
©Journal of Sports Science and Medicine (2023) 22, 288-309 
http://www.jssm.org DOI: https://doi.org/10.52082/jssm.2023.288 

 

 
Received: 08 March 2023 / Accepted: 15 May 2023 / Published (online): 01 June 2023 

 

 

`  

 
 
The Health and Functional Benefits of Eccentric versus Concentric Exercise 
Training: A Systematic Review and Meta-Analysis 
 
Misha Ansari , Sibella Hardcastle, Stephen Myers and Andrew D. Williams 
School of Health Sciences, University of Tasmania, Launceston, Australia 
 

 
Abstract 
This review compared the effects of eccentric versus concentric 
exercise training in healthy people and people with metabolic dis-
ease. A systematic search on Cochrane Central Register of Con-
trolled Trials, MEDLINE, Embase, CINAHL, SPORTDiscus, 
Web of Science, SCOPUS and PubMed was conducted in Febru-
ary 2022. Randomised controlled trials conducted on sedentary 
healthy adults or those with an existing metabolic disease that 
compared eccentric versus concentric exercise training interven-
tions of four weeks or longer that involved multiple joints and 
large muscle groups (e.g., walking, whole-body resistance train-
ing) were included in the review. The primary outcome was glu-
cose handling, measured as HbA1c, HOMA, fasting glucose or 
insulin. Measures of cardiovascular health, muscle strength, and 
functional physical fitness were secondary outcomes. Nineteen 
trials involving 618 people were included. Results of meta-anal-
yses showed that eccentric exercise had no benefit to glucose han-
dling (HbA1c level; SMD - 0.99; 95% CI, -2.96 to 0.98; n = 74; 
P = 0.32) but resulted in significant increases in overall muscle 
strength (SMD 0.70; 95% CI 0.25 to 1.15; n = 224; P = 0.003) 
and decreases in blood pressure (Systolic Blood Pressure; MD -
6.84; 95% CI, -9.84 to -3.84; n = 47, P = 0.00001, and Diastolic 
Blood Pressure; MD -6.39; 95% CI -9.62 to -3.15; n = 47, P = 
0.0001). Eccentric exercise is effective for improving strength 
and some markers of cardiovascular health compared to tradi-
tional exercise modalities. Additional high-quality studies are 
necessary to validate these results. (PROSPERO registration: 
CRD42021232167). 
 
Key words: Non-traditional exercise modalities, physical fitness, 
markers of health. 

 
 
Introduction 
 
Since the mid-twentieth century, numerous research stud-
ies have investigated the advantages of exercise and phys-
ical activity in preventing and treating chronic health con-
ditions, with results overwhelmingly supporting the role of 
physical activity as a lifestyle medication (Bull et al., 2020; 
Pedersen and Saltin, 2015). Research shows that exercise 
not only prevents the occurrence of diseases but is also 
helpful in treating established diseases (Pedersen and 
Saltin, 2015). Multiple reviews have highlighted the evi-
dence for using exercise as primary and secondary preven-
tion for various disorders related to metabolic syndrome 
(obesity, insulin resistance, type 2 diabetes mellitus 
(T2DM)); diseases of joints and bone (rheumatoid arthritis, 
fibromyalgia, osteoporosis); cancer, depression, and cardi-
ovascular events (Sharman et al., 2015; Warburton et al., 
2006).  

Despite numerous benefits associated with regular exer-
cise, compliance is less due to low motivation, the inability 
to fit exercise into a daily routine, lack of enjoyment and 
fatigue (Argent et al., 2018; Hassmén et al., 2000; Sharman 
et al., 2015). A potential solution to this problem of poor 
exercise adherence is to promote enjoyable activities that 
require less perceived effort and could be easily integrated 
into daily routines (Arlinghaus and Johnston, 2019; 
Huberty et al., 2008). When designing an exercise pro-
gramme for people with lower motivation or energy levels, 
the emphasis should be placed on prescribing easy-to-per-
form exercises, which are perceived to be less demanding 
on the body. During exercise, the perceived effort relies on 
the type of muscular contraction. Muscle contractions are 
of two types: eccentric and concentric. During an eccentric 
contraction, muscle fibres elongate and lengthen while un-
der load, whereas muscle fibres shorten under load in con-
centric contraction. Most movements involve a mixture of 
eccentric and concentric contractions of the muscles, but 
the proportions of each contraction type may vary. For ex-
ample, walking uphill requires predominately concentric 
muscle contractions of the lower limbs, whereas walking 
downhill requires a greater focus on eccentric contractions 
of the lower limbs to decelerate force and control the move-
ment. During eccentric muscle contractions, the cost of 
producing force in terms of energy is minimal compared to 
comparable concentric muscle contraction (Komi and 
Buskirk, 1972) and is perceived as being easier than con-
centric contractions (Raj et al., 2012; Stauber, 1989). Com-
pared to concentric activity of the same volume, eccentric 
exercise reduces peak heart rates, systolic blood pressures, 
cardiac indices, and ventilation rates (Overend et al., 2000; 
Vallejo et al., 2006). As a direct result of this and due to 
perceived ease of performance, there have been reports of 
increased compliance with eccentric exercise training and 
eccentric modalities compared to concentric exercise 
(Marcus et al., 2008; Raj et al., 2012). 

Chronic exercise training studies conducted on 
healthy individuals and those at risk of chronic disease 
have shown that eccentric exercise presents a suitable sub-
stitute, or adjunct, to concentric resistance exercise (Chen 
et al., 2017a; Chen et al., 2017b; Drexel et al., 2008; 
Zeppetzauer et al., 2013). In these studies, eccentric exer-
cise improved health-related risk factors such as glucose 
handling and lipid profiles and reduced heart rate (HR) and 
blood pressure (BP) compared with concentric exercise. 
Clinical trials on healthy populations have shown that 
chronic eccentric training improved glucose handling 
(Chen et al., 2017a; Chen et al., 2017b; Drexel et al., 2008; 
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Zeppetzauer et al., 2013). The physiological reasons sup-
porting the benefit of eccentric exercise in improving glu-
cose handling are related to greater microdamage to muscle 
fibres during eccentric contractions and higher metabolic 
repair costs (Proske and Morgan, 2001). During eccentric 
exercise, due to repetitive lengthening contractions, muscle 
fibres sustain microdamage (Hody et al., 2019). Repairing 
damaged muscle requires significant energy, with as much 
as 20% of the resting metabolic rate (RMR) estimated to 
be needed for protein resynthesis(Welle and Nair, 1990). 
This higher energy demand for muscle healing and protein 
synthesis results in a prolonged elevation of the post-exer-
cise RMR. Research studies have indicated that the resting 
metabolic rate can remain elevated for 48 hours following 
an acute resistance exercise involving eccentric muscle ac-
tion overload (Dolezal et al., 2000). 

Several systematic reviews have attempted to deter-
mine the advantages of eccentric exercise over concentric 
exercise and reported eccentric training to be safe (Ellis et 
al., 2015) and effective in improving body composition 
(Roig et al., 2009), musculoskeletal function (Čretnik et al., 
2022; Ellis et al., 2015; Molinari et al., 2019; Roig et al., 
2009; Roig et al., 2008), and balance (Kulkarni et al., 
2022), in healthy individuals (Kulkarni et al., 2022; 
Molinari et al., 2019; Roig et al., 2009) and those with a 
range of chronic conditions (Čretnik et al., 2022; Ellis et 
al., 2015; Roig et al., 2008).However, these reviews 
(Molinari et al., 2019; Roig et al., 2008) also concluded that 
further studies are needed to establish the potential benefits 
of eccentric exercise. A limitation of these reviews is that 
they were conducted on a limited studies (Čretnik et al., 
2022; Molinari et al., 2019), included smaller sample sizes 
(Kulkarni et al., 2022; Molinari et al., 2019), and have only 
investigated limited performance-related (strength and fit-
ness) outcome measures (Čretnik et al., 2022; Ellis et al., 
2015; Kulkarni et al., 2022; Roig et al., 2009; Roig et al., 
2008). In addition, while the benefits of eccentric exercise 
have been well explained in older adults, other groups, 
such as people with metabolic disease, have received less 
attention. Furthermore, none of the previous reviews have 
investigated how eccentric exercise affects health risk var-
iables like blood glucose, lipids and cardiovascular func-
tion. Thus, further analysis is needed to describe the effects 
of eccentric training and modalities compared to concen-
tric/traditional exercise on glucose handling, cardiovascu-
lar function, strength, and functional fitness. The primary 
objective of this systematic review and meta-analysis was 
to evaluate and compare the impact of eccentric exercise 
and traditional/concentric exercise on glycaemic manage-
ment. The secondary objective was to investigate the effect 
of these exercises on cardiovascular measures, functional 
physical fitness parameters and strength in healthy popula-
tions and people with a metabolic disease who were not 
previously involved in structured exercise training. The 
outcomes of this systematic review will offer healthcare 
providers up-to-date evidence on the effectiveness of ec-
centric versus concentric training and will assist exercise 
and  health  professionals  (and participants)  in making in- 
 
 
 

formed decisions about appropriate exercise to meet their  
needs. 
 
Methods 
 
This systematic review is reported following the Preferred 
Reporting Items for Systematic review and Meta-Analysis 
Protocols (PRISMA-P 2015) statement (Moher et al., 
2015). The study was registered in the PROSPERO 
(CRD42021232167). 
 
Eligibility criteria 
Our systematic review incorporated randomized controlled 
trials (RCTs) that underwent peer review and were pub-
lished between 1999 and February 2022. RCTs, including 
chronic eccentric training involving multiple joints and 
large muscle groups (e.g., walking, running, full body re-
sistance training) having a treatment period of at least four 
weeks or more, intervention delivered a minimum once a 
week, designed to compare eccentric vs concentric exercise 
or traditional exercise were included in the review. Con-
trolled trials involving sedentary healthy adults or those 
with an existing metabolic disease as a primary medical 
condition not engaged in structured exercise training in the 
past six months were included in this review. Trials on in-
dividuals with neurological conditions preventing safe ex-
ercise performance or with a primary medical condition 
other than metabolic disease were excluded. 

For our review, we defined eccentric exercise as ex-
ercises with high eccentric contractions, i.e., downhill 
walking, descending stairs and lowering weights. Concen-
tric exercises are defined as those with high concentric con-
tractions, i.e., uphill walking, lifting but not lowering the 
weights. Traditional exercises are defined as movements 
with relatively even proportions of concentric and eccen-
tric contractions. The PICOS (participants, interventions, 
comparators, outcomes, and study designs) detailed eligi-
bility criteria are given in Table 1. This review covered 
studies that included at minimum one outcome measure 
from the following measures. 
 
Primary outcomes 
 Glycated Haemoglobin (HbA1c; defined as a haemo-

globin molecule with a glucose molecule attached, 
which shows a person's mean blood glucose level over 
a period of two to three months preceding the test). 
HbA1c is measured by drawing a blood sample and an-
alysing it in laboratory by mixing with a chemical so-
lution in a technique called high-performance liquid 
chromatography Measurement unit: mmol/L or % 

 Blood glucose (defined as glucose in the blood): Blood 
glucose measured by drawing blood sample from a vein 
or fingerpick and analysis in laboratory by apparatus 
called glucose meter. Measurement unit: mmol/L 

 Insulin resistance (defined as reduced effectiveness of 
insulin in lowering blood glucose levels): The re-
searcher measured with HOMA IR. Measurement unit: 
mmol/L or % 
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Table 1. Eligibility criteria for inclusion of studies in the review 
 Inclusion Exclusion 
Population  Sedentary healthy individuals or those with an existing meta-

bolic disease as a primary medical condition who are ≥ 18 
years of age and who are not performing structured exercise 
training in the previous six months are included in this review. 

Individuals with neurological conditions prevent-
ing safe exercise performance or with a primary 
medical condition other than metabolic disease are 
excluded. 

Intervention All randomised controlled trials (RCT) with a treatment dura-
tion of four weeks or more, intervention delivered at least once 
a week, designed to compare eccentric vs concentric exercise 
or traditional exercise on treadmill/cycle ergometer or down-
hill vs uphill walking were included in this review.  
RCTs utilising Eccentric-focused exercise training involving 
multiple joints and large muscle groups (e.g., walking, run-
ning, cycling, whole-body resistance training) will be in-
cluded. 
Eccentric-focused exercise compared with concentric-focused 
or combined movement exercise 

Trials analysing cross-training effects (e.g., exer-
cising one limb and assessing the effect from the 
other limb) 
Trials studying acute effects of exercise (single 
bout or less than four weeks duration) 
Trials involving non-exercise interventions, in-
cluding diet or supplements, where exercise com-
ponents cannot be isolated. 
Trials conducted on animals. 
 

Comparator Concentric training 
Combined movement exercise 

No comparator group 

Outcomes Primary outcomes 
HbA1c 
Glucose 
Insulin resistance 
Secondary outcomes 
Muscle strength 
Lipids 
Functional Physical fitness: Six-minute walk test(6MWT),  
Time up and go test (TUG) 
Heart rate 
Brachial Blood pressure 
Central Blood pressure 
Arterial Stiffness 

Studies that do not report at least one primary or 
secondary outcome. 

Study 
design 

1. Randomised controlled trials (blinded and open, parallel), 
including chronic Eccentric training (4 or more weeks) in-
volving multiple joints and large muscle groups (e.g., walk-
ing, running, cycling, whole-body resistance training), will be 
included in this review. 
2. Cross‐over trials where pre‐cross‐over data is available 
from study authors. 

Observational studies (case studies, case reports, 
cross-sectional studies, ecological studies, 
cross-sectional studies, and cohort studies) 
Qualitative research 
Narrative reviews 
Systematic reviews 
cross-over and single-arm trials 
Trials not reported in English. 

 
Secondary outcomes 
 Muscle strength (defined as the ability of a muscle or 

group of muscles to generate force against a resistance): 
The researcher measured strength as Repetition Maxi-
mum testing or dynamometry. Measurement unit: Kg 
or Nm. 

 Lipids (fats/lipids found in human blood. total choles-
terol [TC], serum triacylglycerols [TG], low-density 
lipoprotein cholesterol [LDLC], and high-density lipo-
protein cholesterol [HDLC]): The researcher measured 
with blood sampling and pathology analysis. Measure-
ment unit: mmol/L 

 Heart rate (defined as the number of times the heart 
beats within a specific time, usually a minute. Measure-
ment unit: beats/min) 

 Brachial Blood Pressure (defined as the pressure ex-
erted by blood on brachial arteries): The researcher 
measured with manual or automatic equipment. Meas-
urement unit: mmHg 

 Central blood pressure (the pressure exerted by blood 
on the aorta): The researcher measured via invasive or 
non-invasive techniques. Measurement unit: mmHg 

 Arterial stiffness (defined as the rigidity of the arterial 
walls): The researcher measured via invasive or non-
invasive techniques. Measurement unit: m/s 

 Functional Physical fitness:  defined as a set amount of 
physical activity completed over a specified duration of 
time. The researcher measured through functional tests. 
The measurement unit will depend on the assessment 
method. 

 
Electronic searches 
To identify relevant studies, an extensive search was con-
ducted using free text terms and Medical Subject Headings 
(MeSH) in several web-based databases, including 
Cochrane Central Register of Controlled Trials, the 
Cochrane Library, Embase, PubMed, CINAHL, 
SPORTDiscus, Web of Science, MEDLINE, and 
SCOPUS. Human studies were considered only. Ongoing 
trials were searched for in clinicaltrials.gov and the World 
Health Organization (WHO) International Clinical Trials 
Registry Platform (ICTRP) up to February 2022. Further 
studies were also identified by searching selected articles’ 
reference lists. The complete search strategy is provided in  
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                                 Figure 1. PRISMA flowchart of study selection. 
 
Appendix 1. In case further information was needed, au-
thors were contacted. 
 
Selection of studies 
One reviewer (MA) identified published studies through an 
extensive literature search in seven major databases. Ac-
cording to individual databases, the search strategy was 
adapted. For a detailed search strategy, see Appendix 1. 
Covidence software (Covidence systematic review soft-
ware, Veritas Health Innovation, Melbourne, Australia. 
Available at www.covidence.org) was used to screen and 
review articles. On the articles identified by the initial 
search, a pair of review authors (SM, SH, and MA) inde-
pendently performed title and abstract screening. From the 
reviewed articles, duplicate references were removed, and 
conflicts were resolved by the fourth reviewer (AW). Stud-
ies included after the abstract screening were then full text 
reviewed by a pair of reviewers (MA, AW, SH, SM). From 
the full text, the authors assessed whether the studies met 
the inclusion criteria based on their methodology, partici-
pants, and interventions. In case of any disagreements, con-
sensus meetings were held to resolve them. 

The reasons for excluding articles after full-text re-
view are outlined in the PRISMA flow chart (Figure 1), 
which shows the status of identified studies. The quality of 
included studies was assessed independently by two review 
authors (AW, MA) and data was extracted. 
 
Data extraction 
Two reviewers (AW, MA) independently extracted and  

cross-checked the data using a standardised data extraction 
form using Covidence software and the following criteria. 
 Study characteristics: Title of study, author details, date 

of publication and publication status. 
 Eligibility and procedure for the research: Type of 

study, details of included participants, no of training 
groups, length of training, total training visits, outcome 
measures, and techniques for assessing outcomes. 

 Quality of research methodology: the process of 
sequence generation, randomization, allocation 
concealment, blinding of research participants and 
evaluators, follow-up/post-test, incomplete reporting, 
and adherence to formerly mentioned methodologies. 

 Results: Participant number per group and the mean, 
standard deviation for continuous outcomes. 

 

Methodological quality and the overall evidence profile 
A pair of review authors (MA and AW) independently 
assessed the risk of bias in each included study across 
seven domains, using the criteria established in the 
Cochrane Handbook for Systematic Reviews of 
Interventions (Higgins et al., 2022). Disputes were handled 
through debate in consensus meetings (Higgins et al., 
2011). A 'Risk of Bias' table was prepared for each trial 
using the 'Risk of Bias' function in Review Manager 5 
software (Review Manager (RevMan) [Computer 
program]. Version 5.4. The Cochrane Collaboration, 2020.) 
Review Manager 5 was used to calculate the total risk of 
bias for each of the seven areas listed below. 
 Random sequence generation (examination for bias in  
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selection). The process utilized to generate the 
sequence of participant allocation to groups was rated 
as a low risk of bias when it used a genuinely random 
processor and a high risk if there was a non-random 
component involved in sequence generation. If the 
methods for sequence generation were not stated 
clearly, it was rated as unclear. 

 Allocation concealment (prevention of selection bias): 
The process performed to conceal the participants 
allocation to different intervention groups was assessed 
and categorised as low, high, or having unclear risks. If 
the participants were allocated to groups based on 
consecutive numbers in opaque envelopes or based on 
central randomization, they were considered low risk. 
If the investigator assigned participants in non-opaque 
envelopes or used an open random allocation, it was 
labelled high risk. If no information was provided about 
allocation, then it was labelled as unclear. 

 Blinding of research participants and personnel: The 
process of blinding the research participants involved 
in the study about the intervention they received, and 
the personnel involved in delivering the treatment was 
assessed. It was categorised into three categories. 
Studies which were blinded and described the 
technique used for blinding participants were labelled 
as having a low risk. Studies which were not blinded or 
did not mention blinding were labelled as high risk. 
Studies which mentioned blinding but did not mention 
the process were labelled as unclear.  

 Blinding of outcome assessors: The method by which 
outcome assessors were blinded was assessed for each 
study and labelled as low, high, or unclear risk. Studies 
which were blinded and described the technique uti-
lized to blind outcome assessors were labelled as low 
risk. Studies that were not blinded and where the out-
come assessors could influence the outcomes were la-
belled as high risk. Studies which did not mention 
blinding were labelled as unclear risk.  

 Incomplete outcome data:  Procedures were evaluated 
on how missing data in studies was treated. If no 
information was provided on how missing data were 
treated in the study, it was labelled as high risk. Low-
risk studies used 'baseline observation carried forward' 
analysis or had less than 10% of participants withdraw 
from the study. Studies were labelled as having unclear 
risks if they had insufficient information on attrition. 

 Selective outcome reporting: The protocol papers of the 
included studies were compared to the study data to 
identify whether all the specified outcomes/variables 
were reported. If the study's results contained all the 
suggested outcomes indicated in the protocol paper, 
they were labelled as low risk, unclear if protocol 
papers were unavailable, or high risk if the study does 
not report all proposed outcomes.  

 Other potential sources of bias included any issues with 
study methods not considered elsewhere. 
 

The GRADE (Grading of Recommendations Assessment, 
Development, and Evaluation) profiler Guideline Develop-
ment Tool software (GRADEpro GDT 2015) and the 
guidelines provided in Chapter 12.2 of the Cochrane Hand- 

book for Systematic Reviews of Interventions were used to 
assess the quality of the evidence for each study (Higgins 
et al., 2011). The GRADE method assesses the quality of 
the body of evidence for each outcome by taking five fac-
tors into account (study limitations, consistency of effect, 
imprecision, indirectness, and publication bias). For allo-
cating a grade, the following criteria were used. 
 High grade: It is highly unlikely that more research 

would alter our level of confidence in the effect 
estimate.  

 Moderate grade: we are relatively certain that the 
genuine effect will be close to the estimated effect, but 
it is possible that it could be significantly different.  

 Low grade: We have low faith in the estimate of the 
effect; the true effect may differ significantly from the 
estimate.  

 Very low grade: we have very little confidence in the 
estimate of effect; the genuine effect is likely to differ 
significantly from the effect estimate.  

 
The grade of evidence was downgraded once if: 
 If there was a high risk of bias in any criteria for more 

than 25% of studies included in the review 
 The value for I² was more than 40%, and heterogeneity 

was statistically significant. 
 methodological discrepancies were evident between 

studies, such as exercise modalities used, population 
variances, or evaluation instruments used (indirectness) 

 If the number of participants were less than 400 for 
continuous data 

 Significant evidence of biases was found in the 
publication. 

 
Statistical analysis and data management  
Review Manager (RevMan) [Computer program]. Version 
5.4. The Cochrane Collaboration, 2020. was used to 
perform meta-analyses on the following outcome measures: 
HbA1c, Glucose, Insulin, HOMA, LDLC, HDLC, 6 MWT, 
TUG, Strength. The outcomes of the intervention group 
(eccentric exercise) and the comparator intervention group 
(concentric or traditional exercise) were compared in each 
meta-analysis. Intervention group data were not compared 
with non-exercise control group data. To determine the 
effect size for continuous variables, the mean difference 
(MD) was computed using either fixed effects or random 
effects MD (depending on heterogeneity), along with 95% 
confidence intervals (CI). If outcome data were 
inconsistently reported or different units of measurement 
were used, standardised mean difference (SMD) was used 
to estimate effect size. To assess heterogeneity, the I² 
statistic was used in all meta-analyses, and the degree of 
heterogeneity was interpreted based on Deeks and 
colleagues' recommendations (Deeks et al., 2011), with an 
I² value greater than 30% indicating probable heterogeneity 
that needs further investigation. 

For outcomes with low heterogeneity (P values 
higher than 0.1 and I² statistic less than 30% or not 
available), we utilised a fixed effect meta-analysis. We 
utilised a random effects model to account for 
heterogeneity where there was significant variability. The 
Review Manager calculator (Review Manager) was used to 
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convert data reported as least-squares mean SE or 95% CI 
to SD. The analysis also included studies that offered mean 
change data. Where studies graphically published data, 
authors were contacted to obtain the specific mean and 
standard deviation figures. If summary information for 
averages, standard deviations, and the number of 
individuals assigned to each group were not available, they 
were excluded from the meta-analyses. 
 
Results 
 
Search Summary (study selection) 
Several major databases were searched on 20th February 
2022 for studies from the inception of that database to 15th 
February 2022. The PRISMA diagram (Figure 1) shows 
the record of studies in various steps. The literature search 
conducted initially yielded a total of 674 records, with an 
additional ten articles being identified through manual 
searching of reference lists of the screened articles. After 
identifying and eliminating 213 duplicate records, 468 
studies were evaluated based on their title and abstract. 
Among these, 337 studies were excluded due to not 
meeting the selection criteria. For full-text eligibility, 131 
studies were assessed, with 112 studies being rejected. 
Ultimately, 19 studies were included in this review. 
Reasons for exclusion are provided in Figure 1. The 
Covidence software, an online tool developed by Veritas 
Health Innovation Ltd located in VIC 3000, Australia, was 
used to screen and review the articles. 
 

Description of included studies 
Table 2 presents the characteristics of the study partici-
pants, interventions, and results. This review includes 19 
studies. Seventeen were conducted on healthy individuals 
(Chen et al., 2017a; Chen et al., 2017b; Drexel et al., 2008; 
Duncan et al., 1989; Franchi et al., 2014; Gault et al., 2012; 
Hortobagyi et al., 1996a; Hortobagyi et al., 1996b; Lewis 
et al., 2018; Miller et al., 2006; Nickols-Richardson et al., 
2007; Pavone and Moffat, 1985; Raue et al., 2005; Reg-
nersgaard et al., 2022; Rodio and Fattorini, 2014; Tomber-
lin et al., 1991; Zeppetzauer et al., 2013), and two included 
people with T2DM (Hajihasani et al., 2014; Kudiarasu et 
al., 2021).  Included studies were RCTs with an exercise 
training intervention. The modes of performing eccentric 
exercise training differed in the trials. Out of the 19 studies, 
in nine studies, exercise training was performed on a dyna-
mometer (Duncan et al., 1989; Hortobagyi et al., 1996a; 
Hortobagyi et al., 1996b; Kudiarasu et al., 2021; Miller et 
al., 2006; Nickols-Richardson et al., 2007; Pavone and 
Moffat, 1985; Raue et al., 2005; Tomberlin et al., 1991). In 
three studies, training was performed on a treadmill (Haji-
hasani et al., 2014; Gault et al., 2012; Rodio and Fattorini, 
2014), hiking uphill and downhill in two studies (Drexel et 
al., 2008; Zeppetzauer et al., 2013), ascending and de-
scending stairs in two studies (Chen et al., 2017a; Reg-
nersgaard et al., 2022), two studies on leg press/extension 

machine (Chen et al., 2017b; Franchi et al., 2014), and one 
study on a cycle ergometer (Lewis et al., 2018). 

Each study included in this review investigated the 
impacts of eccentric exercise training in comparison to 
concentric exercise training, except one study, in which 
downhill treadmill walking (eccentric exercise) was com-
pared with flat walking (Gault et al., 2012). One study 
compared eccentric and concentric exercises with isomet-
ric training (Pavone and Moffat, 1985). A control group 
was also included in five studies, which did not perform 
any exercise (Duncan et al., 1989; Hortobagyi et al., 1996a; 
Hortobagyi et al., 1996b; Raue et al., 2005; Tomberlin et 
al., 1991). One study compared eccentric and concentric 
training with an additional group performing eccentric ex-
ercises and carrying a heavy load (Regnersgaard et al.,  
2022). In another study, in addition to the uphill and down-
hill walking group, two more groups exercised by walking 
on flat and mixed gradients (Rodio and Fattorini, 2014). 
The overall length of training intervention was variable 
among trials; the average duration of intervention was nine 
weeks, ranging from four to 20 weeks. The frequency of 
exercise sessions per week was found to vary across the 
studies; the average was 2.8 sessions per week from the 
range of one to five sessions every week. Depending on the 
study, the overall repetitions performed per session 
also varied. 

In terms of participant number, there was variation 
among studies, ranging from 12 to 70. Overall, there were 
618 participants in all included studies after adjusting for 
dropouts. Of the 19 studies, seven studies were on females 
only (Chen et al., 2017a; Hortobagyi et al., 1996a; 
Hortobagyi et al., 1996b; Miller et al., 2006; Nickols-
Richardson et al., 2007; Pavone and Moffat, 1985; Rodio 
and Fattorini, 2014), five were on males only (Chen et al., 
2017b; Duncan et al., 1989; Franchi et al., 2014; Lewis et 
al., 2018; Raue et al., 2005) and seven included both males 
and females (Hajihasani et al., 2014; Drexel et al., 2008; 
Gault et al., 2012;  Kudiarasu  et  al., 2021;  Regnersgaard  
et  al.,  2022;  Tomberlin  et al., 1991;  Zeppetzauer et al., 
2013). The distribution of gender was not proportional in 
included studies; there were 319 women and 163 men. 
Gender information was not supplied for 136 participants 
across four studies. 

The meta-analyses included fifteen studies. The 
outcomes of the studies were typically reported as mean 
and standard deviation (SD) or 95% confidence interval or 
as mean and standard deviation (SD) or 95% confidence 
interval or as mean change and SD. Four studies that pre-
sented data in graphical format were not included in the 
meta-analyses. These papers were omitted from the analy-
sis because the authors were approached for findings but 
never responded. Meta-analyses were carried out in 
Revman (Review Manager (RevMan) [Computer pro-
gram]. Version 5.4.1, The Cochrane Collaboration, 2020.) 
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Table 2. Main characteristics of the studies. 

Study Population  Intervention Duration 
Health related 

measures 
Functional fitness  

measures 
Results 

Hajihasani et 
al. (2014) 

Diabetes Type 2 
(n = 28) 
mean age 51.79 

Intervention 1: Eccentric Exercise 
(Running on treadmill with ramp slop 
controlled for – 4°)  n= 14 
Intervention 2: Concentric Exercise 
(Running on treadmill with ramp slop 
controlled for + 4°) n = 14 

Eight weeks N/A 
6MWT, 

TUG 

Eccentric and concentric exercises significantly decreased the 
result of TUG. 
There was a significant difference in 6MWT b/w concentric 
and eccentric groups (P = 0.036), although, in both groups, the 
distance walked increased after the intervention. 

Chen et al. 
(2017a) 

Elderly Obese 
Women 
Women (n = 30) 
Mean age 66 

Intervention 1: Descending stair 
walking. n = 15 
Intervention 2: Ascending stair walk-
ing. n = 15 

12 weeks 
(2 sessions x 

week) 

HbA1C 
HOMA 
OGTT 
Lipids 

HR 
 

6MWT, 
MVCiso, 

30-s chair stand,  
8-ft up-and-go, 2-min step,  

and 6-m Tandem walk 

Decreases in serum triacylglycerols, total and low-density lipo-
protein cholesterols, glucose, insulin, HOMA, HbA1c, and in-
creases in high-density lipoprotein cholesterols were greater (P 
< 0.05) after Descending Stair Walking (DSW) than Ascending 
Stair Walking (ASW). 
MVCiso increased greater for DSW (34%) than ASW (15%). 
Physical fitness improved for both groups; however, the 30-s 
chair stand and 6MWT showed greater improvement for DSW 
than ASW 

Chen et al. 
2017b) 

Healthy Elderly Men 
(n = 26) 
Mean age 66 

Intervention 1: Eccentric training on 
Leg extension machine, 30-60 contrac-
tions of knee extensors once a week, 
intensity progressively increased from 
10 -100% of 1 RM. n = 13 
Intervention 2: Concentric training of 
knee extensors on the same device 
with intensity increased from 50 – 
100% of 1 RM. n = 13 

12 weeks 
(1 session x 

week) 

HbA1C 
HOMA 
OGTT 
Lipids 

 

1 RM, 
MVCcon 
MVCiso, 
6MWT, 

30-s chair stand (CS),  
2-m step (2MS),  

8-foot up-and-go (8UG),  
one-leg stand with eyes  
open (OLST), 6-meter  
tandem walk (6-mTW) 

Functional physical fitness (e.g., 30-s chair stand) and maximal 
concentric contraction strength of the knee extensors increased 
greater (P ≤ 0.05) after Eccentric training than concentric train-
ing.  
HOMA, OGTT and HbA1c showed improvement in insulin 
sensitivity only after eccentric training (P ≤ 0.05). 
Greater (P ≤ 0.05) decreases in fasting TG, TC, and LDLC were 
evident after eccentric training than concentric training, and 
HDLC increased only after eccentric training. 

Regnersgaard 
et al. (2022) 
 

Healthy men and 
women 
(n=21) 
Mean age 70 

Intervention 1: Descending stair 
walking. N = 07 
Intervention 2: Ascending stair walk-
ing. N = 07 
Intervention 3: Descending stair 
walking with carrying additional 
weight. N = 07 
 

3 weeks or 6 
weeks (3 ses-
sions x week)

 

Leg muscle mass (kg), 
Thigh muscle mass, 
calf muscle mass, 

calf circumference, 
6MWT, Sit to stand  

test (Chair stand test), 
power-CST, 

relative power-CST (W/kg), 
leg press 3RM (kg), 

leg extension power (W) 

Leg muscle mass increased more in eccentric + (+0.29 ± 0.09 
kg) vs concentric (+0.08 ± 0.05 kg) (P<0.05) but not different 
from eccentric (+0.16 ± 0.06 kg). The 6MWT increased after 
6 weeks more (P<0.05) in eccentric + (+85 ± 23 m) compared 
with eccentric (+37 ± 13 m) and concentric (+27 ± 12 m). 
Leg press (3 RM) was higher (P=0.028) after training with no 
possible distinction between training groups. 
 

HOMA: Homeostasis model assessment, MVCcon: maximal voluntary concentric contraction torque, MVCiso: maximal voluntary isometric contraction torque, 6MWT: Six-minute walk test, TUG: Timed up and go test, TC: 
total cholesterol, TG: serum triacylglycerols, LDLC: low-density lipoprotein cholesterol, HDLC: high-density lipoprotein cholesterol, RM: repetition maximum, HbA1c: glycosylated haemoglobin, 5-RSTS: five repetition sit-to-
stand. 
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Table 2. Continue…. 

Study Population  Intervention Duration 
Health related 

measures 
Functional fitness  

measures 
Results 

Drexel et al. 
(2008) 

Healthy sedentary peo-
ple 
Men (n = 14)  
Women (n = 28) 
Mean age 48 

Intervention 1:  Eccentric training 
(Hiking Downwards) n=23 
Intervention 2: Concentric training 
(Hiking upwards) n=22 

8 weeks 
(3-5 sessions x 

week) 

HOMA 
Lipids 

Glucose 
 

N/A 

Eccentric exercise significantly lowered insulin resistance, 
fasting serum insulin, and the HOMA index of insulin re-
sistance. 
An improvement in glucose tolerance was seen after both 
eccentric and concentric exercise but only the difference ob-
tained by eccentric exercise reached statistical significance. 
TC, apolipoprotein B, and the apo B/apo A1 ratio were de-
creased by both. 

Duncan et al. 
(1989) 

Healthy men 
 (n = 48) 
Mean age 24 

Intervention 1: Eccentric training on 
KIN-COM Dynamometer (10 reps x 
session, Intensity = MVC) n=16 
Intervention 2: Concentric training on 
the same device (10 reps x session, In-
tensity = MVC) n=14 
Control: No exercise performed. n=18

6 weeks  
(3 sessions x 

week) 
N/A 

Eccentric strength, 
concentric strength 

 

Eccentric and concentric training improved eccentric and 
concentric strength respectively, and gains after eccentric 
training were more mode specific. 
 

Franchi et al. 
(2014) 

Young male 
(n = 12) 
Mean age 25 

Intervention 1: Eccentric training on 
the leg press machine. (4 sets of 8-10 
reps at 80% of eccentric 1RM) n=06 
Intervention 2: Concentric training on 
the same device. (4 sets of 8-10 reps at 
80% of CON 1RM) n=06 

10 weeks  
(3 sessions x 

week) 
N/A 

MVCiso, 
1-RM 

 

Similar increases in muscle volume (+6% eccentric and +8% 
concentric) and in MVCiso (+11% eccentric and +9%) were 
found after training among both groups.  

Gault et al. 
(2012) 

Healthy adults  
(n = 24) 
Mean age 67 

Intervention 1: Downhill walking on 
a treadmill (30 min, -10% decline, 
self-selected walking speed). N=13 
Intervention 2: Level walking on a 
treadmill (30 min at self-selected walk-
ing speed). N=11 

12 weeks 
(3 sessions x 

week) 
N/A 

Concentric strength, 
Eccentric strength, 

5-RSTS, 
maximal walking speed 

(MWS), 
TUG, 

dynamic strength 

Improvements in 5-RSTS, MWS and TUG was substantial 
and similar for both groups. 
5-RSTS improved by 32 and 34% in LTW and DTW.  
TUG improved by 22% for both groups. Peak eccentric and 
concentric torque did not 
change.  

Hortobagyi et  
al. (1996a) 

Sedentary Women 
(n = 42) 
Mean age 21 

Intervention 1: Eccentric training on 
KIN-CON dynamometer, (4 sets of 6-
10 reps)  n=14  
Intervention 2: Concentric training on 
the same device and parameters n=14 
Control: No exercise performed. n=14

6 weeks 
(4 sessions x 

week) 
N/A 

concentric strength, 
eccentric strength, 
Isometric strength 

Eccentric training improved isometric strength significantly 
(P <     0.05) more than concentric training.  
Eccentric training improved concentric strength by 14% (P > 
0.05) and increased eccentric strength significantly (P < 0.05) 
more than concentric training increased concentric strength. 

HOMA: Homeostasis model assessment, MVCcon: maximal voluntary concentric contraction torque, MVCiso: maximal voluntary isometric contraction torque, 6MWT: Six-minute walk test, TUG: Timed up and go test, TC: 
total cholesterol, TG: serum triacylglycerols, LDLC: low-density lipoprotein cholesterol, HDLC: high-density lipoprotein cholesterol, RM: repetition maximum, HbA1c: glycosylated haemoglobin, 5-RSTS: five repetition sit-to-
stand. 
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Table 2. Continue…. 

Study Population  Intervention Duration 
Health related 

measures 
Functional fitness 

measures 
Results 

Hortobagyi et 
al. (1996b) 

Sedentary Men 
(n = 21) 
Mean age 21 

Intervention 1: Eccentric training on KIN-
CON dynamometer (Almost 50 reps x ses-
sion, Intensity = MVC) n=07 
Intervention 2: Concentric training on the 
same device and parameters. n=08 
Control: No exercise performed. n=06 

12 weeks  
(3 sessions x 

week) 
 

 
concentric strength, 
eccentric strength, 
Isometric strength 

Eccentric training increased eccentric strength 3.5 times 
more (pre/post 46%, P < 0.05) than concentric training in-
creased concentric strength (pre/post 13%). Eccentric train-
ing increased concentric strength and Concentric training 
increased eccentric strength by about the same magnitude 
(5 and 10%, respectively, P > 0.05). 

Kudiarasu et 
al.(2021) 

Adults with T2DM 
(n=18) 
Mean age  

Intervention 1: Eccentric training on Cybex. 
Exercises included chest press, lateral pull-
down, bicep curl, triceps extension, leg ex-
tension, leg curl, calf raise, abdominal 
crunch (2–3 sets of 10 eccentric-only for 5 s) 
n=09 
Intervention 2: Concentric training on the 
same device (2–3 sets of 10 concentric-only 
(1-2 s). n=09 

12 weeks  
(2 sessions x 

week) 

plasma glucose, 
serum insulin, 

HbA1c, 
Lipids, 
HOMA 

muscle strength, 
6MWT, 

chair rise test, 
TUG 

 

No significant changes in blood biomarkers were found for 
both groups. One-repetition maximal strength of each exer-
cise increased (p < 0.05) for both eccentric (12–37%) and 
concentric (27–68%). Both groups improved (p < 0.05) 
6MWT distance and chair rise time but only eccentric im-
proved 
(p < 0.05) the TUG. 

Lewis et al. 
(2018) 

Middle-aged male 
(n=17) 
Mean age 42 

Intervention 1: Eccentric cycling at 60% 
peak concentric workload. N= 09 
Intervention 2: Concentric cycling. N=08 

8 weeks 
(2 sessions x 

week) 
N/A 

6RM 
MVIC 

Both groups significantly increased 6RM and MVIC rela-
tive to their baseline (P < 0.05). Therefore, improved leg 
strength was equivalent between concentric and eccentric 
groups. 

Miller et al. 
(2006) 

Healthy Women 
(n =38) 
Mean age 20 

Intervention 1: Eccentric training on Iso-ki-
netic Dynamometer, Intensity=MVC. n= 17 
Intervention 2: Concentric training on the 
same device and parameters. n=21 

20 week 
(3 sessions x 

week) 
N/A Isokinetic Strength 

Eccentric training increased eccentric knee extension and 
flexion peak torque more than concentric training. 

Nickols-
Richardson et 
al. (2007) 

Healthy Women 
(n = 70) 
Mean age 20 

Intervention 1: Eccentric training on Isoki-
netic Dynamometer (30 reps x session, In-
tensity = MVC). n=33 
Intervention 2: Concentric training on the 
same device and parameters. n=37 

20 weeks 
(3 sessions x 

week) 
N/A 

Concentric peak torque 
(Nm) 

Eccentric peak torque 
(Nm) 

Muscular strength (peak torque) of the trained leg was sig-
nificantly higher after training in both the concentric 
(18.6%) and eccentric (28.9%) training groups 

Pavone and 
Moffat (1985) 

Healthy Women 
(n = 27) 
Mean age 29 

Intervention 1: Eccentric training on Cybex 
II Isokinetic Dynamometer, 30 reps x ses-
sion, Intensity=% 1RM Eccentric. N=11 
Intervention 2: Concentric training on the 
same device. 30 repetitions per session, In-
tensity=% 1RM Con. n=08 
Intervention 3: Isometric training on the 
same device by holding the load at 60 of 
knee flexion. N=08 

6 week 
(3 sessions x 

week) 
N/A MVCiso 

Significant strength gain was achieved through concentric, 
eccentric, and isometric training. No one method of train-
ing is superior to other. 

HOMA: Homeostasis model assessment, MVCcon: maximal voluntary concentric contraction torque, MVCiso: maximal voluntary isometric contraction torque, 6MWT: Six-minute walk test, TUG: Timed up and go test, TC: 
total cholesterol, TG: serum triacylglycerols, LDLC: low-density lipoprotein cholesterol, HDLC: high-density lipoprotein cholesterol, RM: repetition maximum, HbA1c: glycosylated haemoglobin, 5-RSTS: five repetition sit-to-
stand. 
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Table 2. Continue…. 

Study Population  Intervention Duration 
Health related 

measures 
Functional fitness  

measures 
Results 

Raue (2005)  

Healthy sedentary 
male 
 (n = 15) 
Mean age 23 

Intervention 1: Eccentric exercise training on 
knee extensor device Cybex (4 sets of 8 reps, In-
tensity = starting at 80% of 1 RM Con). n=06 
Intervention 2: Concentric exercise training on 
the same device and parameters. n=06 
Control: No exercise training. n=03 

4 weeks 
(3 sessions x 

week) 
N/A 

Knee extensors strength 
 

Concentric training increased knee extensor 
strength by 19% (p <0.05)—no difference in 
knee extensor strength pre to post-training for 
eccentric or Control group.  

Rodio and 
Fattorini (2014) 

Healthy young adults 
Women (n = 28) 
Mean age 26 

Intervention 1: Level walking on a treadmill 
(30 min at 1 m/s). n=07 
Intervention 2: Uphill walking on a treadmill 
(30 min, +20% incline, 0.75m/s). n=08 
Intervention 3: Downhill walking on a tread-
mill (30 min, -20% decline, 1.36m/s). n=07 
Intervention 4: Mixed walking on a treadmill 
(+20% incline, 0.75 m/s, 15 min and -20% de-
cline, 1.36m/s, 15 min). n=06 

6 weeks 
(3 sessions x 

week) 
N/A MVCiso 

In all groups, strength values were increased 
from baseline to post-intervention but resulted in 
statistically different only in the Downhill walk-
ing group. 

Tomberlin et al. 
(1991) 

Healthy people 
Men (n = 31)  
Women (n = 32) 
Mean age 27 

Intervention 1: Eccentric training on KIN-COM 
Dynamometer. n=21 
Intervention 2: Concentric training on the same 
device. N=19 
Control: no exercise performed. n=23 

6 weeks 
(3 sessions x 

week) 
N/A 

Concentric  
peak torque (Nm) 

Eccentric  
peak torque (Nm) 

Eccentric and concentric training increased ec-
centric and concentric strength respectively. 

Zeppetzauer et 
al. (2013) 

healthy sedentary 
Men (n = 16)  
Women (n = 29) 
Mean age 48 

Intervention 1: Hiking downwards (eccentric 
training) on 540 meters trial. n=22 
Intervention 2: Hiking upwards (Concentric ex-
ercise) on the same path. n=23 

8 weeks 
(3-5 sessions x 

week) 

Lipids 
Glucose 

Creatine kinase 
CRP 

Heart Rate 

N/A 

Eccentric training improved glucose tolerance 
(AUC) per unit of energy expenditure 
significantly more than concentric training. The 
decrease of LDLC per kilocalorie spent was sig-
nificantly stronger with eccentric exercise.  

HOMA: Homeostasis model assessment, MVCcon: maximal voluntary concentric contraction torque, MVCiso: maximal voluntary isometric contraction torque, 6MWT: Six-minute walk test, TUG: Timed up and go test, TC: 
total cholesterol, TG: serum triacylglycerols, LDLC: low-density lipoprotein cholesterol, HDLC: high-density lipoprotein cholesterol, RM: repetition maximum, HbA1c: glycosylated haemoglobin, 5-RSTS: five repetition sit-to-
stand. 

 
Study outcomes 
Six studies (Chen et al., 2017a; Chen et al., 2017b; Drexel et al., 2008; Kudiarasu et al., 
2021; Regnersgaard et al., 2022; Zeppetzauer et al., 2013) provided information about the 
effects of eccentric exercise on glucose handling,  five (Chen et al., 2017a; Chen et al., 
2017b; Drexel et al., 2008; Kudiarasu et al., 2021; Zeppetzauer et al., 2013) reported about 
effects on lipids, six (Hajihasani et al., 2014; Chen et al., 2017a; Chen et al., 2017b; Gault 
et al., 2012; Kudiarasu et al., 2021; Regnersgaard et al., 2022) reported the effects on 
functional physical fitness, sixteen (Chen et al., 2017a; Chen et al., 2017b; Duncan et al., 
1989; Franchi et al., 2014; Gault et al., 2012; Hortobagyi et al., 1996a; Hortobagyi et al., 
1996b; Kudiarasu et al., 2021; Lewis et al., 2018; Miller et al., 2006; Nickols-Richardson 
et al., 2007; Pavone and Moffat, 1985; Raue et al., 2005; Regnersgaard et al., 2022; Rodio 

and Fattorini, 2014; Tomberlin et al., 1991) studies reported the effects on muscle strength. 
Two papers (Drexel et al., 2008; Zeppetzauer et al., 2013) reported results from the same 
study. However, due to possible duplication, only one of these studies was included in the 
meta-analysis (Drexel et al., 2008).  
 
Methodological quality (Risk of Bias) 
Figure 2 summarises the risk of bias assessment for each included study. Nineteen studies 
(Hajihasani et al., 2014; Chen et al., 2017a; Chen et al., 2017b; Drexel et al., 2008; Duncan 
et al., 1989; Franchi et al., 2014; Gault et al., 2012; Hortobagyi et al., 1996a; Hortobagyi 
et al., 1996b; Kudiarasu et al., 2021; Lewis et al., 2018; Miller et al., 2006; Nickols-
Richardson et al., 2007; Pavone and Moffat, 1985; Raue et al., 2005; Regnersgaard et al., 
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2022; Rodio and Fattorini, 2014; Tomberlin et al., 1991; 
Zeppetzauer et al., 2013) were at high risk of bias for blind-
ing participants and personnel criteria as in these exercise 
studies participants were not blinded to the intervention 
they received. In one study (Raue et al., 2005), the risk of 
bias was high for random sequence generation and alloca-
tion concealment (selection bias). In one study (Franchi et 
al., 2014), the risk of bias was high for random sequence 
generation. In another study (Lewis et al., 2018) risk of bias 
was high for allocation concealment (selection bias). For 
other categories, the bias was often low or not clear. Figure 
2 represents the results of the risk of bias assessment. Fig-
ure 3 shows the review authors’ judgements about each risk 
of bias item for the review presented as percentages across 
included studies. 
 
Description of Results & Meta-Analysis 
Effect of eccentric exercise on glycaemic control 
Six studies reported the effectiveness of eccentric exercise 
intervention on glycaemic control. Five studies were con-
ducted on healthy people (Chen et al., 2017a; Chen et al., 
2017b; Drexel et al., 2008; Regnersgaard et al., 2022; 
Zeppetzauer et al., 2013), and one was on people with 
T2DM (Kudiarasu et al., 2021). The modality of training 
used in these studies was a leg extension machine (Chen et 
al., 2017b), hiking upwards and downwards (Drexel et al., 
2008; Zeppetzauer et al., 2013), resistance exercises (bicep 
curl, chest press, latissimus dorsi, triceps extension, leg ex-
tension, leg curl, calf raise, abdominal crunch) (Kudiarasu 
et al., 2021), and descending and ascending stairs (Chen et 
al., 2017a; Regnersgaard et al., 2022). 

In two studies (Chen et al., 2017a; Chen et al., 
2017b), glycaemic control was measured through fasting 
glucose, insulin, HOMA, HbA1C, and Oral glucose toler-
ance test (OGTT). Two studies (Drexel et al., 2008; 
Zeppetzauer et al., 2013) measured HOMA, Serum fasting 
insulin and glucose area under the curve in response to an 
OGTT. In one study (Regnersgaard et al., 2022), only fast-
ing blood glucose was measured. In one study on people 
with T2DM (Kudiarasu et al., 2021), glycaemic control 
was measured through fasting plasma glucose, serum insu-
lin, HbA1c and HOMA. 

 

 
 

Figure 2. Risk of Bias summary. Risk of bias summary: review aut-
hors' judgements about each risk of bias item for each included study. 
Green symbols represent a low risk of bias, yellow symbols represent an 
unclear risk, and red symbols represent a high risk of bias. 

 

 
 

 

 
 

 
 

Figure 3. Overall Risk of Bias summary. Risk of bias summary: review authors' judgements about each risk of bias 
item for each included study. Green symbols represent a low risk of bias, yellow symbols represent an unclear risk, and red 
symbols represent a high risk of bias.  
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In four studies (Chen et al., 2017a; Chen et al., 
2017b; Drexel et al., 2008; Zeppetzauer et al., 2013), the 
HOMA index of insulin resistance and fasting serum insu-
lin were lowered by eccentric exercise. In one study 
(Drexel et al., 2008), a decrease in the area under the glu-
cose curve after a standardised oral glucose load was seen 
after performing both concentric and eccentric exercise 
training; however, only the difference acquired through ec-
centric exercise was statistically significant. In one study 
(Kudiarasu et al., 2021), HbA1c decreased significantly (p 
< 0.05) after twelve weeks of concentric training only and 
not after eccentric training. In another study, no statistically 
significant difference was observed in glucose after inter-
vention in any group (Regnersgaard et al., 2022). 

HbA1c was measured in three studies (Chen et al., 
2017a; Chen et al., 2017b; Kudiarasu et al., 2021) (74 par-
ticipants). All studies reported results as mean and SD. A 
random effects meta-analysis using SMD showed eccentric 
exercise led to non-significant decreases in HbA1c level 
(SMD - 0.99; 95% CI, -2.96 to 0.98; n = 74; P = 0.32; Fig-
ure 4) across all studies in the meta-analysis with high and 
significant (I2 = 92%, p = 0.00001) heterogeneity observed. 
The evidence for eccentric exercise to decrease HbA1c as 
compared to concentric exercise was graded as very low. 
The quality of evidence was downgraded thrice; once for 
the high risk of bias in included studies due to lack of blind- 

ing for participants and assessors; once for small sample 
size, and once due to more than 40% heterogeneity. 
HOMA was measured in four studies (116 participants). A 
random-effects meta-analysis using SMD showed eccen-
tric exercise led to non-significant decreases in HOMA 
(SMD -0.92; 95% CI, -1.98 to 0.15; n = 116; P = 0.09; Fig-
ure 4) across all studies in the meta-analysis with high and 
significant (I2 = 85%, p = 0.0002) heterogeneity observed. 
These findings represent an approximate decrease of 0.42 
in HOMA (95% CI -0.90 to 0.07). The quality of evidence 
for eccentric exercise to decrease HOMA was graded as 
very low. The quality of evidence was downgraded thrice, 
once for the high risk of bias in the included studies due to 
lack of blinding for participants and assessors, once for a 
small sample size, and once due to more than 40% hetero-
geneity. 

Glucose was measured as fasting serum glucose 
(Chen et al., 2017a; Chen et al., 2017b; Kudiarasu et al., 
2021; Regnersgaard et al., 2022) and as Glucose (Area un-
der the curve) in OGTT(Drexel et al., 2008). Fasting glu-
cose was measured in four studies (Chen et al., 2017a; 
Chen et al., 2017b; Kudiarasu et al., 2021; Regnersgaard et 
al., 2022) (88 participants). A random-effects meta-analy-
sis using SMD showed eccentric exercise led to non-sig-
nificant decreases in fasting glucose level (SMD - 0.84; 
95% CI, -1.95 to 0.27; n = 14; P = 0.14; Figure 4). 

 
 

 

 
 

 
 

Figure 4. Forest plot of eccentric vs concentric exercise on glycaemic management. Risk of bias summary: review authors' judgements 
about each risk of bias item for each included study. Green symbols represent a low risk of bias, yellow symbols represent an unclear risk, and red 
symbols represent a high risk of bias.  
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The quality of evidence for eccentric exercise to decrease 
fasting glucose was graded as low. The quality of the evi-
dence was rated as low because of the high risk of bias due 
to a lack of blinding for participants and assessors and once 
due to the small sample size. 

Serum insulin was measured in four studies (119 
participants) as fasting serum insulin (Chen et al., 2017a; 
Chen et al., 2017b; Drexel et al., 2008; Kudiarasu et al., 
2021). A random-effects meta-analysis using SMD showed 
eccentric exercise led to non-significant decreases in insu-
lin (SMD -0.93; 95% CI, -1.97 to 0.12; n = 119; P = 0.08; 
Figure 4) across all studies in the meta-analysis with high 
and significant (I2 = 85%, p = 0.0002) heterogeneity ob-
served. This represents an approximate decrease of 17.98 
pmol/L in insulin (95% CI -38.1 to 2.32). The quality of 
evidence for eccentric exercise to decrease insulin was 
graded as very low. The quality of evidence was down-
graded thrice; once for the high risk of bias in the included 
studies due to lack of blinding for participants and asses-
sors; once for a small sample size, and once due to more 
than 40% heterogeneity. 
 

Effect of eccentric exercise on lipids 
Five studies have reported the effects of eccentric exercise 
on lipids (Chen et al., 2017a; Chen et al., 2017b; Drexel et 
al., 2008; Kudiarasu et al., 2021; Zeppetzauer et al., 2013). 
Four studies were conducted on Healthy sedentary people 
(Chen et al., 2017a; Chen et al., 2017b; Drexel et al., 2008; 
Zeppetzauer et al., 2013) and one on people with 
T2DM(Kudiarasu et al., 2021). Exercise training was per-
formed by hiking uphill and downhill (Drexel et al., 2008; 
Zeppetzauer et al., 2013), ascending and descending stair 
walking(Chen et al., 2017a), using a leg extension ma-
chine(Chen et al., 2017b) and Cybex dynamome-
ter(Kudiarasu et al., 2021). TG, TC, LDLC, and HDLC 
were measured in all studies. In one paper Apolipoprotein 
B and apolipoprotein B/apolipoprotein A1 (apo B/apo A1), 
the ratio was also calculated (Drexel et al., 2008). 

In two studies (Chen et al., 2017a; Chen et al., 
2017b), TC, TG, and LDLC decreased significantly after 
eccentric and concentric training. However, the eccentric 
group's lowered magnitude was substantially greater than 
the concentric groups. In HDLC, a significant increase af-
ter only eccentric exercise was observed. In other studies, 
(Drexel et al., 2008; Zeppetzauer et al., 2013), HDLC, 

LDLC, TC, and apo B/apo A1 ratio were reduced in both 
eccentric and concentric groups, but only the difference for 
LDLC was statistically significant. There were no signifi-
cant changes in the lipid profile for either group from pre- 
to post-intervention in the study on people with T2DM 
(Kudiarasu et al., 2021). 

A meta-analysis was performed on the results of 
four studies (Chen et al., 2017a; Chen et al., 2017b; Drexel 
et al., 2008; Kudiarasu et al., 2021; Regnersgaard et al., 
2022) as two papers reported the same study and had        
similar results (Drexel et al., 2008; Zeppetzauer et al., 
2013), so data from only one study (Drexel et al., 2008) 
was included. The results show eccentric exercise is asso-
ciated with non-significant LDLC reduction (SMD -0.52; 
95% CI, -1.57 to 0.52; n = 116, P = 0.33; Figure 5) with 
high and significant (I2 = 85%, P = 0.0002) heterogeneity 
observed and increased HDLC (SMD 0.74; 95% CI, -0.29 
to 1.76; n = 116; P = 0.16; Figure 6) with high and signifi-
cant (I2 = 84%, P = 0.0003) heterogeneity observed as com-
pared with concentric exercise. This represents an approx-
imate decrease of 0.25 mmol/L (95% CI -0.77 to 0.25) in 
LDLC and an increase of 0.22 mmol/L (95% CI -0.09 to 
0.52) in HDLC. The quality of evidence for eccentric exer-
cise to decrease LDLC and increase HDLC was graded as 
very low. The quality of evidence was downgraded thrice; 
once for the high risk of bias in the included studies due to 
lack of blinding for participants and assessors; once for a 
small sample size, and once due to more than 40% hetero-
geneity. 
 
Cardiovascular parameters 
Two studies (Chen et al., 2017a; Lewis et al., 2018) re-
ported the effect of chronic eccentric exercise training 
compared to concentric training on cardiovascular out-
come measures. Both these studies reported the effect of 
chronic eccentric training on resting brachial blood pres-
sure, and only one (Chen et al., 2017a) reported an effect 
on resting heart rate. None of the studies measured central 
(aortic) blood pressure or arterial health. 
 
Brachial blood pressure 
Two studies on healthy participants measured brachial sys-
tolic and diastolic blood pressure (SBP and DBP) (Chen et 
al., 2017a;  Lewis et al., 2018).   The  results  of  one study  

 
 

 

 
 

 
 

Figure 5. Forest plot of eccentric vs concentric exercise on LDLC. Risk of bias summary: review authors' judgements about each risk of 
bias item for each included study. Green symbols represent a low risk of bias, yellow symbols represent an unclear risk, and red symbols represent a 
high risk of bias.  
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Figure 6. Forest plot of eccentric vs concentric exercise on HDLC. Risk of bias summary: review authors' judgements about each risk of 
bias item for each included study. Green symbols represent a low risk of bias, yellow symbols represent an unclear risk, and red symbols represent a 
high risk of bias. 

 
 

 
 
 

Figure 7. Forest plot of meta-analyses showing a comparison of eccentric versus concentric training on systolic and diastolic 
blood pressure. 
 
(Chen et al., 2017a) in which the training modality was 
walking up and down stairs showed SBP decreased more 
after eccentric exercise (-9%) than after concentric exercise 
(-4%). In the case of DBP, significant decreases were 
found in both groups following the training intervention, 
with no substantial differences between them. Another 
study (Lewis et al., 2018) showed a non-significant de-
crease in SBP and DBP among both training groups after 
training. At baseline, there was no difference in resting 
blood pressure between the groups, and this remained the 
same following training. 

A random-effects meta-analysis using MD showed 
eccentric exercise led to significant decreases in SBP (MD 
-6.84; 95% CI, -9.84 to -3.84; P = 0.00001 n = 47; Figure 
7) with no (I² = 0%; P = 0.90) heterogeneity observed. The 
quality of evidence for eccentric exercise to decrease SBP 
was graded as low. The quality of evidence was down-
graded twice, once for the high risk of bias in the included 
studies due to lack of blinding for participants and asses-
sors and once for a small sample size. 

A random-effects meta-analysis using MD per-
formed on the results of two studies showed eccentric ex-
ercise led to a significant decrease in DBP (MD -6.39; 95% 
CI -9.62 to -3.15; P = 0.0001, n = 47; figure 7) with high 
and non-significant (I² = 70%; P = 0.07) heterogeneity ob-
served. The quality of evidence for eccentric exercise to 

decrease DBP was graded as very low. The quality of evi-
dence was downgraded thrice; once for the high risk of bias 
in the included studies due to lack of blinding for partici-
pants and assessors; once for a small sample size, and once 
due to more than 40% heterogeneity. 
 
Resting heart rate 
One study (Chen et al., 2017a) on a healthy population re-
ported the effects of concentric and eccentric exercise 
training on resting heart rate. Results showed that resting 
heart rate was significantly decreased after eccentric          
exercise (-9.8 + 4.3%) compared to concentric exercise (-
4.0% + 3.7%) after a 12-week intervention.  
 
Effect of exercise on functional physical fitness 
Six studies have reported the effects of eccentric exercise 
on functional physical fitness. Four studies (Chen et al., 
2017a; Chen et al., 2017b; Gault et al., 2012; Regnersgaard 
et al., 2022) were conducted on a healthy population and 
two studies (Hajihasani et al., 2014; Kudiarasu et al., 2021) 
on people with T2DM. The training was performed by 
walking on a treadmill (Hajihasani et al., 2014; Gault et al., 
2012), ascending and descending stairs (Chen et al., 2017a; 
Regnersgaard et al., 2022), using a leg extension machine 
(Chen et al., 2017b) and a Cybex dynamometer (Kudiarasu 
et al., 2021). The studies included in our review assessed a 
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range of functional fitness tests, including tests for aerobic 
fitness/endurance (6MWT) and tests for mobility/flexibil-
ity, balance, and strength such as (TUG, 30-sec chair stand, 
8 foot up and go, 6 m tandem walk, 2 min- step test). All 
but one study assessed functional fitness through 6MWT 
(Hajihasani et al., 2014; Chen et al., 2017a; Chen et al., 
2017b; Kudiarasu et al., 2021; Regnersgaard et al., 2022). 
The remaining study (Gault et al., 2012) assessed func-
tional physical fitness through TUG, and five repetitions sit 
to stand test. TUG was also performed in two other studies 
(Hajihasani et al., 2014; Kudiarasu et al., 2021). Two stud- 
ies (Chen et al., 2017a; Chen et al., 2017b) performed other 
measures of functional physical fitness in addition to 
6MWT, such as 30 seconds sit-to-stand test (30STS), 2 
min- step test, 8 foot up and go test, and 6 m tandem walk 
test. 

In the three studies which measured functional 
physical fitness through TUG, two studies (Hajihasani et 
al., 2014; Kudiarasu et al., 2021) compared eccentric exer-
cise to concentric exercise, whereas one compared eccen-
tric exercise (downhill walking) with traditional exercise 
(flat-level walking) (Gault et al., 2012). Results of two 
studies (Hajihasani et al., 2014; Gault et al., 2012) indi-
cated that both types of exercise training decreased TUG 
time (sec) pre- to post-training significantly; however, in 
between group analysis, there was no significant difference 
observed. The third study showed that only eccentric train-
ing decreased time (sec) after training for TUG signifi-
cantly (Kudiarasu et al., 2021). Meta-analysis was not per-
formed on results because, in two studies, data was graph-
ically presented (Hajihasani et al., 2014; Gault et al., 2012). 

Among five studies that performed 6MWT, dis-
tance walked in 6 minutes increased post-training interven-
tion in both groups. In two studies (Hajihasani et al., 2014; 
Chen et al., 2017a), the increase in 6MWT distance was 
significantly more for the eccentric training group than the 
concentric training group.  Three studies (Chen et al., 
2017b; Kudiarasu et al., 2021; Regnersgaard et al., 2022) 
reported no significant difference between groups, func-
tional physical fitness increased in both groups because of 
training. A random effects meta-analysis using MD was 
performed on the results of four studies, as data was graph- 

ically presented in one paper (Hajihasani et al., 2014). The 
distance walked post-intervention was greater in both in-
tervention groups in all studies. Results showed a non-sig-
nificant increase in distance walked in meters in 6MWT 
following the eccentric versus concentric intervention (MD 
13.91; 95%CI -18.44 to 46.27; p = 0.40; Figure 8) across 
all studies in the meta-analysis with a high and significant 
level of heterogeneity (I2 = 81%, p = 0.001). The evidence 
for eccentric exercise to increase the distance walked in 
6MWT was graded as very low. The quality of evidence 
was downgraded thrice; once for the high risk of bias in the 
included studies due to lack of blinding for participants and 
assessors; once for a small sample size, and once due to 
more than 40% heterogeneity. 

Results from one (Chen et al., 2017a) of the two 
studies(Chen et al., 2017a; Chen et al., 2017b), which per-
formed a 30-s chair stand, 8 foot up and go, 2 min- step 
test, and 6 m tandem walk, showed significant improve-
ment in all these functional physical fitness parameters. 
However, the 30-s chair stand test and 6 m tandem walk 
showed more remarkable improvement for the eccentric 
than the concentric group. In the other study (Chen et al., 
2017b), 8-foot up-and-go and 30-s chair stand test results  
were significantly  better  (P < 0.05) for the ec- 
centric training group than concentric training group, but 
no significant differences were found for other tests. An-
other study (Regnersgaard et al., 2022) also performed a 
30-sec chair-stand test; results showed that the number of 
stands increased significantly after both types of exercise. 
A fixed-effects meta-analysis using MD was performed on 
the results of all studies. Results showed a significantly in-
creased number of stands in the 30-sec chair-stand-test fol-
lowing the eccentric versus concentric intervention (MD 
3.24; 95%CI -1.89 to 4.58; n = 70; p = 0.00001; Figure 9) 
across all studies in the meta-analysis with no heterogene-
ity observed (I2 = 0%, p = 0.52). The evidence for eccentric 
exercise to increase the number of stands in the 30-sec 
chair-stand test was graded as low. The quality of evidence 
was downgraded twice, once for study limitations due to 
the high risk of bias due to lack of blinding for participants 
and assessors and once due to small sample size. 

 
 

 

 
 

 
 

Figure 8. Forest Plot of meta-analyses showing a comparison of eccentric versus concentric training on Functional Physical 
Fitness measured as distance covered in meters in 6 Minute walk test. Risk of bias summary: review authors' judgements about each risk 
of bias item for each included study. Green symbols represent a low risk of bias, yellow symbols represent an unclear risk, and red symbols represent a 
high risk of bias.  
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Figure 9. Forest Plot of meta-analyses showing a comparison of eccentric versus concentric training on Functional Physical 
Fitness measured as a 30-sec Chair stand test. Risk of bias summary: review authors' judgements about each risk of bias item for each included 
study. Green symbols represent a low risk of bias, yellow symbols represent an unclear risk, and red symbols represent a high risk of bias. 

 
Effect of exercise on strength 
Sixteen studies reported the effects of eccentric exercise 
training on muscle strength (Chen et al., 2017a; Chen et al., 
2017b; Duncan et al., 1989; Franchi et al., 2014; Gault et 
al., 2012; Hortobagyi et al., 1996a; Hortobagyi et al., 
1996b; Kudiarasu et al., 2021; Lewis et al., 2018; Miller et 
al., 2006; Nickols-Richardson et al., 2007; Pavone and 
Moffat, 1985; Raue et al., 2005; Regnersgaard et al., 2022; 
Rodio and Fattorini, 2014; Tomberlin et al., 1991). Among 
these, 15 studies were conducted on healthy people, and 
one included people with T2DM  (Kudiarasu et al., 2021). 
Fifteen studies compared eccentric exercise with concen-
tric exercise (Chen et al., 2017a; Chen et al., 2017b; 
Duncan et al., 1989; Franchi et al., 2014; Hortobagyi et al., 
1996a; Hortobagyi et al., 1996b; Kudiarasu et al., 2021; 
Lewis et al., 2018; Miller et al., 2006; Nickols-Richardson 
et al., 2007; Pavone and Moffat, 1985; Raue et al., 2005; 
Regnersgaard et al., 2022; Rodio and Fattorini, 2014; 
Tomberlin et al., 1991) and one study (Gault et al., 2012) 
compared eccentric exercise with mixed training. Five 
studies also included a non-exercise control group  
(Duncan et al., 2016; Hortobagyi et al., 1996a; Hortobagyi 
et al., 1996b; Raue et al., 2005; Tomberlin et al., 1991). 
One study (Rodio and Fattorini, 2014) included two addi-
tional comparison groups (level and mixed walking group), 
while another study(Pavone and Moffat, 1985) included an 
isometric training comparison group. A single study in-
cluded two eccentric training groups (downhill walking 
and downhill walking while carrying additional weight in 
a backpack) (Regnersgaard et al., 2022). In nine studies, 
training was performed on an isokinetic dynamometer 
(Duncan et al., 1989; Hortobagyi et al., 1996a; Hortobagyi 
et al., 1996b; Kudiarasu et al., 2021; Miller et al., 2006; 
Nickols-Richardson et al., 2007; Pavone and Moffat, 1985; 
Raue et al., 2005; Tomberlin et al., 1991), two studies in-
volved climbing or descending stairs (Chen et al., 2017a; 
Regnersgaard et al., 2022), two studies used a leg extension 
machine (Chen et al., 2017b; Franchi et al., 2014), two in-
cluded treadmill walking (Gault et al., 2012; Rodio and 
Fattorini, 2014) and one study involved training on a cycle 
ergometer(Lewis et al., 2018). Strength was measured 
through an isokinetic dynamometer(Chen et al., 2017b; 
Duncan et al., 1989; Franchi et al., 2014; Gault et al., 2012; 
Hortobagyi et al., 1996a; Hortobagyi et al., 1996b; Lewis 

et al., 2018; Miller et al., 2006; Nickols-Richardson et al., 
2007; Pavone and Moffat, 1985; Raue et al., 2005; 
Tomberlin et al., 1991), leg extension device (Chen et al., 
2017a), force plate(Regnersgaard et al., 2022), using free 
weights (Kudiarasu et al., 2021), and an experimental 
strength measurement device based on a load cell (Rodio 
and Fattorini, 2014). Strength was measured as one repeti-
tion maximum (RM) (Chen et al., 2017b; Franchi et al., 
2014; Kudiarasu et al., 2021; Raue et al., 2005), 3 RM 
(Regnersgaard et al., 2022), 6 RM(Lewis et al., 2018),  
Maximum voluntary isometric contraction (MVC-Iso) 
(Chen et al., 2017a; Chen et al., 2017b; Hortobagyi et al., 
1996a; Hortobagyi et al., 1996b; Lewis et al., 2018; Pavone 
and Moffat, 1985; Rodio and Fattorini, 2014), concentric 
isokinetic torque (Duncan et al., 1989; Gault et al., 2012; 
Hortobagyi et al., 1996a; Hortobagyi et al., 1996b; Miller 
et al., 2006; Nickols-Richardson et al., 2007; Tomberlin et 
al., 1991) and eccentric isokinetic torque (Duncan et al., 
1989; Gault et al., 2012; Hortobagyi et al., 1996a; 
Hortobagyi et al., 1996b; Miller et al., 2006; Nickols-
Richardson et al., 2007; Tomberlin et al., 1991). 

Eccentric training increased isometric(Chen et al., 
2017a; Chen et al., 2017b; Franchi et al., 2014; Hortobagyi 
et al., 1996a; Hortobagyi et al., 1996b; Lewis et al., 2018; 
Rodio and Fattorini, 2014), concentric(Chen et al., 2017b; 
Franchi et al., 2014; Kudiarasu et al., 2021; Miller et al., 
2006; Nickols-Richardson et al., 2007; Pavone and Moffat, 
1985) and eccentric strength(Duncan et al., 1989; Gordon 
et al., 2019; Hortobagyi et al., 1996b; Miller et al., 2006; 
Nickols-Richardson et al., 2007; Tomberlin et al., 1991). 
Concentric training also increased isometric(Franchi et al., 
2014; Hortobagyi et al., 1996b; Lewis et al., 2018), con-
centric (Duncan et al., 1989; Franchi et al., 2014; 
Hortobagyi et al., 1996b; Kudiarasu et al., 2021; Miller et 
al., 2006; Nickols-Richardson et al., 2007; Raue et al., 
2005; Regnersgaard et al., 2022; Tomberlin et al., 1991) 
and eccentric strength (Hortobagyi et al., 1996a; Miller et 
al., 2006; Nickols-Richardson et al., 2007; Tomberlin et al., 
1991). A single study reported no change in eccentric and 
concentric strength after downhill and flat-level Walking 
(Gault et al., 2012). 
 
Isometric strength 
A random effects meta-analysis using SMD performed on  
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the results of five studies showed eccentric exercise led to 
a significant increase in isometric strength (SMD 0.84; 
95% CI 0.03 to 1.65; n=120; P = 0.04, figure 10) with sig-
nificant and high (I² = 76%; P=0.002) heterogeneity ob-
served. This represents an approximate 7.8 Nm increase in 
isometric strength (95% CI 0.27 to 15.25). The quality of 
evidence for eccentric exercise to increase isometric 
strength was graded as very low. The quality of evidence 
was downgraded thrice, once due to the high risk of bias in 
included studies due to lack of blinding for participants and 
assessors, once for small sample size and once for more 
than 40% heterogeneity. 
 

Concentric strength 
Meta-analysis was performed on the results of ten studies 
as data were presented graphically in one study 
(Hortobagyi et al., 1996b). A random effects meta-analysis 
using SMD showed eccentric exercise led to a non-signifi-
cant increase in concentric strength (SMD 0.16; 95% CI -
0.26 to 0.58; n = 292; P = 0.45, figure 10) with high and 
significant (I² = 64%; P = 0.003) heterogeneity observed. 
This represents an approximate 5.8 Nm increase in concen-
tric strength (95% CI -9.43 to 21.04). The quality of evi-
dence for eccentric exercise to increase concentric strength 
was graded as very low. The quality of evidence was down- 

graded thrice, once due to the high risk of bias in included 
studies due to lack of blinding for participants and asses-
sors, once for a small sample size and once for more than 
40% heterogeneity. 
 
Eccentric strength 
Meta-analysis was performed on the results of six studies  
as results were in graphical form in one study(Hortobagyi 
et al., 1996b). A random effects meta-analysis using SMD 
performed on the results of six studies showed eccentric 
exercise led to a significant increase in eccentric strength 
(SMD 1.37; 95% CI 0.21 to 2.53; n = 224; P = 0.02, figure 
10) with high and significant (I² = 93%; P = 0.00001) het-
erogeneity observed. This represents an approximate 70.82 
Nm increase in eccentric strength (95% CI 10.85 to 
130.79). The quality of evidence for eccentric exercise to 
increase eccentric strength was graded as very low. The 
quality of evidence was downgraded thrice, once due to the 
high risk of bias in included studies due to lack of blinding 
for participants and assessors, once for a small sample size 
and once for more than 40% heterogeneity. 

Each of these analyses shows a trend towards 
greater strength gains among those who exercise eccentri-
cally versus concentrically. 

 
 

 

 
 

 
 

Figure 10. Forest Plot of meta-analyses showing a comparison of eccentric versus concentric training on strength. Risk of bias 
summary: review authors' judgements about each risk of bias item for each included study. Green symbols represent a low 
risk of bias, yellow symbols represent an unclear risk, and red symbols represent a high risk of bias.  
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Discussion 
 
This systematic review summarises the latest evidence 
about the efficacy of eccentric exercise training in compar-
ison  to  concentric/traditional exercise training intervene- 
tions on health risk factors and physical function in healthy 
populations and people with metabolic disease not previ-
ously involved in structured exercise training. The main 
findings are: (a) eccentric exercise leads to significant 
gains in isometric, eccentric and overall strength,                 
(b) eccentric exercise training leads to significant decreases 
in SBP and DBP, and (c) none of the included studies ana-
lysed central blood pressure or any measures of arterial 
health. 
 
Health risk factors 
The health-related risk factors explored in this review in-
cluded glucose handling, lipids, and blood pressure. Only 
six RCTs compared the effects of eccentric exercise to con-
centric exercise on glucose handling. Results indicated that 
eccentric exercise led to similar or better glucose handling 
by decreasing HbA1c, HOMA, fasting glucose and insulin 
compared to concentric exercise. The mechanism related 
to better glucose handling during eccentric exercise is 
based on the type of contractions. During lengthening ec-
centric contractions, there is greater microdamage sus-
tained by muscle fibres. Hence, more energy is required to 
repair the damaged muscle fibres, which leads to better 
blood glucose handling (Proske and Morgan, 2001). Alt-
hough the overall effect size favoured eccentric exercise 
over concentric exercise, but there were very few studies, 
and significant heterogeneity was observed across studies; 
consequently, these findings require further investigation. 

Similarly, limited research studies have investi-
gated the effects of eccentric exercise training on lipids, 
and none of the previous reviews has examined these ef-
fects. Among the 19 studies, five examined the effects of 
eccentric exercise training on lipid levels. LDLC levels are 
directly and HDLC levels are inversely related to the risk 
of cardiovascular disorders. Meta-analyses performed on 
the results of four studies in our review represent a non-
significant decrease in LDLC and an increase in HDLC af-
ter eccentric exercise training. A possible explanation is 
that oxidation of fatty acid increases after eccentric con-
tractions (Peñailillo et al., 2014). Reduction in LDLC that 
occurred following eccentric resistance training may be 
caused by the flow of cholesterol into the muscle from 
plasma. This provides a platform for synthesising new cell 
membranes (Paschalis et al., 2011). The rise in HDLC that 
occurs after eccentric exercise may be attributable to an in-
crease in lipoprotein lipase activity, an enzyme which ac-
celerates the breakdown of TG derived from very low-den-
sity lipoproteins (VLDL) and reduces the size of lipopro-
tein particles. Consequently, an excess of shell lipids are 
produced, the majority of which are transferred to HDLC 
(Frayn et al., 2003; Paschalis et al., 2010). Two studies     
analysed the effects of eccentric exercise training on HR 
and BP. Results showed that eccentric exercise signifi-
cantly lowered both SBP and DBP. 

Based on our findings, eccentric exercise is as or 
more  effective  than  concentric  exercise  for the manage 

ment of health-related risk factors. Furthermore, our re-
view indicates the trend of eccentric exercise towards bet-
ter glucose handling than traditional or concentric exercise. 
This finding has important potential implications linked to 
the effective management of conditions involving impaired 
glucose handling, such as T2DM. Obesity and a sedentary 
lifestyle are key risk factors for developing T2DM (Qin et 
al., 2010). In sedentary individuals at risk of metabolic dis-
ease, adopting eccentric exercises could delay the develop-
ment of metabolic disease and may be more attractive due 
to lower cardiovascular demand and reduced perceived ef-
fort associated with the exercise (Lewis et al., 2018). Nev-
ertheless, additional high-quality studies with minimal risk 
of bias are necessary to validate these results. 
 
Functional physical fitness 
The capability to perform one's daily living (ADL) activi-
ties without undue fatigue or difficulty is typically consid-
ered an indicator of functional fitness. Functional fitness 
assessment tests are carried out to determine the individu-
al's mobility, strength, flexibility and endurance (Rikli and 
Jones, 2013). As individuals age, functional fitness de-
creases. A low level of fitness in elderly is linked to exces-
sive lean muscle loss, an abnormal metabolic profile, in-
creases in blood pressure, poor balance and reduced muscle 
strength, all of which lead to increased dependence on oth-
ers, which negatively impacts the quality of life and leads 
to increased risk of morbidity and mortality (Jae et al., 
2010; Koster et al., 2010; Sui et al., 2012). Maintaining 
functional physical fitness from a young age is essential to 
delay mortality and dependency associated with ageing. 
Studies included in this review had a mix of young and 
older adult populations. Various tests, including 6MWT, 
assessed functional fitness. The ability to walk as far as 
possible in a given time reflects individuals' functionality 
and quality of life (Enright et al., 2003). Meta-analysis 
showed eccentric exercise led to a non-significant increase 
of 14 m in 6 MWT compared to concentric exercise. A pre-
vious review has shown that a change of 14.0 to 30.5m in 
6MWT distance is clinically meaningful across multiple 
chronic disease groups (Bohannon and Crouch, 2017); this 
indicates that the increase reported in this review may rep-
resent a meaningful improvement in physical fitness. How-
ever, given that changes were not statistically significant, 
further research is required to support this contention. TUG 
and 30STS tests frequently assess fall risk and overall func-
tion (Bennell et al., 2011). All three studies that analysed 
the effects of eccentric exercise on TUG showed improve-
ment after eccentric exercise training compared to pre-
training scores (Hajihasani et al., 2014; Gault et al., 2012; 
Kudiarasu et al., 2021). There was a significant improve-
ment in 30STS after eccentric exercise training compared 
to traditional or concentric exercise. The conclusions of 
this review align with a recent review (Čretnik et al., 2022) 
conducted on older healthy adults (greater than 55 years) 
and patients with metabolic and cardiovascular diseases, 
which reported eccentric exercise elicited more significant 
improvements in TUG, 2-min sit-stand test and 30STS, but 
not significantly in 6MWT. Our findings build on this     
previous review by including a more diverse age group and 
additional studies. 
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Strength 
With age, people experience a simultaneous deterioration 
in their strength and the quality of their muscles, both of 
which lead to lower exercise tolerance and an increased 
risk of impairment, significantly decreasing their life qual-
ity (Hughes et al., 2001; Manini et al., 2007). The cardio-
vascular function also declines with age (Gault and 
Willems, 2013). Less cardiovascular stress is caused by ec-
centric actions (Vallejo et al., 2006) and the perceived       
exertion is also low (Hollander et al., 2003). Our review 
confirms that eccentric exercise training significantly in-
creases isometric and eccentric strength more than tradi-
tional/concentric exercise. Eccentric exercise training also 
indicated a trend towards greater gains in concentric 
strength than concentric exercise, even though the differ-
ence was not statistically significant. In conclusion, this 
systematic review suggests that eccentric exercise may be 
more beneficial for people with lower exercise tolerance 
due to greater improvements in strength with lower per-
ceived effort compared to concentric exercise (Vallejo et 
al., 2006). The meta-analyses conducted on strength 
showed a positive finding for heterogeneity. This variation 
could be due to disparities in training modalities, training 
duration and intensity, methods used for testing strength, 
and participant characteristics. Our results align with a pre-
vious review (Roig et al., 2009), showing increased 
strength with eccentric exercise. In contrast to our results, 
a systematic review of older people demonstrated that iso-
metric strength gains were greater following eccentric 
training than concentric/traditional training. Although the 
overall effect favoured the eccentric group, it was not sta-
tistically significant (Čretnik et al., 2022). The difference 
between the previous and our review is due to the differ-
ence in studies included in both reviews. The previous re-
view encompassed studies involving older individuals 
(greater than 55 years) only, whereas this review included 
studies conducted on both young and ageing populations. 
As eccentric contractions can enhance muscle strength and 
mass without imposing undue stress on the cardiopulmo-
nary system, they merit exploration as a potential exercise 
option for individuals with low exercise tolerance, includ-
ing frail elderly individuals or those with chronic illnesses 
(Roig et al., 2008; Vallejo et al., 2006). 
 
Strengths and limitations of review 
There are several strengths of this review. Before conduct-
ing the searches, the decisions related to the selection of 
studies, data extraction and analyses were made, and the 
study protocol was registered on Prospero. We used certi-
fied tools like Covidence and Grade Pro to screen studies 
and grade the evidence quality and adhered to the 
PRISMA-P guidelines. Data were extracted by two review-
ers independently in Covidence. Two reviewers conducted 
an independent risk of bias assessment, and the findings 
were utilized to evaluate the quality of the evidence. Since 
RCTs are part of the review, it is considered to have the 
highest possible level of evidence. Another important 
strength is that the included studies were not limited to a 
specific population but included diverse populations, so the 
findings of this review are widely applicable. 

However,  we  recognise that this review has some  

limitations. Few studies have been conducted to examine 
the chronic effects of eccentric exercise programmes in 
contrast to concentric/traditional exercise on health risk 
factors such as glucose handling, lipids, heart rate, blood 
pressure and arterial health. Furthermore, limited studies 
were conducted on people with metabolic disease, so meta-
analyses were conducted on these limited studies, and sub-
group  analyses  were  not  possible. Most of these studies  
received a "low" rating in methodological quality due to 
their failure to implement blinding procedures for partici-
pants, evaluators, and therapists responsible for delivering 
training in the study. It is vital to consider that blinding par-
ticipants and therapists in exercise training type studies is 
difficult. 

There was heterogeneity in exercise type and data 
measurement methods, for example, strength was meas-
ured using a range of equipment, making it difficult to 
compare outcomes. In some studies, participants engaged 
in aerobic training (i.e., walking or cycling); while in oth-
ers, they engaged in resistance-type protocols (i.e., isoki-
netic). Because there were few studies, it was impossible 
to categorise them based on the sort of training technique 
used. In future studies, it may be possible to eliminate these 
disparities by utilizing more exact descriptors to character-
ise each mode of training. 

 
Conclusion 
 
This review found that eccentric exercises significantly im-
prove strength and decrease brachial blood pressure com-
pared to traditional/ concentric exercises. The limited num-
ber of studies that observed the effects of eccentric exercise 
training on health-related parameters such as glucose han-
dling, lipids, and cardiovascular function found that eccen-
tric exercise was comparable to or even more effective than 
concentric/traditional exercise in managing these health-
related risk factors. 

Since eccentric exercise requires less perceived ef-
fort than traditional/concentric exercise, it may be a more 
appealing option for people, particularly those with low ex-
ercise tolerance. Individuals with low exercise capacity or 
comorbidities may be able to safely engage in this type of 
exercise. Given the improvement in test outcomes for mo-
bility, flexibility, balance and strength from eccentric exer-
cise training, healthcare professionals can confidently pre-
scribe eccentric exercises to patients with reduced exercise 
tolerance having balance and mobility issues. 

Eccentric exercises are cheap and easy to perform. 
These can be performed without needing specialised equip-
ment while carrying out daily activities to emphasise ec-
centric contractions (e.g., while sitting down, descending 
slowly in the chair). Descending stairs or walking downhill 
has emerged as a useful eccentric exercise for older people 
(Chen et al., 2017a; Regnersgaard et al., 2022). This tech-
nique is feasible where an escalator or other means of as-
sisting the person to ascend is available and requires no 
special equipment. Eccentric exercise can also be per-
formed on specialised treadmills and cycle ergometers, so 
including such devices in gyms and rehabilitation centres 
will provide an attractive option to traditional ergometers. 
Although promising, eccentric training must be explored 
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further to understand the underlying physiology. This 
knowledge will assist health care professionals in under-
standing the mechanisms of benefit and thereby increase 
the prescription of eccentric training modalities for benefi-
cial outcomes in clients with reduced exercise tolerance or 
balance and mobility issues and healthy younger individu-
als.  
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Key points 
 
 Eccentric exercise (e.g., downhill walking) is widely per-

ceived as easier to perform than traditional exercise (e.g., 
flat or uphill walking). 

 Eccentric exercise may have more significant benefits for 
muscle strength and some markers of health than traditional 
exercise. 

 Eccentric exercise may be an attractive alternative to tradi-
tional exercise in encouraging sedentary people to become 
more active. 

 
 
Appendix 1 
 
SEARCH TERMS 
 
"Eccentric training" OR "Eccentric exercise" OR "Downhill walking" 
OR "Muscle lengthening" 
 
AND "cardiovascular function" OR "Arterial Health" OR "Blood pres-
sure" OR Glucose OR HbA1c OR metabolism OR lipids OR physiol* 
OR *health OR "glycosylated haemoglobin" OR glycol* OR AGE* OR 
insulin OR "quality of life" OR "glycosylated hemoglobin" OR "Physi-
cal fitness" OR "Physical function" OR "exercise tolerance" OR 
*strength OR "exercise capacity" OR *fitness OR flexibility OR balance 
OR falls* 
 
AND Metabolic* OR diab* OR T2DM OR T2D OR obes* OR MetS 
OR *diab* OR Impaired glucose* OR CVD OR CHF OR cardiovasc* 
OR Seden* OR "physical inact*" 

Search terms were "Eccentric training" OR "Eccentric exercise" OR 
"Downhill walking" OR "Muscle lengthening"  

AND "cardiovascular function" OR "Arterial Health" OR "Blood 
pressure" OR Glucose OR HbA1c OR metabolism OR lipids OR physiol* 
OR *health OR "glycosylated haemoglobin" OR glycol* OR AGE* OR 
insulin OR "quality of life" OR "glycosylated hemoglobin" OR "Physical 
fitness" OR "Physical function" OR "exercise tolerance" OR *strength 
OR "exercise capacity" OR *fitness OR flexibility OR balance OR falls* 
AND Metabolic* OR diab* OR T2DM OR T2D OR obes* OR MetS OR 
*diab* OR Impaired glucose* OR CVD OR CHF OR cardiovasc* OR 
Seden* OR "physical inact*".  

AND “HUMAN” 
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