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Physiological Responses and Adaptations 
to Lower Load Resistance Training: Implications 
for Health and Performance
Jonathon Weakley1,2,3*  , Brad J. Schoenfeld4, Johanna Ljungberg5, Shona L. Halson1,2 and Stuart M. Phillips6 

Abstract 

Resistance training is a method of enhancing strength, gait speed, mobility, and health. However, the external load 
required to induce these benefits is a contentious issue. A growing body of evidence suggests that when lower 
load resistance training [i.e., loads < 50% of one-repetition maximum (1RM)] is completed within close proximity to 
concentric failure, it can serve as an effective alternative to traditional higher load (i.e., loads > 70% of 1RM) training 
and in many cases can promote similar or even superior physiological adaptations. Such findings are important given 
that confidence with external loads and access to training facilities and equipment are commonly cited barriers to 
regular resistance training. Here, we review some of the mechanisms and physiological changes in response to lower 
load resistance training. We also consider the evidence for applying lower loads for those at risk of cardiovascular and 
metabolic diseases and those with reduced mobility. Finally, we provide practical recommendations, specifically that 
to maximize the benefits of lower load resistance training, high levels of effort and training in close proximity to con-
centric failure are required. Additionally, using lower loads 2–3 times per week with 3–4 sets per exercise, and loads 
no lower than 30% of 1RM can enhance muscle hypertrophy and strength adaptations. Consequently, implementing 
lower load resistance training can be a beneficial and viable resistance training method for a wide range of fitness- 
and health-related goals.
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Key Points

• Lower load (i.e., < 50% of 1RM) resistance training 
can be a viable and effective method of developing 
muscle hypertrophy and strength. Furthermore, it 
can have tangible benefits for healthy populations 
and those at risk for developing chronic diseases.

• Despite hesitancy and skepticism over the practical-
ity of lifting with lower loads for muscle hypertrophy 
and strength, there is substantial evidence that sup-
ports its implementation.

• Considering the somewhat discordant cellular signal-
ing differences between lifting with lower and higher 
loads, the practical significance of these findings still 
need to be elucidated.

• To maximize the benefits of lower load resistance 
training, high levels of effort and training in close 
proximity to concentric failure are required. Fur-
thermore, it could be recommended that it is imple-
mented 2–3 times per week with 3–4 sets per exer-
cise, and loads no lower than 30% of 1RM.

• Lower load resistance training can be used in con-
junction with higher loads (i.e., < 50% of 1RM) and 
should be a personal choice based on individual 
goals. This may help reduce participation barriers 
and promote exercise adherence.

Background
Resistance training is an important consideration for 
health and performance. The physiological responses and 
adaptations induced by resistance training are infinitely 
variable and are determined by acute training variables 
(e.g., intensity, volume, and muscle action). The Ameri-
can College of Sports Medicine (ACSM) recommends 
it be performed with a load of at least 70% of one-rep-
etition maximum (1RM) when aiming to induce muscle 
hypertrophy [1]. Furthermore, loads ≥ 80% are commonly 
recommended for strength development in trained indi-
viduals [1]. However, despite firmly held beliefs within 
the exercise world, when standardized through work-
matched or training to momentary concentric failure, 
lower load resistance training (i.e., loads < 50% 1RM) can 
serve as an effective alternative to traditional higher load 
(i.e., loads ≥ 70% 1RM) training and can induce similar or 
even superior changes in a wide range of physiological, 
performance, and health-related outcomes [2–5].

Physical inactivity is a leading cause of death world-
wide and has substantial economic, environmental, and 
social consequences [6, 7]. Considering the benefits of 
resistance training, it is now commonly recommended 
in health guidelines [8, 9], but despite its importance, 
participation in resistance training is relatively low. For 

example, in Australia, only 10.4% of adults meet resist-
ance training recommendations [10]. Consequently, pro-
moting a range of methods that are practical, accessible, 
and encourage adherence may be beneficial for health 
outcomes. The use of lower load resistance training may 
be one of these methods, as it can stimulate adaptations 
comparable to higher load resistance training [2, 4]. In 
addition, lower-load training may reduce articular stress 
compared to higher-load training; which could be of par-
ticular importance for those with joint-related issues (e.g., 
osteoarthritis). Moreover, lower loads may allow for the 
completion of resistance training without the need for 
specific facility memberships and can enable the mainte-
nance or augmentation of physical qualities during peri-
ods where higher load training is not feasible. This may 
be particularly pertinent in the current climate, consider-
ing that a pandemic has forced periods of isolation and 
reduced access to resistance training equipment. Here, 
we review the mechanisms responsible for improvements 
in skeletal muscle and physical performance with specific 
emphasis on lower load resistance training. Additionally, 
we discuss some of the potential implications and appli-
cations for health-related outcomes and physical perfor-
mance in healthy populations and those at risk.

Main Text
Physiological Responses Following Lower Load Resistance 
Training
A commonly investigated method of applying lower load 
resistance training has been to use loads of 30% 1RM and 
with repetitions taken to volitional or concentric failure 
[2–4, 11–15]. Participants have typically performed three 
to four sets across 8–12 week periods; however, substan-
tial changes in strength and leg fat-free mass and skeletal 
mass have been observed in as little as two weeks [3]. 
When chronic interventions have compared traditional 
higher load resistance training (i.e., 80–90% 1RM) to 
lower load (i.e., ~ 30% 1RM) training, similar training-
induced improvements in body composition and some 
measures of neuromuscular performance have occurred, 
despite the significant differences in external load lifted 
[4, 5]. In addition to similarities in changes in fat-free 
mass and non-specific measures of strength, research 
indicates comparable improvements in type I and type II 
cross-sectional area (CSA) [5, 13], pennation angle [15], 
rate of force development [4], and satellite cell activity 
between lower and higher load conditions [13]. Further-
more, lower load resistance training is accompanied by 
greater increases in specific mitochondrial proteins (i.e., 
mitochondrial fission 1 protein, dynamin-related protein, 
optic atrophy type 1, and parkin) [13].
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Given the ability of lower load resistance training to 
promote increases in muscle mass, a range of molecu-
lar mechanisms that underpin skeletal muscle adapta-
tions have been investigated [4, 5, 13]. Evidence suggests 
that when exercise is completed with a controlled tempo 
of one second eccentric and concentric durations (i.e., 
1/0/1/0), exercise effort is an important factor influencing 
the early amplitude of myofibrillar protein synthesis [2]. 
Additionally, the duration of the myofibrillar response at 
extended time points (e.g., 24–72 h) may be determined 
by the exercise volume completed rather than the load 
lifted [2, 3, 11], with greater responses in trained indi-
viduals when 30%, rather than 90%, of 1RM loads, were 
taken to the point of concentric failure [11]. It should also 
be noted that lower loads with higher absolute volumes 
have been shown to cause sustained sarcoplasmic protein 
synthesis 24  h post-exercise [11]. This finding indicates 
that training with lower loads can increase proteins from 

all fractions in muscle [13] and may lead to enhanced oxi-
dative capacity and hypertrophy [11, 16].

Several studies have investigated the upstream sig-
nals that initiate changes in muscle protein synthesis in 
response to various loading schemes, with evidence of 
differential changes in key signaling pathways (Fig. 1) [2, 
11, 13]. In trained and untrained participants, increased 
phosphorylation of the mammalian target of rapamycin 
(mTOR) and its downstream targets have been observed 
with heavier (80–90% of 1RM) and lighter loads (i.e., 30% 
of 1RM) at early time points following exercise [4, 11]. 
Additionally, while significant increases in p70S6K phos-
phorylation were not observed when training to momen-
tary concentric failure with 30% of 1RM in untrained 
and recreationally trained participants one hour follow-
ing exercise, there is only equivocal evidence when using 
loads of 80% 1RM [4, 17]. However, lower load protocols 
in trained participants have shown increased phospho-
rylation responses four hours after exercise [11]. These 

Fig. 1 Acute (1 and 4 h) changes in molecular signaling pathways following either lower (30–40% of 1RM) or higher load (80–90% of 1RM) 
resistance training. Dashed colored outline indicates increased expression at either 1 or 4 h timepoints. Full outline indicates increased expression at 
both 1 and 4 h timepoints. Additionally, increases in the chronic expression of mitochondrial function proteins are presented. Data are from [4, 5, 13, 
15]
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results suggest that heavier and lighter relative loads 
lifted until the point of volitional failure may result in a 
different time course of anabolic signaling, with p70S6K 
phosphorylation occurring later after exercise with 
lighter compared with heavier relative loads [4]. Further-
more, while increases in extracellular signal-regulated 
protein kinases 1 and 2 (ERK1/2) have been observed one 
hour following exercise with higher and lower loads when 
trained to volitional failure [17], only lower loads display 
increases four hours post-exercise [11]. Indeed, previous 
work suggests that ERK1/2 is sensitive to the volume of 
contractions during resistance training [18], with this 
supported by Burd et  al. [11], who used a substantially 
greater number of repetitions (~ 94 vs. ~ 19 repetitions) 
in their 30% of 1RM to failure condition. Notwithstand-
ing the somewhat discordant patterns of mTOR pathway 
signaling, muscle protein synthesis rates are similar fol-
lowing both lower and higher load contractions when 
performed to volitional failure [11]. Thus, the practical 
significance of these findings remain undetermined.

Underpinning the physiological responses to higher 
and lower load resistance training are potential differ-
ences in motor unit recruitment patterns. Traditional 
recommendations of higher load resistance training for 
strength and hypertrophy development are predicated on 
Henneman’s size principle, which has been extrapolated 
to imply that lower loads do not provide a sufficient stim-
ulus to innervate the highest threshold motor units asso-
ciated with type II myofibers [19]. However, the onset of 
fatigue necessitates the activation of larger (i.e., higher 
threshold) motor units and thus the full spectrum of 
fiber types are ultimately recruited when training is car-
ried out with very high levels of effort [17]. While greater 
surface electromyograph (EMG) amplitudes have been 
reported with higher vs lower load resistance training, 
the relationship between EMG amplitude and motor unit 
recruitment is not easily determined during sustained/
fatiguing contractions and can be misleading [17, 20]. 
Subsequently, using this measure to infer fiber-type-spe-
cific motor unit recruitment and longitudinal hypertro-
phy should be cautiously interpreted [21]. An alternative 
method of assessing muscle fiber activation is via fiber-
type-specific glycogen depletion [17]. This method has 
been used to demonstrate that when completing resist-
ance training to concentric failure, recruitment, substrate 
depletion, and phosphorylation of anabolic signaling pro-
teins within type I and II muscle fibers occurs irrespec-
tive of load, duration, or volume [17]. Furthermore, these 
changes in glycogen content have been related to changes 
in muscle signaling proteins (e.g., phosphorylation of 
p70S6K), which have established correlations with mus-
cle protein synthesis [11] and changes in CSA following 
resistance exercise [4].

Lower Load Resistance Training and Muscle Hypertrophy 
and Strength Adaptations
Resistance training is an important consideration for any 
exercise program that focuses on developing strength and 
improving physical performance. Traditionally, higher-
loads have been promoted to elicit gains in lean body 
mass and strength. Indeed, the National Strength and 
Conditioning Association (NSCA) has stated that hyper-
trophy is most efficacious between 7 and 12 repetitions 
[22]. However, when lower loads (e.g., 30% of 1RM) are 
taken to volitional or momentary concentric failure, simi-
lar improvements in muscle mass can occur when com-
pared to intensities that would enable repetitions within 
this 7–12 repetition range (i.e., ~ 70–83% of 1RM) [4, 
5, 13, 14]. Furthermore, when the total volume of work 
(load • repetitions • sets • workout frequency) is equated, 
meta-analytic estimates show that load has no bearing on 
hypertrophic adaptations [23]. Additionally, lower loads 
can cause substantial improvements in exercise-specific 
and non-specific strength [4, 5, 16, 24]. Therefore, lower 
loads should be considered a viable alternative to higher 
load training and may augment physical performance 
from resistance training programs.

Numerous studies have compared the effects of lower 
and higher load training on muscular adaptations, with 
the majority demonstrating that lower load training 
induces comparable increases in muscle hypertrophy 
compared to higher loads [23, 25]. One important caveat 
to this, however, is that a relatively high level of effort 
must be reached to induce these adaptations when using 
lower loads. Lasevicius and colleagues [14] compared 
training at 30% or 80% of 1RM with exercise being either 
taken to 60% of concentric failure or absolute concentric 
failure in a volume-matched design. While significant 
improvements in CSA were seen in the 80% conditions 
and the 30% taken to absolute concentric failure condi-
tion, training with 30% of 1RM without concentric fail-
ure, despite the equivalent volume of work, did not 
induce significant changes after eight weeks of training. 
In contrast to these findings, Nobrega et al. [15] showed 
that by allowing participants to finish a set at a point of 
volitional failure (i.e., when the individual voluntarily 
interrupts the exercise), similar changes in muscle CSA 
occurred compared to training to momentary concentric 
failure (i.e., when the concentric action can no longer be 
completed). As findings from this study showed similar 
absolute volumes between conditions, it can be inferred 
that proximity to concentric failure is an essential consid-
eration when aiming to maximize hypertrophic responses 
and supports recent meta-analytic findings [23].

Despite going against conventional wisdom, lower 
loads can elicit substantial improvements in strength 
measures. Load is often emphasized as fundamental for 
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strength development [22], but lower loads can improve 
indices of strength and may be a useful tool when the 
handling of higher loads is infeasible or not preferred. 
While there are inconsistencies as to whether lower 
loads can induce comparable improvements in absolute 
strength compared to higher loads, the answer is likely 
nuanced. When direct comparisons have been made, evi-
dence suggests that lower loads do [4, 5, 15] and do not 
[14, 16, 24, 26] induce similar strength adaptations. How-
ever, subtle differences between studies may help explain 
discrepancies in conclusions. For example, in studies 
that have tested maximal dynamic strength of the exer-
cise used throughout the training protocol, the studies 
that have provided participants with familiarization or 
an occasional maximal stimulus report similar strength 
adaptations [4, 5, 15]. Thus, so long as there is the peri-
odic implementation of heavier load training, compara-
ble changes in strength may occur. Furthermore, when 
the strength assessment is not related to the exercise 
(e.g., testing isometric strength) and training is taken to 
concentric failure, strength development is again similar 
between lower and higher loads [4, 5]. This finding is in-
line with previous work showing that strength gains are 
specific to the trained movement [27] and hence, would 
favor training at higher loads as those persons would be 
lifting loads closer to their 1RM and thus getting more 
practice. Finally, the development of muscular endurance 
has been shown to be substantially greater when lower 
loads are used [16]. Although, it should be acknowledged 
that these results may have been biased by the smaller 
absolute improvements in 1RM strength attained in the 
lower load group, which subsequently influenced the load 
during the post-intervention muscular endurance test. 
Thus, changes in muscular endurance may be nuanced 
and are likely influenced by the muscle groups used and 
the testing methodology implemented [28]. Neverthe-
less, while speculative, the greater time under tension 
that lower load training requires has been shown to alter 
mitochondrial protein synthesis and may improve muscle 
fatigue resistance and enhancing cellular energetics [2, 
13].

Several mechanisms that underpin the strength and 
hypertrophic adaptations to lower load training have 
been proposed, with varying evidence supporting their 
influence. Compared to higher load training, alterations 
in fiber type [4, 5, 26], neural adaptations [12, 15], and 
mitochondrial protein synthesis and metabolism [13] 
have all been suggested to occur with limited to equivo-
cal evidence. Several studies have investigated the influ-
ence of lower load, higher volume resistance training on 
fiber type hypertrophy with conflicting findings. While 
research [29, 30] has suggested that the greater metabolic 
stress associated with lower load training may induce 

greater type I fiber hypertrophy, research by Morton 
et al. [5] and Mitchell et al. [4] in trained and untrained 
participants, respectively, showed no differences when 
higher or lower loads are completed to concentric fail-
ure. Moreover, research indicates similar hypertrophy 
between lower and higher load training in the soleus (a 
type I dominant muscle) and the gastrocnemii (a mixed 
fiber muscle) [31]. Holm et al. [26] demonstrated no dif-
ferences in type I or type IIa fiber adaptations between 
loading methods, although lifting higher loads induced 
a greater reduction in type IIX fibers. Changes in mus-
cle pennation angle were investigated by Nobrega et  al. 
[14], with a ~ 9% change when training with lower and 
higher load conditions, which may help explain similari-
ties in changes in muscle strength. However, following six 
weeks of training with higher loads may allow for greater 
neural adaptations [12]; specifically, increased voluntary 
activation and normalized EMG amplitude during sub-
maximal and maximal torque production [12]. Finally, 
evidence from a single study [13] has suggested that 
completing the lower load, higher volume training (com-
pared to higher load, lower volume training) three times 
per week across 10  weeks can be a more potent stimu-
lus for mitochondrial metabolism and turnover, which 
may be related to the greater substrate use and meta-
bolic demand induced with lower load training. Such 
responses may underpin these changes in mitochondrial 
proteins; however, further research is warranted.

Potential Applications of Lower Load Resistance Training 
in People Who are at Risk
While lower load resistance exercise has been discussed 
as a method to augment human strength and lean body 
mass, it should be noted that these outcomes are essen-
tial components of healthy living. Low muscle mass and 
strength are associated with poor physical function and 
are associated with future mobility impairment in older 
adults [32, 33]. Additionally, a range of diseases can 
be positively influenced by enhancing an individual’s 
strength and lean mass [34]. Consequently, due to the 
low cost and simple implementation of lower load resist-
ance training, evidence suggests it can be a potent means 
to reduce chronic disease risk and improve long-term 
health [34].

Aging is a significant predictor of mobility impairment, 
with this reduced mobility exacerbating chronic disease 
[34, 35]. Numerous reviews demonstrate that resistance 
exercise in pre-frail and frail older adults can significantly 
enhance muscular strength, gait speed, and physical per-
formance [36, 37]. While higher load resistance exer-
cise (i.e., ≥ 70% of 1RM) has been suggested to be more 
effective than lower load in mitigating the impairment of 
mobility [38], heterogeneity between studies complicates 
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their comparison and makes it difficult to determine 
whether one loading condition is superior to another. It 
should be noted that resistance training, even using a per-
son’s body mass as resistance, can substantially improve 
physical function, and this can be as effective as tradi-
tional resistance training methods that require external 
loads [39]. In periods of low activity (e.g., immobiliza-
tion of a single limb and rehabilitation), resistance train-
ing can offset anabolic resistance and muscle atrophy [3]; 
with as little as two weeks of lower load, higher volume 
resistance training resulted in substantial increases in 
muscle mass in older adults that completed a period of 
step-reduction [3]. Finally, lower load resistance exercise 
may be a practical option for those with reduced mobil-
ity. A substantial hurdle to resistance exercise is access to 
an appropriate facility. Thus, using lower loads (e.g., body 
mass) that are often more accessible, and completing rep-
etitions to volitional failure or close to concentric failure 
[15], may be an effective method for improving indices of 
health.

Lean body mass is essential for the maintenance of met-
abolic health. Approximately 80% of glucose is deposited 
in skeletal muscle during postprandial periods [40], and 
adequate lean mass is important for mitigating insulin 
resistance and type 2 diabetes in adults. While changes in 
skeletal muscle mass may alter glucose handling, resist-
ance training and muscle contractions, in general, can 
improve glucose homeostasis through insulin-dependent 
and independent signaling pathways [41]. However, the 
optimal resistance training intensity for metabolic health 
is unclear, with a review by Gordon et  al., [42] noting 
that higher-load resistance training results in the great-
est improvements in glycemic control. Although, this 
conclusion failed to take into account the total volume 
of exercise performed. More recent evidence has shown 
that when matched for exercise volume, there was no 
significant difference in glycemic control between higher 
or lower load resistance training (i.e., 70% vs. 50% 1RM) 
in individuals with type 2 diabetes [43]. While further 
work is still required, this provides the rationale that 
simply performing resistance training with sufficient vol-
ume, rather than emphasizing the total load, is the more 
important consideration for glycemic control and meta-
bolic health.

Despite resistance training not having always been 
endorsed as a mode of exercise for reducing the risk of 
cardiovascular disease [44], its benefits for this purpose 
are clear. While it has been suggested that cardiac hyper-
trophy and subsequent greater risk of mortality may 
occur when higher pressures are placed on the heart [45], 
the excessive elevation of blood pressure is only observed 
with higher loads (i.e., > 70% of 1RM) and is less of a con-
cern when lower loads are implemented [46]. Although, 

it should be noted that this has not been investigated 
when higher and lower loads have both been taken to 
failure. Furthermore, in older adults with cardiovascu-
lar disease, low to moderate load resistance training (i.e., 
30–69% of 1RM) has been associated with lower rates of 
adverse cardiovascular complications than aerobic exer-
cise [47]. With strength and skeletal muscle indepen-
dently associated with risk for cardiovascular disease and 
mortality [48–50], resistance training has been posited as 
an important interventional strategy for mitigating car-
diovascular risk [34]. Finally, as low and moderate loads 
have been demonstrated to exert similar improvements 
in a host of cardiovascular risk factors (e.g., blood pres-
sure [51] and blood lipid profiles [52, 53]), the use of rela-
tively light external loads could support the health and 
well-being of individuals at risk of, or currently suffering 
from, cardiovascular disease.

Application of Lower Load Training for Physical Development 
and Health
With the progression of modern society, improve-
ments in technology, and continued decreases in physi-
cal exercise, there is perhaps no time in history where 
completing dedicated resistance training has been more 
important to public health. Ironically, implementing tra-
ditional higher-load resistance training may be difficult in 
the current climate considering the pandemic, periods of 
enforced isolation, and reduced access to dedicated train-
ing equipment. Therefore, lower load resistance exercise 
may act as an increasingly important method in help-
ing improve health and physical performance. Indeed, 
considering the common factors that hinder the imple-
mentation of traditional higher load training (e.g., access, 
equipment, and apprehension of heavy loads), one of the 
many benefits of this form of training is that it requires 
minimal equipment. Thus, lower load resistance train-
ing may substantially benefit those who need to offset 
the loss of muscle mass and strength during periods 
where access to traditional forms of resistance training 
is limited (e.g., travelling and quarantine). Alternatively, 
the benefits of inducing substantial amounts of muscle 
hypertrophy and strength may extend to those with lim-
ited mobility or those rehabilitating from injury [3].

To maximize the benefits of lower load training, sub-
stantial effort is required, which can lead to high levels 
of discomfort [54]. It is important to make individuals 
aware of this outcome and differentiate between effort 
and discomfort, and discrepancies in the literature may 
be attributed to these factors. It has been posited that 
individuals may find it more difficult to reach momentary 
concentric failure with lower loads due to greater levels 
of discomfort [55]. However, to recruit motor neurons 
that innervate type II fibers using lower loads, there is a 
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need to take training close to, if not to, concentric fail-
ure [17]. Evidence suggests that with lower loads, even 
when training is volume-matched between concentric 
failure and non-failure conditions, proximity to repeti-
tion failure is needed to maximize physical development 
[14]. It should be acknowledged, however, that strength 
improvements can still be achieved with lower loads even 
when sets are finished at 60% of the volume required to 
induce concentric failure, and these improvements may 
be valuable to those not solely focused on maximizing 
1RM strength [14].

It should be noted that the use of lower loads does not 
exclude the use of higher loads. From a practical stand-
point, it may be strategic to selectively use lower loads 
with isolation/auxiliary exercises (i.e., exercises that only 
use one joint for movement), although multi-joint/com-
pound exercises can also be used. Isolation/auxiliary 
exercises often have less complexity, enable greater focus 
on exercising closer to failure, have a lower burden on 
other muscle groups, and reduce the need for a spotter. 
Alternatively, higher relative loads may be preferential for 

improving strength or to mitigate fatigue or feelings of 
discomfort [56].

Any training method should be considered within 
the holistic exercise program, and the implementation 
of lower load resistance training is no different. As this 
training method often requires higher volumes of exer-
cise, how it fits within a periodized exercise routine 
should be carefully evaluated. Furthermore, complet-
ing greater volumes of work and training close to con-
centric failure can cause considerable discomfort [14] 
and increase recovery time [56, 57]. Therefore, as long 
as participants understand the need to be within prox-
imity to failure, using volitional interruption (i.e., when 
the proximity to failure is close and individuals feel suf-
ficient fatigue has been induced) may be an option [15]. 
Evidence suggests that full motor unit activation can 
be achieved within 3–5 reps of concentric failure [57], 
with lower load volitional interruption allowing compa-
rable increases in strength and CSA compared to train-
ing with higher loads or lower loads to failure [4, 13, 15, 
17]. The use of repetitions-in-reserve and systematic 
changes in proximity to concentric failure (e.g., week 

Fig. 2 Recommendations and considerations for the application of lower load resistance training
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one: three repetitions from concentric failure; week two: 
two repetitions from concentric failure) could be used. 
Although, when using repetitions-in-reserve, it is rec-
ommended that sets be terminated in close proximity to 
failure, as this can improve the accuracy of estimation 
[58]. Furthermore, due to the substantial neuromuscu-
lar fatigue induced from lower load training [59], sepa-
rating exercise sessions by at least 48–72 would seem to 
be warranted. Finally, research demonstrating substantial 
and comparable gains in muscle mass and strength with 
lower loads have completed exercise 2–3 times per week 
with 3–4 sets per exercise [4, 5, 13–15, 24], and loads no 
lower than 30% of 1RM [24]. Recommendations and con-
siderations can be found in Fig. 2.

Conclusions and Future Directions
A substantial body of evidence supports the use of lower 
load resistance training for inducing improvements in 
muscle hypertrophy and strength. These improvements 
have tangible benefits for healthy populations and those 
at risk for developing chronic diseases. However, despite 
the evidence available, there is still hesitancy and skepti-
cism over the practicality of lifting with lower loads. We 
speculate that this hesitancy likely stems from beliefs that 
heavy loads are necessary for improvements in strength 
and muscle growth. While evidence of its benefits is com-
pelling, it should be acknowledged that further research 
is still required to elucidate optimal implementation of 
lower loads in exercise program design. There is likely a 
relative intensity threshold with which adaptations are 
suboptimal, perhaps occurring when loads approximate 
20% 1RM [24]. Furthermore, like most forms of resist-
ance training prescription, evidence is needed to under-
stand whether chronic exposure results in differential 
adaptations. The chronic adaptation to lower load train-
ing may be particularly interesting at the fiber level, with 
evidence suggesting that acute differential signaling and 
protein synthesis responses may occur, but longitudinal 
data are currently equivocal. Finally, further investigation 
is needed to understand the proximity to failure that one 
must practice to induce adaptations in muscle hypertro-
phy that are equivalent to higher loads. This knowledge 
may help reduce the discomfort and fatigue associ-
ated with lower load training [56] and improve exercise 
adherence. Information from these future studies would 
undoubtedly aid the implementation of this form of 
training and guide decisions around its use. Furthermore, 
it may promote accessibility to resistance training and its 
benefits for health.
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