderate intensity in physically active adults. The plasma IL-6 response
to exercise was found significantly higher after high-intensity interval exercise than
low-intensity exercise in adult men and women [26].

Nevertheless, Leggate et al. [19] obtained contrary results from the study by
Cabral-Santos et al. [2], who demonstrated that both exercise protocols (HIIT versus
moderate continuous), for a corresponding volume, promote similar inflammatory
responses, leading to an anti-inflammatory state.

Neves et al. [20] compared aerobic exercises of different intensities and obser-
ved a greater acute response of IL-6 after the high-intensity protocol than the aerobic
exercise of low to moderate intensity. The concentration of IL-10, on the other hand,
showed a greater acute systemic reduction for the aerobic exercise of low to moderate
intensity compared to aerobic exercise of high intensity immediately after strain [20].

These results for IL-6 are different from the findings of Pozzolo et al. [28],
in which IL-6 showed no variation between pre- and post-exercise in the two aero-
bic exercise sessions with different intensities, nor in the comparison between one
session and another. However, they are consistent with IL-10 concentrations, which
significantly reduced in continuous low-intensity aerobic exercise [28]. It is assumed
that less intense exercise protocols are associated with a lower anti-inflammatory
response and that there is no change in the anti-inflammatory activity when the
exercise intensity is increased [28].

The evidence, however, needs to be interpreted considering some limitations.
The first is due to the small size of the total sample (n = 96) of participants in the
reviewed studies, which may have affected the interpretation and reproducibility
of the results. Among other factors, differences in design, experimental and control
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protocols, outcome measures, and the missing outcome data in one study prevented
further quantitative synthesis. The conclusions were based on data of relatively low
quality and therefore high risk of bias. Important methodological issues such as lack
of information on randomization and allocation sequence concealment limited the
strength of the conclusions of the studies included. Finally, the results of this review
cannot be extrapolated to the general population, as it analyzed only young indivi-
duals.

Conclusion

Overall, the analysis of individual studies showed an acute inflammatory res-
ponse post exercise, with increase in most pro-inflammatory markers. However, the
increases are independent of exercise intensity in a younger population, especially
when resistance exercise protocols are used. Furthermore, we believe that the acute
inflammatory response may also have been influenced by the duration and type of
exercise. Therefore, due to limitations and inconsistency in the evidence found, the
results must be interpreted with caution.

Future research of greater methodological quality, capable of associating in-
tensity with volume and type of training, as well as separately clustering other age
groups, may clarify the results found so far.
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