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Abstract: Introduction: Irisin is a myokine considered to be a potential mediator of exercise-induced
energy metabolism and its secretion is known to promote the browning of beige fat cells in white
adipose tissue. However, it is currently not known which exercise protocol is the best to enhance
irisin concentration in patients with type 2 diabetes (T2D). Objective: The purpose of this study is
to provide a review investigating the irisin response to different exercise training modalities and
intensities in T2D. Methods: A systematic literature search was performed in May 2022. Results: After
the selection process from 938 articles, six studies were included. Selected papers presented different
exercise training interventions regarding intensity and modality. One study reported no significant
differences in serum irisin levels after exercise training, whereas the other five showed a higher
increase in serum irisin levels after exercise training with higher differences in irisin secretion after
high-intensity training (HIT). No consideration was possible on exercise modalities. Conclusions:
The impact of training intensity and modality was found to be partly discordant but data seem to
suggest that HIT promotes greater irisin secretion. Despite the limited evidence, HIT, both in interval
and continuous modalities, could be suggested as valid exercise training to increase circulating irisin
in patients with T2D.

Keywords: diabetes; FNDC5; physical activity; exercise prescription; high-intensity interval training

1. Introduction

Irisin is a myokine secreted into the bloodstream mainly by myocytes in response to
muscle contraction and, in smaller quantities, by adipocytes. Irisin appears to contribute
to the increase in energy expenditure via the conversion of white adipose tissue (WAT)
into brown adipose tissue (BAT), achieved through the stimulation and up-regulation
of the gene expression of uncoupling protein 1 (UCP1) [1]. From this conversion, an
increase in thermogenesis is derived, thus promoting greater glucose tolerance, lower
insulin resistance, and reduction in fat mass and body weight [2]. The irisin precursor has
been identified in the fibronectin type 3 domain-containing protein 5 (FNDC5), a membrane
protein which, when cleaved, generates irisin. Physical exercise induces an increase in
peroxisome-proliferator-activated receptor gamma coactivator 1-alpha (PGC1-α), which
stimulates the expression of the FNDC5 gene and thus the synthesis of irisin, causing an
induction of the WAT “browning” process (Figure 1) [3].

Numerous studies have shown that irisin levels are lower in patients with type 2
diabetes (T2D) when compared with healthy subjects, even after adjusting for age, gender,
and the subject’s body mass index (BMI) [5,6]. In fact, the FNDC5 synthesis is lower in T2D
and, consequently, the secretion of irisin from adipose and muscle tissue will be reduced.
The key factor underlying the lower secretion of irisin in the muscles is not clearly defined,
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but it is probably referable to the molecular cascade primed by chronic hyperglycemia and
hyperlipidemia [3]. In support of this, it has been seen how irisin levels are negatively
correlated with the levels of fasting blood glucose, 2hpG, HbA1c, and triglycerides [7]. The
main cause of this pathological situation is due to the dysfunctional expression of PGC1-α
in the myocytes of patients with T2D, which results in a reduced irisin secretion, playing
an important role in so-called exercise resistance [2].

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 2 of 15 
 

 

 
Figure 1. Simplified representation of the “browning” process [4]. 

Numerous studies have shown that irisin levels are lower in patients with type 2 
diabetes (T2D) when compared with healthy subjects, even after adjusting for age, gender, 
and the subject’s body mass index (BMI) [5,6]. In fact, the FNDC5 synthesis is lower in 
T2D and, consequently, the secretion of irisin from adipose and muscle tissue will be 
reduced. The key factor underlying the lower secretion of irisin in the muscles is not 
clearly defined, but it is probably referable to the molecular cascade primed by chronic 
hyperglycemia and hyperlipidemia [3]. In support of this, it has been seen how irisin 
levels are negatively correlated with the levels of fasting blood glucose, 2hpG, HbA1c, and 
triglycerides [7]. The main cause of this pathological situation is due to the dysfunctional 
expression of PGC1-α in the myocytes of patients with T2D, which results in a reduced 
irisin secretion, playing an important role in so-called exercise resistance [2]. 

Different studies have investigated the effect of exercise training on healthy subjects 
describing a marked long-term reduction in T2D, obesity, and other chronic diseases [6,8]. 
An increase in the concentration of irisin, induced by exercise, is correlated, in all cases, 
with a higher energy expenditure and an improvement in glucose levels, obesity, and lipid 
profile [7,9]. This fact is mainly explained by the increase in the “browning” process, 
resulting from the increased stimulation by irisin [3]. 

Exercise modality and intensity are the main factors in stimulating specific metabolic 
pathways and muscle secretory mechanisms in response to exercise. Exercise training can 
include different exercise modalities such as aerobic training (AT) and resistance training 
(RT). AT is characterized by the execution of exercises with larger oxygen consumption 
and greater recruitment of red type I fibers. RT is characterized by the execution of 
exercises against an external force with predominant recruitment of white type II fibers. 
High-intensity interval training (HIIT) is a new form of high intensity training (HIT) 
modality, performed with short maximal or submaximal efforts and light intermittent 
recovery periods, which is currently receiving increasing attention regarding its metabolic 
and cardiovascular effects [10,11]. 

Despite the demonstrated effects of exercise training on irisin production in healthy 
subjects, it remains unclear how this works in patients with T2D. This study aims to 
highlight which exercise modality between AT and RT and which exercise intensity 
between HIT (both continuous and interval) and moderate intensity training (MIT) is 
better to increase irisin levels compared with baseline in adult patients with T2D. 

  

Figure 1. Simplified representation of the “browning” process [4].

Different studies have investigated the effect of exercise training on healthy subjects
describing a marked long-term reduction in T2D, obesity, and other chronic diseases [6,8].
An increase in the concentration of irisin, induced by exercise, is correlated, in all cases,
with a higher energy expenditure and an improvement in glucose levels, obesity, and
lipid profile [7,9]. This fact is mainly explained by the increase in the “browning” process,
resulting from the increased stimulation by irisin [3].

Exercise modality and intensity are the main factors in stimulating specific metabolic
pathways and muscle secretory mechanisms in response to exercise. Exercise training can
include different exercise modalities such as aerobic training (AT) and resistance training
(RT). AT is characterized by the execution of exercises with larger oxygen consumption and
greater recruitment of red type I fibers. RT is characterized by the execution of exercises
against an external force with predominant recruitment of white type II fibers. High-
intensity interval training (HIIT) is a new form of high intensity training (HIT) modality,
performed with short maximal or submaximal efforts and light intermittent recovery
periods, which is currently receiving increasing attention regarding its metabolic and
cardiovascular effects [10,11].

Despite the demonstrated effects of exercise training on irisin production in healthy
subjects, it remains unclear how this works in patients with T2D. This study aims to
highlight which exercise modality between AT and RT and which exercise intensity between
HIT (both continuous and interval) and moderate intensity training (MIT) is better to
increase irisin levels compared with baseline in adult patients with T2D.

2. Materials and Methods
2.1. Focused Question

Which exercise modality (AT vs. RT) and intensity (HIT vs. MIT) is most effective on
irisin secretion in community-dwelling adult patients with T2D?

2.2. Databases

Four electronic databases (PubMed, Cochrane Library, Embase, and SportDiscus) were
searched for original articles published up to May 2022 using a specific search strategy.
The search term combination was built using the Boolean operators “AND” and “OR”, in
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order to integrate and reach the maximum number of related studies; the key words used
for the search are reported in Appendix A. Reference lists from the resulting articles were
also screened to identify additional articles. The PRISMA (Preferred Reporting Items for
a Systematic Review and Meta-Analysis) guideline for improving the strategy of paper
screening was followed [12].

2.3. Study Selection

This systematic review included only studies that reported the effect of exercise
training on irisin secretion. The inclusion criteria comprised randomized clinical trials
(RCT), and double-blind and placebo-controlled studies that reported the use of exercise
training protocols in patients with T2D in which the pre- and post-intervention blood irisin
concentration was assessed. Non-randomized treatment assignment was considered as
an exclusion criterion. Only full texts were included. The PICO (population, intervention,
comparison, and outcomes) format was followed for this review (Table 1). In vitro studies,
studies with animals, reviews, studies not published in English, case reports, and editorials
were excluded. Studies on subjects with glucose intolerance or metabolic syndrome in
which T2D was not among the inclusion criteria were not selected. The minimum length
of the intervention period was considered as 4 weeks. The presence of co-interventions in
addition to exercise training was not considered as an exclusion criterion.

Table 1. PICO components. T2D: type 2 diabetes; AT: aerobic training; RT: resistance training; HIT:
high intensity training; MIT: moderate intensity training; PICO: population, intervention, comparison,
and outcomes.

Population Intervention Comparison Outcome

Community-dwelling adult
patients with T2D Exercise training

1. Exercise training
vs. controls
2. AT vs. RT

3. HIT vs. MIT

Irisin secretion
compared with

baseline

2.4. Data Extraction

The search period for this review included the past ten years (May 2012 to May 2022).
Data from figures were extracted using an online tool (WebPlotDigitizer; https://automeris.
io/WebPlotDigitizer/, accessed on 17 November 2022).

2.5. Quality Assessment

The risk of bias of the included studies was assessed using the revised Cochrane risk-of-
bias tool for randomized trials (RoB 2.0) [13]. During the review process, the authors applied
the tool to each included study. An overall summary risk-of-bias judgment (low; some
concerns; high) was derived, whereby the overall RoB score for each study was determined
by the highest RoB level in any of the domains that were assessed. Quality assessment was
conducted independently by two reviewers (EZ and MV) using this standardized tool. Any
disagreement between the reviewers was resolved through discussion.

3. Results

The flow diagram of this systematic review is presented in Figure 2. The comprehen-
sive search yielded 938 articles; 20 articles were removed because they were duplicates. Of
the remaining 918, 902 were eliminated after reading the titles and abstracts, according to
the eligibility criteria. The full text was retrieved from 16 articles, of which six satisfied the
inclusion criteria.

https://automeris.io/WebPlotDigitizer/
https://automeris.io/WebPlotDigitizer/
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram.

The selected studies are shown in Table 2. From the six articles selected, a total of
219 participants were included [14–19]. Five studies presented a control group without
exercise-training intervention [15–19]. The median (range) total sample size of the included
studies was 38 (14–60) subjects. It was not possible to calculate the mean age because one
study did not report the required data. However, the median age should rest between
50 and 60 years. Of the participants, 118 were women (54%) and 101 were men (46%); two
studies included only women [15,16] and one only men [19]. In the studies including both
genders the mean percentage of females was 46% [14].

All participants were patients with diagnosed T2D. One study also presented an
additional control group not affected by T2D which has not been considered for the pur-
poses of this review. Four studies reported how many people were on anti-hypoglycemic
therapy (87% of the total) [14,16,17,19]. Three studies reported insulin treatment among the
exclusion criteria [14,17,19]. One study indicated having a history of diabetes with insulin
injection for more than 5 years as an inclusion criterion [15]. Just two studies reported
the duration of T2D (mean duration 6 years) [14,17]. Five studies excluded patients with
a history of chronic diseases other than T2D (cardiovascular disease including untreated
severe hypertension or arrhythmias, thyroid disorders, cancer, or kidney or liver disease)
and smokers [14,16–19]. Three studies recruited individuals who were overweight or obese
(BMI > 25 kg/m2) [16,17,19]. One study did not report the BMI of participants [15]. One
study did not specify exclusion criteria [15].
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Table 2. General overview of included studies. Abbreviations: 1-RM: one repetition maximum; AT: aerobic training; C(M/H)T: continuous (moderate/high-intensity)
training; HIIT: high-intensity interval training; HRmax: maximal heart rate; RT: resistance training; T2D: type 2 diabetes; VO2max: maximal aerobic capacity; ∆ irisin
concentration: variation between pre- and post-intervention in blood irisin concentration (expressed in %).

Author
and Year Population Age and

Gender

T2D
Duration

(Years)

Number of
Participants

(Group
Distribution)

Study In-
tervention

Type of
Study Intensity Supervised

Training
Dura-
tion

(weeks)

Training
Volume

(min/week)

Antidiabetic
Drugs

Treatment

Blood
Sample

Collection

∆ Irisin
Concen-
tration

Findings

Banitalebi
et al.,

2019 [16]

T2D;
Over-

weight or
obese;
seden-
tary.

30–65 y;
only

women
nr

n = 42
(HIIT = 14;

RT + AT = 14;
controls = 14)

HIIT vs.
RT + AT vs.

controls
RCT

RT + AT:
1-RM + 60%

HRmax;
HIIT: 100%

of perceived
exertion

y 10 150

Oral (n = 27)
+ Insulin
(n = 20) +

Combined
(n = 5)

48 h after
interven-

tion
period

HIIT:
+13.1%
RT + AT:
+23.6%

Controls:
+6.5%

No
significant
differences
in serum

irisin
between
groups

Dünnwald
et al.,

2019 [14]
T2D

50–65 y;
both

genders

HIIT:
10.7 ± 4.6;

CMT:
6.9 ± 4.3

n = 14
(HIIT = 8 vs.

CMT = 6)

HIIT vs.
CMT nRCT

HIIT: 90–95%
HRmax (85%

VO2max);
CMT: 70%

HRmax (60%
VO2max)

y 4 126 Oral (n = 11)

1 day after
interven-

tion
period

HIIT: +7%
CMT:
−1.7%

HIIT but
not CMT
increases
the serum
irisin con-
centration

Enteshary
et al.,

2019 [15]
T2D

35–45 y;
only

women
nr

n = 26 divided
in 3 groups
(controls vs.

CMT vs.
CHT)

CMT vs.
CHT vs.
controls

RCT

CMT: 62%
HRmax;

CHT: 80%
HRmax

nr 8
150

CMT-375
CHT

Insulin (n
not reported) nr

CMT:
+88%
CHT:

+367%
Controls:

+6%

CMT and
CHT both
increase
serum

irisin. CHT
seems to
be more
effective.

Motahari
Rad et al.,
2020 [19]

T2D 40–50 y;
only men nr

n = 43
(RT + AT = 15;
AT + RT = 15;
controls = 13)

RT + AT vs.
AT + RT vs.

controls
RCT

RT: from 40%
to 80% of
1-RM; AT:

75–95%
HRmax

y 12

30
(3 times

per week
of 10 × 1

min
HIIT-rest)

Oral (n = 43)

48h after
interven-

tion
period

RT + AT:
+18.7%

AT + RT:
+27.2%

Controls:
−4.5%

Both
RT + AT

and
AT + RT
groups
increase

irisin
compared

with
controls
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Table 2. Cont.

Author
and Year Population Age and

Gender

T2D
Duration

(Years)

Number of
Participants

(Group
Distribution)

Study In-
tervention

Type of
Study Intensity Supervised

Training
Dura-
tion

(weeks)

Training
Volume

(min/week)

Antidiabetic
Drugs

Treatment

Blood
Sample

Collection

∆ Irisin
Concen-
tration

Findings

Bonfante
et al.,

2022 [17]

T2D;
Over-

weight;
sedentary

40–60 y;
both

genders

RT +
AT:

5.5 ± 2.62;
controls:

4.94 ± 3.05

n = 34
(RT + AT = 17;
controls = 17)

RT + AT vs.
controls RCT

RT: 1–3 sets
of

submaximal
exercise, AT:

35 min at
50–70% of
VO2max)

nr 16 RT: 120;
AT: 105 Oral (n = 60) nr

RT + AT:
+27.5%

Controls:
−7.5%

Combined
training
increases

serum
irisin

Yang
et al.,

2020 [18]
T2D

Exercise
group:

47.7 ± 7.4 y;
Controls:

45.2 ± 8.8 y;
both

genders

nr
n = 60

(AT + RT = 30;
controls = 30)

AT (+non
enforced
RT) vs.

controls

RCT

Moderate AT:
60%

VO2max; RT:
nr

y 12 150 Oral (n = ?) nr

AT(+RT):
+97%

Controls:
−8%

Exercise
group

results in
an im-

provement
of the
serum
irisin

compared
with

controls
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The duration of the exercise training intervention ranged from 4 to 16 weeks, with
a median duration of 11 weeks and a median of 3 (range 3–5) sessions/week. One study
performed only AT with different intensities [14], whereas combined AT and RT were
performed in the remaining studies [15–19] and HIIT was used in three studies [14,16,19].
Exercise duration was prescribed in minutes and the exercise intensity defined as percentage
of maximal heart rate (HRmax) or maximal aerobic capacity (VO2max) for AT; a percentage
of the 1 repetition maximum (1-RM) or different elasticity resistance bands were used
for RT.

The mean (range) exercise duration was 131 (30–375) min per week at 69% (60–75%)
of HRmax for AT. Two studies prescribed AT referring to 60% of VO2max for moderate
intensity and 85% for high intensity [14,18]. One study prescribed exercise intensity based
only on maximal oxygen uptake percentage obtained from cardiopulmonary exercise
testing [17]. RT was prescribed with a median (range) of 2 (1–3) sets of 15 (10–20) repetitions
each. Two studies included five and six exercises on weightlifting machines [16,19] and
one study included elastic bands [15]. Exercises with machines were performed at 60% and
65% of 1-RM, whereas the resistance of the elastic bands was different between moderate-
and high-intensity training groups (starting from 100% and 125%, respectively). One study
designed the training protocol following the recommendations of the American College of
Sports Medicine and American Diabetes Association for subjects with T2D [17].

HIIT was prescribed with a median (range) of 5 (4–10) bouts of 70 (30–120) s at 92 (from
85 to maximal) % VO2max or 92 (from 85 to maximum) % HRmax with a median (range)
intermittent recovery duration of 65 (60–90) s at 60% VO2max, 65% HRmax, or 50 Watt.
HIIT warm-up and recovery phases were conducted on 60% of VO2max.

Exercise sessions were fully supervised in four studies [14,16,17,19]. Information
about supervision was not reported in the remaining studies [15,18]. Control groups
were characterized by no exercise prescription, usual care, or diabetes recommendations
for self-management; patients were asked to maintain baseline activity levels during the
study period.

3.1. Irisin

Baseline blood samples were collected about 48h (24–120 h) before the first training
session. Four studies specified that blood samples were obtained after a 12 h overnight fast
and before medication intake in the early morning [16,19]. Post-study blood samples were
collected after a median (range) of 48 h (24–120 h) from the end of the training sessions.
One study did not report the timing of the two sample collections [15]. In all studies, irisin
was measured from venous blood using a commercially available enzyme-linked ELISA
kit. Samples were processed immediately and kept at −80 ◦C until time of analysis.

Five studies reported blood irisin concentration at baseline with a median (range) value
of about 438 (8.77–1400) ng/mL. Post-exercise-training blood irisin concentrations were
464 (8.85–1575) ng/mL [14,16,17,19]. One study reported low irisin blood levels (18 pg/mL
and 25 pg/mL before and after intervention, respectively) [18]. In the single study not re-
porting blood irisin values of the subdivision groups, blood irisin concentration at baseline
was between 3.47 and 4.50 µg/mL, whereas the post-study blood irisin concentration was
between 3690 and 21,030 ng/mL [15].

One study, despite the increase observed in the two intervention groups, showed
no significant effect for serum irisin [16]. Four studies reported a significant increase in
resting plasma irisin concentration for the exercise intervention group compared with
controls [15,17–19]. Exercise intervention groups in these studies presented an average vari-
ation (∆%) in blood irisin level of +39% compared with the −5% of control groups [15,17–19].
A comparison of the ∆% between the AT and RT groups was not possible as no study had
groups that only performed strength exercises. In the single study not reporting the subdi-
vision groups, ∆% in serum irisin concentration within groups was +88% and +368% for the
moderate- and high-intensity groups, respectively, compared with the +6% of the control
group [16]. In the four studies with a high-intensity exercise group, the HIT intervention



J. Clin. Med. 2023, 12, 62 8 of 14

showed an average ∆% in blood irisin level of +114% compared with the average +49%
of the MIT intervention [14–16,19]. In the three exercise groups with an interval protocol,
HIIT intervention showed an average ∆% in blood irisin level of +18% comparable to the
+16% of MIT intervention groups [14,16,19].

3.2. Quality Assessment

Two of the studies included were judged to have a low overall RoB score, three with a
RoB score of “some concerns”, and one with a high RoB score, deriving from deviations
from intended study interventions, missing outcome data, altered measurement of the
outcome, and selection of the reported results. The evaluation of the methodological quality
of the studies included is shown in Figure 3.
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4. Discussion

This systematic review provides a comprehensive analysis on the effect of exercise
training interventions on irisin secretion in people with T2D. To date, the studies specifically
investigating the effect of exercise on irisin secretion in T2D are few and the overall evidence
can be summarized as follows:

1. Exercise intervention increases irisin secretion in individuals with T2D.
2. There is not yet sufficient evidence in the literature to determine which exercise

training modality results in a greater secretion of irisin in this population.
3. Data on the training intensity are partly discordant but they suggest that high intensity

exercise facilitates greater secretion of irisin.
4. Several factors, such as timing of the samplings, disease history, and the body com-

position of the patients, represent a large source of variability among the studies
reported.

4.1. Influence of Training Modality and Intensity on Irisin Level in T2D

Training modality is one of the main factors stimulating specific metabolic pathways
and muscle secretory mechanisms. It has been shown that mitochondrial biogenesis is
increased following an AT intervention as a direct consequence of the increase in PGC1-α
levels, whereas RT does not seem to induce a PGC1-α upregulation in equal measure.
Blood irisin levels recorded following an AT session, for both endurance and HIIT, were
found to be higher when compared with those recorded after an RT session [20]. On the
other hand, some studies showed how only RT positively and significantly influences
the irisin concentration [7,21]. A recent systematic review and meta-analysis analyzing
the effect of exercise interventions on irisin level showed how isolated RT and combined
AT and RT appear to be the optimal stimulus to increase irisin levels [22]. In all studies
included in this systematic review, RT was administered together with AT, thus it was
not possible to discriminate between the effects of the two exercise modalities on blood
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irisin levels. One study recruited two groups of patients who underwent AT-RT and RT-
AT sequences, showing no differences between them in irisin increase compared with
baseline but both showing differences compared with the control group [19]. It appears
that the order of training modality makes no difference in the response of the irisin [23].
Two of the reviewed studies presented a comparison between interval and continuous
training with one of the two showing a greater effect of interval training on circulating
irisin levels [14,16]. One study compared the same exercise protocol at different intensities
(moderate- vs. high-intensity combined AT and RT) demonstrating higher irisin secretion
after the high-intensity training program [15]. An RCT performed by Huh and colleagues
showed that all the investigated exercise modalities (AT, RT, and HIIT) positively affected
the acute post-exercise irisin levels; in particular, RT appeared to be the most effective,
both in healthy subjects and in those affected by metabolic syndrome [24]. Different results
derived from Fox and colleagues who found no significant correlation between the post-
exercise irisin level and the training method [25]. In support of this, a study by Pekkala
and colleagues compared low-intensity AT, heavy-intensity AT, and long-term endurance
training with and without RT, describing that the increase in irisin concentration following
the various training sessions was not significantly different [26].

The present systematic review suggests that HIT, not necessarily administered with an
interval protocol, may be more effective in increasing irisin in patients with T2D. Previous
studies compared the effects on irisin concentrations resulting from HIT and MIT. Among
these studies, Fatouros and colleagues showed that irisin concentration increased acutely in
all exercise groups with a dose-dependent increase in irisin concentration with the intensity
of training [20]. Intensity and duration of exercise seem to be positively correlated with
the increase in serum irisin concentration, regardless of energy consumption [27]. This
must be taken into consideration in identifying the best type of training to be adopted in
order to obtain the maximum secretion of irisin in the population with T2D. Therefore, it
is plausible that in patients with T2D, higher intensity or longer duration of AT or RT are
required. However, current evidence is limited and yet not clearly indicating which type of
workouts could better affect irisin levels in this specific population [28].

4.2. Exercise Training Effect on Irisin Secretion in T2D Patients: Sources of Variability

Several factors can help to explain the large variability found in the selected studies
concerning the values of circulating irisin after a period of exercise training. First of all,
it must be pointed out that the timing of the sampling in relation to the last training
session appears to be a determining factor. Indeed, several studies investigating the
acute effect of exercise on irisin secretion in healthy subjects have shown a significant
increase [29–31]. In particular, a rise of 20% was noted in irisin levels following moderate-
intensity AT and of 18% following anaerobic exercise characterized by a “sprint-running
session” [32]. Furthermore, most of the studies agree in limiting the effect of physical
exercise on irisin levels only for the acute post-exercise phase; in the chronic phase, the
effects of physical exercise on the irisin concentration seem to decrease up to complete
cessation [33]. However, some studies also documented a chronic rise in post-exercise
irisin levels in the long term [3]. Conversely, the studies selected in the present systematic
review showed heterogeneous effects on long-term circulating irisin in patients with T2D.
Discordant results have also been obtained regarding the increase in circulating irisin levels
following chronic physical exercise in the healthy population [29]. To this should be added
the great variability described in the literature regarding the concentration of circulating
irisin in healthy humans, as different studies reported a wide-ranging variability using
different measurement kits [7,34].

Moreover, the subject’s profile and the healthy status may influence the irisin response
to exercise. It has been previously described that the increase in the post-exercise expression
of FNDC5 is higher (>30%) in active subjects compared with their sedentary counterparts
or with patients affected by chronic diseases [35]. It can be deduced that patients with T2D,
following physical exercise, can obtain a lower increase in irisin secretion than healthy sub-
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jects but it is probably still relevant for the improvement of their health status [36]. On the
other hand, other studies have shown how the beneficial effect of physical exercise on irisin
levels is limited only to populations with certain characteristics, including the presence
of metabolic diseases [4]. An RCT by Micielska and colleagues conducted on sedentary
adult women with diminished insulin sensitivity showed an increase in the irisin values
before and after five weeks of circuit HIIT only in the group containing old participants [37].
Conversely, in young patients in the training group, irisin levels were even found to be re-
duced after exercise. Therefore, age is probably a determining factor for the irisin response
to exercise. The selected studies showed a large variability in terms of age groups and
inclusion criteria. Indeed, the studies also differed greatly regarding patients’ comorbidities
being considered as exclusion criteria, but most importantly, insulin-dependent diabetes
was considered as one of the inclusion criteria in some studies [15,16], and as an exclusion
criterion in others [14,17,19]. Insulin therapy is likely to represent a more advanced stage
of the disease that may present greater severity and related complications, a source of
further variability. In fact, the duration of T2D and its complications/comorbidities should
also be considered. It is reasonable that individuals with long-standing and more severe
diabetes, in terms of both glycemic control and complications, have lower irisin production
in response to exercise [32,38]. Only two studies reported disease duration and in one
of them patients did not show an increase in irisin secretion after an exercise training
period [14,17]. Moreover, reduced circulating irisin levels have been described in patients
affected by chronic kidney disease and non-alcoholic fatty liver disease [39,40]. None of the
selected studies provided data on the kidney or liver function of the participants, limiting
any further considerations.

A further source of variability is related to the duration of exercise training. Two
studies on the same sample of overweight women with metabolic syndrome showed that
an increase in blood irisin levels was present at 12 weeks but not at 8 weeks after exercise
training [41,42]. Paradoxically, in our review the study with the shortest intervention
duration was the one with the largest percentage increase [15].

Moreover, BMI and body composition may also influence the irisin level; therefore,
patients would need to be better characterized and standardized in order to identify the real
effect of exercise in determining circulating irisin, especially in training intervention studies,
which in turn can determine changes in body weight and body composition [43,44]. Base-
line circulating irisin levels are significantly and positively correlated with BMI, metabolic
syndrome components, and insulin resistance; this supports the concept that higher irisin
levels are associated with increase in body weight, which is also associated with an in-
crease in WAT [4,32]. Furthermore, the elevation of irisin in overweight subjects can be
explained by the mechanism of “irisin resistance”, in which the organism produces a com-
pensatory excess of irisin to satisfy metabolic demands, similar to the concept of insulin
resistance [45,46]. On the other hand, several characteristics of T2D, such as hyperglycemia,
hypertriglyceridemia, visceral adiposity, and extramyocellular lipid deposition, were nega-
tively associated with adipose tissue FNDC5 mRNA and circulating irisin [47]. The role of
irisin in glycemic control is still unclear but it may be reasonable to hypothesize that lower
levels of circulating irisin in patients with T2D may be due to impaired PGC-1α expression
and functions in their muscle tissue [2]. It is possible that even within the adipose tissue of
overweight patients with T2D, the irisin secretion is decreased due to the inflammatory
processes typical of obesity [48].

HIIT training seems superior for improving cardiopulmonary fitness and to reduce
the percentage of body fat in adults with obesity compared with traditional exercise [49,50].
This could be particularly useful for patients with obesity and T2D as they show poor
metabolic flexibility or specific responses to exercise depending on possible comorbidi-
ties [51,52].

Furthermore, it must be emphasized that the quality of the studies was limited and
the study designs very different. This is a further element of bias and may explain the
variability in outcomes. Clinical trials using exercise as an intervention are already prone



J. Clin. Med. 2023, 12, 62 11 of 14

to great variability for all the reasons intrinsically linked to the administration of exercise;
adding molecular blood analyses with different protocols and sampling times will only
increase this already wide variability.

Further studies are needed to better understand the effect of the various training
modalities and intensities on irisin secretion and to establish the molecular effects of
exercise training on patients with T2D.

5. Conclusions

All the different types of exercise seem to increase circulating irisin levels in people
with T2D. There is not yet sufficient evidence to clearly determine the best exercise modality
to increase irisin secretion in patients with T2D. Moreover, it seems that HIT exercise is
associated with higher levels of irisin secretion. Therefore, HIT, both in interval and
continuous modalities, could be proposed as potential effective training protocols in T2D in
order to increase irisin levels. Overall, physical exercise, combined with drug therapy and a
healthy diet, could help to enhance irisin secretion and thus to increase energy expenditure,
reduce body weight, and improve body composition in patients with T2D.
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Appendix A

((diabetes type 2 OR glucose intolerance OR metabolic syndrome OR pancreatic cell
OR insulin resistance)) AND ((irisin OR FNDC5 OR PGC1-α OR browning)) AND ((exercise
OR training OR HIIT OR physical activity OR sport)).
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