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Abstract
The purpose of this paper was to conduct a systemeatiewof the current body of literature
and a meta-analysis to compare changes in strangthypertrophy between low- versus high-
load resistance training protocols. Searches oMeaAMEDLINE, Cochrane Library and
Scopus were conducted for studies that met theviollg criteria: 1) an experimental trial
involving both low- £€60% 1 RM) and high- (>60% 1 RM) load training; 4jwall sets in the
training protocols being performed to momentary colesr failure; 3) at least one method of
estimating changes in muscle mass and/or dynasaimetric or isokinetic strength was used; 4)
the training protocol lasted for a minimum of 6 w&e5) the study involvegarticipants with no
known medical conditions or injuries impairing treug capacity. A total of 21 studies were
ultimately included for analysiszGainsiinitRM sigehwere significantly greaterinfaver of
high=versusilow=load:training, while no signifi¢atifferences were found for isometric strength
between conditionsiChangesiinnmeasures of mugplerinophyweressimilarbetween
conditions. The findings indicate that maximal sg#h benefits are obtained from the use of
heavy loads while muscle hypertrophy can be equaalhyeved across a spectrum of loading
ranges.

KEYWORDS: heavy loading; light loading; muscle mass; mustiengith; repetition maximum
continuum
Introduction

Current resistance training (RT) guidelines protéss loads in excess of 70% 1
repetition maximum (RM) are required to maximiz@p@tations in muscular strength and
hypertrophy (2). Similarly, the so-called “RM camium” purports that gains in muscular
strength are optimal with loads of 1-5 RM and hyqegrhic gains are best achieved with loads of
6-12 RM (5). These recommendations are predicatdtiebelief that heavy loads are necessary
to recruit the highest threshold motor units (ME3ponsible for promoting maximal muscular
adaptations.

It remains debatable as to whether lighter loaiditrg is capable of recruiting the entire
MU pool during a given set of repetitions. Prevajlresearch indicates that muscle fiber
recruitment follows the size principle, which diets that the smallest MUs are recruited first

during a given movement with successively largerdidgaged as force production
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requirements increase (21). Although this wouldséz support the need for heavy loads to
maximize muscular adaptations, some researcheesdigarnatively postulated that training with
intensities as low as 30% 1 RM will ultimately réso complete MU recruitment provided sets
are carried out to momentary muscular failure (8, 1

Surface electromyography (SEMG) studies consistestitbw lower mean electrical
amplitudes when training at low (<50% 1 RM) verbigh (>70% 1 RM).intensities of load,
even when sets are carried out to muscular fa{Rde41). Conversely, others have
demonstrated comparable peak EMG amplitudes bethigbrand low-load, and moderate- and
high-load training, and such discrepant findingy mesult from differing methods of analysis
through the time-course of a set to failure (18, #Ghould be noted that SEMG amplitude is not
only a function of recruitment but also includestéas such as rate coding (firing frequency),
synchronization (simultaneous discharge of MUs)ppgation velocity (speed at which an
action potential travels along the membrane of aaleufiber) and intracellular action potentials
(6, 12). These factors, in turn, can be influenzg@xercise-induced fatigue, thus potentially
confounding the ability to draw inferences as @ ¢ffects of loading intensity from EMG
findings. Moreover, it has been posited that MUy me@mentarily de-recruit and re-recruit (MU
“cycling”) throughout a light-load set of repetiti® to maintain force output (16), thereby
altering the magnitude of SEMG amplitude. Impottgrihe level of SEMG amplitude does not
necessarily correlate with long-term exercise-irglinicreases in strength and hypertrophy, and
thus conclusions must be tempered in the contetktesfe limitations.

Ultimately, determination of causality on the topéguires longitudinal studies that
directly investigate the effects of RT using lowsugs high loads. A meta-analysis of such trials

by Schoenfeld et al. (43) concluded that both hayid low-load training produced significant
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increases in both muscle strength and hypertrapliynoted that statistical probability favored
the heavier load conditions for both outcomes.h&ttime of that search (December 2013), only
9 studies met inclusion criteria, limiting statisti power of the analysis. Subsequently, there
have been a number of additional studies publisimetthe topic (4, 14, 15, 32), providing a
greater ability to draw practical inferences andycaut subanalysis of potential covariates.
Therefore, the purpose of this paper was to conalggstematic reviewf the current body of
literature and a meta-analysis to compare chamgssangth and hypertrophy between low-
versus high-load resistance training protocols.
M ethods

Inclusion Criteria

Our analysis was confined to studies publishedngligh-language peer-reviewed
journals that met the following criteria: 1) an eximental trial involving both low<0% 1
RM) and high- (>60% 1 RM) load training; 2) witH séts in the training protocols being
performed to momentary muscular failure; 3) atieae method of estimating changes in
muscle mass and/or dynamic, isometric or isokingtiength was used; 4) the training protocol
lasted for a minimum of 6 weeks; 5) the study inedlparticipants with no known medical
conditions or injuries impairing training capacifys some studies reported loading as the
number of repetitions, rather than a percentageR®, all repetitions up to 15 RM were

considered as high-load, while repetitions >15 R&tenconsidered as low-load.

Search Strategy

The systematic literature search of English-langyagrnals was conducted in

accordance with the Preferred Reporting Items j@te3natic Reviews and Meta-Analyses
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(PRISMA) guidelines (30). Searches of PubMed/MEDE|NXCochrane Library and Scopus were
conducted from inception of indexing to March, 20Tfe following syntax was used to carry
out the search: muscle hypertrophy AND muscle gtieAND (skeletal muscle OR resistance
training OR cross-sectional area OR growth OR iingimtensity OR training load OR high load
OR low load OR muscle fibers OR loading OR musigiekhess OR bodybuilding OR fithess).
The reference lists of articles retrieved in tharsle were subsequently perused for any
additional articles that had potential applicapit the topic as outlined by Greenhalgh and
Peacock (19). Forward citation tracking of the stadaneeting the inclusion criteria was
performed in Google Scholar. To reduce the potkfaisselection bias, each of these studies
were independently perused by two of the invedligatBJS and JG), and a mutual decision was
made as to whether or not they met basic inclusiiberia. Any inter-reviewer disagreements

were settled by consensus and/or consultationtivihhird investigator (DO).

Of the studies initially reviewed, 49 were deteretro be potentially relevant to the
topic based on information contained in the abttrdeull text of these articles were then
screened and 24 were regarded as suitable fosindbased on the criteria outlined. Attempts
were made to contact the authors of a given studlye case that relevant data were missing.
Three studies (27, 53, 54) had to be omitted fraalysis due to lack of adequate data hence
leaving 21 studies for analysis. Figure 1 showlswa thart of the literature search. Table 1
summarizes the studies included for analysis.

***nsert Figure 1 About Herex**

***|nsert Table 1l About Herex**
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Coding of Studies

Studies were read and individually coded by twthefinvestigators (BJS and JG) for the
following variables: (a) authors, title and yeampablication; (b) participant information such as
sample size, gender, age, and training statusadgerthe following classification was used:
participants aged 18-39 years are classified angyadults, participants aged 40-64 years are
classified as middle-aged adults and participagesia65 years are classified as older adults.
Training status was categorized as in Schoenfeddl é43); (c) description of the training
intervention, including duration, the intensityloéd, weekly training frequency, resistance
training exercises, and where reported, the temgaest interval length; (d) methods used for
the assessment of hypertrophy. Methods of measutenere classified as direct (magnetic
resonance imaging [MRI], computerized tomography][@nd ultrasound), indirect (skinfolds,
dual energy X-ray absorptiometry [DEXA] and airgleecement plethysmography [BOD-POD])
and in vitro (i.e. biopsy); (e) test(s) used fosessing strength outcomes (isokinetic knee
extension and/or flexion, maximal voluntary conti@e and/or maximal dynamic strength [i.e. 1
RM])); (f) region/muscle of body measured (uppeweéo, or both); (g) pre and post-intervention
mean = standard deviation (SD) values related petiyophy and strength outcomes; (h)
reported adverse effects and adherence to théntgganogram. Coding files were crosschecked
between the authors, with discussion and agreeraguired for any observed differencés.
prevent the potential for coder drift, we randoséyected 30% of the studies for recoding as
outlined by Cooper et al. (11). Per case agreemastdetermined by dividing the number of
variables coded the same by the total number dgéivias. Acceptance required a mean

agreement of 90%.
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Methodological quality

The quality of each study was independently asgdsg@ of the authors (JG and BJS),
and agreement was mutually determined for any ebdatiscrepancies. Study quality was
evaluated by use of the 11-point Physiotherapy &we Database (PEDro) scale, which has
been shown to be a valid measure of the methodotpgility of randomized trials (13) and
displays acceptable inter-rater reliability (33)véh thatthe assessors are rarely blinded, and
that is impossible to blind the participants angestigators, in supervised exercise interventions,
we elected to remove items 5, 6, and 7 from thiesednich are specific to blinding. With the
removal of these items, the maximum result on tbdifred PEDro 8-point scale was 7 (i.e. the
first item is not included in the total score). Taealitative methodology ratings were adjusted
similar to that used in previous exercise-relatesiesnatic reviews (26) as follows: 6-7 =

“excellent”; 5 = “good”; 4 = “moderate”; and, 0 8= “poor”.

Calculation of Effect Sze

For each hypertrophy outcome, an effect size (E®) ealculated as the pretest-posttest
change, divided by the pooled pretest SD (31). isgr@age change from pretest to posttest was
also calculated. An adjustment for small sampls kias applied to each ES (31). The variance
around each ES was calculated using the samplénseseh study and mean ES across all

studies (7).

Satistical Analyses

A random effects model was employed using robusanee meta-regression for

multilevel data structures, with adjustments foaireamples (20, 49). Study was used as the
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clustering variable to account for correlated @Hewithin studies. Observations were weighted
by the inverse of the sampling variance. Model petars were estimated by the method of
restricted maximum likelihood (REML) (48). Separateta-regressions were performed on ESs
for 1-RM, isometric strength, isokinetic strendblody composition, direct assessments of
muscle size, and muscle fiber size via biopsy. Ldadsification (high or low) was included as a
moderator in all regression models. To assessrdeatigal significance of the outcomes, the
equivalent percent change was calculated for eath-negression outcome. To allow generation
of a forest plot, mean differences in effect sixese calculated for each study to give a study-
level ES, and a meta-regression was performedasetBESs. To explore whether an interaction
existed between training load and upper or lowelylbnuscle groups, separate regressions were
performed on training load and its interaction viathdy half (upper or lower) if sufficient data
was available.

In order to identify the presence of highly inflti@hstudies which might bias the
analysis, a sensitivity analysis was carried ouetch model by removing one study at a time,
and then examining the training load predictor digisi were identified as influential if removal
resulted in a change of the predictor going frogmificant or a trend (R 0.10) to non-
significant (P > 0.10), or vice versa, or if rembgaused a large change in the magnitude of the
coefficient.

All analyses were performed using package metaf& version 3.3.2 (The R

Foundation for Statistical Computing, Vienna, AigtrEffects were considered significant at P

< 0.05, and trends were declared at 0.05<<0P10. Data are reported as+ standard error of

the means (SEM) and 95% Cls.
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Results

Results of all outcomes are presented in Tablén2.rfiean rating of study quality as
assessed by the PEDro scale was 5.6, indicatingatbleof studies to be of good to excellent
quality; no study in the analysis was deemed toflgoor quality.

***Insert Table 2 About Here***

1-RM

The final analysis comprised 84 ESs from 14 studiee mean ES across all studies was
1.50 £ 0.23 (Cl: 1.01, 1.99). The mean percenhgbavas 31.6 £ 4.5% (Cl: 22.0, 41.2). There
was a significant difference in mean ES betweeh higd low loads/A = -0.37 £ 0.10; CI: -0.59,
-0.16; P = 0.003), with high load resulting in @afer mean ES and percentage gain (Table 2).
Study level analysis revealed an effect size tiggifecantly favored high loads (ES = 0.58 +
0.16; CI: 0.28, 0.89; P = 0.002; Figure 2). Theeswo interaction between training load and the
half of the body trained (P = 0.69). Sensitivityases did not reveal any influential studies.

***|nsert Figure2 About Here***

Isometric Strength

The final analysis comprised 23 ESs from 8 studiée mean ES across all studies was
0.60 £ 0.19 (CI: 0.15, 1.05). The mean percent ghamas 21.5 + 5.3% (CI: 8.9, 34.2). There
was no significant difference in mean ES betwegh land low loadsA = -0.09 £ 0.10; CI: -
0.34, 0.17; P = 0.43; Table 2). Study level analgsiowed no significant impact of load (ES =
0.16 £0.11; CI: -0.10, 0.41; P = 0.19; FigureT)ere was insufficient data to examine the
interaction between training load and the haltheafbody trained. Sensitivity analysis revealed

one influential study. Removal of the study by \Rwmie et al. (51) changed the magnitude of the
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194 non-significant difference between high and londeé = -0.24 + 0.13; CI: -0.57, 0.08; P =
195  0.11).

196 ***|nsert Figure 3 About Herex**

197  Isokinetic Strength

198 There were 41 isokinetic strength ESs from 4 stsidThere was an insufficient number
199 of studies to model the impact of loading on isekim strength.

200 Lean Body Moss

201 There were 14 body composition ESs from 5 studibere was an insufficient number
202  of studies to model the impact of loading on leasschanges.

203  Muscle Hypertrophy

204 The final analysis comprised 41 ESs from 10 studi&ae mean ES across all studies was
205 0.47 £0.08 (ClI: 0.28, 0.65). The mean percent gaavas 7.6 + 1.2% (CI: 4.9, 10.4). There was
206 atrend towards a difference in mean ES betwedmdmg low loadsA = -0.11 + 0.06; Cl = -
207 0.24, 0.03; P = 0.10), with high load being sliglgteater than low loads (Table 2). However,
208  study level analysis showed no impact of load (E503 £ 0.05; CI: -0.08, 0.14; P = 0.56;

209  Figure 4). There was no interaction between trgitoad and the half of the body trained (P =
210 0.46). Sensitivity analyses revealed five influignttudies (Table 3). Removal of each of the
211 three most influential studies (37, 47, 51) resbitenon-significant P-Values (P = 0.22 — 0.46)
212 along with decreases in the ES difference betwégndnd low loadsA = =-0.06 - -0.09).

213 ***|nsert Figure 4 About Herex**

214  Muscle Fiber Sze

215 There were 23 muscle fiber size ESs from 4 musidpsy studies. There was an

216 insufficient number of studies to model the impafcibading on muscle fiber size.
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Discussion

The present meta-analysis encompassed a totalsitidiles — more than double that of
the previous meta-analysis on the topic (43). Tdiity large body of research provided ample
statistical power to draw inferences as to thectffef loading on muscle hypertrophy and
isotonic and isometric strength, although data renmsufficient for assessing changes in
measures isokinetic strength, and muscle fiberl@au body mass. The analysis produced
several interesting revelations.

The outcomes for strength were somewhat confliadigigending on the modality of
testing. Heavy loading showed a clear advantaggdmrs in 1 RM strength, with probability
estimates indicating an almost certain likelihobdiierences compared to low-load training (P
= 0.003) (23). The superiority of heavy loading fieaximal isotonic strength is consistent with
the principle of specificity, which dictates thaetmore closely a training program replicates the
requirements of a given outcome, the greater tresfer of the training to that outcome (5).
Considering the essence of 1 RM testing is torldiximal loads, it logically follows that training
closer to one’s RM would have the greatest trartsféinis outcome. Nevertheless, both heavy
and light loads showed large effects for 1 RM iases (1.69 and 1.32, respectively), translating
into mean percentage gains of 35.4% and 28.0%ec#sgply. Our findings therefore indicate
that while heavy loads are required to achieve makgains in isotonic strength, lighter loads
promote substantial increases in this outcome ds lkvehould be noted that our findings on the
topic are primarily based on untrained subjectsrag 3 studies investigated isotonic strength
changes between conditions in those with resistaaggng experience. A subanalysis of
training status showed that the direction of thermction was even larger in trained subjects,

suggesting that heavier loading may become inarghsimore important for maximal gains in
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isotonic strength as one garners training expegieiHowever, the paucity of data on the topic
limits the ability to draw definitive conclusions.

With respect to isometric strength, both high awl loads produced similar gains, with
minimal differences displayed in mean percentagaghs (22.6% versus 20.5%, respectively).
At face value this implies that when training sfietty is offset by testing on a neutral
instrument, increases in force production can hakyachieved regardless of loading zone.
However, sensitivity analysis showed that remov¥afan Roie et al. (51) substantially altered
the magnitude of the difference between conditiant the 95% confidence interval (-0.08,
0.57) showing an overt advantage to heavier loadihg relatively low number of studies on the
topic limited statistical power to draw firm inferees, but examination of the revised confidence
interval (-0.57, 0.08) indicates a likely benefitfavor of heavier loading, albeit of a relatively
small magnitude (23).

There was an insufficient number of studies to ¢jiaa magnitude of effect on
isokinetic strength in high- versus load-low traimi Of the 3 studies that investigated changes in
this outcome measure, Aagaard et al. (1) founddhigtthose training with high-loads were able
to increase isokinetic strength-in a cohort okegjibung soccer players. Conversely, Van Roie et
al. (51) and Hisaeda et al. (22) reported no dsicanit differences between conditions in
untrained community-dwelling elderly adults and ggwomen, respectively. Whether physical
activity levels and/or factors specific to theseetlse populations contributed to the
discrepancies remains to be determined.

Data from direct measures of muscle size indicatda hypertrophic changes between
high- and low-load conditions. Although differenéesnean ES (p = 0.10) suggests a likely

probability favoring heavier load training (23)ugy level analysis as illustrated in Figure 4
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showed no impact of load (P = 0.56) and the mearep&ge gains were comparable between
high- and low-load conditions (8.3% versus 7.0%peetively). Moreover, sensitivity analysis
revealed a number of studies unduly influencedltgsand the removal of the most influential
studies markedly reduced the probability of a défee in mean ES (P = 0.22 — 0.46). The
findings therefore indicate that both heavy anttligads can be equally effective in promoting
muscle growth provided training is carried out wathigh level of effort. Intriguingly, emerging
research shows a potential fiber type-specificatfdé loading zones, with heavier loads showing
greater increases in type Il muscle fiber crost@eal area and lighter loads showing greater
increases in type | muscle fiber growth (34, 39, H2rue, this implies a potential benefit to
training across a spectrum of repetitions wherot@ ¢ maximize hypertrophic adaptations.
That said, not all studies have found such an e{&?) and further research is therefore needed
to draw relevant practical inferences.

While not all studies reported attendance durimgtthining programs, those that did
report a high level of adherence (i.e. >87% ofltveaning sessions). It has been suggested that
low load training might result in greater discomfoempared with high load training (17).
However, the findings would suggest that the bgples of training were equally effective
regarding adherence to the training protocols.Heunhore, it would seem that training with both
high- and low-load might be equally safe, as onlg but of the 21 included studies (25, 43)
reported mild adverse effects (i.e. minor tendsratid two minor injuries [one in each group],
respectively).

It should be noted that several studies includetiénanalysis had potential confounding
variables that may have impacted results. In théysby Fink et al. (14), interset rest intervals

for the low-load condition were 30 seconds while tiigh-load condition rested 3 minutes. In the
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study by Popov et al. (37), the low-load group peried repetitions without relaxation while
those in the high-load group paused during the éomportions of the lift. Repetition durations
in both studies by Tanimoto et al. (46, 47) welféedent between conditions, with the low-load
condition lifting at a tempo of 3s-0s-3s (concamntsometric-eccentric) versus a 1s-1s-1s tempo
in the high-load condition. The extent and directio which these factors may have influenced
hypertrophic adaptations is not clear.
Practical Applications

The findings of this meta-analysis can provide gmeguidance regarding the
prescription of training loads to promote increaseacular hypertrophy and strength. With
respect to the development of muscular strengté noust consider the needs of the individual
first and foremost. For those who participate mnersith sports, particularly where maximal loads
are required in specific lifts, then training whigh loads on the evaluated lifts is advantageous
(principle of specificity). Training with low-load® failure requires exercise volume (work) and
time in excess of high-load training, suggestirghkHbad training may be more efficient.
Recently Mattocks et al. (28) demonstrated thisgyple finding comparable improvements in
muscular strength in those who completed only i@gohe RMs against a higher volume
hypertrophy program, albeit.in untrained particiggan

Given the robust increases from low-load trainingweasures of isotonic and isometric
maximal strength, and the similar changes in musgtertrophy when compared to heavy
loading, there is significant flexibility in thedding ranges that can be prescribed to promote
muscular strength and mass. Emerging evidenceatwdg:fiber type-specific adaptations from

training with high- versus low-loads suggests a&ptal benefit to training across a spectrum of
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loading zones when maximizing muscle hypertrophiésprimary goal. This hypothesis
warrants further study.

It should be noted that all included studies i timalysis used momentary muscular
failure as the point of set termination. Consedyeapplication of these findings to RT
programming must consider the contribution of caomige failure to the observed findings.
While training to failure may not result in supera@aptations than non-failure RT despite
increased training volume (39), comparable resatsot reasonably be assumed for sub-
maximal, non-failure training based on the preserysis. This highlights the need for further
research on the role of effort, fatigue and failuréhe relationship between training loads and

changes in muscular strength and hypertrophy.

Copyright © 2017 National Strength and Conditioning Association



Table 1. Overview of studies meeting inclusionecia

Study Participants Comparison groups Tempo Volume Duration of Resistancetraining Hypertrophy/  Findings
characteristics (setsx repetition [rest (concentric-  equated? intervention; exer cise(s) strength
interval duration#]) isometric- weekly training measur ement
eccentric) frequency
Aagaard et Young untrained High load - 4 x 8 RM Not reported  No 12 weeks; 3x Knee extension Isdkinemee Significant pre- to post-intervention
al. (1) men (n = 22) Low load — 4 x 16 RM* extension increases in strength only in the high
Low load - 4 x 24 RM Isokinetic knee load group.
Non-exercising control flexion
group*
Anderson et Young untrained High load - 3 x6-8 RM  Notreported  Yes 9 weeks; 3x Bench press 1 RM bench Significant pre- to post-intervention
al. (3) men (n =43) Low load - 2 x 30-40 press increases in strength in all groups.
RM Significantly greater increases in
Low load - 1 x 100-150 strength in the high load vs. low
RM load groups.
Auet al. (4) Young trained High load - 3 x 8-12 Not reported  No 12 weeks; 4x Seated row, benclspflemt  BOD-POD Significant pre- to post-intervention
men (n = 46) RM [1 min] plank, machine-guided 1 RM bench increases in lean body mass, upper
Low load - 3 x 20-25 shoulder press, bicep curls, press and lower body strength in both
RM [1 min] triceps extension, wide grip 1 RM leg press exercising groups, with significant
Non-exercising control pull downs, inclined leg press, between-group differences only in 1
group* cable hamstring curl, machine- RM bench press strength for high vs
guided knee extension low load group.
Camposetal. Young untrained High load-4x3-5RM Notreported  Yes 8 weeks; 2-3x Squat, leg pres=e kn Biopsy Significant pre- to post-intervention
9) men (n = 32) [3 min] extension 1 RM squat increases in CSA only for the high
High load - 3 x 9-11 1 RM leg press load groups.
RM [2 min] 1 RM knee Significantly greater increases in
Low load - 2 x 20-28 extension muscle strength in the high load vs.
RM [1 min] low load group.
Non-exercising control
group*
Fink et al. Young untrained High load - 3 x 8-12 1-0-2forall  No 8 weeks; 3x Unilateral biceps preacher curl MRI Significant pre- to post-intervention
(15) men (n = 21) RM [90 sec] groups MVC increases in CSA in all groups, with

Copyright © 2017 National Strength and Conditioning Association



Low load - 3 x 30-40
RM [90 sec]

Mixed high and low
load group — 4 weeks of
3x8-12RMand 4
weeks of 3 x 30-40 RM

no significant between-group
differences.

Significantly greater increases in
muscle strength in the high load vs.

low load group.

[90 sec]*
Fink et al. Young untrained High load - 3x8 RM [3 1-0-2 for No 8 weeks; 3x Barbell curl, preacher curl, MRI Significant pre- to post-intervention
(14) men (n = 20) min] both groups hammer curl, close grip bench MVC increases in CSA in both groups,
Low load - 3 x 20 RM press, french press, dumbbell with no significant between-group
[30 sec] extension differences.
Significantly greater increases in
muscle strength in the high load vs.
low load group.
Fisher et al. Young untrained High load - 3 x 80% 2-1-3 for No 6 weeks; 1x Knee extension MVT Significant pepost-intervention
17) men (n=7) MVT [2 min] both groups increases in strength for both
Low load - 3 x 50% groups, with no significant between-
MVT [2 min] group differences.
Hisaedaetal. Younguntrained Highload -8-9x5RM Fast as Yes 8 weeks; 3x Knee extension MRI Significant pre- to post-intervention
(22) woman (n=11) ['sufficient’] possible MVC increases in CSA and strength for
Low load - 5-6 x 15 RM both groups, with no significant
[90 sec] between-group differences.
Kerr et al. Untrained High load - 3 x 8 RM Not reported  No 1 year; 3x Hip extension, hip ftlexihip 1 RM hip Significant pre- to post-intervention
(25) middle-aged [2-3 min] abduction, hip adduction, leg  extension increases in strength for both
woman (n=46) Low load - 3 x 20 RM press, wrist curl, reverse wrist 1 RM hip groups, with no significant between-
[2-3 min] curl, wrist flexion group differences.
pronation/supination, biceps 1 RM hip
curl, triceps press-down abduction
1 RM hip
adduction

1 RM leg press
1 RM wrist

curl

Copyright © 2017 National Strength and Conditioning Association



1 RM reverse

wrist curl
1 RM wrist
pronation/supi
nation
1 RM biceps
curl
1 RM triceps
press-down
Mitchell et al.  Young untrained High load - 3 x 80% Not reported  No 10 weeks; 3x Unilateral knee etens MRI Significant pre- to post-intervention
(29) men (n = 18) RM Biopsy increases in CSA for all groups,
High load - 1 x 80 % 1 1 RM knee with no significant between-group
RM* extension differences.
Low load - 3 x 30% 1 MVC Significant pre- to post-intervention
RM increases in strength for all groups,
with significantly greater increases
in 1 RM muscle strength in the high
load vs. low load group.
Mortonetal.  Young trained High load - 3 x 8-12 Not reported  No 12 weeks; 4x Seated row, benctspfemt  DEXA Significant pre- to post-intervention
(32) men (n = 49) RM [1 min] plank, machine-guided Biopsy increases in CSA and lean body
Low load - 3 x 20-25 shoulder press, bicep curls, 1 RM bench mass for all groups, with no
RM [1 min] triceps extension, wide grip press significant between-group

pull downs, inclined leg press,
cable hamstring curl, machine-
guided knee extension

1 RM leg press
1 RM shoulder
press

1 RM knee

extension

differences.

Significant pre- to post-intervention
increases in strength for all groups,
with significantly greater increases

in 1 RM bench press strength in the
high load vs. low load group.
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Ogasawaraet  Young untrained Highload-3x75%1  1-0-1 for No 6 weeks; 3x Bench press MRI Significant pre- to post-intervention
al. (36) men (n =9) RM [3 min] both groups 1 RM bench increases in CSA for all groups,
Low load - 4 x 30% 1 press with no significant between-group
RM [3 min] MvC differences.
Significant pre- to post-intervention
increases in strength for all groups,
with significantly greater increases
in strength in the high load vs. low
load group.
Popov et al. Young untrained High load - 3 and 7 x Not reported  No 8 weeks; 3x Leg press MRI Significant pre- to post-intervention
37) men (n = 18) 80% MVC [10 min] MvC increases in CSA and strength for all
Low load - 1 and 4 x groups, with no significant between-
50% MVC [10 min] group differences.
Ranaet al. Young untrained High load - 3 x 6-10 1-0-2 for No 6 weeks; 2-3x Leg press, back squat (smith BOD-POD Significant pre- to post-intervention
(38) females (n=34) RM high and low machine) and knee extension 1 RM squat increases in lean body mass for all
High load low velocity - load groups. 1 RM leg press groups, with no significant between-
3 x6-10 RM* 10-0-4 for 1 RM knee group differences.
Low load - 3 x 20-30 the high load extension Significant pre- to post-intervention
RM low velocity increases in strength for all groups,
Non-exercising control  group with significantly greater increases
group* in 1 RM leg press in the high load
vs. low load group.
Schoenfeld et Young trained High load - 3 x 8-12 1-0-2 for No 8 weeks; 3x Bench press, barbell military Ultrasound Significant pre- to post-intervention
al. (42) men (n = 18) RM both groups press, wide grip pulldowns, 1 RM bench increases in muscle thickness in
Low load - 3 x 25-35 seated cable row, barbell back press both groups, with no significant
RM squat, machine leg press, and 1 RM squat between-group differences.
machine knee Significantly greater increases in 1
extension RM squat strength in the high load
vs. low load group.
Schuenke et Young untrained High load - 3 x 6-10 1-0-2 for No 6 weeks; 2-3x Leg press, back squat (smith Skinfolds No significant pre- to post-
al.(44)$ females (n=34) RM high and low machine) and knee extension Biopsy intervention differences in lean body
High load low velocity - load groups. mass.
3 x6-10 RM* 10-0-4 for Significant pre- to post-intervention
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Low load - 3 x 20-30 the high load increases in CSA only in the high
RM low velocity load group
Non-exercising control  group
group*
Stone & Young untrained High load —3 x 6-8 RM  Not reported  Yes 9 weeks; 3x Bench press, triceghp 1 RM bench Significant pre- to post-intervention
Coulter (45) females (n =50) [2-3 min] down, arm curl, lat pulldown, press increases in strength in all groups,
Low load - 2 x 15-20 squat 1 RM squat with no significant between-group
RM [2-3 min] differences.
Low load - 1 x 30-40
RM [2-3 min]
Tanimoto & Young untrained High load -3x80% 1  1-1-1forthe No 12 weeks; 3x Knee extension MRI Significant pre- to post-intervention
1 shii (46) men (n = 24) RM [1 min] high and low 1 RM knee increases in CSA and MVC strength
Low load low velocity - load groups extension only in the high load group.
3x50% 1 RM [1 min]*  3-0-3 for the MVC Significant pre- to post-intervention
Low load - 3 x 50% 1 low load low increases in 1 RM knee extension
RM [1 min] velocity strength in all groups, with no
group significant between-group
differences.
Tanimoto et Young untrained High load -3x80% 1  1-1-1 forthe No 13 weeks; 2x Chest press, lat pulldown, Ultrasound Significant pre- to post-intervention
al. (47) men (n = 36) RM [1 min] high load abdominal bend, and back DEXA increases in muscle thickness, lean
Low load - 3 x 55-60%  group extension, squat 1 RM squat body mass and strength in both
1 RM [1 min] 3-0-3 for the 1 RM chest groups, with no significant between-
Non-exercising control  low load press group differences.
group* group 1RM lat
pulldown
1RM
abdominal
bend
1 RM back
extension
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Van Roie et Young untrained High load - 1 x 10-12 1-0-2 for No 9 weeks; 3x Knee extension 1 RMknee Significant pre- to post-intervention
al. (50) men (n=21)and RM both groups extensions increases in 1 RM strength in all
woman (n=15) Low load -1 x 60 RM + MvC groups.
10-20 RM Isokinetic knee  Significantly greater increases in 1
Low load - 1 x 10-12 extension RM strength in the high load vs. low
with 40% 1 RM* load groups.
Significant pre- to post-intervention
increases in MVC only for the high
load group.
Significant pre- to post-intervention
increases in isokinetic strength only
for the low load group.
Van Roie et Untrained older  High load - 2 x 10-15 2-0-3forall  No 12 weeks; 3x Leg press and knee extensionCT Significant pre- to post-intervention
al. (51) men (n =26) and RM [2 min] groups 1 RM knee increases in CSA for all groups,
woman (n=30) Low load - 1 x 80-100 extension with no significant between-group
RM 1 RM leg press differences.
Low load - 1 x 60 RM + MVC Significantly greater increases in 1
10-20 RM Isokinetic knee RM strength in the high and low

extension

load+ vs. low load group.
Significant pre- to post-intervention
increases in MVC strength for all
groups, with no significant between-
group differences.

Significant pre- to post-intervention
increases in isokinetic strength only
for the high load group.

# = not all studies reported rest interval duration; * = the group was not included in the meta-analysis; $ = the same data as in the Rana et al. (38) study; RM = repetition maximal;

BOD-POD = air displacement plethysmography; DEXA = dual energy X-ray absorptiometry; MRl = magnetic resonance imaging; MVC = maximal voluntary contraction; MVT =

maximal voluntary torque; CT = computed tomography; CSA = cross-sectional area
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Table 2. Impact of training load on strength agpgentrophy

Outcome L oad ES 95% CI P Valuefor Equivalent
Difference percentage gain
(%)
1-RM High 1.69 1.25,2.14 0.003 35.3+4.3
Low 0.23 0.87,1.76 28.0+4.8
132+
0.23
| sometric High 0.64 = 0.06,1.22 0.43 22.6 £ 6.3
Strength Low 0.24 0.10, 1.00 205+£5.7
0.55+
0.18
I sokinetic Insufficient Studies for Analysis
Strength
Lean Body Mass Insufficient Studies for Analysis
Muscle High 0.53 + 0.30,0.76  0.10 83+15
Hypertrophy Low 0.10 0.23, 0.60 7.0+£1.2
042+
0.08

RM = repetition maximal; ES = effect size; Cl = confidence interval
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Table 3. Sensitivity analyses for hypertrophy

Study Removed A ES Between 95% CI P Valuefor
High & Low Difference
L oads
None -0.11 £ 0.06 -0.24, 0.10
0.03
Fink et al. (15) -0.13 +0.05 -0.25, 0.04
0.00
Hisaeda et al. (22) -0.11 £ 0.06 -0.25, 0.11
0.03
Popov et al. (37) -0.08 £ 0.06 -0.23, 0.26
0.07
Tanimoto et al. (47) -0.06 + 0.08 -0.25, 0.46
0.12
Van Roieet al. (51) -0.09 + 0.07 -0.25, 0.22
0.07

ES = effect size; Cl = confidenceinterval
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Figure Captions
Figure 1. Flow diagram of search process

Figure 2: Forest plot of studies comparing changes in 1RMhgtitein high- versus
low-load training. The data shown are mean * 95%l@ size of the plotted squares
reflect the statistical weight of each study. Ablméons: ES (effect size)

Figur e 3: Forest plot of studies comparing changes in isomstrength in high-
versus low-load training. The data shown are me@ko Cl; the size of the plotted
squares reflect the statistical weight of eachystéddbbreviations: ES (effect size)

Figur e 4. Forest plot of studies comparing changes in musgbetirophy in high-

versus low-load training. The data shown are me@&o Cl; the size of the plotted
squares reflect the statistical weight of eachystéddbbreviations: ES (effect size)
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