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Introduction: IL-22 may have a role in the alleviation of the metabolic syndrome (MetS)
via protection of pancreatic beta and endothelial cells from oxidative and lipid-induced
damage. We aimed to investigate the effects of moderate-intensity continuous training
(MICT) and different volumes of high-intensity interval training (HIIT) on changes in
circulating 1L-22.

Methods: This was a sub-study of the “Exercise in the prevention of Metabolic Syndrome”
(EX-MET) a multi-center, randomized trial. This study used data collected at the Brisbane
site. Thirty-nine individuals with MetS were randomized to one of three 16-wk interventions:
1) MICT (n=10, 30min at 60-70% HR peak, 5x/wk); 2) 4HIIT (n=13, 4x4min at 85-95% HR
peak, interspersed with 3min of active recovery at 50-70% HR peak, 3x/wk); or 3) 1HIIT
(n=16, 1x4min at 85-95% HR peak, 3x/wk). Serum IL-22 concentration was measured
following a 12-hr fast via an enzyme linked immunosorbent assay, before and after the
intervention. MetS severity, insulin resistance (IR), visceral adipose tissue (VAT), and
cardiorespiratory fitness (CRF) were also measured via MetS z-score, HOMA-IR, dual-
energy X-ray absorptiometry, and indirect calorimetry (maximal exercise test), respectively.
Results: The median (IQR) IL-22% changes from pre- to post-intervention in the MICT,
4HIIT, and 1HIIT groups were —17% (—43.0% to 31.3%), +16.5% (—18.9% to 154.9%), and
+15.9% (—28.7% to 46.1%), respectively. Although there were no significant between-group
differences in IL-22 concentration change, there was a medium-to-large group X time
interaction effect [F(2,35)=2.08, p=0.14, 1>=0.14].

Conclusion: Although there was no statistically significant between-group difference in 1L-22
change, the study suggests that different exercise intensities may have opposing effects on IL-22
concentration in individuals with MetS.

Keywords: high-intensity interval training, 1L-22, inflammation, cardiovascular disease,
metabolic syndrome, cytokine

Introduction

The immune system has been recognized to be involved in the regulation of metabolic
homeostasis.' In particular, interleukin-22 (IL-22), which is part of the IL-10 family of
cytokines known to protect organs and tissues from damage caused by infections and
inflammatory responses,> has been put forth to play a role in the alleviation of
metabolic syndrome (MetS). Two recent studies indicated that IL-22 treatment
restores mucosal immunity in diabetes and alleviates metabolic disease, resulting in

improved glycemic control.>* Specifically, it was demonstrated that IL-22 protected
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against oxidative stress from pancreatic beta cells;® and
glucose and lipid-induced injury from human endothelial
cells.* These are important findings given that: 1) pancreatic
beta-cell dysfunction is associated with increased severity of
MetS;’ and 2) MetS patients with endothelial dysfunction
are three times more at risk of cardiovascular events when
compared to individuals with only one of either conditions
(MetS or endothelial dysfunction).®

The role of IL-22 in human health was further high-
lighted in a study which showed that healthy centenarians
have higher circulating IL-22 compared to sex-matched
controls aged 60-95 years.” In contrast, it has also been
suggested that IL-22 may be detrimental to health, given
that circulating IL-22 has been shown to be elevated in
people with type 2 diabetes (T2DM), coronary artery dis-
ease (CAD), and comorbidity patients (T2DM and CAD).*
However, it could be argued that the elevated circulating
IL-22 found in these clinical populations may be due to
higher IL-22 required to protect factors (ie, pancreatic
beta-cell and endothelial dysfunction) associated with
these conditions.

Moderate-intensity aerobic training in combination
with progressive resistance training significantly reduces
IL-22 release in polyclonally activated T cells following
12-weeks of training,® however, the effect of different
exercise intensities on this biomarker has yet to be
explored. Although it should be noted that our group
showed that neither 12-weeks of MICT nor high-
intensity interval training (HIIT), which consists of
bouts of high-intensity exercise interspersed with recov-
ery periods, had an impact on IL-10.” Nevertheless, HIIT
has been shown to improve vascular function'® and
pancreatic beta-cell function'' more than moderate-
intensity continuous training (MICT), which are both
factors previously shown to be protected by IL-22°*
and to be positively associated with cardiorespiratory
fitness (CRF).'>"'* Rana et al'® specifically showed that
CRF blunts the inflammatory response in individuals
with MetS, wherein those at the highest tertile of CRF
revealed no increase in the level of white blood cell
count (a marker of inflammation) with increasing MetS
risk factors. HIIT has also grown in popularity in recent
years due to its ability to improve CRF by twice as much
as MICT with the same time commitment.'® More
recently, lower volumes of HIIT have shown efficacy in
providing similar CRF improvements relative to MICT

. . . 1
with much shorter exercise times.!”

The aim of this study was to investigate the impact of
MICT and different volumes of HIIT on circulating IL-22
in individuals with MetS. We hypothesized that HIIT,
regardless of the exercise volume, would improve 1L-22
concentrations more than MICT.

Methods
Participants and Study Design

Ninety-nine individuals diagnosed with MetS according

to the International Diabetes Federation criteria'®

were
recruited from January 2013 to August 2015 as part of
the “Exercise in prevention of Metabolic Syndrome”
(EX-MET) multi-center international trial (registered at
ClinicalTrials.gov, registration number: NCT01676870).
The purpose of the EX-MET trial is to investigate the
effect of MICT and varying volumes of HIIT in reducing
MetS risk factors. The present sub-study reports the
change in IL-22 that was only measured at our local
site (Brisbane, Australia). This is an exploratory study
due to the availability of samples and emerging evidence
on the role of IL-22 on cardiometabolic health.**
Figure 1 presents the participant flow within the study.
Sample size was calculated using an anticipated effect
size of mean difference in IL-22 change of 0.42
(power=0.80, alpha=0.05 for 2-tailed test) between
HIIT and MICT groups. This was based on a previous
study showing a similar mean difference in IL-10 change
between HIIT and MICT in a similar population included
in the present study (patients with type 2 diabetes)® since
IL-22 is part of the IL-10 cytokine family.>

Thirty-nine eligible participants were randomized (stra-
tified by age, sex, and center) into one of the 16-week
exercise interventions 1) MICT (n=10, [males, n=5; fema-
les=n=5]); 2) 4HIIT (n=13, [males, n=9; females, n=4]);
or 3) 1HIIT (n=16,
Randomization procedures were performed by the primary

[males, n=11; females, n=5]).

investigators of the multi-center trial from the Norwegian
and Technology (NTNU,
Trondheim, Norway), using random permuted blocks.

University of Science
Details of eligible participants were entered into an online
system to obtain the training group allocation. This study
was approved by the Medical Research Ethics Committee,
The University of Queensland, Brisbane, Australia (ethics
approval number 2012000617) and conducted in accor-
dance with the Declaration of Helsinki.

Participants were recruited via referrals from medical
practitioners at the Princess Alexandra Hospital, and
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the laboratory
(n=169)

Attended initial eligibility visit to

J

(n=99)

Recruited as part of the EX-MET study

Phlebotomist unavailable/unable to collect enough blood sample from
the participant to measure 1L-22 (n=22)
Participant did not agree to a venipuncture (n=4)

(n=73)

Included in the EX-MET trial IL-22 sub-study

/

MICT (©=22) | |

L

4HIIT (n=25)

T~

| 1HIIT (n=26)

- Withdrew after randomisation
and before intervention due to
dissatisfaction with group
allocation (n=1), travel time
too great (n=1)

- Withdrew during intervention
due to lack of time (n=2)

- Lost to follow-up (n=1)

- Technician unavailable/not

enough blood sample collected

to measure the primary outcome
of this sub-study (n=7)

(n=2)

(n=T)

- Withdrew during intervention
due to lack of time (n=1)

- Withdrew during intervention
due to a negative encounter
with a member of the study
team (n=1) and lack of time

- Lost to follow-up (n=1)

- Technician unavailable/not
enough blood sample collected
to measure the primary
outcome of this sub-study

- Withdrew during intervention,
due to lack of time (n=2)

- Lost to follow-up (n=1)

- Technician unavailable/not

enough blood sample collected

to measure the primary outcome

of this sub-study (n=7)

IL-22 Analysed
(n=10)

IL-22 Analysed
(n=13)

IL-22 Analysed
(n=16)

Figure | Flowchart for IL-22 sub-study. MICT, moderate-intensity continuous training; 4HIIT, 4 X 4 min high-intensity interval training; | x 4 min high-intensity interval

training.

advertising through television news, posters, newspapers and
flyers posted around the University and local healthcare
centers in Brisbane, Australia. A website was also created
to serve as a recruitment link in several social media plat-
forms (ie, Facebook and the University’s online magazine).
Oral and written informed consent were acquired from all
participants before study inclusion. Exclusion criteria of the
study were unstable angina, recent myocardial infarction (4
weeks), severe valvular heart disease, uncompensated heart
failure, pulmonary disease, uncontrolled hypertension, kid-
ney failure, and cardiomyopathy.

Participants’ eligibility was determined through the fol-
lowing assessments conducted at a 12-hour fasted state: 1)
fasting lipid profile and glucose level; 2) brachial systolic BP
(SBP) and diastolic BP (DBP); and 3) anthropometric mea-
sures (weight, height, waist circumference [WC] and hip
circumference [HC]). Detailed description of these proce-
dures has been previously reported.'’

Before and after completing the 16-week exercise
interventions, a series of tests were conducted to measure
the primary and secondary outcomes of this sub-study: IL-
22 and HsCRP; MetS severity; insulin resistance (IR);
visceral adipose tissue and other body composition
indices; and cardiorespiratory fitness (CRF). All secondary
outcome measures of this sub-study have been previously
reported.”’ Participants were instructed to refrain from
consumption of caffeine and alcohol for at least 24 hours
prior to testing, and participation in strenuous physical
activities for at least 48 hours before testing. The follow-
ing tests to assess the aforementioned outcome measures
were performed sequentially at both time points (baseline
and post-16-week exercise intervention): blood samples
were obtained for later assessment of various biomarkers
(IL-22, HsCRP, IR), blood pressure assessment, dual-
energy X-ray absorptiometry and other anthropometric
assessments (body composition indices), and maximal
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exercise test (CRF). At post-16 week intervention, the
assessments were conducted at 48 hours following the
last exercise session.

Circulating Interleukin-22 and
High-Sensitivity C-Reactive Protein
Following a 12-hour overnight fast, blood samples were
drawn from the participants’ antecubital vein. Serum sam-
ples were derived from whole blood collected into blood
tubes without anticoagulants. These tubes were left at room
temperature for 30 minutes prior to centrifugation at
2500 rpm for 10 min at 4°C. Serum aliquots were stored
at —80°C for later analysis of IL-22 and HsCRP.
Concentration of human IL-22 in serum samples was deter-
mined using the ELISA MAX™ Deluxe Set (Biolegend,
434504) using the manufacturer’s instructions. In brief, the
plates were coated with the capture antibody for 24 hours at
4°C. Subsequently, plates were washed with PBS-0.05%
Tween 20 and non-specific binding was blocked using 1%
BSA in PBS (pH 7.4) for 2 hours at room temperature,
shaking at 500 rpm. Plates were then coated with serum
samples (1:100 dilution) for up to 3 hours, before being
detected using the detection antibody, Avidin-HRP and
TMB substrate provided. Absorbance was read at 570nm
and 450nm within 15 min (data presented as Absorbance 57
am- 450 nm against the standard curve for hIL-22 provided).
Samples were measured in duplicate, with an intra- and
inter-assay co-efficient of variation of 1.9% and 13%,
respectively. HsCRP was also measured via ELISA kit
according to the manufacturer’s instructions (K-ASSAY
High-Sensitive C-Reactive Protein kit KAI-160, Kamiya
Biomedical).

Metabolic Syndrome Severity and Insulin

Resistance

Sex-specific MetS z-score was calculated using the fol-
lowing equations®! to represent the severity of the meta-
bolic syndrome: (1) MetS z-score,.,[(40 - HDL-C)/8.9]
+ [(TG - 150/69)] + [(FG-100)/17.8] + [(WC-102)/11.5]
+ [(MAP-100)/10.1]; (2) MetS z-scorewomen = [(50 -
HDL-C)/14.5] + [(TG-150/69)] + [(FG-100)/17.8] +
[(WC-88)/12.5] + [(MAP - 100)/10.1], where TG is
triglycerides, MAP is mean arterial pressure, and FG is
fasting glucose. Insulin resistance was also determined
via homeostasis model assessment-2 (HOMA-2) calcu-
lator version 2.2.%

Visceral Adipose Tissue and Other Body

Composition Indices

Body composition (lean body mass, body fat %, and trunk
fat %) was assessed by dual-energyX-ray absorptiometry
(DEXA), as previously described.'” Visceral Adipose
Tissue (VAT) cross sectional mass was quantified utilising
the Advanced Body Composition™ with InnerCore™
Fat
Measurements were post-processed with manual editing

Visceral Assessment  software (Version 4.5.3).

when appropriate as per manufacturer guidelines.”

Cardiorespiratory Fitness

Participant’s CRF was determined as the peak oxygen con-
sumed (VO,peak, highest 15-sec time averaged VO,) during
a graded maximal exercise test, measured via indirect calori-
metry using a MetaMax II (Cortex, Leipzig, Germany) or
Parvo Medica TrueOne 2400 system (ParvoMedics Inc.,
Sandy, Utah, USA). Further details of the maximal exercise
test have been described previously.'

Exercise Training Protocol

The frequency of exercise sessions prescribed for the
MICT and both HIIT training groups were five and three
times per week, respectively, to align with current guide-
lines for frequency of moderate- and vigorous-intensity
the of Sports
Medicine.”* All exercise groups were required to attend

exercise from American College
two supervised sessions with an exercise physiologist at
The University of Queensland exercise laboratory, and the
remaining prescribed training sessions were completed in
an unsupervised environment. Supervised sessions were
performed either on a treadmill or cycle ergometer,
depending on the participants’ preference or orthopedic
limitations. Unsupervised sessions consisted of outdoor/
indoor pursuits involving large muscle groups, including
swimming, walking, running, and rowing. The heart rate
and rate of perceived exertion (RPE) during all exercise
sessions were monitored and recorded using a heart rate
monitor (Polar Electro, Kempele, Finland) and the Borg
6-20 scale, respectively. A training log was also provided
to all participants to record HR and RPE during the unsu-
pervised sessions. Figure 2 portrays the schematic for all
exercise interventions. Participants in the MICT group
exercised continuously for 30-min each session at
60-70% of peak heart rate (HR peak) or RPE of 11-13
on the Borg scale® (Figure 2A). Each HIIT session was

preceded with a 10-min warm-up and ended with a 3-min
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Figure 2 Schematic representation of MICT (A), 4HIIT (B) and IHIIT (C).

cool-down, with a total exercise time of 38 and 17 min
per session for the 4HIIT and 1HIIT, respectively. The
4HIIT protocol incorporated four bouts of 4 min intervals
at 85-95% HR peak/RPE of 15-17 on Borg scale, inter-
spersed with 3 min of active recovery at 50-70% HR peak
(Figure 2B). The 1HIIT intervention had a similar proto-
col, but with only one 4 min interval bout at 85-95% HR
peak/RPE of 15-17 on Borg scale (Figure 2C).

Statistical Analysis

Statistical analyses were performed using SPSS version
22.0 software package (IBM, New York, NY). The
Shapiro—Wilk test was used to examine whether para-
metric tests were appropriate to analyze the data. If the
assumption for normality was still violated after log trans-
formation of data, a non-parametric test was applied. One-
way analysis of variance (ANOVA) or Kruskal Wallis, and
Chi-square tests were used to compare between-group
difference in baseline demographics, medication usage,
and exercise adherence. Analysis of covariance
(ANCOVA) was used to examine group X time interaction
effects, with the baseline value considered as the covariate
and the change from pre- to post-intervention value as the
dependent variable. Group X time interaction effect sizes
(%) were calculated and interpreted as: “small” effect
(0.01); “small-to-medium” effect (0.01-0.10); “medium-

to-large” (0.10-0.25).%¢

Time (minutes)

Within-group differences in continuous variables
were analyzed via a paired #-test or Wilcoxon test.
Within-group effect size of the training interventions
was calculated using “Cohen’s d” (for normally distrib-
uted data) or “r” (for non-normally distributed data)
effect size which was interpreted as: i) Cohen’s d effect
size, “small” effect (0.20); small-to-medium (0.20-0.50);
and medium-to-large effect (0.50-0.80); ii) r effect size,
“small” effect (0.10); small-to-medium (0.10-0.30); and
medium-to-large effect (0.30-0.50).>” Mixed linear
model regression analysis was also performed to investi-
gate the measures associated with the change in circulat-
ing IL-22 within each exercise intervention (4HIIT,
1HIIT, and MICT), with a model that takes into account
subjects within a repeated measures design, where 1L-22
raw values are the dependent variable and MetS severity,
insulin resistance, CRF, and VAT are the individual cov-
ariates entered within each training intervention group
Continuous variables are reported as mean change =+
standard deviation (SD), or percent or absolute median
change (interquartile range [IQR]), and categorical vari-
ables as frequencies. A p value < 0.05 was considered
statistically significant.

Results
Thirty-nine out of the ninety-nine participants recruited as
part of the EX-MET trial from January 2013 to
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August 2015, had data for circulating IL-22 before and after
the interventions (Figure 1). At baseline, there were no
significant group differences in demographics and medica-
tion intake (Table 1). Participants in the MICT, 4HIIT, and
IHIIT groups completed 90+12%, 89+8%, and 93+7% of
sessions p=0.40),

the prescribed (between  groups,

respectively.

Circulating IL-22 and HsCRP
Table 2 presents changes in circulating IL-22 and HsCRP

from pre- to post-intervention. The HIIT groups increased
IL-22 and MICT group decreased IL-22. Although there
was no significant between-group difference in IL-22 con-
centration change, there was a medium-to-large group
X time interaction effect on this cytokine [F(2,35)=2.08,
p=0.14, 1°=0.14]. The same pattern of HsCRP change was
also evident following the training interventions, where the
HIIT groups increased HsCRP, whilst the MICT group
decreased HsCRP, with a small-to-medium group X time
interaction effect [F(2,37)=1.47, p=0.24, n°=0.07].

MetS Z-Score and Insulin Resistance

Table 2 also presents the MetS z-scores and individual
MetS components following the exercise interventions.
MetS z-score decreased following all exercise programs
(MICT, —0.5+1.8; 4HIIT, —0.5+0.9; 1HIIT, —1.3+1.8), with
no significant difference between groups after adjusting for
baseline values [F(2,38)=1.21, p=0.31, n*=0.06]. There
was a greater magnitude of insulin resistance (HOMA-

Table | Participants’ Characteristics

Variables MICT 4HIT IHIT P-value
(n=10) (n=13) (n=16)
Demographics
Age, years, mean + SD 54+9 54+ 10 57+8 0.47
Male sex, % 50 69 69 0.56
Type 2 diabetes, % 20 62 56 0.10
Hypertension, % 60 85 75 0.41
Medications
ACEls, % 30 46 56 0.43
Calcium Antagonist, % 0 23 13 0.26
Beta-blocker, % 20 0 19 0.24
Statin, % 20 46 63 0.11
Aspirin, % 20 23 19 0.96
Metformin,% 10 38 38 0.26

Abbreviations: MICT, moderate-intensity continuous training; 4HIIT, 4xX4min
high-intensity interval training; IHIIT, 1X4min high-intensity interval training;
ACElIs, angiotensin-converting enzyme inhibitors.

IR) reduction following MICT (MICT, —2.14+2.7) relative
to the HIIT groups (4HIIT, —0.8+1.4; 1HIIT, —1.042.0),
but with no significant difference between groups [F(2,38)
=0.92, p=0.41, 1>=0.05].

Cardiorespiratory Fitness

The 4HIIT intervention significantly improved CRF (+5.7
+4.7mL/kg/min) more than MICT (+2.7+1.9mL/kg/min)
and 1HIIT (+2.9+2.2mL/kg/min) training groups [F(2,38)
=3.8, p=0.03, 1°=0.18].

VAT and Other Body Composition

Indices

Table 2 shows similar reductions in VAT (MICT, —47.2
+152.6g; 4HIIT, —68.2+106.0g; 1HIIT, —44.9+£102.7g) and
negligible changes in all other body fat indices (total body
fat%, android fat%, and gynoid fat%) and lean mass fol-
lowing the training interventions. After exercise training
both HIIT groups showed a greater magnitude of weight
reduction when compared to MICT: (4HIIT, —2.7+£5.9 kg;
THIIT, —2.343.9 kg) vs (MICT, —0.4+4.5 kg).

Mixed Linear Model Regression Analysis
A mixed linear model regression analysis was used to
further examine the associations between changes in MetS
severity, insulin resistance, CRF, and VAT and the change in
IL-22 concentrations following MICT, 4HIIT, and 1HIIT.
Our analyses showed that the change in IL-22 concentration
was significantly associated with the change in CRF follow-
ing 1HIIT (p=0.04). IL-22 change was not significantly
associated with any other changes in the aforementioned
factors following all exercise interventions.

Discussion

This is the first study to investigate the impact of different
exercise intensities on circulating IL-22 in patients with
MetS. Although there was no statistically significant dif-
ference in IL-22 change between exercise training groups,
our results suggest that different exercise intensities may
have opposite effects on circulating IL-22 levels.

Both HIIT groups increased the magnitude of IL-22
following the 16-week intervention, whilst the MICT
group decreased the magnitude of this anti-inflammatory
cytokine. It should be highlighted however that despite the
differential IL-22 change between exercise intensities,
a clinical reduction in MetS severity was evident following
all training interventions. Moreover, a parallel favorable
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change in insulin resistance, VAT, and CRF, all known
factors to either play a central role in the emergence of
MetS*® or to be an antidote against individual MetS
components,” were also evident following all exercise
regimens. It should be noted, however, that our results
showed that a change in IL-22 concentration was only
associated with a change in CRF following 1HIIT. IL-22
change within group was not associated with changes in
MetS severity, insulin resistance, VAT following all exer-
cise interventions, perhaps due to the low sample size
within each group.

Consistent with the present study, Alvarenga-Filho
et al® also found a decrease in circulating IL-22 concentra-
tions following a 12-week MICT exercise program. It is
plausible that the circulating IL-22 reduction following
MICT may in part be attributable to the direct capacity
of this exercise intensity to improve factors known to
aggravate IL-22-protected components (ie, endothelial
and pancreatic beta cells)'%>° associated with the severity
of MetS, thereby reducing the need for further IL-22
immunity. Indeed, MICT has been shown to be a potent

110

stimulus towards improving endothelial = and pancreatic

beta-cell function.®® Interestingly, the present study
demonstrated a greater magnitude of insulin resistance
reduction following MICT compared to the HIIT groups.
Thus, given that insulin resistance has been proposed to be
a major culprit underpinning endothelial®' and pancreatic
beta cells®® dysfunction, it could be speculated that the
observed degree of insulin resistance reduction could have
led to a simultaneous decrease in IL-22 following MICT.
Further studies are warranted to test this hypothesis.

In contrast, both HIIT interventions in the present study
increased the magnitude of circulating 1L-22, which were
concomitant with improved CRF and favorable reductions
in MetS severity, VAT, and insulin resistance. This sug-
gests that high-intensity exercise may stimulate 1L-22 pro-
duction, in addition to its capacity to improve MetS factors
that are known to be detrimental to IL-22-protected tissues
(ie, pancreatic beta cells and endothelial cells).*® This may
plausibly explain the superior ability of HIIT compared to
MICT to improve novel CVD risk factors such as vascular

function'®

and pancreatic beta-cell function'' demon-
strated in previous studies. HIIT has also been reported
to elicit superior skeletal muscle mitochondrial function
relative to MICT,*® perhaps explaining the greater magni-
tude of CRF increase following HIIT compared to MICT
in the present study. Thus, assuming that the mechanism

involved in the up-regulation of mitochondrial function is

similar across tissues, HIIT-induced IL-22 magnitude
increase may be attributed to mitochondrial function
improvement of lymphocytes,** implicated in the expres-
sion and activation of IL-22.%

Another interpretation is that the increase in IL-22
magnitude, evident in the HIIT groups, may be partially
attributable to a higher IL-22 needed to compensate for an
increase in pro-inflammatory cytokines, which are usually
evident following strenuous exercise.’® Indeed, this sce-
nario is supported by our findings that increased HsCRP
concentrations following both HIIT interventions were
concomitant to increased IL-22, whereas an opposite pat-
tern of changes in these biomarkers occurred post-MICT.
It is plausible that the blood test we conducted 48 hours
after the last exercise session could have merely reflected
the acute effects of HIIT on pro-inflammatory markers and
IL-22 concentrations. It could be speculated that the ele-
vated IL-22 and HsCRP markers may be due to the
imposed acute damage on fast-twitch muscle fibers,
which were likely to be predominantly recruited during
HIIT. However, Zimowska et al>” showed that the repair of
slow-twitch muscle fibers, which were likely to be largely
involved during MICT in the present study, is accompa-
nied by increased and prolonged pro-inflammation as com-
pared to the regeneration of fast-twitch muscle fibers. It
should also be noted that a previous study has demon-
strated a reduction in a pro-inflammatory cytokine in
parallel with a favorable change in the anti-inflammatory
IL-10 cytokine, in which IL-22 is known to be a key
member, following HIIT in patients with MetS.*® This is
further supported by our results, which showed a parallel
decrease in VAT following the HIIT interventions, indicat-
ing reduced hypoxia-induced necrosis, and thus secretion
of pro-inflammatory cytokines.*’

Limitations

The main limitation of this study is that we only measured
circulating IL-22, limiting the ability to determine possible
tissue-specific improvement induced by different exercise
treatments. It would have also been more informative to
have had included a set of other pro-and anti-inflammatory
markers to better explain possible mechanisms of IL-22
changes in response to differential exercise intensities. It
should also be noted that there is a wide variability in our
IL-22 result, despite appropriate measures taken to reduce
this variability during the trial. We suspect that this may have
been influenced by the individual variability in cardiometa-
bolic responses to our exercise interventions and/or dietary
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intake. In particular, our previous study showed that fibre

intake is independently associated with increased circulating
interleukin-22 in individuals with MetS.*° Further studies are
warranted to elucidate these factors. Finally, our post hoc

power analysis showed that this exploratory study is signifi-

cantly underpowered (0.29).

Conclusion
The main novel finding was that different exercise intensi-

ties have polar effects on circulating IL-22 concentrations.

Notably, our study indicated that exercise intensity regard-

less of the volume may provide more health benefits by

increasing circulating IL-22, known to have a protective

role in factors associated with MetS.*' It should also be

noted that we did not find a statistically significant differ-

ence in IL-22 change between exercise interventions.

A larger clinical trial is required to confirm our findings.

Data Sharing Statement
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included in the manuscript.
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