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Abstract 

There is a growing body of evidence showing the importance of physical activity against civilization-induced meta-
bolic diseases, including type 2 diabetes (T2DM) and obesity. Eccentric contraction, when skeletal muscles generate 
force by lengthening, is a unique type of skeletal muscle activity. Eccentric contraction may lead to better power 
production characteristics of the muscle because eccentric contraction requires less energy and can result in higher 
tension. Therefore, it is an ideal tool in the rehabilitation program of patients. However, the complex metabolic effect 
(i.e., fat mass reduction, increased lipid oxidation, improvement in blood lipid profile, and increased insulin sensitiv-
ity) of the eccentric contraction alone has scarcely been investigated. This paper aims to review the current literature 
to provide information on whether eccentric contraction can influence metabolic health and body composition 
in T2DM or obesity. We also discussed the potential role of myokines in mediating the effects of eccentric exercise. 
A better understanding of the mechanism of eccentric training and particularly their participation in the regulation 
of metabolic diseases may widen their possible therapeutic use and, thereby, may support the fight against the lead-
ing global risks for mortality in the world.

Keywords  Eccentric training, Lengthening contraction, Exercise, Downhill, Prediabetes, Insulin resistance, Impaired 
glucose tolerance, Diabetic, Obesity, Overweight, Metabolism

Key Points
Lack of physical exercise is a global public health 
problem.

Eccentric exercise is beneficial for patients with civili-
zation-induced chronic metabolic disorders, i.e., over-
weight, obesity, and type 2 diabetes mellitus

Eccentric exercise might play a role in the prevention of 
T2DM and obesity diseases.

Introduction
Diabetes (and prediabetes) is a chronic disease charac-
terized by elevated levels of blood glucose accompanied 
by disturbed metabolism of fats and proteins. In T2DM, 
blood glucose rises because of the inability of the cells to 
effectively use the insulin that is being produced (insu-
lin resistance), and over time, the production of insulin 
progressively decreases [1, 2]. The risk factors for T2DM 
are well-known. Although the genetic component is 
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substantial, the majority of the cases occur in the pres-
ence of risk factors including age, overweight and obesity, 
and physical inactivity [3]. Obesity (and overweight) is 
one of the biggest public health challenges currently. It 
is defined as excessive fat accumulation due to an imbal-
ance in energy intake and energy use [4]. Obesity is often 
associated with numerous comorbidities, such as meta-
bolic disease, cardiovascular diseases, T2DM, obstructive 
sleep apnea, certain types of cancer, and osteoarthritis 
[5].

Physical activity represents the first-line prevention 
and treatment of chronic metabolic disorders, i.e., obe-
sity and T2DM [6–11]. It has been suggested that exer-
cise as a medical intervention should be prescribed in 
terms of its dose, i.e., mode, intensity, frequency, and 
duration [9, 12]. As a medical intervention, the prescrip-
tion for exercise should also be specifically based on the 
individual’s capabilities and needs [9]. Compared to con-
centric exercise, eccentric exercises can be performed 
with reduced perceived effort because of the lower meta-
bolic demand at the same workload [13]. Comprehensive 
reviews are available [14–17] for detailed information on 
eccentric exercise and the difference between concentric 
and eccentric exercises.

Eccentric Contraction and its Practical Use
Eccentric muscle contraction, whereby the muscle is 
actively lengthened under an external load (sometimes 
referred to as negative work of the muscle), rarely occurs 
alone during natural movements. It can be observed dur-
ing "braking" movements (e.g., going down a slope or 
stairs, or controlled lowering of weights). It displays sev-
eral molecular and neural characteristics that distinguish 
eccentric contractions from isometric and concentric 
contractions [14]. One crucial difference between them is 
the lower oxygen and energy requirement. Here, instead 
of the ATP-dependent decoupling of actin–myosin cross-
bridges, actomyosin bonds are decomposed primarily 
because of external energy [14, 18–21]. Another feature 
of the eccentric contraction is that 1.2–1.8 times higher 
tension can be achieved when compared to isometric or 
concentric contraction, mainly because of the increasing 
resistance of the elastic elements and the increase in the 
level of muscle activation because of the stretching reflex, 
which results in the formation of new cross-bridge con-
nections [14, 19–21].

Therefore, a unique feature of eccentric exercise is that 
untrained subjects become stiff and sore the day after 
eccentric exercising because of damage to muscle fib-
ers (i.e., in the membrane of the myofibrils, sarcoplas-
mic reticulum, and mitochondria) resulting in delayed 
onset of muscle soreness [19, 21–23]. However, the sec-
ond period of exercise, a week after the first, produces 

much less damage as a result of the adaptation process. 
The ability of the muscle to rapidly adapt following the 
damage induced by the eccentric exercise raises the pos-
sibility of clinical applications of mild eccentric exercises, 
such as protecting a muscle against more major injuries 
or metabolic diseases [24].

Accumulating evidence shows that eccentric exercise 
alone can significantly increase muscle strength and 
other biomechanical advantages in healthy individuals 
[25–27]. Eccentric training is usually inserted into vari-
ous training programs to maximize muscle size, strength, 
and power and to increase muscle cross-sectional area, 
force output, and fiber shortening velocities, all of which 
have the potential to improve power production char-
acteristics [28]. Physical activity, including eccentric 
exercise, has beneficial effects on health-related param-
eters like lean mass gains, fat mass reduction, increased 
lipid oxidation, improvement of blood lipid profile, and 
increased insulin sensitivity in healthy individuals [21].

Performing eccentric exercises is a safe, feasible, and 
efficacious supplement (mainly due to its lower metabolic 
cost) in various rehabilitation populations against muscle 
atrophy, weakness, sarcopenia, and osteoporosis [13, 29]. 
Eccentric exercises are now incorporated into various 
rehabilitation interventions in the affected patients [20, 
30]. For exercise intolerance and many types of sports 
injuries, experimental evidence suggests that interven-
tions involving eccentric exercise are demonstrably supe-
rior in regard to conventional concentric interventions 
[29]. The most popular fields of rehabilitation where 
eccentric exercise is used are the treatment of different 
tendinopathies, i.e., rotator cuff tendinopathy [31, 32], 
lateral elbow [33], Achilles [34–36], patellar [37, 38], or 
hamstring tendinopathy [39]. Besides musculoskeletal 
rehabilitation, several studies have discussed the effect of 
eccentric exercise in healthy subjects and in a wide vari-
ety of clinical conditions, such as stroke [40], ischemic 
heart diseases [41], diabetes [42], obesity [43], or critical 
illnesses [44].

Myokines: Exercise‑Induced Regulatory Factors 
of the Metabolism
Eccentric exercise-induced musculoskeletal adapta-
tions include muscle hypertrophy, increased corti-
cal activity, and changes in motor unit behavior, all of 
which contribute to improved muscle function [45]. In 
the skeletal muscle system, which is the largest organ 
of the body, the active use of the contractile apparatus, 
i.e., physical work or exercise training, also leads to the 
release of a high amount of various humoral factors (e.g., 
myokines, metabolites, non-coding regulatory RNAs, 
and exosomes) derived from skeletal muscle to regulate 
a variety of cellular metabolic processes and the crosstalk 
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between the skeletal muscle and various other tissues and 
organs of the body, including the adipose tissue, bone, 
brain (central nervous system), pancreas, liver, gastroin-
testinal system, heart, and even the skeletal muscle itself. 
Thus, the skeletal muscle can be considered an endo-
crine organ as well. The collective term ‘myokine’ was 
established by Pedersen in 2003 to be used for cytokines, 
which are produced and released by contracting skel-
etal muscles, exerting their effects in other organs of the 
body through endocrine signaling pathways [46–48]. 
The myokines release pattern is influenced by the type 
of muscle contraction, the training protocol, and the 
exercise duration, and it interferes with the subsequent 
systemic metabolic effects of exercise. For this reason, 
eccentric training might induce the synthesis and release 
of different myokines compared to intensity-matched 
concentric exercise [49–52].

In this paper, we aimed to review the impact of eccen-
tric exercise on whole-body metabolism and metabolic 
health in the presence of chronic civilization diseases, 
e.g., T2DM and obesity. We believe that providing a 
recent update and systematic discussion of this topic may 
contribute to a better understanding of this field and may 
potentiate further research focusing on the possible use 
of eccentric training against the development and pro-
gress of metabolic civilization diseases.

Eccentric Exercise in Metabolic Diseases
Literature Search Strategy
The search of the literature written in English was per-
formed in PubMed (1950–present, full-text articles) and 
Semantic Scholar (full-text studies, theses, and abstracts) 
focusing on eccentric exercise human studies with the 
primary outcomes related to the blood glucose and lipid 
homeostasis, body mass index (BMI), body composi-
tion, physical performance, and functional tests. In Pub-
Med, the combination of the following expressions was 
searched using the conjunctions ‘OR’ and ‘AND’ in the 
Title/Abstract field that contains keyword field as well: 
‘eccentric training’, ‘eccentric exercise’, ‘eccentric con-
traction’, ‘lengthening contraction’, ‘downhill exercise’, 
‘downhill walking/running’, ‘eccentric contraction’, ‘nega-
tive work’, ‘eccentric resistance exercise’, ‘eccentric work’, 
‘eccentric-only’, ‘eccentric and concentric exercise’, ‘eccen-
tric endurance exercise’, ‘eccentric cycling’, ‘diabetes’, ‘pre-
diabetes’, ‘prediabetic’, ‘diabetic’, ‘impaired glucose’, ‘obese’, 
‘obesity’, ‘overweight’. We used the terms ‘eccentric exer-
cise and diabetes’, and ‘eccentric exercise and obesity’ 
in Semantic Scholar. The last search was performed in 
August 2022. Figure 1 presents the PRISMA flowchart of 
our search strategy on “eccentric exercise on metabolic 
health in diabetes and obesity”.

Eccentric Exercise in Prediabetes/Diabetes
Based on our search, 4 studies have been conducted on 
prediabetes [53–56] and 6 studies on T2DM [42, 57–61], 
which are shown in Table  1. Eccentric cycling [53, 54], 
eccentric stepper [42, 57], downhill walking [55, 56], 
downhill running [58–60], or weight-lowering resist-
ance training alone [61] have been applied to elicit eccen-
tric exercise. Only one study has had a bout exercise 
[60], others have had regular (minimum frequency 2x/
week and maximum 5x/week) and long-term (between 
2 and 16  weeks) exercises, usually with a progressively 
increased intensity (Table 1).

Glucose homeostasis. In prediabetic patients with 
impaired fasting glucose and/or impaired glucose tol-
erance, eccentric exercise has failed to improve blood 
parameters of glucose homeostasis (fasting plasma glu-
cose, glucose tolerance, insulin, and insulin sensitivity 
or resistance) [53–56], independently of the sex of the 
patient or the type and duration of the exercise (Table 1). 
In one 2-week study, eccentric exercise has slightly but 
significantly increased fasting glucose and insulin level 
and HOMA index after the training period without 
affecting glucose tolerance [54]. In diabetes, 4 studies out 
of 5 have shown improvement in glucose homeostasis 
(e.g., HbA1c, insulin sensitivity or resistance, and blood 
glucose level) after regular eccentric exercise. After-meal 
bout exercise has also improved postprandial insulin and 
HOMA-IR [60] in diabetic postmenopausal women. A 
study that has failed to improve these parameters has 
somehow been different regarding the type of exercise 
compared to others. Participants in the ECC group were 
instructed to lower the weight and resist against muscle 
lengthening actions to elicit eccentric contractions at a 
guided and slow controlled pace of 5-s  [61]. In diabetic 
patients, weight-lowering resistance training does not 
seem to be as effective as eccentric walking, running, or 
cycling (Table 1).

BMI and Body Composition
In the prediabetic state, regardless of the type and dura-
tion of the exercise program, neither BMI, lean body mass 
nor abdominal fat has been improved by eccentric train-
ing [53, 55, 56] (Table 1). Only two studies have published 
BMI results in T2DM. Marcus et al. have demonstrated 
for the first time that eccentric exercise combined with 
aerobic exercise is superior to aerobic exercise in diabetes 
regarding the BMI and thigh lean tissue parameters [42] 
(Table 1). The authors suggest that improvement in lean 
mass may beneficially influence resting metabolic rate 
or functional mobility [42]. Although a 12-week weight-
lowering resistance training has been ineffective to influ-
ence BMI, the exercise program has decreased the total 
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body fat and waist–hip ratio, and it has increased lean 
body mass [61]. Resistance exercise via negative eccen-
tric work (RENEW) on a recumbent eccentric stepper 
has been shown to increase thigh muscle size in elderly 
diabetic patients [57]. One week after the cessation of the 
16-week RENEW program, muscle size was sustained, 
but insulin sensitivity returned to the pretraining level.

Physical Performance
In prediabetes, the locomotor performance of subjects 
has been studied by only two research groups [53, 56] 
(Table  1). In a study on postmenopausal women with 

impaired glucose tolerance, a twelve-week knee exten-
sor eccentric program (3 times/week) by recumbent 
eccentric cycling has improved quadriceps strength and 
6-min walk distance compared to controls doing no exer-
cise [53]. In a crossover study, five prediabetic men with 
impaired fasting glucose performed downhill walking 
3  days/week for 3  weeks at a low altitude and one year 
later at a higher altitude [56]. The maximum power out-
put had improved after low-altitude training, without 
change at moderate altitude [56]. In diabetes, eccentric 
exercise combined with aerobic exercise has increased 
6-min walking distance; however, eccentric training has 

Fig. 1  Searching strategy used to find relevant publications
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not been superior to aerobic exercise [42]. 20-min run-
ning on a −4°slope treadmill 3 times per week for 8 weeks 
increased the 6-min walk distance, and this improvement 
has been more advanced than in concentric exercise 
[58]. A 12-week resistance training on Cybex machine 
increased 6-min walk distance and upper- and lower-
body strength, and it has also improved 5-repetition chair 
rise test and 3-m timed up-and-go test [61]. In this study, 
no difference has been found between eccentric and con-
centric trainings [61].

Taken together, the majority of the findings may sug-
gest a favorable effect of eccentric exercise on glucose 
homeostasis, body composition, and locomotor perfor-
mance in T2DM. Nonetheless, in prediabetic patients, 
eccentric exercise seems to be ineffective concerning the 
metabolic parameters and body composition although it 
may have a beneficial impact on performance.

Eccentric Contraction and Overweight/Obesity
Ten papers were identified to investigate the effect of 
eccentric training in overweight or obese subjects [43, 
62–70] (see Table  2). Julian et  al. have compared the 
effects of eccentric and concentric cycling training in 
several studies on obese (BMI > 90th percentile) adoles-
cents aged 12 to 16  years [43, 65, 66]. It is well known 
that physical exercise effectively prevents the formation 
of obesity and is used as an effective treatment to lose 
extra body weight [6, 7]. It has also been proven by Julian 
et  al. in obese adolescents performing either concentric 
or eccentric training. Bodyweight and BMI significantly 
decreased after training, but no significant difference has 
been detected between eccentric and concentric groups 
[43, 65, 66]. Other parameters, i.e., the whole-body fat 
mass and leg fat mass or whole‐body lean mass and lean 
leg mass have been improved more effectively by eccen-
tric training [43]. The additional positive effect of eccen-
tric training has been shown by Thievel et  al. on body 
mass, BMI, and fat mass [67]. It seems that eccentric 
training beneficially affects body weight and body com-
position in obese adolescents.

Bocalini et al. have found in elderly obese women that 
a 12-week exercise program could significantly improve 
body weight, BMI, body fat, and fat mass in the over-
weight and obese groups compared to the previous train-
ing values [63]. The changes in the trained obese group 
were so large that they were significant compared to the 
overweight and untrained obese groups [63]. Only the 
trained obese group has gained significant lean body 
mass [63]. However, in this study, the exercise program 
has not been completely eccentric. A single session of 
eccentric exercise, however, has failed to change body 
weight or BMI [62] (Table 2).

Longer periods, like four weeks of squatting, either 
eccentric or concentric training, significantly reduces 
waist circumference [69]. Twelve weeks of eccentric 
training on a dynamic resistance training machine signif-
icantly increases the lean body mass in overweight par-
ticipants [70].

The eccentric training has also decreased the systolic 
blood pressure and heart rate in overweight or obese 
adults [68–70]. In elderly patients, descending stair walk-
ing has significantly decreased resting heart rate and sys-
tolic blood pressure [64].

In other studies, eccentric training has significantly 
decreased serum total cholesterol, LDL [68] and HDL, 
and triacylglycerol levels after one session of eccentric 
training [62]. Eccentric training significantly improves 
serum lipid parameters in elderly patients [64] (Table 2). 
However, in other cases, the advantageous effect of 
eccentric training on serum lipid parameters could not 
be seen [43, 70].

Eccentric training could normalize nonphysiological 
serum insulin and glucose levels as well as the HOMA 
index in adolescents [43]. Additionally, serum HbA1C 
level and AUC value of OGTT in the elderly [64] 
(Table 2) show that eccentric exercise may decrease the 
risks of developing diabetes. Patients in these studies 
have had no T2DM; therefore, they could not be included 
in our present study [68, 70].

Julian et al. have found that both eccentric and concen-
tric cycling trainings are associated with positive changes 
in Health-Related Quality of Life and Health Percep-
tion [66]; thereby, they can modify mental health. In this 
study, eccentric exercise was more potent than concen-
tric cycling training, which is probably not due to anthro-
pometry, body composition, and functional changes [66].

Similarly to T2DM, the favorable effect of eccentric 
exercise on body mass, serum lipid panels, and circula-
tory parameters has also been observed in obesity.

Eccentric Contraction‑Induced Changes in Myokine 
Production
The more significant muscle damage of eccentric exercise 
is manifested by increased inflammatory cytokine release, 
such as interleukin-6 (IL-6), interleukin-1β, interleukin-8, 
interferon gamma-induced protein 10, and monocyte 
chemotactic protein 1 [71–73]. However, the identified 
skeletal muscle-derived cytokines may act locally and 
exert their effects in an autocrine or paracrine fashion. 
In addition to inflammatory cytokines, eccentric exer-
cise triggers the production of skeletal muscle-derived 
IL-6 [74, 75]. IL-6 is a Janus-faced interleukin, which 
acts as both pro-inflammatory cytokine and anti-inflam-
matory myokine suppressing the production of the pro-
inflammatory cytokine TNF-α [52, 76, 77]. Additionally, 
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a growing body of evidence supports the concept that 
IL-6 might play a feasible role in exercise-related meta-
bolic adaptations. It has been reported that IL-6 can 
induce GLUT4 translocation to the cell membrane in 
response to insulin-stimulated glucose disposal, and it 
can also improve glucose tolerance, possibly through 
the AMPK signaling pathway [78–80]. Several studies 
have reported eccentric exercise-mediated IL-6 release, 
which might serve as a possible link between eccentric 
training-related systemic adaptation and metabolic pro-
cesses [81–83]. However, there is a controversy in the lit-
erature whether the magnitude of IL-6 response is more 
significant in eccentric exercise. A single bout of down-
hill running is characterized by profound muscle damage 
and enhanced IL-6 increment [81, 84]. Additionally, in 
the presence of low muscle glycogen, downhill running 
was able to provoke an unaltered IL-6 response [82], fur-
ther supporting the role of IL-6 in glucose disposal and 
improved glucose tolerance. In another study, eccentric 
exercise has significantly increased serum IL-6 compared 
to the baseline levels, although this increment was mark-
edly lower compared to an intensity-matched concentric 
training protocol [49].Whereas other studies have dem-
onstrated that IL-6 levels are negatively correlated with 
eccentric exercise. Compared to the pre-exercise state, 
repeated bouts of eccentric knee extensions have failed to 
increase circulating IL-6 [85], while downhill running has 
even decreased IL-6 levels after the second bout of train-
ing [86]. Non-muscle-damaging downhill walking for 1 h 
has improved glucose tolerance in young, healthy males; 
however, it has failed to increase serum IL-6 compared to 
uphill walking [87].

Irisin is a cleaved fragment of fibronectin type III 
domain-containing protein 5 (FNDC5) and is secreted 
from muscles in response to exercise [88, 89]. An ele-
vated level of irisin is associated with several beneficial 
effects on metabolic health, including glucose and fatty 
acid uptake in muscles, enhancement of the browning 
process of white adipose tissue, and enhanced thermo-
genesis via increasing the expression of uncoupling pro-
tein-1 (UCP-1) and induction of body mass loss [90–92]. 
Several studies have reported enhanced irisin response to 
various types of training protocols so far. However, only 
few studies have focused on the possible involvement of 
eccentric muscle contraction-induced irisin production 
and secretion. Downhill running has increased postex-
ercise levels of serum irisin compared to level running 
training both in humans [84] and in rats [51]. Addition-
ally, the intensity of the exercise program might trigger 
more significant irisin response [93]. In contrast, acute 
eccentric contraction of the knee extensor muscles has 
failed to modify serum irisin levels [94]. As a rule, even in 
the presence of metabolic syndrome, resistance exercise 

has induced the same irisin response as in healthy indi-
viduals [95], which further strengthens the assumption 
that the eccentric component of the applied training pro-
tocol exerts beneficial effects on metabolic health. When 
first identified, irisin has been proposed to be a PGC-1α 
(peroxisome proliferator-activated receptor gamma coac-
tivator 1-alpha)-dependent myokine [88, 96]; therefore, 
increasing the expression of PGC-1α might be the initial 
signal for exercise-mediated irisin production and secre-
tion. In rats, either a single bout or a six-week eccentric 
resistance exercise has elevated PGC-1α mRNA expres-
sion as well as serum levels of irisin, which has further 
been enhanced with β-hydroxy-β-methyl butyrate sup-
plementation [97, 98]. Controversially, one acute bout of 
maximal single-leg eccentric knee extension exercise has 
failed to increase postexercise levels of PGC-1α mRNA in 
postmenopausal women [99].

IL-15 is believed to be a myokine that is implicated 
in the metabolic effects of eccentric exercise, and it is a 
highly expressed cytokine in skeletal muscles with essen-
tial roles in skeletal muscle growth and protein synthe-
sis. Besides the anabolic effects, skeletal muscle-derived 
circulating IL-15 seems to reduce lipid accumulation in 
adipocytes; therefore, it is proposed to be a possible link 
in the exercise-mediated muscle-fat crosstalk [100, 101]. 
Plasma IL-15 has increased significantly in response to 
acute resistance exercise [102], high-intensity eccen-
tric exercise [103], and eccentric cycling with preceding 
whole-body cryostimulation [104]. Aside from that, IL-15 
may exhibit anti-inflammatory properties. A single bout 
of eccentric resistance exercise has markedly elevated 
plasma IL-15 levels in both athletes and non-athletes as 
well as attenuated serum TNF-α and C-reactive protein 
levels. This implies potential anti-inflammatory effects of 
IL-15 release during the exercise-induced inflammatory 
process [105]. Given that inflammation is recognized as 
an important factor in the development and progression 
of T2DM and obesity, the anti-inflammatory properties 
of eccentric exercise-driven IL-15 might serve as a prom-
ising modulator to attenuate the detrimental effects of 
these metabolic diseases.

Discussion
Our working hypothesis in this work was that eccen-
tric training, a unique form of skeletal muscle contrac-
tion can confer advantageous effects against various 
chronic metabolic diseases, such as T2DM and/or obe-
sity and overweight in humans. This may be due to an 
altered contraction-induced myokine production, which 
may be responsible for the improved glucose homeosta-
sis and weight loss. Therefore, we performed a PubMed 
search together with a Semantic Scholar search, focus-
ing on human eccentric exercise studies with the primary 
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outcomes related to blood glucose and lipid homeosta-
sis, body composition, and functional tests. Altogether, 
we found only 10 papers related to T2DM or obesity. We 
could summarize that several forms of eccentric contrac-
tion-based intervention may confer some kind of effec-
tive protection against obesity and T2DM in humans 
(Tables 1 and 2, Fig. 2).

In this study, we investigated the effect of eccentric 
exercise on T2DM and obesity that have already devel-
oped. One can speculate that eccentric exercise may pro-
vide better protection against the development or early 
phase of T2DM and obesity when applied as a kind of 

preventive intervention. It is still to be confirmed that a 
longer duration of eccentric training (16-week duration 
was the longest) confers significant protection.

In this review, we found that eccentric training could 
release different myokines with systemic effects, e.g., 
various interleukins and irisin. These myokines together 
with others, e.g. meteorin-like protein, are regarded 
as exercise mediators in improving obesity-induced 
complications, such as insulin resistance, T2DM, and 
inflammation [106]. They are also accepted to increase 
insulin sensitivity, thereby improving glucose disposal 
and regulating glucose and lipid metabolism [107]. In a 

Fig. 2  Effects of eccentric training on patients with type 2 diabetes or obesity. Eccentric contraction-based physical activity is an effective 
intervention to improve global health and provide additional and/or alternative protection against T2DM and obesity as shown by improved 
physiological and blood test parameters. Altered myokine production may play a role in the background mechanism. BMI: body mass index, 
HOMA-IR: homeostasis model assessment—insulin resistance, IL-6, IL-15: interleukin 6 and 15, respectively, se Chol: serum cholesterol, se HDL: 
serum high-density lipoprotein, se LDL: serum low-density lipoprotein, and se TG: serum triacylglycerol
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recent review, Marrano et al. have shown that irisin lev-
els are lower in T2DM patients [108], which may con-
firm our findings about the moderate effect of eccentric 
training in T2DM and obesity. Sabaratnam et al. have, 
however, suggested that the potential beneficial meta-
bolic effects of these myokines are not impaired in 
patients with T2DM [109]. Irisin administration, how-
ever, could augment insulin biosynthesis and promote 
the accrual of beta-cell functional mass, improve glyce-
mic control, and promote weight loss in diabetic and/or 
obese animal models [108].

Eccentric exercise could modify the background 
mechanisms, e.g., increased serum sensitivity, antioxi-
dant capacity, GLUT4 expression, improved lipid profile, 
decreased insulin resistance, and serum insulin content 
(Tables 1 and 2).

Limitations of the eccentric exercise research field
This paper provides a recent update on the impact of 
eccentric exercise on whole-body metabolism in chronic 
metabolic diseases like prediabetes, T2DM, overweight, 
and obesity. However, it needs to be noted that this field 
has some severe limitations. First of all, there is no exact 
experimental definition of eccentric training since the 
intensity and types of eccentric training programs vary 
across the studies. An overview of the most commonly 
prescribed eccentric training methods for clinical studies 
is provided by Suchomel et al. [28, 110]. It is also nearly 
impossible to eliminate the potential impact of any other 
spontaneous physical activity (i.e., steps per day). Accord-
ing to our findings, another problem is the use of inap-
propriate terminology. The description of the training is 
sometimes confusing, particularly if the reader is not an 
expert in the field. Finally, in the elaborated studies, the 
small sample size of the experimental groups was also a 
limiting factor.

Future perspectives
In recent years, exercise training and other forms of 
physical activity have become one of the main clinical 
interventions for the prevention and treatment of mod-
ern metabolic diseases (i.e., sport as medicine) [11]. 
Therefore, a better understanding of the mechanisms 
of eccentric training holds promise for the discovery of 
novel therapeutic targets and optimization of physical 
activity to become effective interventions to improve 
global health. Eccentric training standardization, how-
ever, is a critical issue for the planning of further clini-
cal studies that specifically examine eccentric training in 
relation to different metabolic disease states [28, 110]. It 
is also crucial that eccentric training experiments should 
be conducted in animal models to discover, validate, and 

optimize novel therapeutics for their safe use in humans 
[111].

Conclusion
Both in T2DM and obese patients, eccentric exer-
cise seemed to improve (i) body composition (e.g., 
increased lean mass and decreased body weight, body 
fat, BMI, and fat mass); (ii) power (e.g., increased walk-
ing distance); and (iii) metabolism (e.g., increased 
fat oxidation, decreased carbohydrate oxidation, and 
serum triacylglycerol content).

In this review, we found that eccentric contraction-
based physical activity might be an effective interven-
tion to improve global health and provide additional 
and/or alternative protection against T2DM and obe-
sity. However, further studies with large number of par-
ticipants and standardized eccentric training protocols 
are needed to fully understand the protective effect of 
eccentric training against T2DM and obesity.
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