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Abstract 

Background 

Concurrent training of strength and endurance can lead to inferior strength 

development compared to strength training only. This “interference effect” is 

most pronounced in those with training experience and a high training volume. 

The aim of this thesis was to perform a systematic review and meta-analysis to 

determine the effect of performing endurance and strength training in the same 

sessions vs. split sessions separated by no more than 12 hours on strength and 

muscular power development. 
 

Method 

A search was performed for randomised studies that: -compared performing 

endurance and strength and/or muscular power training in the same session with 

separate sessions 2-12 hours apart -included participants with previous training 

experience -reported changes in maximal isometric or dynamic strength and/or 

muscular power. 

 

Results 

One study matching the inclusion criteria was identified, a meta-analysis was 

therefore not possible. The identified study found that separating endurance and 

strength training by six hours led to larger improvements in upper and lower body 

strength development than performing both modalities in the same session. There 

was no clear difference in lower body muscular power. The participants had 

limited strength training experience and the training volume during the 

intervention was low. 
 

Conclusion 

More research is needed on how to plan concurrent training when performed by 

those with previous training experience in a narrow time frame. The existing 

evidence, which is of limited applicability to high level athletes, suggests that 

separating endurance and strength training leads to greater strength development 

than performing both in a single session. 

 

Key words: Adaptation, Physiological; Exercise; Physical Endurance; Resistance 

training. 
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Background 

Adaptations to physical exercise 

“The principle of adaptation” as it relates to physical exercise refers to the ability 

of the human body to adapt to enhance its ability to maintain homeostasis when it 

is repeatedly exposed to a stressor (Coffey & Hawley 2007). Regularly 

performing physical tasks that challenge the body’s current capabilities will lead 

to physiological changes that are a potential for enhanced performance in those 

tasks (Coffey & Hawley 2007). Physical exercise can broadly be categorised as 

either aiming to improve strength or endurance (Hughes, Ellefsen & Baar 2018). 

 

Strength is commonly defined as an individual’s ability to generate force and 

strength training aims to improve this ability. This is traditionally achieved by 

contracting muscles against a resistance that only allows for a limited number of 

repeated contractions before exhaustion (Hughes, Ellefsen & Baar 2018; Knuttgen 

2007). Increases in strength can be achieved using a variety of relative loads but 

training task specifically using high loads close to the one repetition maximum 

(1RM), corresponding to approximately ≥85%1RM, is likely optimal for strength 

development in the specific task (Morton, Colenso-Semple & Phillips 2019). A 

higher training volume can lead to greater increases in strength but there is a point 

of diminishing returns, which is estimated to be at >15sets/muscle/week (Morton, 

Colenso-Semple & Phillips 2019). The physiological adaptations that lead to 

increased strength are both muscular adaptations such as increased cross-sectional 

area and pennation angle, and neurological adaptations such as increased agonist 

activation and decreases antagonist activation (Folland & Williams 2007). 

 

Muscular power is the product of the force and velocity produced by a muscle 

contraction, or the amount of force generated in a specific time (Cormie, 

McGuigan & Newton 2011a). Like strength training, muscular power is most 

efficiently developed by incorporating specific training, that is high-velocity 

contractions against a lighter relative load (Cormie, McGuigan & Newton 2011b). 
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Endurance training aims to enhance the ability to sustain a submaximal power 

output over time (Hawley 2002). Repeated bouts of endurance training over time 

lead to adaptations in the cardiovascular system and muscles such as increased 

cardiac output, increased blood volume, increased capillary density (Hellsten & 

Nyberg 2016), increased mitochondrial density and a higher contribution to 

energy turnover from fat oxidation (Hawley 2002). These adaptations are a 

potential for improved endurance performance as they can allow the individual to 

sustain a higher average aerobic power output over a given distance or time 

(Hawley 2002; Hellsten & Nyberg 2016). 

 

Endurance performance is based on generating a relatively low power output over 

a prolonged time while strength performance is performed at either maximal or 

near maximal power output for a short duration (Knuttgen 2007). Therefore, 

strength and endurance performance and training can be said to be opposites when 

it comes to the physiological demands they pose as they are performed at opposite 

ends of the metabolic power continuum of physiological performance, and hence 

lead to different physiological adaptations (Coffey & Hawley 2007; Knuttgen 

2007). 

Concurrent training 

The term ‘concurrent training’ is used to describe a training program designed to 

develop both endurance and strength. The term is used broadly and can refer to 

different training plans were endurance and strength training is performed in 

either the same or in separate training sessions, or even periodised over longer 

periods of time (Coffey & Hawley 2017). While there are sports that can be 

placed at either end of the metabolic power continuum and clearly be classified as 

either endurance-based, such as long-distance running, or strength-based, such as 

olympic weightlifting, many sports require a combination of both endurance and 

strength. Team sports such as football (Stølen, Chamari, Castagna & Wisløff 

2005), ice hockey (Ransdell, Murray & Gao 2013; Vigh-Larsen et al. 2019) and 

rugby league (Gabbett, King & Jenkins 2008) and individual sports such as 
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rowing and canoeing (García-Pallarés & Izquierdo 2011), wrestling (Chaabène et 

al. 2017) and boxing (Chaabène et al. 2015) all require well developed endurance 

and strength and/or muscular power for optimal performance. 

The interference effect 

A potential problem with combining endurance and strength training was first 

demonstrated by Hickson (1980) in a study showing that concurrent training can 

lead to inferior strength development compared to strength training alone. The 

study consisted of three groups of previously untrained participants training for 

ten weeks. One group performed only strength training, one group performed only 

endurance training and one group performed both strength and endurance training 

in the same session. The strength training and concurrent training groups had 

similar increases in strength for the first seven weeks but during the last three 

weeks the strength gains levelled off and decreased in the concurrent training 

group. After ten weeks the group that only trained strength showed a 44% average 

increase in strength while the concurrent training group improved by 25%. 

Development of VO2max was not adversely affected by concurrent training as the 

concurrent and endurance training groups showed similar increases. This 

phenomenon where concurrent training attenuates strength gains when compared 

to single mode training has since become known as ‘the interference effect’. Since 

this study concurrent training has been studied extensively. A meta-analysis by 

Wilson et al. (2012) confirmed the general results published by Hickson (1980). 

They found that there was an attenuating effect from concurrent training on 

strength and muscular power development when compared to performing strength 

training alone, and that concurrent training does not have an attenuating effect on 

VO2max development. Other studies have shown that endurance athletes can 

potentially improve performance by adding strength training to an endurance 

training program, primarily through improving economy of movement (Beattie, 

Carson, Lyons, Rossiter & Kenny 2017; Aagaard & Andersen 2010). 
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Despite these seemingly uniform results regarding the attenuating effect of 

concurrent training on strength development, several individual studies have 

shown less clear or contradicting findings (Hendrickson et al. 2010; Häkkinen et 

al. 2003; McCarthy, Pozniak &Agre 2002; Mikkola, Rusko, Izquierdo, Gorostiaga 

& Häkkinen 2012; Robineau, Lacome, Piscione, Bigard, & Babault 2017; 

Schumann, Yli-Peltola, Abbiss & Häkkinen, 2015; Shaw, Shaw & Brown 2009; 

Silva et al. 2012). These differing results are likely due to differences in study 

designs as there are several variables that can significantly impact the outcomes 

when studying concurrent training interventions. 

Moderating variables of the interference effect 

The meta-analysis by Wilson et al. (2012) found that interference of strength 

development was dependent on the modality of endurance exercise performed, 

showing that running but not cycling attenuated strength gains. They also found 

interference to be body part specific as upper-body strength was not affected. 

Volume of endurance training was another moderating variable as longer duration 

and/or more frequent endurance training was correlated with a greater reduction in 

strength and muscular power development. Sabag et al. (2018) reported similar 

findings in a meta-analysis examining the effect of concurrent strength and high-

intensity interval training (HIIT). They also found that lower-body strength was 

attenuated when compared to strength training alone while upper-body strength 

was unaffected. However, contrary to Wilson et al. (2012) they found that cycling 

and not running was the HIIT modality that attenuated strength gains. 

 

How concurrent training is organised can also affect strength and muscular power 

development. Two recent meta-analyses examined the effect of the sequence of 

same-session concurrent training (Eddens, van Someren & Howatson, 2018; 

Murlasits, Kneffel, & Thalib, 2018). Both found that performing strength prior to 

endurance training was more beneficial for development of lower body dynamic 

strength than performing endurance prior to strength training. Sabag et al. (2018) 
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also found some evidence that a 24-hour rest between training sessions might 

lessen the interference effect. 

 

These variables might partly explain why many studies have not found an 

interference effect on strength development while concurrent training. Many of 

these studies have employed designs with a low endurance training frequency 

(Häkkinen et al. 2003; Mikkola et al. 2012; Robineau et al. 2017; Schumann et 

al.2015; Silva et al. 2012) and/or a 24 hour rest between strength and endurance 

training sessions (Häkkinen et al. 2003; Mikkola et al. 2012; Robineau et al. 2017) 

The interference effect and the trained athlete 

Another important variable to consider is the individuals training status. Most of 

the studies that did not find an attenuating effect of concurrent training on strength 

development included previously untrained participants (Hendrickson et al. 2010; 

Häkkinen et al. 2003; McCarthy, Pozniak & Agre 2002; Mikkola et al. 2012; 

Schumann et al. 2015; Shaw, Shaw & Brown 2009; Silva et al. 2012). In a recent 

review, Coffey & Hawley (2017) summarized the evidence for training status as a 

moderating variable of the interference effect. They argued that an untrained 

individual will not experience any negative effects on strength development when 

they commence concurrent training. But as training adaptations occur and the 

individual transitions over time to what can be termed a trained state, the 

attenuating effect on strength gains will occur. There are also studies indicating 

that another challenge for athletes is managing the rest period between strength 

and endurance training sessions. While untrained individuals can achieve similar 

gains in strength whether performing strength and endurance training in the same 

session or on consecutive days (Schumann et al. 2015), those with training 

experience may benefit from separating the two modalities (Robineau, Babault, 

Piscione, Lacome & Bigard 2016). Even though separating endurance and 

strength training by more than 24 hours is possibly advantageous (Sabag et al. 

2018) it is in many cases not practical for high level athletes. Many sports require 

a high training volume to achieve and sustain high-level performance, which is 
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why it is common for many athletes to train multiple times in one day (Solli, 

Tønnessen & Sandbakk 2019; Tønnessen et al. 2016).  

 

In summary, concurrent endurance and strength training can lead to an 

interference effect that attenuates strength gains. The interference effect is likely 

most pronounced in trained athletes, who are dependent on optimising training 

induced performance enhancements. Athletes can reduce the magnitude of the 

interference effect by separating endurance and strength training by 24 hours, but 

due to their high training volume it is often necessary for high level athletes to 

train multiple times in one day. Furthering our understanding of how to program 

concurrent training in a narrow time frame in order to minimize the potential 

negative effect on strength development can be of great value for competitive 

athletes. Recent meta-analysis’s have evaluated concurrent strength and high-

intensity interval training (Sabag et al. 2018) and the role of intra-session training 

sequence (Eddens, van Someren & Howatson, 2018; Murlasits, Kneffel, & Thalib, 

2018). Individual studies have employed same vs. separate session designs. 

However, there has been no attempt at meta analysing the effects of same vs. 

separate session concurrent training on strength and muscular power development 

in a trained population. 

 

Aim 

The aim of this thesis was to perform a systematic review and meta-analysis in 

order to determine the effect of performing endurance and strength training in the 

same sessions vs. split sessions separated by no more than 12 hours on strength 

and muscular power development. 

The secondary outcome was to determine the moderating effect of the length of 

time between training sessions and training volume. 
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Methods 

Search strategy 

This systematic review and meta-analysis was designed and conducted in 

accordance with the guidelines outlined in the Cochrane Collaborations handbook 

for systematic reviews of interventions (Higgins et al. 2019). Reporting of the 

results was performed according to the guidelines outlined in the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 

(Moher, Liberati, Tetzlaff, Altman, & Group, 2009). The databases included in 

the review were PubMed, Medline, Scopus, Web of Science and ScienceDirect. 

Databases were searched 22-23rd of January 2020 for records published between 

1980, when the first study on concurrent training was published (Hickson 1980), 

through to the day the search was carried out. The general search string used for 

databases searches was “strength training” OR “weight training” OR “weight 

lifting” OR “resistance training” OR “resistance exercise” OR "power training" 

AND "endurance training" OR "endurance exercise" OR "aerobic exercise" OR 

"aerobic training" OR “concurrent training” OR “concurrent exercise” OR 

"combined training” OR "combined exercise”. For a comprehensive description of 

the search process, please see Appendix 1. 

Search results were imported into Mendeley Desktop v.1.19.4 (Mendeley 

Desktop, 2019) where duplicate identification was performed. 

Inclusion criteria and screening process 

Studies that met the following criteria were included: 

- randomised comparative studies 

- published in English 

- participants age 18-40 

- participants have ≥1year experience of strength training and/or actively 

competing in individual or team sports. 
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- compares volume matched concurrent training of endurance and strength and/or 

muscular power training performed in the same session with separate sessions 

performed 2-12 hours apart. 

- no deliberate manipulation of other factors, e.g. diet, sleep etc. 

- intervention duration ≥4 weeks 

- reports pre- and post-intervention measures of maximal isometric or dynamic 

strength and/or muscular power 

 

Screening of articles for inclusion was performed by the author in three steps. 

First article titles were read and if exclusion could not be confirmed the abstract 

was read. If exclusion still could not be confirmed the full-text version was 

retrieved and read to determine if inclusion criteria were met. 

 

The quality of the included studies was evaluated with the revised version of the 

Cochrane risk-of-bias tool (RoB 2) (Sterne et al. 2019). 

Ethical considerations 

All included studies were required to have received ethical approval from 

appropriate committees and have collected informed consent from participants. 

 

Results 

The database searches returned 14891 records (Figure 1). After duplicate 

identification, reading of abstracts and full-texts, one study that met the inclusion 

criteria was identified (Robineau et al. 2016). The study on amateur rugby players 

compared concurrent training performed in the same session with concurrent 

training with a 6-hour rest between strength and endurance training sessions. 

Larger improvements in 1RM in the bench press, bench row and half squat were 

reported in the group that rested 6 hours between modalities than in the group that 

performed concurrent training in the same session. No clear difference in 

muscular power as measured by counter movement jump (CMJ) was seen (Table 
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1) (Robineau et al. 2016). The overall risk of bias judgement was “Some 

concerns” (Table 2). For complete risk of bias assessment for all domains, please 

see Appendix 2. 

Pooling of results for meta-analysis was not possible since only a single study was 

identified. 

 

 

 

 

 

Figure 1 - PRISMA flow diagram of literature search process 
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Table 1 - results from Robineau et al. 2016. Numbers are mean percent change ± 90% CI, ES = 

effect size (Cohen’s d). CMJ = counter movement jump 

 
6h rest Same session 

Between group 

difference 

Bench press 
14.1 ± 4.1% 

ES 0.59 

8.3 ± 2.7% 

ES 0.32 

7.4 ± 4.2% 

ES 0.31 

Bench row 
13.8 ± 4.1% 

ES 0.22 

8.2 ± 2.7% 

ES 0.57 

4.7 ± 4.7% 

ES 0.36 

Half squat 
31.2 ± 13.5% 

ES 1.28 

6.8 ± 5.7% 

ES 1.05 

12.8 ± 11.9% 

ES 0.74 

CMJ 
7.5 ± 4.6% 

ES 0.51 

3.8 ± 3.0% 

ES 0.27 
Unclear 

 

 
Table 2 - Risk of bias judgement according to the Cochrane risk of bias tool. RP = bias arising 

from the randomization process, D = bias due to deviations from the intended interventions, 

MO = bias due to missing outcome data, ME = bias in measurement of the outcome, RR = bias 

in selection of the reported result, O = Overall risk of bias.  

+ = Low risk, ? = Some concerns 

 RP D MO ME RR O 

Robineau et al. 2016 + + + ? ? ? 

 

Discussion 

The aim of this thesis was to perform a systematic review and meta-analysis in 

order to determine the effect of performing endurance and strength training in the 

same sessions compared to split sessions separated by no more than 12 hours on 

strength and muscular power development, in a trained population. The systematic 

review identified one study matching the inclusion criteria, a meta-analysis was 

therefore not possible. Based on these results, no clear conclusion could be drawn. 

 

The identified study (Robineau et al. 2016) found superior improvements in 1RM 

for both upper and lower body strength when endurance and strength training was 
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separated by 6 hours compared to performing both modalities in the same session. 

There was no clear difference in lower body muscular power development. The 

largest difference was seen in lower body strength where the group that separated 

training sessions improved their 1RM half-squat by 12.8% more than the group 

that performed same sessions training. The study was judged to have “Some 

concerns” related to risk of bias using the criteria in the RoB 2. These concerns 

were related to testing being performed by an evaluator not blinded to the 

intervention group the participants were assigned to and the fact that there was no 

publicly available pre-specified analysis plan (J Robineau, personal 

communication, 2 March 2020). 

 

The participants in the identified study were amateur level rugby players 

described as having “minimal strength training experience” (Robineau et al. 

2016). The concurrent training programs were performed twice per week in the 

off-season when no other sport specific training was performed. This is a low total 

training volume compared to athletes competing at a high level. Most elite rugby 

athletes have a higher strength training frequency both in- and off-season (Jones, 

Smith, Macnaughton & French 2016). A higher strength training frequency than 

two times per week is also common among high level athletes in several other 

sports that require well developed endurance and strength, such as rowing (Gee, 

Olsen, Berger, Golby & Thompson 2011) and ice hockey (Ebben, Carroll, & 

Simenz 2004). As a higher training volume can increase the magnitude of the 

interference effect (Wilson et al. 2012), the results are of limited applicability to 

high level athletes. The training interventions in the study lasted 7 weeks. The 

effects over a longer period of time are unknown. 

 

Although not presented in the results of this thesis, it was clear during the review 

process that the majority of studies on concurrent training employ a design that 

compares concurrent training with single mode training. Studies aimed at 

comparing different forms of concurrent training have been much more 

uncommon. Schumann et al. (2015) studied the effects of same versus separate 
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day concurrent training in a large sample of previously untrained men and 

women. The training was designed according to general recommendations for a 

physically active population. They found no clear difference in 1RM knee 

extension after 24 weeks of training. Few studies have compared different forms 

of concurrent training in those with previous training experience. These studies 

have mostly investigated the effects of changing one variable in either the strength 

or the endurance training programming, for example changing the volume of 

strength training (Izquierdo-Gabarren et al. 2010) or the intensity and/or volume 

of endurance training (Jones, Howatson, Russell & French 2013; Jones, 

Howatson, Russell & French 2016; Petré, Löfving & Psilander 2018; Robineau et 

al. 2017). None of these studies have designs that contribute to our knowledge of 

the effects of same versus separate session endurance and strength training. 

Although outside the scope of this review, it is interesting to note that the included 

study (Robineau et al. 2016) found no clear difference in 1RM strength 

development or CMJ between the group that rested 6 hours between sessions and 

the group that rested 24 hours. 

Methods discussion 

The author single-handedly performed the database searches and screened the 

results. Having several reviewers would have reduced the risk of missing relevant 

studies. The author also single-handedly judged the risk of bias in the included 

study. It is recommended that judging the quality of studies according to the 

Cochrane risk of bias tool be done by at least two people (Higgins et al. 2011).   

The search strategy was designed to have a high sensitivity by using a wide 

variety of relevant terms. Search filters were applied with caution and only those 

that were deemed to obviously not exclude potentially relevant studies were 

applied. The strategy resulted in a large number of database records returned. 

Although many of these were irrelevant, the search strategy likely strengthens the 

reliability of the review as it is unlikely that relevant studies were missed. 
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Future studies 

The effect of most variables relating to planning of concurrent training for athletes 

in order to reduce the magnitude of the interference effect remain unexplored. 

More studies on the effects of the length of the rest period between endurance and 

strength training sessions are needed. To increase validity for high level athletes 

the studies should have a high overall training volume and include athletes with 

previous experience of similar total training loads. Although challenging, 

performing long term studies would improve our understanding of the chronic 

effects of different concurrent training plans. 

 

Conclusion 

More research is needed to be able to make recommendations on how to plan 

concurrent training when performed by those with previous training experience in 

a narrow time frame, in order to avoid an interference effect on strength 

development. There is limited evidence suggesting that separating endurance and 

strength training leads to greater increases in strength than performing both in a 

single session. However, no clear recommendations can be made regarding the 

length of time between sessions and the evidence is of limited generalisability to 

high level athletes with a high training volume.  
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Appendix 1 - Search strategies 

 

Pubmed/Medline 

Entered search string 

(“strength training” OR “weight training” OR “weight lifting” OR “resistance 

training” OR “resistance exercise” OR "power training") AND ("endurance 

training" OR "endurance exercise" OR "aerobic exercise" OR "aerobic training" 

OR “concurrent training” OR “concurrent exercise” OR "combined training” OR 

"combined exercise”) 

 

Applied filter to include studies published between 1981-01-01 and 2020-01-23 

 

Records returned: 3064 

 

Scopus 

Performed “Advanced” search for string 

{strength training} OR {weight training} OR {weight lifting} OR {resistance 

training} OR {resistance exercise} OR {power training} AND {endurance 

training} OR {endurance exercise} OR {aerobic exercise} OR {aerobic training} 

OR {concurrent training} OR {concurrent exercise} OR {combined training} OR 

{combined exercise}  

 

Included AND NOT INDEX ( medline ) string to exclude records from Medline. 

 

Applied the following filters: 

Year - 1980-2020 

Subject area - Medicine and Health Professions 

Article type - Article 

Language - English 

 

Complete search string generated from Scopus: 

( {strength training}  OR  {weight training}  OR  {weight 

lifting}  OR  {resistance training}  OR  {resistance exercise}  OR  {power 

training} )  AND  ( {endurance training}  OR  {endurance 

exercise}  OR  {aerobic exercise}  OR  {aerobic training}  OR  {concurrent 

training}  OR  {concurrent exercise}  OR  {combined training}  OR  {combined 

exercise} )  AND NOT  INDEX ( medline )  AND  ( LIMIT-

TO ( PUBYEAR ,  2020 )  OR  LIMIT-TO ( PUBYEAR ,  2019 )  OR  LIMIT-

TO ( PUBYEAR ,  2018 )  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-

TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR ,  2015 )  OR  LIMIT-

TO ( PUBYEAR ,  2014 )  OR  LIMIT-TO ( PUBYEAR ,  2013 )  OR  LIMIT-

TO ( PUBYEAR ,  2012 )  OR  LIMIT-TO ( PUBYEAR ,  2011 )  OR  LIMIT-

TO ( PUBYEAR ,  2010 )  OR  LIMIT-TO ( PUBYEAR ,  2009 )  OR  LIMIT-

TO ( PUBYEAR ,  2008 )  OR  LIMIT-TO ( PUBYEAR ,  2007 )  OR  LIMIT-

TO ( PUBYEAR ,  2006 )  OR  LIMIT-TO ( PUBYEAR ,  2005 )  OR  LIMIT-
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TO ( PUBYEAR ,  2004 )  OR  LIMIT-TO ( PUBYEAR ,  2003 )  OR  LIMIT-

TO ( PUBYEAR ,  2002 )  OR  LIMIT-TO ( PUBYEAR ,  2001 )  OR  LIMIT-

TO ( PUBYEAR ,  2000 )  OR  LIMIT-TO ( PUBYEAR ,  1999 )  OR  LIMIT-

TO ( PUBYEAR ,  1998 )  OR  LIMIT-TO ( PUBYEAR ,  1997 )  OR  LIMIT-

TO ( PUBYEAR ,  1996 )  OR  LIMIT-TO ( PUBYEAR ,  1995 )  OR  LIMIT-

TO ( PUBYEAR ,  1994 )  OR  LIMIT-TO ( PUBYEAR ,  1993 )  OR  LIMIT-

TO ( PUBYEAR ,  1992 )  OR  LIMIT-TO ( PUBYEAR ,  1991 )  OR  LIMIT-

TO ( PUBYEAR ,  1990 )  OR  LIMIT-TO ( PUBYEAR ,  1989 )  OR  LIMIT-

TO ( PUBYEAR ,  1988 )  OR  LIMIT-TO ( PUBYEAR ,  1987 )  OR  LIMIT-

TO ( PUBYEAR ,  1986 )  OR  LIMIT-TO ( PUBYEAR ,  1985 )  OR  LIMIT-

TO ( PUBYEAR ,  1984 )  OR  LIMIT-TO ( PUBYEAR ,  1983 )  OR  LIMIT-

TO ( PUBYEAR ,  1982 )  OR  LIMIT-TO ( PUBYEAR ,  1981 )  OR  LIMIT-

TO ( PUBYEAR ,  1980 ) )  AND  ( LIMIT-

TO ( DOCTYPE ,  "ar" ) )  AND  ( LIMIT-

TO ( SUBJAREA ,  "MEDI" )  OR  LIMIT-

TO ( SUBJAREA ,  "HEAL" ) )  AND  ( LIMIT-

TO ( LANGUAGE ,  "English" ) )  

 

Records returned: 5243 

 

Web of Science 

Performed “Advanced” search for string 

TS=(("strength training" OR "weight training" OR "weight lifting" OR "resistance 

training" OR "resistance exercise" OR "power training") AND ("endurance 

training" OR "endurance exercise" OR "aerobic exercise" OR "aerobic training" 

OR "concurrent training" OR "concurrent exercise" OR "combined training" OR 

"combined exercise")) 

 

Filtered results by 

Publication years: 1980 - 2020 

Document types: Article 

 

Records returned: 3139 

 

ScienceDirect 

Performed “Advanced” search, entered the following string in “Find articles with 

these terms” 

(“strength training” OR “resistance training” OR “resistance exercise”) AND 

("endurance training" OR "endurance exercise" OR "aerobic exercise" OR 

"aerobic training" OR “concurrent training“ OR "concurrent exercise”) 

Selected years 1980-2020 and article type “Research article” 

 

Records returned: 3445 
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Appendix 2 - Risk of bias assessment 

Risk of bias judgement according to the revised version of the Cochrane risk-of-

bias tool (Sterne et al. 2019). 

 

Assessed study: Robineau, J., Babault, N., Piscione, J., Lacome, M. & Bigard, 

A.X. (2016) Specific training effects of concurrent aerobic and strength exercises 

depend on recovery duration. Journal of Strength and Conditioning Research, 

30(3), pp.672–683. doi:10.1519/JSC.0000000000000798 

 

Information was gathered both from the published study and personal 

correspondence with the first author of the study. 

 

Domain 1: Risk of bias arising from the randomization process 
 

Signalling question Response and comment 

1.1 Was the allocation sequence 

random? 

Yes - confirmed through 

correspondence with the author 

1.2 Was the allocation sequence 

concealed until participants were 

enrolled and assigned to 

interventions? 

Probably yes  

1.3 Did baseline differences between 

intervention groups suggest a 

problem with the randomization 

process? 

No - no obvious problem could be 

detected based on baseline 

characteristics 

Risk-of-bias judgement Low 

 

 

Domain 2: Risk of bias due to deviations from the intended interventions 

(effect of adhering to intervention) 

 

Signalling question Response and comment 

2.1. Were participants aware of their 

assigned intervention during the 

trial? 

Yes 
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2.2. Were carers and people 

delivering the interventions aware of 

participants' assigned intervention 

during the trial? 

Probably yes - highly likely based on 

that all training sessions were 

monitored by one of two people 

2.4. Were there failures in 

implementing the intervention that 

could have affected the outcome? 

No - all training sessions were 

monitored 

2.5. Was there non-adherence to the 

assigned intervention regimen that 

could have affected participants’ 

outcomes? 

No - all training sessions were 

monitored, dropouts were not 

included in the analyses 

Risk-of-bias judgement Low 

 

 

Domain 3: Missing outcome data 

 

Signalling question Response and comment 

3.1 Were data for this outcome 

available for all, or nearly all, 

participants randomized? 

No - there were dropouts after 

randomization 

3.2 Is there evidence that the result 

was not biased by missing outcome 

data 

Yes - dropouts were not included in 

the analyses  

Risk-of-bias judgement Low 

 

 

Domain 4: Risk of bias in measurement of the outcome 

 

Signalling question Response and comment 

4.1 Was the method of measuring the 

outcome inappropriate? 

No 

4.2 Could measurement or 

ascertainment of the outcome have 

differed between intervention 

groups? 

Probably no - one person performed 

the tests, reducing risk of intra-tester 

errors 
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4.3 Were outcome assessors aware of 

the intervention received by study 

participants? 

Yes 

4.4 Could assessment of the outcome 

have been influenced by knowledge 

of intervention received? 

Probably yes 

4.5 Is it likely that assessment of the 

outcome was influenced by 

knowledge of intervention received? 

Probably no 

Risk-of-bias judgement Some concerns 

 

 

Domain 5: Risk of bias in selection of the reported result 

 

Signalling question Response and comment 

5.1 Were the data that produced this 

result analysed in accordance with a 

pre-specified analysis plan that was 

finalized before unblinded outcome 

data were available for analysis? 

No information - there was no 

publicly available pre-specified plan 

Is the numerical result being 

assessed likely to have been selected, 

on the basis of the results, from... 

 

5.2. ... multiple eligible outcome 

measurements (e.g. scales, 

definitions, time points) within the 

outcome domain? 

No information 

5.3 ... multiple eligible analyses of 

the data? 

No information 

Risk-of-bias judgement Some concerns 

 

 

Overall risk of bias - Some concerns 


