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The Acute and Chronic Effect of Endurance
Versus Resistance Exercise on Circulating
Irisin: A Systematic Review and
Meta-Analysis
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ABSTRACT

Background: Exercise-induced release of irisin is associated with various improved health outcomes. However, the most
effective exercise mode(s) to stimulate irisin release remain unclear. In this systematic review, we separately examine potential
differences in (i) resting irisin concentrations (chronic change) after resistance (RT) and endurance training (ET) and (ii) the
concentrations of irisin after a single bout (acute change) of resistance (RE) and endurance exercise (EE).

Methods: Searching was completed February 2022 in PubMed, CINAHL, Web of Science, Cochrane Library, SCOPUS, and
SportDiscus. Studies were included by consensus of 2 reviewers, if they were randomized controlled trials (RCTs) or compari-
son studies with adults over 18 years and compared chronic change after RT and ET for any intervention duration or acute
change after RE and EE. Risk of bias and quality of findings were independently assessed using PEDRo and GRADE, respec-
tively. Irisin post means and standard deviations were extracted to calculate standardized mean differences (SMDs) and 95%
confidence intervals using a random effect model.

Results: Of 174 studies screened, 8 chronic and 4 acute studies were included in the analysis, comprising a total of 332 partici-
pants. No difference between RT or ET for chronic irisin response was found (P = 0.380, SMD = 0.17, n = 248); however, there
tended to be greater acute increases in circulating irisin after RE than EE (P <0.001, SMD = 0.93, n = 56).

Conclusions: A greater effect of RE on irisin concentrations than EE was found in acute studies. Future research requires larger
sample sizes and matched intensities.

Keywords: myokines, resistance training, FNDCS5, endurance training

INTRODUCTION that regulate various metabolic processes through autocrine,
Exercise improves outcomes in various chronic diseases, paracrine, and endocrine signaling pathways (3,4). Recently,
such as dementia (1) and type 2 diabetes (2), though the a role for the myokine irisin has been implicated in several

chronic diseases including obesity (5), type 2 diabetes (2),
and cognitive decline (6).

Irisin was initially identified as a peroxisome prolifera-
tor-activated receptor y coactivator-lo (PGCla)-dependent

mechanisms underpinning these remain unclear. One prom-
ising area attracting the attention of researchers is the role of
exercise-induced release of myokines on health outcomes.
Myokines are molecules released from active skeletal tissue

!School of Health, University of the Sunshine Coast, Sippy Downs, QLD 4556, Australia

*Sunshine Coast Health Institute, Birtinya, QLD 4575, Australia

3School of Public Health, The University of Queensland, Brisbane, QLD 4072, Australia

“Applied Sports Science Technology and Medicine Research Centre, Swansea University, Wales, SA1 8EN, United Kingdom
’Manna Institute, Faculty of Health and Medicine, University of New England, Armidale 2350, Australia

Address for correspondence: James E. Newman, BSc (Hons), School of Health, University of the Sunshine Coast, 90 Sippy Downs Dr, Sippy Downs QLD
4556, Australia; +61 0438612489; e-mail: james.newman(@research.usc.edu.au.

Conflicts of Interest and Source of Funding: None.

Copyright © 2023 Clinical Exercise Physiology Association

111

$S9208 93l) BIA Z20-90-GZ0Z e /wod Aioyoeignd-poid-swid-yiewlsiem-jpd-awiid//:sdiy wouy papeojumoq


mailto:james.newman@research.usc.edu.au

T
)
(14
<
w
7]
w
(14
-l
<
=
o
(14
(@]

112 J Clin Exerc Physiol, Vol. 12, No. 4, 2023

www.acsm-cepa.org

myokine with the potential to induce brown-fat-like devel-
opment of white adipose tissue (7). Irisin responds to
increased energy expenditure during exercise via PGCla,
Cyclic adenosine monophosphate (cAMP), and cytokine
pathways (8) to induce mitochondrial biogenesis (9) and
increase Adenosine triphosphate (ATP) production (8) and
glucose uptake along with insulin stimulation (8).

However, reported changes in resting irisin concentra-
tions in response to training are inconsistent (10—-18), with
no overall effect reported in a systematic review of these
studies (19). A potential role for mode in explaining this
inconstancy was highlighted in a systematic review of resis-
tance training (RT) studies (20). Although, no effect of train-
ing was detected, subgroup analyses found chronic increases
in resting irisin concentrations in older adults and when RT
was demanding and progressive in terms of intensity. Given
these findings, further exploration of the effect of mode on
the response of irisin to chronic exercise is warranted.

Less inconsistency is found in the response of irisin to
exercise when acute studies are considered, with a 15%
increase in postexercise irisin concentrations reported overall
(21). However, authors of 4 studies included in this system-
atic review reported no significant change (16,22-24).
Although variability in the study outcomes was not explained
by exercise mode, this systematic review was not designed to
compare the effect of mode specifically, including studies in
which authors did not directly compare resistance exercise
(RE) and endurance exercise (EE) in a single cohort (21).
Nonetheless, authors of studies directly comparing exercise
modes showed that postexercise irisin concentrations tended
to be higher after RE than EE (25,26). Therefore, with further
investigation through a systematic review and meta-analysis
of these studies, we may explain the inconsistencies in the
literature.

The purpose of this systematic review and meta-analyses
was therefore to (a) compare chronic changes in resting irisin
concentrations after endurance training (ET) and RT interven-
tions and (b) compare acute changes in postexercise irisin
concentrations after a single bout of EE and RE, including
only studies in which authors directly compared these modes.

MATERIALS AND METHODS

This systematic review was completed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses statement (27). This protocol was reviewed
and registered by Open Science Framework (https://doi.
org/10.17605/0SF.IO/HTQSR), and searching occurred
during March 2020, May 2021, and again Feb 2022, using
the following 6 databases: PubMed, CINAHL, Web of Sci-
ence, Cochrane Library, SCOPUS, and SportDiscus. The
text words “irisin” or “FNDCS5” were combined using AND
with the text words “weight training” OR “resistance train-
ing” OR “resistance exercise” OR “strength training” OR
“strength exercise” in all databases. Due to the small number
of papers, it was decided to broaden the search by not includ-
ing endurance terms or adults to capture as many studies as
possible. Database searches were conducted without the use

of external limiters to reduce the incidence of neglecting
articles because of incomplete indexing.

Inclusion criteria for studies were (a) random controlled
trials and quasiexperimental trials directly comparing chronic
RE and EE; (b) men and/or women aged 18 years and older;
(c) comparison of both RE and EE (specifying type, intensity,
repetition maximum, frequency, and session duration), for any
intervention duration, including preacute and postacute stud-
ies; and (d) report of both preintervention and postinterven-
tion resting concentrations of irisin in chronic studies and
pre-exercise to postexercise acute circulating irisin concentra-
tions in acute studies. Exclusion criteria were (a) noninterven-
tion (neither chronic or acute) studies; (b) theoretical articles
or descriptions of treatment approaches; (c) review articles;
(d) unpublished studies, abstracts, or dissertations; () articles
without adequate specification of interventions and/or com-
parisons; (f) non-peer-reviewed articles and book chapters;
(g) animal studies; or (h) non-English-language articles.

After the search, full-text articles were independently
assessed by 2 reviewers (JN and MS) for eligibility (28). Cor-
responding authors were contacted in the instance where full
texts were not available. Extraction of data relating to the
study population, outcome measures, and exercise program
was completed (JN) using a standardized data extraction
sheet; extracted data included sample size, sample character-
istics (age, sex, body mass index [BMI], VO, _ , and % body
fat), authors and publication year, details of the intervention
(exercise form, intensity, and duration), the methods for irisin
measurement, and timing after the intervention for blood sam-
pling. Before and after means (based on the peak postmea-
surements) and standard deviations of irisin concentration
were recorded for each intervention group in both (a) chronic
and (b) acute interventions, to calculate the within- and
between-groups effect sizes (ESs) and respective standard
errors. The standardized difference in means was also calcu-
lated to determine the ES, expressed as Cohen’s d, for each
study. The data for determining Cohen’s d included the sample
sizes, means, and standard deviations (SDs) of circulating iri-
sin in the 2 exercise conditions as well as confidence level.

In studies in which authors used more than 1 comparator
intervention, the intervention with the endurance intensity
(based on VO, ) closest to the resistance intensity (based on
1 repetition maximum [ IRM]) was chosen to reduce the con-
founding effect of intensity. Means and SDs were derived
from figures in several studies using Web plot digitizer soft-
ware (12,16,18,25,26). Authors of 2 studies (13,14) only
reported percentage change. In another study, baseline data
for healthy participants and those with metabolic syndrome
were collated (29). These authors also reported baseline data
in quartiles, so SD was calculated according to the method
reported by Hozo et al. (30). Where standard error was
reported, it was converted to SD (25,26,31).

Two authors (JN and MS) independently assessed the
risk of bias using the PEDRo scale (32). In the current review,
2 of the 11 criteria (blinding of the trainers and blinding of the
participants) were not appropriate for the type of interven-
tions and were excluded (33). Both reviewers rated the
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eligible articles on each of the 9 items of the scale and pro-
vided a total score between 0 and 9 for each article. All crite-
ria were equally rated using yes (1 point) or no or unclear
(0 points) on a standardized spreadsheet, and a quality score
was generated as a percentage of the maximum score for each
study. Any discrepancies between reviewer scores were iden-
tified and discussed before consensus was reached.

Included studies were categorized for synthesis in 2
separate meta-analyses, namely, chronic training interven-
tions—multiple exercise sessions with blood sampled before
and >3 h after the intervention—and acute interventions—
blood was sampled before and <60 min after completion of
a single exercise bout. Due to the baseline data being skewed
in both analyses, we adopted a conservative approach to
minimize the influence of these data where only the postex-
ercise means were compared. Initially, a within-groups ES
was calculated to estimate the mean difference from baseline
in each group. To incorporate a correction for paired data,
we assumed a correlation of 0.5 measured within each group
to estimate the SD of changes from baseline in each group
(21). The within-groups ESs were used in our primary analy-
ses to calculate a standardized between-groups pooled ES of
chronic/acute RE compared with EE. Thus, an ES > 0 indi-
cated that the change in irisin concentration was higher/
lower in the resistance than in the endurance group. Pooled
ESs and 95% confidence intervals (Cls) were calculated
using random effect meta-analyses with inverse variance.

Data were tabulated separately into chronic and acute
studies to display before and after means with SDs for
each study, and separate forest plots for training and sin-
gle-bout studies displayed studies in random order with
standardized mean differences (SMDs) and 95% ClIs. Het-
erogeneity was first examined with a forest plot visual
inspection and then statistically tested using the x> test,
with P < 0.1 taken as significant (34). The magnitude of
inconsistency across the findings of studies was quantified
using the I? statistic, with values <25% indicating low,
25%—-50% moderate, and >50% indicating high heteroge-
neity (34). Due to a small-pooled sample size, it was not
possible to meaningfully explore possible causes of het-
erogeneity among study results. As a measure of sensitiv-
ity, analysis of influence was used to investigate the influ-
ence of each individual study on the overall meta-analysis
summary estimate. The meta-analysis was re-estimated
omitting each study in turn, and the usual, full meta-anal-
ysis (omitting none of the studies) was given as the com-
bined results. Publication bias was visually assessed by
funnel plots by plotting the ES on each study against its
standard error (35). The quality of the evidence was
assessed by 2 authors (JN, GM) as implemented and
described in the Cochrane Consumers and Communica-
tion (36) using the GRADE criteria. The quality of the
evidence for each outcome on each of the following
domains was assessed: risk of bias, inconsistency, impre-
cision, indirectness, and publication bias. All analyses
were conducted using STATA v16.1 (StataCorp. Stata
Statistical Software, College Station, TX).

RESULTS
Search Results

Thirty publications were initially identified as potentially
suitable for inclusion. Of these, 12 met all the inclusion cri-
teria; 8 were chronic studies assessing potential changes in
resting irisin concentrations pretraining and posttraining,
and 4 were acute interventions, including single bouts of
exercise with measurement of pre-exercise and post-exercise
irisin concentrations (Figure 1). Tables 1 and 2 summarize
the methodological characteristics of the individual studies
assessed. Studies were of moderate quality with an average
score of 64.3 £ 12% for training studies and 75 + 4.8% for
single-bout studies.

Description of Irisin Measurement

Irisin was measured using a variety of commercially avail-
able enzyme-linked immunosorbent assay immunoassay
kits; authors of 5 studies measured serum irisin (18,37-40),
authors of 6 measured plasma irisin (12,13,31,41-43), and
authors of 1 study did not report the sample type (25). For
the chronic interventions, blood was sampled from 3 hto 2 d
after the final training session. For the acute studies, blood
was sampled at 0, 1, 3, 24, 48, and 72 h (24); 0 and 1 h (25);
0,1,2,4,6,and 24 h (31); and 0, 0.5, 1, 2, 3,4, 6, and 24 h
(26). Peak irisin concentrations were reached within 1 h after
exercise in all single-bout studies, except in the study by He
etal. (24) (<3 h). In all cases, peak irisin concentrations were
used as the postexercise value for the meta-analysis.

Description of Chronic Study Participants

The median sample size was 26 (range = 18—75). Participants
were aged 39.0 + 13 years (n = 276), with BMI of 27.9 + 3.2
kg-m™ (n=276), VOZmax of31.2+4.4mL kg 'min”' (n=92),
and percentage body fat of 28.9 +=4.9% (n = 181; Table 3).

Description of Chronic Interventions

ET involved continuous moderate exercise: treadmill run-
ning/walking (12,14,40-42), treadmill running/mountain
climber (12), Nordic walking (44), bicycle ergometer (38),
and rhythmic aerobic step training and running (18). The
average duration of the chronic interventions was 13.6 £ 6.5
weeks; participants trained, on average, 3.0 = 0.8 times per
week, and each training session averaged 57 + 7.0 min.
Exercise intensity was generally moderate and assessed via
heart rate reserve (50%—-80%) (14,42), VOZmaX (65%—-85%)
(12,40), heart rate max (60%—75%) (18,41), and heart rate
(below anaerobic threshold with 5-10 min bouts above)
(38). In the 8 RT studies assessed, participants completed
2-3 sets of 815 repetitions of machine-based exercises
targeting major muscle groups with an average intensity of
63.9 = 4.5% 1RM. Further details of the interventions are
provided in Table 1.

Meta-Analysis of Chronic Studies

There was low quality of evidence in the chronic studies
indicating that neither mode was favored regarding their
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Records identified through
database searching
Scopus (n=112)
s Web of Science (n = 100)
= CINAHL (n=81) Additional records identified
Lo PubMed (n = 70) through other sources
k= SportDiscus (n = 18) (n=0)
3 Cochrane library (n = 47)
Total (n = 428)
v v
)
Records after duplicates removed
o (n=174)
£
C
g v
& Records screened Records excluded
(n=174) " (n=144)
—
() v
Full-text articles assessed Full-text articles excluded,
2 A R (n=18)
= for eligibility q .
3 (n = 30) Comparator was not aerobic
2 - (n=13)
L l Outcome for endurance
exercise not published (n= 1)
- Studies included in No full text and not peer
qualitative synthesis reviewed (n=1)
(n=12) Full text not in English (n = 2)
8 ¢ Same study p_ut:llshed twice
3 (n=1)
5 Studies included in
£ quantitative synthesis
(meta-analysis)
- (n=12)

FIGURE 1. PRISMA flow chart of the selection of both chronic and acute studies included in the

meta-analysis.

effect on resting irisin concentrations (n = 248, P = 0.380,
SMD = 0.17; 95% CI, —0.20, 0.54). The quality of the evi-
dence was downgraded to low quality due to the studies
having an unclear risk of bias-allocation concealment (lack
of blinding of outcome assessors, and measures of at least 1
key outcome were only obtained from >85% of participants
in 5 of the 8§ studies) due to imprecision caused by the small
number of studies and that many studies within the meta-
analysis had 95% CIs crossing zero. Examination of Figure 2
suggests high heterogeneity between research findings, and
this is supported by a high statistically significant heteroge-
neity observed between research findings (y* = 14.65, df =7,
P =0.041), with an I? value of 52.2%. Due to the small num-
ber of studies assessed, it was not possible to complete a
meaningful subgroup analysis for chronic studies to deter-
mine the source of heterogeneity. Sensitivity analysis of the
meta-analysis to the removal of each study indicated that no
individual study overly influenced the outcome (combined
estimate = 0.165; 95% CI, —0.204, 0.535). Bias was exam-
ined with a funnel plot, and no asymmetry was detected,
indicating no publication bias.

Description of Acute Study Participants

The median sample size for the acute studies was 13.5 (range =
9-20). Participants averaged 30.0 = 7.8 years (n = 56), with

BMI 0f24.6 + 2.5 kg'm™? (n=56), VO, of44.7+6.7 mL-kg -
min! (n =46), and percentage body fat of 23.3 = 0.5% (n = 39;
Table 3).

Description of Acute Study Protocols

Some variation was found in exercise type, intensity, and
duration across the acute studies. Of the 4 studies included,
authors of 3 used high-intensity interval exercise (treadmill)
(24,25,31), and 1 involved continuous moderate exercise
cycle ergometry (26). EE duration averaged 53.8 + 6.5 min,
and exercise intensity was assessed using \'/OZmax (range =
65%-90% VO, _ ) (24,26), heart rate max (65%) (25), and/
or rating of perceived exertion (RPE) (18 on the Borg 620
scale) (31). All 4 acute studies included RE studies involving
3—4 sets of 8—12 repetitions of machine-based exercises tar-
geting major muscle groups. The average session duration
was 51 + 10 min, and intensity averaged 71.9 + 4.5% 1RM
(24-26,31) (Table 3).

Meta-Analysis of Acute Studies

RE resulted in significantly greater acute increases in irisin
concentration postexercise than EE, with a large ES (P <
0.001; n = 56, SMD = 0.93; 95% CI, 0.44, 1.43). The evi-
dence was classified as low quality due to the small number
of studies, thus decreasing statistical precision. Examination
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TABLE 2. Description of single-bout studies.

Studies n? Age® BMI© Mode Intensity Duration?  Sets and Blood P
Reps Sampling®
Nygaard et al. 72 329 245+24 RE, whole 10-12 RM 60 3x10-12 0,1,2,4,6, 10.001
2015 (49) body 24
Random HIT 6 x 5 min, 60 - 10.037
crossover design 18 (Borg
scale)
Huh et al. 2015 Healthy RE, whole 75%—80% 45 3 x8-12 0,1 10.05'
(25) body 1RM
14/0 411+£6.7 28.1+42 HIIT, 4 x 4 min, 36 - 1<0.05
treadmill 90% HR
Random Metabolic syndrome
crossover design
6/0 45+85 30.1+3.7
Tsuchiya et al. 10/0 23+1 237 RE, whole 65% 1RM 45 3-4 %12 0,05,1,2, 10.05
2015 (26) body 3,4,6,24
Random Cycle 65% 60 - ns
crossover design ergometer VO, ..
He et al. 2018 17/0 23+3 22+2 RE, whole 70%-75% ~50 4 x 8-10 0,1,3, 24, ns 0.54
(24) body 1RM 48,72
Random HIIT, 5x4,90%, 45-60 - ns 0.54
crossover design treadmill 50%
running VO, ..

1 = increase; IRM = 1 repetition maximum; BMI = body mass index; HIIT = high-intensity interval training; HR = maximum heart rate;
ns = nonsignificant; RE = resistance exercise; VO, = maximal oxygen consumption (mL-kg'-min')

n = men/women

*Age (y)

‘BMI (kg'm?)

dDuration (min)

‘Blood sampling timing (h)
Greater than other modes

TABLE 3. Subject characteristics single-bout, and training studies.

Single-Bout n
Studies

Training n
Studies

Sample size (range) 224 (20-19) 56 26 (18-75) 276

Age (y) 30+£7.8 56 39.0+13 276
BMI (kg-m2) 246+25 56 27.9+32 276
\'/OZmax 447 +6.7 39 312+44 92
(mL kg™ min™")

Body fat (%) 20.7 £3.9 46 289+49 181

BMI = body mass index; \'/O2max = maximal oxygen consumption

of Figure 2 suggests a lack of heterogeneity between research
findings. In that respect, no statistically significant heteroge-
neity was observed between research findings (y*> = 4.61, df
=3, P=10.203), with an I value of 34.9%. Again, due to the
small number of studies, it was not possible to complete a
meaningful subgroup analysis for acute studies. Sensitivity
analysis indicated that no individual study overly influenced

the outcome (combined estimate = 0.935; 95% CI, 0.437,
1.433). Bias was examined with a funnel plot, and no asym-
metry was detected, indicating no publication bias.

DISCUSSION

In this study, we attempted to explain variability in the
responses of irisin to exercise and training by directly compar-
ing the effect of mode (RE or EE) on both chronic and acute
changes in irisin concentrations in 2 separate meta-analyses.
No apparent effect of exercise mode on chronic (resting) irisin
concentrations was found; however, acute increases in irisin
tended to be greater after RE than EE. Therefore, mode of
exercise may explain some variability in the acute response.

Authors of previous reviews of chronic training studies
have found increases in resting irisin after completing RT in
some groups (older adults and at higher exercise intensity)
(20) but no response when including all exercise modes (19).
The present findings show that variability in chronic study
outcomes do not appear to be explained by exercise mode;
this is supported by several studies (14-16,18,40) with
authors of only 1 published study reporting greater irisin
concentrations after RT (12).
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Acute effect

Chronic effect

Study SMD (95% Cl) Study SMD (95% Cl)
1 Hacksteden, (2013 —-—' 0.17 (-0.34, 0.69
He (2018) —— 064 (:0.05, 1.34) on @01 ! (osh 089
: Kim, (2016) —a— 0.81(-0.10, 1.73)
Huh (2015) —E—H 1.58 (0.87, 2.29) Korkmaz, (2019) _.._'.._ 0.22(-0.23, 0.67)
Nygaard, (2015) = 0.51 (0.43, 1.45) Pakkala. (2012) 041057 080
H Shabani, (2018) 0.13(-0.77, 1.04)
Tsuchiya' (2015) .: 087 (-0'05’ 1'79) Poutafkand, (2020) : 0.03 (-0.75, 0.82)
Overall (I-squared = 34.9%, p = 0.203) 0 0.93 (0.4, 1.43) Amanat, (2020) — il 1.000021,179)
i (2021) = ; +1.00 (+1.80, -0.20)
: Overall. DL (I = 52.2%, p = 0.041) <:> 0.17 (-0.20, 0.54)
1 1 1 : 1 1 1 1 1 1 1 1 1 1
-1 -5 0 5 1 15 2 2 45 4 -5 0 5 1 15 2

Favour CT Favour RT

Favour CT Favour RT

FIGURE 2. Forest plots demonstrating the impact of acute resistance exercise compared with acute endurance exercise on irisin
concentration and chronic resistance training compared with endurance training on irisin concentration. CT = endurance; RT = resistance;
SMD = standard mean difference; CI = confidence interval; ¢ = overall weighted mean treatment effect.

One potential explanation for variability in previous
findings may be the intensity of exercise. A qualitative
review of included studies implicated a potential association
between exercise intensity and increased irisin resting con-
centrations after training in both modes, a finding supported
by the systematic review by Cosio et al. (20). Kim et al. (12),
the only authors that reported a significant increase in rest-
ing irisin concentrations after RT (P = 0.002), employed a
higher %1RM (average 72%) (12) than other studies (aver-
ages ranging from 60% to 67.5% 1RM) (13,14,16,18,42).
Therefore, some evidence suggests the effect of exercise
intensity and not exercise mode better explains variability in
resting irisin after training. However, in the present review,
it was not possible to statistically analyze the potential
causes of variability in the response due to the small sample
size. A need for larger, higher-quality studies in which
authors explore the effect of exercise intensity on the chronic
response of irisin is implicated by our findings.

In contrast, variability in the acute studies appears to
be explained, in part, by exercise mode. Irisin concentra-
tions were significantly higher after RE than EE in our
pooled dataset. However, the small number of studies,
decreasing precision of the statistical outcome, highlights
the need for larger, higher-quality studies in which authors
investigate the acute irisin response to exercise. Although
authors of 3 of the 4 acute studies included in this meta-
analysis reported a significant increase in circulating irisin
after acute RE (25,26,31), only Huh et al. (25) reported a
significantly greater response to RE than EE (P < 0.05). In
addition, authors of a recent meta-analysis (21) investigat-
ing the transient response of irisin to acute exercise did not
support the present finding. However, this study was lim-
ited by the inclusion of studies that did not directly com-
pare exercise mode, which increases heterogeneity (21). A
strength of the present review is that only studies in which
authors directly compared acute EE and RE responses were
included; thus, an effect of exercise mode could be investi-
gated specifically.

Exercise intensity may also explain the variation in
postexercise irisin concentrations in acute exercise studies.
For example, Huh et al. (25), who reported the greatest differ-
ence in intensity between the 2 exercise modes (RE: 77.5%
IRM, EE: 65% HRmax) as well as the greatest resistance
intensity (77.5%1RM compared with an average of 70 +
3.5%1RM), also showed the greatest change in irisin concen-
trations after RE. This finding is supported by Daskalopoulou
et al. (45), who reported the greatest increase in irisin postex-
ercise after a maximal workload (VOZmax; P < 0.004). Given
that irisin responds to increased energy expenditure by stimu-
lating mitochondrial biogenesis (46), glucose uptake, and
PGCla (8) and is positively correlated with resting energy
expenditure (47,48), an important role of exercise intensity is
likely. This may also explain the greater response to RE, espe-
cially at higher intensities. Future studies in which authors
measure the effect of well-differentiated intensities of RE and
EE in larger samples would better inform the effect of inten-
sity and mode on the acute irisin response to exercise.

A strength of the present meta-analysis was the inclu-
sion of studies in which authors only compared RT/RE and
ET/EE. This allowed for the assessment of exercise mode on
irisin concentrations with greater certainty. However, the
small number of studies, all with small sample sizes contrib-
uting to a small-pooled sample, limited our ability to capture
the true effect of these interventions within the general popu-
lation. The small-pooled sample also prevented a meaning-
ful subgroup comparison, and therefore, we were unable to
statistically investigate the effect of intensity on outcomes.
Due to the limitations of present studies, future studies in
which authors compare the effect of mode in single-bout
exercise will require larger sample sizes with matched inten-
sities and energy expenditures.

CONCLUSIONS

In the present study, we found no difference in the effect of
mode of exercise on irisin in chronic studies; however, for
acute studies, higher concentrations of irisin immediately after
RE was detected. Overall, these meta-analyses demonstrate
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that future studies in which authors compare the effect of mode
in acute and chronic exercise studies require larger sample
sizes with matched intensities and energy expenditures to fully
elucidate the effect of exercise mode on irisin concentrations.
Given the importance of irisin as a myokine implicated in
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