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ORIGINAL RESEARCH

The Acute and Chronic Effect of Endurance 
Versus Resistance Exercise on Circulating 

Irisin: A Systematic Review and 
Meta-Analysis

James E. Newman, BSc (Hons)1,2, David G. Jenkins, PhD1,3,4, Gregore I. Mielke, PhD3,  
Christopher D. Askew, PhD1,2, Mia A, Schaumberg, PhD1,2,3,5

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, FNDC5, endurance training

INTRODUCTION
Exercise improves outcomes in various chronic diseases, 
such as dementia (1) and type 2 diabetes (2), though the 
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 

that regulate various metabolic processes through autocrine, 
paracrine, and endocrine signaling pathways (3,4). Recently, 
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 γ coactivator‐1α (PGC1α)-dependent 
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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 PGC1α, 
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/OSF.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 “FNDC5” 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; (e) 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], V

.
O2max, 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 V

.
O2max) closest to the resistance intensity (based on 

1 repetition maximum [1RM]) 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 (CIs) 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% CIs. Het-
erogeneity was first examined with a forest plot visual 
inspection and then statistically tested using the χ2 test, 
with P ≤ 0.1 taken as significant (34). The magnitude of 
inconsistency across the findings of studies was quantified 
using the I2 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 h to 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 
et al. (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−2 (n = 276), V

.
O2max of 31.2 ± 4.4 mL·kg−1·min−1 (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), V

.
O2max (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 8–15 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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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 (χ2 = 14.65, df = 7,  
P = 0.041), with an I2 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 of 24.6 ± 2.5 kg·m−2 (n = 56), V
.
O2max of 44.7 ± 6.7 mL·kg−1· 

min−1 (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 V

.
O2max (range = 

65%–90% V
.
O2max) (24,26), heart rate max (65%) (25), and/

or rating of perceived exertion (RPE) (18 on the Borg 6–20 
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 

FIGURE 1. PRISMA flow chart of the selection of both chronic and acute studies included in the 
meta-analysis.
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of Figure 2 suggests a lack of heterogeneity between research 
findings. In that respect, no statistically significant heteroge-
neity was observed between research findings (χ2 = 4.61, df 
= 3, P = 0.203), with an I2 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).

TABLE 2. Description of single-bout studies.

Studies na Ageb BMIc Mode Intensity Durationd Sets and 
Reps

Blood 
Samplinge

P

Nygaard et al. 
2015 (49)

7/2 32 ± 9 24.5 ± 2.4 RE, whole 
body

10–12 RM 60 3 × 10–12 0, 1, 2, 4, 6, 
24

↑0.001

Random 
crossover design

HIIT 6 × 5 min, 
18 (Borg 

scale)

60 - ↑0.037

Huh et al. 2015 
(25)

Healthy RE, whole 
body

75%–80% 
1RM

45 3 × 8–12 0, 1 ↑0.05f

14/0 41.1 ± 6.7 28.1 ± 4.2 HIIT, 
treadmill

4 × 4 min, 
90% HRmax

36 - ↑<0.05

Random 
crossover design

Metabolic syndrome

6/0 4.5 ± 8.5 30.1 ± 3.7

Tsuchiya et al. 
2015 (26)

10/0 23 ± 1 23.7 RE, whole 
body

65% 1RM 45 3–4 × 12 0, 0.5, 1, 2, 
3, 4, 6, 24

↑0.05

Random 
crossover design

Cycle 
ergometer

65% 
V
.
O2max

60 - ns

He et al. 2018 
(24)

17/0 23 ± 3 22 ± 2 RE, whole 
body

70%–75% 
1RM

~50 4 × 8–10 0, 1, 3, 24, 
48, 72

ns 0.54

Random 
crossover design

HIIT, 
treadmill 
running

5 × 4, 90%, 
50% 

V
.
O2max

45–60 - ns 0.54

↑ = increase; 1RM = 1 repetition maximum; BMI = body mass index; HIIT = high-intensity interval training; HRmax = maximum heart rate; 
ns = nonsignificant; RE = resistance exercise; V

.
O2max = maximal oxygen consumption (mL·kg−1·min−1)

an = men/women
bAge (y)
cBMI (kg·m−2)
dDuration (min)
eBlood sampling timing (h)
fGreater than other modes

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

Single-Bout 
Studies

n Training 
Studies

n

Sample size (range) 22.4 (20–19) 56 26 (18–75) 276

Age (y) 30 ± 7.8 56 39.0 ± 13 276

BMI (kg·m−2) 24.6 ± 2.5 56 27.9 ± 3.2 276

V
.
O2max 

(mL·kg−1·min−1)
44.7 ± 6.7 39 31.2 ± 4.4 92

Body fat (%) 20.7 ± 3.9 46 28.9 ± 4.9 181

BMI = body mass index; V
.
O2max = maximal oxygen consumption
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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% 
1RM, 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 (V

.
O2max; P < 0.004). Given 

that irisin responds to increased energy expenditure by stimu-
lating mitochondrial biogenesis (46), glucose uptake, and 
PGC1α (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 

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.
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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 

human health and chronic disease risk, exercise recommenda-
tions to maximize health outcomes are essential.

Acknowledgments: The selection of search terms was supported by 
UniSC Librarian Roger Carter.

REFERENCES
1.	 Hamer M, Chida Y. Physical activity and risk of 

neurodegenerative disease: a systematic review of prospective 
evidence. Psychol Med. 2009;39(1):3–11. doi:10.1017/S0033 
291708003681 

2.	 Riddell MC, Miadovnik L, Simms M, Li B, Zisser H. Advances in 
exercise, physical activity, and diabetes mellitus. Diabetes Technol 
Ther. 2013;15(Suppl 1):S96–106. doi:10.1089/dia.2013.1511 

3.	 Iizuka K, Machida T, Hirafuji M. Skeletal muscle is an 
endocrine organ. J Pharmacol Sci. 2014;125(2):125–31. 
doi:10.1254/jphs.14r02cp 

4.	 Leal LG, Lopes MA, Batista ML, Jr. Physical exercise-
induced myokines and muscle-adipose tissue crosstalk: a 
review of current knowledge and the implications for health 
and metabolic diseases. Front Physiol. 2018;9:1307. 
doi:10.3389/fphys.2018.01307 

5.	 Shoukry A, Shalaby SM, El-Arabi Bdeer S, Mahmoud AA, 
Mousa MM, Khalifa A. Circulating serum irisin levels in 
obesity and type 2 diabetes mellitus. IUBMB Life. 
2016;68(7):544–56. doi:10.1002/iub.1511 

6.	 Lourenco MV, Ribeiro FC, Sudo FK, Drummond C, Assunção 
N, Vanderborght B, Tovar-Moll F, Mattos P, De Felice FG, 
Ferreira ST. Cerebrospinal fluid irisin correlates with 
amyloid-β, BDNF, and cognition in Alzheimer’s disease. 
Alzheimers Dement (Amst). 2020;12(1):e12034. doi:10.1002/
dad2.12034

7.	 Boström P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, 
Rasbach KA, Boström EA, Choi JH, Long JZ, Kajimura S, 
Zingaretti MC, Vind BF, Tu H, Cinti S, Højlund K, Gygi SP, 
Spiegelman BM. A PGC1-α-dependent myokine that drives 
brown-fat-like development of white fat and thermogenesis. 
Nature. 2012;481(7382):463–8. doi:10.1038/nature10777 

8.	 Ye X, Shen Y, Ni C, Ye J, Xin Y, Zhang W, Ren Y. Irisin 
reverses insulin resistance in C2C12 cells via the p38-MAPK-
PGC-1α pathway. Peptides. 2019;119:170120. doi:10.1016/j.
peptides.2019.170120 

9.	 Lin J, Wu H, Tarr PT, Zhang CY, Wu Z, Boss O, Michael LF, 
Puigserver P, Isotani E, Olson EN, Lowell BB, Bassel-Duby 
R, Spiegelman BM. Transcriptional co-activator PGC-1 alpha 
drives the formation of slow-twitch muscle fibres. Nature. 
2002;418(6899):797–801. doi:10.1038/nature00904 

10.	 Dünnwald T, Melmer A, Gatterer H, Salzmann K, Ebenbichler 
C, Burtscher M, Schobersberger W, Grander W. Supervised 
short-term high-intensity training on plasma irisin 
concentrations in type 2 diabetic patients. Int J Sports Med. 
2019;40(3):158–64. doi:10.1055/a-0828-8047 

11.	 Jia GY, Han T, Gao L, Wang L, Wang SC, Yang L, Zhang J, 
Guan YY, Yan NN, Yu HY, Xiao HJ, Di FS. Effect of aerobic 
exercise and resistance exercise in improving non-alcoholic 
fatty liver disease: a randomized controlled trial [in Chinese]. 
Zhonghua Gan Zang Bing Za Zhi. 2018;26(1):34–41. 
doi:10.3760/cma.j.issn.1007-3418.2018.01.009

12.	 Kim HJ, Lee HJ, So B, Son JS, Yoon D, Song W. Effect of 
aerobic training and resistance training on circulating irisin 
level and their association with change of body composition in 

overweight/obese adults: a pilot study. Physiol Res. 
2016;65(2):271–9. doi:10.33549/physiolres.932997 

13.	 Korkmaz A, Venojärvi M, Wasenius N, Manderoos S, 
Deruisseau KC, Gidlund EK, Heinonen OJ, Lindholm H, 
Aunola S, Eriksson JG, Atalay M. Plasma irisin is increased 
following 12 weeks of Nordic walking and associates with 
glucose homoeostasis in overweight/obese men with impaired 
glucose regulation. Eur J Sport Sci. 2019;19(2):258–66. 
doi:10.1080/17461391.2018.1506504 

14.	 Hecksteden A, Wegmann M, Steffen A, Kraushaar J, Morsch A, 
Ruppenthal S, Kaestner L, Meyer T. Irisin and exercise training 
in humans—results from a randomized controlled training trial. 
BMC Med. 2013;11:235. doi:10.1186/1741-7015-11-235 

15.	 Moraes C, Leal VO, Marinho SM, Barroso SG, Rocha GS, 
Boaventura GT, Mafra D. Resistance exercise training does 
not affect plasma irisin levels of hemodialysis patients. Horm 
Metab Res. 2013;45(12):900–4. doi:10.1055/s-0033-1354402 

16.	 Pekkala S, Wiklund PK, Hulmi JJ, Ahtiainen JP, Horttanainen 
M, Pöllänen E, Mäkelä KA, Kainulainen H, Häkkinen K, 
Nyman K, Alén M, Herzig KH, Cheng S. Are skeletal muscle 
FNDC5 gene expression and irisin release regulated by 
exercise and related to health? J Physiol. 2013;591(21):5393–
400. doi:10.1113/jphysiol.2013.263707 

17.	 Tsuchiya Y, Ijichi T, Goto K. Effect of sprint training on 
resting serum irisin concentration—sprint training once daily 
vs. twice every other day. Metabolism. 2016;65(4):492–5. 
doi:10.1016/j.metabol.2015.12.006 

18.	 Shabani R, Izaddoust F. Effects of aerobic training, resistance 
training, or both on circulating irisin and myostatin in untrained 
women. Acta Gymnica, 2018;48(2):47–55. doi:10.5507/ag. 
2018.007 

19.	 Qiu S, Cai X, Sun Z, Schumann U, Zügel M, Steinacker JM. 
Chronic exercise training and circulating irisin in adults: a 
meta-analysis. Sports Med. 2015;45(11):1577–88. 
doi:10.1007/s40279-014-0293-4 

20.	 Cosio PL, Crespo-Posadas M, Velarde-Sotres Á, Pelaez M. 
Effect of chronic resistance training on circulating irisin: 
systematic review and meta-analysis of randomized controlled 
trials. Int J Environ Res Public Health. 2021;18(5):2476. 
doi:10.3390/ijerph18052476 

21.	 Fox J, Rioux BV, Goulet EDB, Johanssen NM, Swift DL, 
Bouchard DR, Loewen H, Sénéchal M. Effect of an acute 
exercise bout on immediate post-exercise irisin concentration 
in adults: a meta-analysis. Scand J Med Sci Sports. 
2018;28(1):16–28. doi:10.1111/sms.12904 

22.	 Archundia-Herrera C, Macias-Cervantes M, Ruiz-Muñoz B, 
Vargas-Ortiz K, Kornhauser C, Perez-Vazquez V. Muscle 
irisin response to aerobic vs HIIT in overweight female 
adolescents. Diabetol Metab Syndr. 2017;9:101. doi:10.1186/
s13098-017-0302-5 

23.	 He Z, Tian Y, Valenzuela PL, Huang C, Zhao J, Hong P, He Z, 
Yin S, Lucia A. Myokine/adipokine response to “aerobic” 
exercise: is it just a matter of exercise load? Front Physiol. 
2019;10:691. doi:10.3389/fphys.2019.00691 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-02 via free access

https://doi.org/10.1017/S0033291708003681
https://doi.org/10.1017/S0033291708003681
https://doi.org/10.1089/dia.2013.1511
https://doi.org/10.1254/jphs.14r02cp
https://doi.org/10.3389/fphys.2018.01307
https://doi.org/10.1002/iub.1511
https://doi.org/10.1002/dad2.12034
https://doi.org/10.1002/dad2.12034
https://doi.org/10.1038/nature10777
https://doi.org/10.1016/j.peptides.2019.170120
https://doi.org/10.1016/j.peptides.2019.170120
https://doi.org/10.1038/nature00904
https://doi.org/10.1055/a-0828-8047
https://doi.org/10.3760/cma.j.issn.1007-3418.2018.01.009
https://doi.org/10.33549/physiolres.932997
https://doi.org/10.1080/17461391.2018.1506504
https://doi.org/10.1186/1741-7015-11-235
https://doi.org/10.1055/s-0033-1354402
https://doi.org/10.1113/jphysiol.2013.263707
https://doi.org/10.1016/j.metabol.2015.12.006
https://doi.org/10.5507/ag.2018.007
https://doi.org/10.5507/ag.2018.007
https://doi.org/10.1007/s40279-014-0293-4
https://doi.org/10.3390/ijerph18052476
https://doi.org/10.1111/sms.12904
https://doi.org/10.1186/s13098-017-0302-5
https://doi.org/10.1186/s13098-017-0302-5
https://doi.org/10.3389/fphys.2019.00691


Irisin Meta-Analysis
O

ri
g

ina


l R
esearc




h
119

24.	 He Z, Tian Y, Valenzuela PL, Huang C, Zhao J, Hong P, He Z, 
Yin S, Lucia A. Myokine response to high-intensity interval 
vs. resistance exercise: an individual approach. Front Physiol. 
2018;9:1735. doi:10.3389/fphys.2018.01735 

25.	 Huh JY, Siopi A, Mougios V, Park KH, Mantzoros CS. Irisin 
in response to exercise in humans with and without metabolic 
syndrome. J Clin Endocrinol Metab. 2015;100(3):E453–7. 
doi:10.1210/jc.2014-2416 

26.	 Tsuchiya Y, Ando D, Takamatsu K, Goto K. Resistance 
exercise induces a greater irisin response than endurance 
exercise. Metabolism. 2015;64(9):1042–50. doi:10.1016/j.
metabol.2015.05.010 

27.	 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. 
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ. 2009;339:b2535. 
doi:10.1136/bmj.b2535 

28.	 Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. 
Rayyan-a web and mobile app for systematic reviews. Syst 
Rev. 2016;5(1):210. doi:10.1186/s13643-016-0384-4 

29.	 Micielska K, Gmiat A, Zychowska M, Kozlowska M, 
Walentukiewicz A, Lysak-Radomska A, Jaworska J, Rodziewicz 
E, Duda-Biernacka B, Ziemann E. The beneficial effects of 15 
units of high-intensity circuit training in women is modified by 
age, baseline insulin resistance and physical capacity. Diabetes Res 
Clin Pract. 2019;152:156–65. doi:10.1016/j.diabres.2019.05.009 

30.	 Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and 
variance from the median, range, and the size of a sample. BMC 
Med Res Methodol. 2005;5:13. doi:10.1186/1471-2288-5-13 

31.	 Nygaard H, Slettaløkken G, Vegge G, Hollan I, Whist JE, 
Strand T, Rønnestad BR, Ellefsen S. Irisin in blood increases 
transiently after single sessions of intense endurance exercise 
and heavy strength training. PLoS One. 2015;10(3):e0121367. 
doi:10.1371/journal.pone.0121367 

32.	 Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins 
M. Reliability of the PEDro scale for rating quality of 
randomized controlled trials. Phys Ther. 2003;83(8):713–21. 

33.	 Verhagen AP, de Vet HC, de Bie RA, Kessels AG, Boers M, 
Bouter LM, Knipschild PG. The Delphi list: a criteria list for 
quality assessment of randomized clinical trials for conducting 
systematic reviews developed by Delphi consensus. J Clin 
Epidemiol. 1998;51(12):1235–41. doi:10.1016/s0895-4356 
(98)00131-0 

34.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a 
meta-analysis. Stat Med. 2002;21(11):1539–58. doi:10.1002/
sim.1186 

35.	 Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, 
Carpenter J, Rücker G, Harbord RM, Schmid CH, Tetzlaff J, 
Deeks JJ, Peters J, Macaskill P, Schwarzer G, Duval S, Altman 
DG, Moher D, Higgins JP. Recommendations for examining and 
interpreting funnel plot asymmetry in meta-analyses of 
randomised controlled trials. BMJ. 2011;343:d4002. doi:10.1136/
bmj.d4002 

36.	 Ryan R, Hill S; Cochrane Consumers and Communication La 
Trobe University. How to GRADE. La Trobe. 2018. 
doi:10.26181/5b57d95632a2c

37.	 Hecksteden A, Wegmann M, Steffen A, Kraushaar J, Morsch A, 
Ruppenthal S, Kaestner L, Meyer T. Irisin and exercise training 
in humans—results from a randomized controlled training trial. 
BMC Med. 2013;11:235. doi:10.1186/1741-7015-11-235 

38.	 Pekkala S, Wiklund PK, Hulmi JJ, Ahtiainen JP, Horttanainen 
M, Pöllänen E, Mäkelä KA, Kainulainen H, Häkkinen K, 
Nyman K, Alén M, Herzig KH, Cheng S. Are skeletal muscle 
FNDC5 gene expression and irisin release regulated by 

exercise and related to health? J Physiol. 2013;591(21):5393–
400. doi:10.1113/jphysiol.2013.263707 

39.	 He Z, Tian Y, Valenzuela PL, Huang C, Zhao J, Hong P, He Z, 
Yin S, Lucia A. Myokine response to high-intensity interval 
vs. resistance exercise: an individual approach. Front Physiol. 
2018;9:1735. doi:10.3389/fphys.2018.01735 

40.	 Rezaeeshirazi R. Aerobic versus resistance training: leptin and 
metabolic parameters improvement in type 2 diabetes obese 
men. Res Q Exerc Sport. 2022;93(3):537–47. doi:10.1080/ 
02701367.2021.1875111 

41.	 Amanat S, Sinaei E, Panji M, MohammadporHodki R, 
Bagheri-Hosseinabadi Z, Asadimehr H, Fararouei M, 
Dianatinasab A. A randomized controlled trial on the effects of 
12 weeks of aerobic, resistance, and combined exercises 
training on the serum levels of nesfatin-1, irisin-1 and 
HOMA-IR. Front Physiol. 2020;11:562895. doi:10.3389/
fphys.2020.562895 

42.	 Poutafkand F, Marefati H, Taherichadorneshin H. A 
comparison of the effects of resistance and endurance training 
protocols on serum irisin level and alkaline phosphatase 
activity in sedentary obese women. Polish Journal of Sport 
and Tourism. 2021;27(4):23–8. 

43.	 Tsuchiya Y, Ando D, Goto K, Kiuchi M, Yamakita M, Koyama 
K. High-intensity exercise causes greater irisin response 
compared with low-intensity exercise under similar energy 
consumption. Tohoku J Exp Med. 2014;233(2):135–40. 
doi:10.1620/tjem.233.135 

44.	 Korkmaz A, Venojärvi M, Wasenius N, Manderoos S, 
Deruisseau KC, Gidlund EK, Heinonen OJ, Lindholm H, 
Aunola S, Eriksson JG, Atalay M. Plasma irisin is increased 
following 12 weeks of Nordic walking and associates with 
glucose homoeostasis in overweight/obese men with impaired 
glucose regulation. Eur J Sport Sci. 2019;19(2):258–66. 
doi:10.1080/17461391.2018.1506504 

45.	 Daskalopoulou SS, Cooke AB, Gomez YH, Mutter AF, 
Filippaios A, Mesfum ET, Mantzoros CS. Plasma irisin levels 
progressively increase in response to increasing exercise 
workloads in young, healthy, active subjects. Eur J Endocrinol. 
2014;171(3):343–52. doi:10.1530/EJE-14-0204 

46.	 Lee P, Linderman JD, Smith S, Brychta RJ, Wang J, Idelson C, 
Perron RM, Werner CD, Phan GQ, Kammula US, Kebebew E, 
Pacak K, Chen KY, Celi FS. Irisin and FGF21 are cold-induced 
endocrine activators of brown fat function in humans. Cell 
Metab. 2014;19(2):302–9. doi:10.1016/j.cmet.2013.12.017 

47.	 Pardo M, Crujeiras AB, Amil M, Aguera Z, Jiménez-Murcia 
S, Baños R, Botella C, de la Torre R, Estivill X, Fagundo AB, 
Fernández-Real JM, Fernández-García JC, Fruhbeck G, 
Gómez-Ambrosi J, Rodríguez R, Tinahones FJ, Fernández-
Aranda F, Casanueva FF. Association of irisin with fat mass, 
resting energy expenditure, and daily activity in conditions of 
extreme body mass index. Int J Endocrinol. 2014;2014:857270. 
doi:10.1155/2014/857270 

48.	 Singhal V, Lawson EA, Ackerman KE, Fazeli PK, Clarke H, 
Lee H, Eddy K, Marengi DA, Derrico NP, Bouxsein ML, 
Misra M. Irisin levels are lower in young amenorrheic athletes 
compared with eumenorrheic athletes and non-athletes and are 
associated with bone density and strength estimates. PLoS 
One. 2014;9(6):e100218. doi:10.1371/journal.pone.0100218 

49.	 Nygaard H, Slettaløkken G, Vegge G, Hollan I, Whist JE, 
Strand T, Rønnestad BR, Ellefsen S. Irisin in blood increases 
transiently after single sessions of intense endurance exercise 
and heavy strength training. PLoS One. 2015;10(3):e0121367. 
doi:10.1371/journal.pone.0121367 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-02 via free access

https://doi.org/10.3389/fphys.2018.01735
https://doi.org/10.1210/jc.2014-2416
https://doi.org/10.1016/j.metabol.2015.05.010
https://doi.org/10.1016/j.metabol.2015.05.010
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1016/j.diabres.2019.05.009
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.1371/journal.pone.0121367
https://doi.org/10.1016/s0895-4356(98)00131-0
https://doi.org/10.1016/s0895-4356(98)00131-0
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.26181/5b57d95632a2c
https://doi.org/10.1186/1741-7015-11-235
https://doi.org/10.1113/jphysiol.2013.263707
https://doi.org/10.3389/fphys.2018.01735
https://doi.org/10.1080/02701367.2021.1875111
https://doi.org/10.1080/02701367.2021.1875111
https://doi.org/10.3389/fphys.2020.562895
https://doi.org/10.3389/fphys.2020.562895
https://doi.org/10.1620/tjem.233.135
https://doi.org/10.1080/17461391.2018.1506504
https://doi.org/10.1530/EJE-14-0204
https://doi.org/10.1016/j.cmet.2013.12.017
https://doi.org/10.1155/2014/857270
https://doi.org/10.1371/journal.pone.0100218
https://doi.org/10.1371/journal.pone.0121367

