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Abstract
Fry, AC, Schechter, EGK, Johnson, QR, and Cabarkapa, D. Tons of resistance exercise research, but does it apply to highly trained 
athletes? J Strength Cond Res XX(X): 000–000, 2026—The volume of scientific research reviews on resistance exercise has 
increased markedly in recent years. The purpose of this report was to determine what subject populations have been studied to 
determine whether the findings are relevant to highly trained and elite athletes. A representative sample of 26 highly cited systematic 
reviews and meta-analyses on resistance exercise topics from the most recent 15 years (2010–2024) were analyzed to determine 
the subject characteristics of each study cited in the reviews. All reviews included dependent variables of strength or hypertrophy, 
and dependent variables of exercise choice, order, intensity [load], volume, interset rest, frequency, or lifting tempo. Subjects were 
classified with a 6-tiered scale ranging from sedentary (tier 0) to world class athlete (tier 5). Of 18,574 subjects reported in the 
selected reviews, only 2.3% were classified as highly trained or elite athletes. Similar distributions were observed when reviews were 
analyzed separately for each resistance exercise topic. Cumulatively, the reviews included have been cited by scientific and lay 
literature more than 7,000 times to date, indicating how effectively their findings are being disseminated. Although each of the 
reviews cited may provide helpful information for the general population for health and fitness purposes, the findings are not primarily 
based on the study of highly trained elite athletes, and does not consider training performed outside the weight room, training 
histories, competition schedules, or the specific demands of their sports. Several practical suggestions are presented that may 
facilitate research access to highly trained or elite athletes.
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Introduction

Historically and currently, coaches, athletes, and others involved in 
the elite training of athletes have used literature from the scientific 
community to inform their training processes. Much of this litera-
ture comes in the form of review articles describing primary studies 
and their findings on optimal load, rest, frequency, and intensity. 
These articles are valuable as they synthesize the large amount of 
data found in primary studies down to the needed information and 
general trends. Where they might fall short, however, is in the dif-
ference between the large aggregate data from a wide range of 
populations and data gathered with the purpose of informing elite 
athletic training. Studies that draw data from sedentary, recrea-
tionally active or moderately trained individuals are sometimes 
applied to high-performing athletes without the proper caution and 
context. Compounding this issue, the use of vague study subject 
descriptors such as “trained” or “untrained” lead to confusion.

A valuable source of training information and research can be 
found in scientific reviews of literature that summarize research 
findings to permit appropriate interpretation of the data. Accord-
ing to SPORTDiscus, since 2010, more than 1,600 systematic 
reviews and meta-analyses on resistance exercise methods and 
training adaptations have been published in the scientific literature. 
This represents nearly 95% of all the systematic reviews and meta-
analyses published on the topic since 1960 (Accessed November 
24, 2025). In the past 5 years alone (2020–2024), these types of

reviews alone have accounted for 11.6% of the published research 
on resistance exercise (see Figure 1). Clearly, much scientific in-
formation is now available on resistance exercise.

One challenge when interpreting the resistance exercise liter-
ature is determining the training status of the subjects included in 
the reviews (42). Recently, McKay et al (33). proposed opera-
tional definitions of training and performance caliber for indi-
viduals based on their sporting performance/achievements, 
biometric attributes, training exposure, and general fitness levels. 
This framework provides a system of classification that included 
populations deemed as “tier 0” or sedentary, not meeting mini-
mum activity guidelines, and only occasionally or incidentally 
partaking in physical activity, and spans to “tier 5” or world class 
athletes performing near maximal training relative to their sport 
(approximately ,0.00006% of the global population). Although 
it is challenging to create an appropriate classification system for 
something as multifaceted as training and performance status, 
this system provides a relatively simple and carefully thought-out 
method to clarify this important subject characteristic.

For decades, evidence has suggested that physiological adapta-
tions to resistance exercise differ based on training status (57), and 
the training required by elite athletes differs from the training re-
quired for general fitness (23). For example, the differences in 
improvements in muscular strength can vary greatly depending on 
resistance exercise training histories (e.g., approx. 40% in un-
trained populations vs. approx. 2% in elite populations), and the 
importance of adequate muscular strength for athletic populations 
is clearly recognized (32,37). However, recent reviews of literature 
examining the benefits and mechanisms of resistance exercise for
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health and fitness suggest broad, generalized recommendations for 
the implementation of program design variables which may not 
translate well to elite, highly trained athletic populations (2,4). It is 
important to know how these recommendations and guidelines 
were determined, and from what populations they were derived. 
Furthermore, should these findings be extrapolated to highly 
trained and/or elite performing athletes?

The authors’ intention for this review is not to evaluate the 
validity or accuracy of the numerous reviews cited, but rather to 
report the subject populations used for each review to better 
understand the context of their findings. It is acknowledged that 
performing quality resistance exercise research is challenging on 
many fronts, and the reader must understand that this review is 
not a critique of the included research, but is an examination 
of which populations to which the research findings can most 
relevantly be applied. Indeed, the reviews cited for this purpose 
represent a large collection of representative highly cited and 
topic-relevant scientific peer-reviewed literature on resistance 
exercise. Therefore, the purpose of this brief review was to ex-
amine the training and performance status of subjects included in 
a representative sample of peer-reviewed meta-analyses and sys-
tematic reviews that provide many of the current resistance ex-
ercise recommendations for program design.

Methods

Experimental Approach to the Problem

This article is a descriptive analysis of selected systematic reviews and 
meta-analyses to determine the training and performance charac-
teristics of the subjects studied in each of the included reviews.

Selection of Reviews

A search was performed in the SPORTDiscus bibliographic da-
tabase that specializes in sports and sports medicine research

(EBSCO information Services, Ipswich, MA). The initial search 
was performed on January 12, 2020, and was followed up by an 
additional search on June 2, 2025. Specific resistance exer-
cise–related topics included the 5 acute training variables as de-
fined by Fleck and Kraemer (i.e., choice of exercise, order of 
exercise, volume, intensity [load], interset rest interval) (11). Also 
of interest were the hypertrophy and strength training adapta-
tions, as well as program design-related topics of periodization, 
training frequency, and intentionally slow lifting velocity 
(tempo). Because the primary interest was resistance exercise for 
healthy, adult, nonclinical populations, reviews were excluded 
that focused on youth, geriatric, injured, or rehabilitating pop-
ulations. In addition, reviews of nutrition and dietary supple-
ments for resistance exercise or psychological factors were also 
excluded. Key words used for the database search included the 
following terms: (review OR systematic review OR scoping 
review OR “meta-analysis” OR umbrella review) AND (“re-
sistance training” OR “resistance exercise” OR “strength train-
ing” OR “strength exercise” OR “strengthening exercise” OR 
“weight lifting” OR “weight training” OR “muscle actions”) 
AND (hypertrophy OR muscles OR CSA OR “cross sectional 
area” OR “cross-sectional area” OR growth OR “muscle size” 
OR “muscle thickness” OR “lean body mass” OR LBM OR “fat 
free mass” OR “fat-free mass” OR “skeletal muscle” OR “muscle 
fibers” OR bodybuilding OR “body building” OR “muscle gain” 
OR “muscular volume” OR “body composition” OR “muscular 
adaptations” OR “hypertrophic effects”) AND (“volume” OR 
“frequency” OR “frequencies” OR “sets” OR “multiple” OR 
“single” OR “tempo” OR “velocity” OR “speed” OR “dura-
tion” OR “repetitions” OR “order” OR “choice” OR “inter-set 
rest interval” OR “split training” OR “total body training” OR 
“split routine” OR “split weight training” OR (training OR light 
OR low OR “low-” OR “high-”) AND (“load” OR “intensity”) 
OR “low-load” OR “high-load” OR intensity OR “eccentric” 
OR “concentric” OR “shortening” OR “lengthening” OR

Figure 1. Total research publications on resistance exercise since 1960, and the number of these publications that are 
systematic reviews and meta-analyses. Data were accessed on SPORTDiscus on November 24, 2025. Bracket indicates 
the range of years included in the present review.
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“contraction mode” OR “program” OR “programs”) NOT 
(“medical” OR “clinical” OR “illness” OR “disease” OR “ag-
ing” OR “geriatric” OR “pediatric” OR “youth” OR “therapy” 
OR “therapeutic” OR “rehabilitation” OR “recovery” OR 
“physiology” Or “physiological” OR “supplements” OR “sup-
plementation” OR “vitamin” OR “vitamins” OR “diet” OR 
“dietary” OR “nutrition” OR “psychology” OR “psychologi-
cal”) Search filters included the following: full texts available, 
peer-reviewed, and academic journals. This resulted in identifying 
1,750 reviews on these resistance exercise topics published since 
1960 (see Figure 1). More recently, 1,656 reviews have been 
published since 2010, representing nearly 95% of all reviews since 
1960. This resulted in numerous reviews identified for each topic, 
ranging from just more than 50 for order of exercise, to nearly 450 
reviews for intensity [load], with numerous reviews covering more 
than 1 topic. Based on the topics of interest, 26 systematic reviews 
were randomly selected using a modified stratification process (13) 
that ensured relative representation of reviews from each of the 
resistance exercise–related topics, represented publication dates 
across the 15 years searched (see Figure 2), included publications 
that had been highly cited by both the scientific and lay literature, 
(1,5,6,14,15,18,20,21,26–28,30,34–36,38–40,43–48,53,56), and 
were published in commonly cited scientific sources for resistance 
exercise research. This was verified by a Google Scholar (https:// 
scholar.google.com) citation search performed on November 25, 
2025 (see Table 1). A sensitivity analysis was also performed 
to determine whether citation bias due to redundant citations 
(i.e., references reported in more than 1 review) may have skewed 
the results reported, whether all topics covered were representative 
of the body of existing literature, and whether dates of sampled 
publications were chronologically representative of the resistance 
exercise–related reviews between 2010 and 2024.

Analysis of Subject Training Status

Insights from the recently developed training and performance 
classification system published by McKay et al. (33) were used 
for the purposes of this review. All articles referenced in each of

the 26 included systematic and meta-analysis reviews were in-
dividually examined (E.G.K.S.) and verified (A.C.F.) for subject 
training and performance characteristics, as well as for sample 
size. In all cases, there was agreement between the 2 determi-
nations. This resulted in 5 subject categories: sedentary and 
untrained (tier 0–,1); trained, recreational, and developmental 
(tiers 1–2); highly trained, varsity, and sport-specific (tier 3); 
elite and international, professional and semiprofessional, 
NCAA division I (tier 4); world class (tier 5). When subject 
descriptors were vague, the higher of the possible training cat-
egories was assigned.

Resistance Training Variables Defined

The resistance exercise topic areas listed in Table 1 were opera-
tionally defined as listed below.
c Choice of exercise: eccentric vs. concentric, free weights vs.
machines, velocity loss thresholds, different ranges of motion, 
different exercise movements

c Order of exercise: single joint vs. multijoint, sequencing
c Load (intensity): weight or mass, light vs. heavy, varying load
through periodization

Figure 2. (A) Relative agreement between resistance exercise review topics reported in the current review and those 
reported by Lin et al. (29) in the Preferred Reporting Items for Resistance Exercise Studies (PRIRES). Owing to some 
selected reviews covering more than 1 topic, the total percentages for the current review are .100%. (B) Relative 
agreement of publication dates between those included in the current review and all reviews identified in SPORTDiscus 
between 2010 and 2024.

Table 1

Citations of reviews by topic referenced in this article as of 
November 18, 2025, on Google Scholar.*

Topic Number of citations

Hypertrophy 6,429

Strength 3,325

Choice of exercise 1,615

Order of exercise 630

Volume 2,019

Load or intensity 2,392

Interset rest 753

Training frequency 1,969

Lifting tempo 895

Total 7,067

*Note: some reviews addressed multiple topics.
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c Volume: number of sets, number of repetitions, repetitions to
failure or not to failure, velocity loss threshold, single vs. 
multiple sets, proximity to failure, periodization

c Interset rest: duration of rest interval
c Training frequency: d×wk 21 , periodization, split vs. full body 
c Tempo: intentionally slow bar or weight velocity, repetition
duration

Statistical Analysis

Descriptive tally counts and percentages were used to describe the 
number of studies included in each review, the number of subjects 
included in the articles referenced in each review, the number of 
subjects in each of the training and performance categories as 
defined by McKay et al. (33), and the number of citations of 
reviews included in each resistance exercise–related topic.

Results

Each of the reviews included in this analysis are listed in Table 2, 
along with the resistance exercise–related topic(s) they address. 
Also listed are the number of studies included in each review, the 
total number of subjects for all the studies included combined, 
and a tally of how many of the subjects can be classified in each of 
the training and performance categories as defined by McKay 
et al. (33). The potential impact of each of the reviews included, 
based on the total number of citations, is summarized in Table 1. 
Collectively, these reviews have been cited more than 7,000 times, 
indicating the highly visible nature of the data reported. A de-
scriptive tally (n size, % of total) of subject training and perfor-
mance classifications for all subjects included in each of the 26 
reviews was performed for each of the resistance exercise–related 
topics and is graphically illustrated in Figure 3 (all topics com-
bined), Figure 4 (5 acute training variables), and Figure 5 (training 
frequency and lifting tempo). Table 2 also summarizes a brief 
description of the findings or conclusions. It should be noted that 
several prominent reviews by similar authors in adjacent years on 
identical topics were not included to minimize redundancy in the 
results.

Collectively, all the reviews included 683 studies and 18,574 
subjects, with 97.7% of all subjects being sedentary or untrained 
or recreationally trained (n 5 18,146, see Figure 3). Only 2.3% of 
the subjects were classified as highly trained, elite, or world class 
(n 5 428). Similar patterns were observed for reviews on the 5 
acute training variables; choice of exercise (4,302 total subjects, 
93.8% sedentary, untrained, or recreationally trained), order of 
exercise (268 total subjects, 90.3% sedentary, untrained, or rec-
reationally trained), exercise volume (9,261 total subjects, 98.7% 
sedentary, untrained, or recreationally trained), exercise intensity 
or load (8,786 total subjects, 100.0% sedentary, untrained, or 
recreationally trained), and interset rest intervals (113 total sub-
jects, 100.0% sedentary, untrained, or recreationally trained) (see 
Figure 4). Finally, results for the training variables of frequency 
(9,111 total subjects, 99.9% sedentary, untrained, or recrea-
tionally trained) and lifting tempo (746 total subjects, 100.0% 
sedentary, untrained, or recreationally trained) are shown in 
Figure 5.

The sensitivity analysis revealed 500 different studies were 
cited across the 26 different reviews, and only 8 reviews included 
any subjects in tiers 3–5 using McKay et al.‘s classification system. 
Of the 500 cited studies, 23.8% were cited in more than 1 review 
(2.4% of studies cited in 4 or more reviews), and 76.2% were only 
cited in 1 review. Because some studies were cited in more than 1

review (redundant citations), a total of 683 citations resulted. Of 
the total references cited, 8.1% of redundant citations included 
highly trained athletes (tiers 3–5) and an almost equal proportion 
(9.4%) included only sedentary, untrained, or recreationally 
trained subjects (tiers 0–2). The similarity of these proportions 
indicates that the risk of citation bias is low within the scope of 
this analysis. Owing to the redundancy of some of the citations 
across the 26 included reviews, the total number of subjects 
reported above for tiers 0–2 and 3–5 would be somewhat inflated, 
albeit evenly so for both groups. In addition, the specific re-
sistance exercise topics of reviews (i.e., hypertrophy, strength, 
choice of exercise, order of exercise, load/intensity, volume, 
interset rest intervals, frequency of training, and lifting tempo) 
included in the present analysis provided a reasonable represen-
tation of the primary topics studied according to the recently 
published Preferred Reporting Items for Resistance Exercise 
Studies (PRIRES) (29; see Figure 2A). Concerning whether pub-
lication dates of the reviews included in the present analysis were 
chronologically representative of the dates of all published 
reviews published between 2010 and 2024 as identified on 
SPORTDiscus, Figure 2B illustrates how the current analysis 
sampled a similar proportion of reviews from the publication 
dates included in the present analysis. Collectively, these data 
indicate that reference selection bias was minimal and support the 
validity of the findings of this analysis.

Discussion

The primary finding for this review is that almost all the resistance 
exercise training recommendations from the selected sample of 
recent scientific reviews (i.e., since 2010) are based on data from 
sedentary, untrained, or recreationally trained individuals. This is 
perfectly appropriate for the general population and for those 
training for general health and fitness purposes (24), but the 
recommendations may not be appropriate for highly trained 
athletes preparing for competitions and performing numerous 
training sessions outside the weight room as well (23). It is well-
established that strength and conditioning programs for pro-
fessional and elite athletes (8–10,50,55) can vary from programs 
designed for younger athletes (7,49) or for general health and 
fitness. As indicated in Table 2 and shown in Figures 3–5, data 
from highly trained or elite athletes only make up 2.3% of the 
subjects studied. This is readily apparent from the highly skewed 
nature of these figures.

It is readily accepted that resistance exercise provides a potent 
stimulus for muscle hypertrophy and strength or power gains in 
adult skeletal muscle (16,17,51). Improvements in measures of 
health, physical function, and athletic performance have been 
observed due to the associated increases in muscular endurance, 
hypertrophy, strength, and power following adherence to struc-
tured resistance exercise protocols (22). However, the question 
remains, can elite athletes training for maximum performance 
follow resistance exercise guidelines derived from the general 
population? Figure 6 summarizes the findings of this analysis.

Because the representative reviews included in this analysis are 
so highly cited in both the scientific and lay literature, it is of 
particular interest to determine how the results of each included 
review were interpreted. As summarized in Table 2, numerous 
reviews (1,5,14,18,21,26,30,34,38–40,43–46,48,56) included 
no subjects identified as tier 3 or higher as defined by McKay et al. 
(33), meaning all the subjects included were either sedentary, 
untrained, or entry-level beginning athletes. On the other hand,
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Table 2

Summary
 
of articles 

included
 
in
 
this

 
review.

Reference

Focus—

hypertrophy

Focus—

strength

Choice of 
exercise

Order of 
exercise

Volume of 
exercise

Load

(intensity)

Interset rest 
interval

Frequency 
of training

Lifting

tempo

Number of 
studies

Number of 
subjects

Tiers

0–<1—athlete

levels

Tiers 1 and 
2—athlete levels

Tier

3—athlete

level

Tier

4—athlete

level

Tier

5—athlete

level Findings

1 X X 14 359 0 359 0 0 0 Can use number of sets to determine 
volume

5 X X X X X 192 5,659 5,027 632 0 0 0 Higher loads 33/wk for strength, 
higher volume 23/wk for hypertrophy 

6 X X 40 1,150 946 137 37 30 0 Eccentric training with loads .1RM
 

effective for physiological and 
performance adaptations

14 X X 6 115 94 21 0 0 0 Long and short interset intervals 
equally effective for muscle 

hypertrophy

15 X X X 15 394 269 99 0 26 0 Lifting to failure not required for 
increases in strength and hypertrophy 

18 X X X 13 705 184 521 0 0 0 Free weights and machines produce 
similar results for strength, 
hypertrophy and jumps; test 

specificity is important

20 X X X 37 735 138 489 75 28 5 Velocity-loss thresholds affect acute 
strength, power, and speed; for 

chronic training, lower velocity-loss is 
best for strength gains and greater 
best for speed and power gains 

21 X X X 8 241 203 38 0 0 0 Some systematic variation is good for 
strength and hypertrophy; too much 

may be counterproductive

26 X X 8 312 269 43 0 0 0 Multiple sets per exercise produce 
greater hypertrophy

27 X X (x) (x) (x) (x) (x) 30 564 298 201 65 0 0 Inconclusive results

28 X X X 23 563 454 109 0 0 0 Strength increases require heavy 
loads; hypertrophy can use many 

heavy or light loads

30 X X X 28 747 578 169 0 0 0 Heavy or light loads produce 
hypertrophy (training status and 
volume are contributing factors); 

strength gains require heavier loads 
34 X X X X X 35 1,187 685 502 0 0 0 Periodization effective for strength 

gains; less so for hypertrophy

35 X X X 11 268 183 59 26 0 0 Exercise order critical for strength 
increases, but not for hypertrophy 

36 X X X 16 551 207 316 28 0 0 Full range-of-motion is most effective 
for strength and most hypertrophy 

38 X X X 14 392 177 215 0 0 0 Full-body or split routines equally 
effective for strength and hypertrophy 

if total volume equated

39 X X 15 541 252 289 0 0 0 Proximity to repetition failure is not 
related to hypertrophy

40 X X X (x) (x) 55 383 145 238 0 0 0 Repetitions-in-reserve related to 
hypertrophy, but unclear for strength 

gains
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Table
 

2

Summary
 
of articles 

included
 
in
 
this

 
review. (Continued)

Reference

Focus—

hypertrophy

Focus—

strength

Choice of 
exercise

Order of 
exercise

Volume of 
exercise

Load

(intensity)

Interset rest 
interval

Frequency 
of training

Lifting

tempo

Number of 
studies

Number of 
subjects

Tiers

0–<1—athlete

levels

Tiers 1 and 
2—athlete levels

Tier

3—athlete

level

Tier

4—athlete

level

Tier

5—athlete

level Findings

43 X X 25 836 627 209 0 0 0 Training frequency not related to 
hypertrophy if volume-equated, but 
small effect if not volume-equated

44 X X X 21 630 517 113 0 0 0 Heavier loads →
 

increased 1 RM 
strength, but all loads can contribute 

to hypertrophy

45 X X 8 239 239 0 0 0 0 Total repetition durations #8 s →
 hypertrophy, $10 s less effective

46 X X 10 286 232 44 10 0 0 Training frequency of 2–33/wk 
better than 13/wk for hypertrophy if 

volume-equated

47 X X 15 418 325 93 0 0 0 Greater volume → 
greater

hypertrophy

48 X X 15 356 289 67 0 0 0 Both concentric and eccentric

repetitions →
 

statistically similar 
hypertrophy

53 X X X 13 436 308 30 98 0 0 Repetition-not-to-failure is better for 
strength when not volume-equated; 
repetitions-to-failure and repetitions-

not-to-failure both good for 
hypertrophy if volume-equated

56 X X X X 16 507 450 57 0 0 0 Role of repetition tempo for strength 
or hypertrophy is inconclusive
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Figure 3. Training status of subjects for all the resistance exercise reviews included using the 
classification categories of McKay et al.

Figure 4. Training status of subjects when separating reviews by each of the 5 acute training variables (Fleck and Kraemer) 
using the classification categories of McKay et al. Note the vertical axes are scaled differently for each panel.
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other reviews included some subjects that were clearly classified 
as athletes (tiers 3–5) training and competing at the national, 
international, or world-class levels (6,15,20,27,35,36,46,53). 
Most of the reviews that did not include highly trained athletes 
did not suggest that their findings should be applied to elite, 
highly trained athletes (1,21,26,35,36,39,40,45–48). Several 
reports clearly indicated no highly trained athletes were included 
(30,38), that the results were not applicable to highly trained 
athletes (34,38), or the converse, that the results were applicable 
only to healthy adults (5). It was also pointed out in some reviews 
that more research is needed on athletes (6,34) and on subjects 
with greater training experience (14,15,38,45). However, some

sources reported that their findings were of importance to coaches 
and athletes (18,34,44,53,56) or well-trained subjects (27), al-
though only 1 review included highly trained athletes as subjects 
(53). It was also suggested in 1 review that training status may not 
matter when interpreting their results (43), while another stated 
that training experience may be an important contributing factor 
(26). Despite these somewhat contradictory suggestions, it should 
be noted that neither review included any highly trained athletes. 
Several sources reported there may be individual factors con-
tributing to their findings (20,44), which could certainly include 
subject training status and performance such as exhibited by 
highly trained athletes. Considering all the reviews analyzed,

Figure 5. Training status of subjects when separating reviews by training frequency and lifting tempo using the classifi-
cation categories of McKay et al. Note the vertical axes are scaled differently for each panel.
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many did not claim to provide resistance exercise training guid-
ance for athletic populations. At the same time, others did not 
clarify that the scope of their findings should be limited to the 
populations studied. In addition, there may be concern about how 
lay literature and social media interpret and report these findings 
to influence the general public if the scopes of the reviews are not 
clearly delimited to the populations studied.

In evaluating the findings of this analysis, there are several 
critical limitations and considerations. First, this report is not 
a criticism of the reviews cited but is simply an analysis of who 
was being studied. Each of these reviews can be found in respected 
peer-reviewed journals and represent carefully analyzed topics. 
Second, identification of the relevant literature is very sensitive to 
the selection of key words used for the literature search. Small 
changes to the key words consistently identified slightly different 
sources. However, the authors believe the final selection process 
was adequately representative of the relevant literature, and the 
addition or subtraction of sources cited is unlikely to alter the 
results. As shown in Figure 1, the reviews cited in this report are 
only a small sample of the many possible sources that could have 
been cited. Third, the partially random selection of the cited 
reviews was performed to ensure each of the resistance exercise 
topics included were represented and were chronologically rele-
vant (see Figure 2), and included reviews that are highly cited in 
both the scientific and the lay literature (see Table 1), . Fourth, due 
to the overlapping nature of the topics covered in the various 
reviews, some study subjects were counted more than once. 
However, as shown by the sensitivity analysis, this occurred 
similarly to subjects from both the tier 0–2 and 3–5 groups, thus 
the extremely skewed subject distributions reported are believed 
to still be valid. Fifth, the results of this analysis must be consid-
ered specific to the context of the reviews included. However, due 
to the thoroughness of the authors of each selected review, it is 
believed that similar findings would result from a completely 
different selection of reviews.

Future research on high-level sports performance must be 
based on data derived from that population, but performing

quality research on these athletes presents many challenges, in-
cluding research access to the athletes. Sport scientists employed 
by professional sports organizations may have access to the ath-
letes, but these data are typically not for general dissemination 
and consist of proprietary information. For sport scientists in 
university athletic departments, access to athletes depends on the 
relationships between the researcher and the sport staff. The ex-
istence of an established and well-organized high-performance 
team within the department must include a clear mission; a well-
designed reporting hierarchy; acceptance of the research efforts 
by all parties involved; and a clear, transparent, and rapid com-
munication process. Development of these high-performance 
teams has become a major issue in the sports science world, and 
guidance is becoming available from a number of sources 
(3,12,19,25,31,41,54). For those researchers in academic units 
who are not affiliated with athletic departments or sport teams or 
organizations, considerable efforts much be made to establish 
working relationships with targeted sport teams or organizations. 
Many of the same considerations exist as for those within sport 
organizations; however, the importance of transparent and fre-
quent communication is paramount. These types of collabo-
rations must include active input from the coaching and sport 
staff to enhance support for the research efforts.

From a practical perspective, close and effective study of highly 
trained or elite athletes may require somewhat different research 
design approaches (52). This can include the following.
c Case studies (n 5 1)
c Pre-experimental designs (e.g., one-shot design, one-group
pretest-posttest, no control group)

c Quasi-experimental designs (e.g., time-series design, ex post
facto design)

c Correlational and regression designs
In addition, research on athletes must often occur in their 

natural environment, meaning many variables cannot be con-
trolled by the researcher. While this can enhance external validity, 
it can be challenging for the researcher to properly interpret the 
findings due to violations of internal validity. On the plus side,

Figure 6. Summary of subject training and performance characteristics in systematic reviews and meta-analyses pub-
lished in representative peer-reviewed publications on resistance exercise since 2010. Subject training and performance 
status based on the tier system proposed by McKay et al.
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many athletic programs have existing athlete monitoring pro-
grams which, if administered appropriately, can be a valuable 
source of data. While this source of data can contribute to many 
research questions, it can also contribute to retrospective and 
exploratory analyses that become apparent after examination of 
the data.

An easily overlooked consideration is whether the data are to 
only be used internally and not published for general dissemina-
tion, or whether the data collections will result in peer-reviewed 
scientific publications. If the data are to be published, approval of 
the project by an Institutional Review Board (IRB) may be re-
quired. Although there are exceptions to this approval process, it 
is highly recommended that researchers work closely with their 
IRB to ensure that all appropriate regulations are being followed 
and that subject safety, confidentiality, and well-being is being 
optimized.

In summary, from a researcher’s perspective, considerable 
efforts must be made to properly access and study the population 
of highly trained and elite athletes in a manner that will not in-
trude on the athlete and coach, and will provide data that are 
valuable to the coaches, athletes, and researchers. From a coach’s 
perspective, acceptance of scientific study of their athletic pop-
ulation is needed, provided the needs of the athletes are met.

Practical Applications

Much of the scientific research on resistance exercise training 
methods is derived for the study of sedentary, untrained, or 
moderately trained subjects. If designing programs for highly 
trained or high-performing elite athletes, it is important to 
determine whether these findings are appropriate for your 
athletes. Much of the research does not consider the sub-
stantial training that athletes must perform outside the weight 
room, their extensive training histories, the required timing to 
accommodate competition schedules, or the specific demands 
of their sports. As such, proper interpretation of the review 
findings must consider the training and performance charac-
teristics of the subjects studied. If the findings are not based on 
data from subjects who can be categorized as highly trained 
and high-performing athletes (i.e., tiers 3–5), then the findings 
may not be applicable.
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MA, Rubio-Arias JÁ. Efficacy of split versus full-body resistance training
on strength and muscle growth: A systematic review with meta-analysis. 
J Strength Cond Res 38: 1330–1340, 2024.

39. Refalo MC, Helms ER, Trexler ET, Hamilton DL, Fyfe JJ. Influence of 
resistance training proximity-to-failure on skeletal muscle hypertrophy: A 
systematic review with meta-analysis. Sports Med 53: 649–665, 2023.

40. Robinson ZP, Pelland JC, Remmert JF, et al. Exploring the dose-response 
relationship between estimated resistance training proximity to failure, 
strength gain, and muscle hypertrophy: A series of meta-regressions. 
Sports Med 54: 2209–2231, 2024.

41. Roethlingshoefer J, McConnell D. Intent—A Practical Approach to Ap-
plied Sport Science for Athletic Development. Arvada, CO: Freeze Time 
Media, 2018.

42. Santos JrERT, de Salles BF, Dias I, Ribiero AS, Simão R, Willardson JM. 
Classification and determination model of resistance training status. 
Strength Cond J 43: 77–86, 2021.

43. Schoenfeld B, Grgic J, Krieger J. How many times per week should 
a muscle be trained to maximize muscle hypertrophy? A systematic review

and meta-analysis of studies examining the effects of resistance training 
frequency. J Sports Sci 37: 1286–1295, 2019.

44. Schoenfeld BJ, Grgic J, Ogborn D, Krieger JW. Strength and hyper-
trophy adaptations between Low- vs. high-load resistance training: 
A systematic review and meta-analysis. J Strength Cond Res 31: 
3508–3523, 2017.

45. Schoenfeld B, Ogborn D, Krieger J. Effect of repetition duration during 
resistance training on muscle hypertrophy: A systematic review and meta-
analysis. Sports Med 45: 577–585, 2015.

46. Schoenfeld BJ, Ogborn D, Krieger JW. Effects of resistance training fre-
quency on measures of muscle hypertrophy: A systematic review and 
meta-analysis. Sports Med 46: 1689–1697, 2016.

47. Schoenfeld BJ, Ogborn D, Krieger JW. Dose-response relationship be-
tween weekly resistance training volume and increases in muscle mass: A 
systematic review and meta-analysis. J Sports Sci 35: 1073–1082, 2017.

48. Schoenfeld BJ, Ogborn DI, Vigotsky AD, Franchi MV, Krieger JW. Hy-
pertrophic effects of concentric vs. eccentric muscle actions: A systematic 
review and meta-analysis. J Strength Cond Res 31: 2599–2608, 2017.

49. Shurley JP, Ednie AJ, Rudebeck TJ. Strength and conditioning practices of 
head coaches of male and female interscholastic sport teams. J Strength 
Cond Res 34: 1894–1902, 2020.

50. Simenz CJ, Dugan CA, Ebben WP. Strength and conditioning practices of 
National Basketball Association strength and conditioning coaches. 
J Strength Cond Res 19: 495–504, 2005.

51. Spiering BA, Kraemer WJ, Anderson JM, et al. Resistance exercise bi-
ology. Sports Med 38: 527–540, 2008.

52. Thomas JR, Nelson JK, Silverman SJ. Research Methods in Physical Ac-
tivity (5th ed.). Champaign, IL: Human Kinetics, 2005.

53. Vieira AF, Umpierre D, Teodoro JL, et al. Effects of resistance training 
performed to failure or not to failure on muscle strength, hypertrophy, and 
power output: A systematic review with meta-analysis. J Strength Cond 
Res 35: 1165–1175, 2021.

54. Virgile A, Lewis M. The Sport Science Handbook. Missouri City, TX: The 
Sport Science Network, 2025.

55. Weldon A, Duncan MJ, Turner A, Lockie RG, Loturco I. Practices of 
strength and conditioning coaches in professional sports: A systematic 
review. Biol Sport 39: 715–726, 2022.

56. Wilk M, Zajac A, Tufano JJ. The influence of movement tempo during 
resistance training on muscular strength and hypertrophy responses: A 
review. Sports Med 51: 1629–1650, 2021.

57. Zatsiorsky VM. Intensity of strength training: Facts and theory—Russian 
and eastern European approach. Natl Strength Cond Assoc J 14: 40, 1992.

Resistance Exercise Research and Athletes (2026) 00:00 | www.nsca.com

11

Copyright © 2026 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

www.nsca.com

