Review

Skeletal Muscle Hypertrophy:
How important is Exercise Intensity?
Jeremy P. Loenneke
Current recommendations for training protocols aimed at increasing muscle mass are commonly based on a percentage of the
concentric one repetition maximum (1RM) for a particular exercise. However, research utilizing lower exercise intensities (2030% 1RM) has been observed to result in skeletal muscle hypertrophy similar to that of higher intensity resistance training.
These findings appear to question the overall importance of exercise intensity for increasing muscle mass.

Objectives: The purpose of this manuscript is to discuss the skeletal muscle hypertrophy exercise intensity recommendations
and provide discussion on overall exercise volume, which is likely more important for stimulating skeletal muscle
hypertrophy than exercise intensity per se.
Design and Methods: Non-systematic review
Results: It appears that a large portion of the exercise recommendations for skeletal muscle hypertrophy appear to be based
on protocols that elicit short term changes in systemic ‘anabolic’ hormones; although little conclusive evidence exists to
support that ‘anabolic’ hormone hypothesis. Exercise volume may be of much more importance for stimulating and
maximizing the duration of the muscle protein synthesis (MPS) response than exercise intensity per se. In addition,
chronic training studies confirm the acute findings that volume, not exercise intensity is the mediating factor for skeletal
muscle hypertrophy.
Conclusion: The data suggests that skeletal muscle hypertrophy recommendations on the basis of exercise intensity are too
simplistic and more focus should instead be placed on total exercise volume. The current recommendations for muscle
hypertrophy do not reflect current science.
(Journal of Trainology 2012;1:28-31)
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T

he maintenance and promotion of skeletal muscle mass
throughout a lifetime is essential for a favorable quality of
life. Like most human tissue, skeletal muscle is highly plastic
and is capable of responding to a stimulus through a network
of anabolic signaling which results in growth and increases in
strength. Skeletal muscle functions as the largest disposal
site of ingested glucose 1, plays an important role in lipid
oxidation 2, 3, and is one of the greatest modifiable contributors
to the resting metabolic rate 4, demonstrating the importance of
maintaining skeletal muscle quantity and quality. In contrast,
the removal of that appropriate stimulus results in the loss of
favorable muscle adaptations.
Current recommendations for resistance training exercise
intensities are commonly based on a percentage of the
concentric one repetition maximum (1RM) for a particular
exercise. By definition there is a direct relationship between
the external load lifted and the exercise intensity (↑external
load=↑exercise intensity and vice versa). The American
College of Sports Medicine (ACSM) recommends that novice
lifters lift at 70-85% 1RM and advanced lifters work with
intensities ranging from 70-100% 1RM 5 in order to produce
measurable changes in skeletal muscle hypertrophy.

Recommendations from the National Strength and
Conditioning Association (NSCA) in their current issue of the
Essentials of Strength Training and Conditioning textbook
mirror those of the ACSM 6.
It is acknowledged that exercise intensity is only one of
many variables (e.g. contraction velocity, contraction time,
rest periods, volume, etc.) that can affect the chronic
adaptation from resistance training. However, we emphasize
exercise intensity in this review, because both the ACSM 5 and
NSCA 6 emphasize this as an important variable for increasing
skeletal muscle mass. Therefore, the purpose of this
manuscript will be to discuss the skeletal muscle hypertrophy
exercise intensity recommendations and discuss what these
recommendations are largely based on. This manuscript will
review recent acute and chronic data which suggests that
exercise intensity may be playing less of a role with skeletal
muscle hypertrophy than previously thought.

Anabolic Hormone Rationale
The exercise intensity recommendations appear to be largely
based off of studies investigating the acute response to
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systemic circulating hormones, which have been hypothesized
to be anabolic for adult skeletal muscle tissue 7. For example,
the ACSM position stand for skeletal muscle hypertrophy
supports their recommendation for high exercise intensities
and short rest periods on the findings that these protocols
typically result in greater acute elevations in growth hormone
(GH) and testosterone.5 To illustrate, Kraemer et al. 8 compared
two different workouts with one condition consisting of a
5RM load and long rest period (5 sets, 3 minutes rest) and the
other consisting of a 10RM load with shorter rest periods (3
sets, 1 minute rest). The study found that the testosterone
response was variable with no differences between conditions
when the integrated area under the curve (AUC) was
compared. Serum GH was more responsive to the 10RM
hypertrophy protocol than the 5RM protocol. Given that the
10RM protocol resulted in marked acute elevations in GH and
that similar protocols are often used to produce skeletal muscle
hypertrophy, it is intuitive to suggest the possibility that
systemic hormones and muscle growth are related.
To better determine this relationship, Goto et al. 9
investigated whether or not the acute exercise induced increase
in GH would be predictive of skeletal muscle hypertrophy. In
other words, would the group that saw the higher acute
elevations in GH, observe greater increases in muscle
hypertrophy? The study consisted of an initial acute bout of
exercise to measure the systemic hormone response and two
phases of chronic resistance training with the outcome
measures including changes in muscle cross sectional area
(CSA) and muscular strength. The study found that the group
with the highest post exercise induced increase in serum
GH had the greatest increase in skeletal muscle hypertrophy.
The results of this study seem to corroborate at least
retrospectively, that acute elevations in serum GH are
predictive of skeletal muscle hypertrophy; however until
recently this had not been investigated directly.
Recent studies have been completed using a within subjects
design to determine whether or not the acute changes in
systemic hormones are fundamentally required for skeletal
muscle hypertrophy. While this design may not be optimal for
testing muscular strength due to cross education, this design
does appear appropriate for testing changes in muscle mass 10.
The initial study which looked at skeletal muscle protein
synthesis (MPS) had subjects complete unilateral arm curls,
which due to the small muscle mass does not elicit a large
increase in systemic hormones 11. The other arm completed
the same unilateral arm curl but followed it with a high
volume leg work out to elicit a large increase in systemic
hormones. The study found that despite one arm being in the
presence of high levels of hormones, MPS was similar
between conditions 11. Thus, assuming short term changes in
MPS are predictive of changes in muscle mass; this study
would suggest that large changes in systemic hormones are not
playing a significant role with skeletal muscle hypertrophy.
To test this hypothesis further, using the same protocol as the
acute study, the subjects completed 15 weeks of resistance
training 12. In accordance with the aforementioned MPS data,
the arm in the presence of elevated systemic hormones had
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neither augmented changes in muscle hypertrophy or strength.
This study suggests that the acute systemic changes in
hormones with resistance training are not anabolic in nature 12,
and might be more reflective of energy demand.
In conclusion, it appears that although a large portion of the
exercise recommendations for skeletal muscle hypertrophy
appear to be based on protocols that elicit short term changes
in hormones; little conclusive evidence exists to support that
‘anabolic’ hormone hypothesis. It appears that most evidence
for the support comes from retrospective correlations 9, and it
should be mentioned that not all retrospective correlations
support a link between acute changes in hormones and chronic
training adaptation 13.

Acute Anabolic Signaling and
Muscle Protein Synthesis
The acute MPS response to exercise has been suggested to
be predictive of long term changes in muscle mass, however it
should be noted that the phosphorylated states of anabolic
signaling molecules are not always related to that anabolic
response 14, 15. With that being said, several studies have
investigated the effect of resistance exercise intensity on acute
anabolic signaling and MPS.
Kumar et al. 16 investigated acute changes in anabolic
signaling and MPS following knee extensor exercise with
intensities ranging from 20-90% 1RM. The study found the
MPS response was maximized at 60% 1RM and that no further
increase was observed with higher exercise intensities. It is
possible that the lack of difference may have been due to poor
statistical power since each exercise intensity group only
included 5 subjects. Nevertheless, following a pooling of the
60-90% 1RM groups data, it was observed at one hour post
exercise that there was an increased phosphorylation of
p70S6k on Thr389 and 4E-BP1 on Thr37/46. These effectors
are located downstream of mammalian target of rapamycin
(mTOR) and increased phosphorylation of these effectors are
likely involved with the resistance exercise stimulation of
MPS. Assuming acute changes in MPS are predictive of long
term adaptation, the results of this study suggest that perhaps
exercise intensities even lower than the current ACSM and
NSCA recommendations may elicit long term favorable
adaptations. An important consideration is that the volume of
work completed by each exercise intensity group was
equivalent therefore the results of this study are unable to
determine if perhaps a higher volume of work completed with
a lower intensity would elicit favorable changes in anabolic
signaling and MPS.
To address the effect of resistance exercise intensity and
volume on anabolic signaling and MPS, Burd et al. 17
completed a study investigating these variables and have
provided compelling evidence that when enough volume of
work is completed, the acute changes in signaling and MPS
are similar, independent of the exercise intensity. To illustrate,
trained subjects performed unilateral knee extension at either
90% 1RM to failure, 30% 1RM work matched to 90% 1RM,
and 30% 1RM to failure. The groups that went to failure
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elicited a similar MPS response at 4 hours post exercise,
however the group that was work matched to 90% 1RM (nonfailure) did not elicit an increase in MPS. Interestingly, at 24
hours post exercise the 30% 1RM group still had significantly
elevated MPS, however the 90% 1RM group had returned
to baseline. The phosphorylated state of mTOR on Ser2448
was increased in all three groups at four hours; however
its downstream effector p70S6k at Thr 389 was only
phosphorylated in the 30% 1RM to failure group. In addition,
the mitogen activated protein kinase (MAPK) signaling
molecule ERK 1/2 at Thr202/Tyr204 was significantly
elevated only in the 30% 1RM to failure group, which in
combination with the mTOR signaling pathway may
ultimately be important for maximally stimulating the MPS
response 18. In part, these findings support the data from
Kumar et al. 16 and suggest that if groups are work matched
across exercise intensities, the lower exercise intensity group
is unlikely to maximize the MPS response. However, if groups
are allowed to complete an adequate number of sets to failure,
the MPS response will be similar, regardless of the exercise
intensity.
In conclusion, it appears that the exercise volume may be of
much more importance for stimulating and maximizing the
duration of the MPS response than exercise intensity per se. In
support of this, Burd et al. 19 found that subjects who
completed a higher volume of work had a more sustained
increase in MPS than a group performing less volume at the
same exercise intensity (29 h vs. 5 h). Although research on
acute changes in MPS and anabolic signaling are important
from a mechanistic standpoint, chronic training studies are the
only effective way to determine the actual effect of exercise
intensity on skeletal muscle hypertrophy.

Chronic Training Studies on Exercise Intensity
Campos et al. 20 is the most commonly cited resistance
training study for why exercise intensity is important for
skeletal muscle hypertrophy. Subjects in that study were
placed into three groups and performed lower body resistance
training with either low (4 x 3-5RM), medium (3 x 9-11RM),
or high (2 x 20-28RM) repetitions. The protocol found that
only the low and medium repetition groups observed
significant increases in Type 1, IIA, and IIB fiber cross
sectional area. No significant increases were observed in the
higher rep group. It should however be noted that Leger et
al. 21 was unable to replicate the findings of Campos et al. 20. A
possible reason why includes the older age of the subjects in
the Leger et al. 21 investigation (36 vs. 22 yrs.). Although, the
age discrepancy is not large, it may be large enough to capture
the typical decrease in physical activity with age 22. It is
conceivable that 2 sets to failure was not enough volume for
the younger, more active subjects; but in the older, less active
subjects it provided enough volume to reach a hypothetical
volume threshold for stimulating skeletal muscle growth 23.
To determine whether a higher volume (3 sets) of exercise
with low exercise intensities could produce gains in muscle
mass similar to higher intensity exercise, 18 subjects

completed 3 sets of unilateral knee extension exercise with
their leg lifting at either three sets of 30% 1RM to failure, one
set of 80% 1RM to failure, or three sets of 80% 1RM to failure
(12 legs in each condition). The study found that muscle
hypertrophy (MRI and fiber cross sectional area) increased
in all conditions with the percent changes tending to be
greatest for the 30% 1RM to failure and 3 sets of 80% 1RM to
failure 24. This study suggests that if enough volume of
exercise is completed, significant muscle hypertrophy can
occur, independent of exercise intensity.
The aforementioned findings are supported by copious
amounts of data collected over the past decade on low
intensity exercise (20-30% 1RM) in combination with blood
flow restriction (BFR), which has been observed to produce
skeletal muscle hypertrophy 25, 26. To illustrate, Takarada et
al. 27 investigated the chronic effects of low intensity resistance
training with BFR in post-menopausal women. The women
were divided into three separate groups and completed 16
weeks of elbow flexor resistance training. The groups
included low intensity training (30-50% 1RM) with and
without BFR, and a higher intensity training group (50-80%
1RM). Following the 16 week study, the low intensity group
that exercised with BFR and the higher intensity group had
similar increases in muscle size and strength; however, the low
intensity group without BFR had no increase in either variable
highlighting the benefit of the BFR stimulus. It is important to
note that the low intensity group without BFR was
submaximal in nature and was not taken to muscular failure.
Although most studies investigating skeletal muscle
hypertrophy with BFR have been measured using MRI or
ultrasound 25, these changes in skeletal muscle hypertrophy
have recently been observed at the fiber level following only
three weeks of resistance training at 20% of the concentric
1RM 28.
In conclusion, recent studies suggest that volume is an
important mediating factor for skeletal muscle hypertrophy.
The data suggests that muscle hypertrophy recommendations
on the basis of exercise intensity are too simplistic and more
focus should instead be placed on total exercise volume.

Conclusions
• Skeletal muscle hypertrophy is not mediated by exercise
intensity defined as the external load lifted.
• Exercise volume appears to be a more important variable
with respect to skeletal muscle hypertrophy.
• Low intensity resistance exercise with a sufficient volume
can increase MRI measured and individual skeletal muscle
fiber cross sectional area.
• Current recommendations for skeletal muscle hypertrophy
do not reflect current science.

Acknowledgements
The author reports no conflict of interest.

Loenneke

References
1. Holloszy JO. Exercise-induced increase in muscle insulin sensitivity. J
Appl Physiol 2005; 99: 338-343.
2. Helge JW, Biba TO, Galbo H, et al. Muscle triacylglycerol and hormonesensitive lipase activity in untrained and trained human muscles. Eur J
Appl Physiol 2006; 97: 566-572.
3. Sahlin K, Mogensen M, Bagger M, et al. The potential for mitochondrial
fat oxidation in human skeletal muscle influences whole body fat oxidation
during low-intensity exercise. Am J Physiol Endocrinol Metab 2007; 292:
E223-230.
4. Bosy-Westphal A, Reinecke U, Schlorke T, et al. Effect of organ and
tissue masses on resting energy expenditure in underweight, normal weight
and obese adults. Int J Obes Relat Metab Disord 2004; 28: 72-79.
5. American College of Sports Medicine position stand. Progression models
in resistance training for healthy adults. Med Sci Sports Exerc 2009; 41:
687-708.
6. Baechle TR, Earle RW, National Strength & Conditioning Association
(U.S.). Essentials of strength training and conditioning. 3rd ed.
Champaign, IL: Human Kinetics; 2008.
7. Kraemer WJ, Ratamess NA. Hormonal responses and adaptations to
resistance exercise and training. Sports Med 2005; 35: 339-361.
8. Kraemer WJ, Marchitelli L, Gordon SE, et al. Hormonal and growth factor
responses to heavy resistance exercise protocols. J Appl Physiol 1990; 69:
1442-1450.
9. Goto K, Ishii N, Kizuka T, et al. The impact of metabolic stress on
hormonal responses and muscular adaptations. Med Sci Sports Exerc 2005;
37: 955-963.
10. Wilkinson SB, Tarnopolsky MA, Grant EJ, et al. Hypertrophy with
unilateral resistance exercise occurs without increases in endogenous
anabolic hormone concentration. Eur J Appl Physiol 2006; 98: 546-555.
11. West DW, Kujbida GW, Moore DR, et al. Resistance exercise-induced
increases in putative anabolic hormones do not enhance muscle protein
synthesis or intracellular signalling in young men. J Physiol 2009; 587:
5239-5247.
12. West DW, Burd NA, Tang JE, et al. Elevations in ostensibly anabolic
hormones with resistance exercise enhance neither training-induced
muscle hypertrophy nor strength of the elbow flexors. J Appl Physiol
2010; 108: 60-67.
13. West DW, Phillips SM. Associations of exercise-induced hormone profiles
and gains in strength and hypertrophy in a large cohort after weight
training. Eur J Appl Physiol 2012; 112: 2693-2702.
14. Greenhaff PL, Karagounis LG, Peirce N, et al. Disassociation between the
effects of amino acids and insulin on signaling, ubiquitin ligases, and

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.
27.

28.

Muscle Hypertrophy

31

protein turnover in human muscle. Am J Physiol Endocrinol Metab 2008;
295: E595-604.
Moore DR, Robinson MJ, Fry JL, et al. Ingested protein dose response of
muscle and albumin protein synthesis after resistance exercise in young
men. Am J Clin Nutr 2009; 89: 161-168.
Kumar V, Selby A, Rankin D, et al. Age-related differences in the doseresponse relationship of muscle protein synthesis to resistance exercise in
young and old men. J Physiol 2009; 587: 211-217.
Burd NA, West DW, Staples AW, et al. Low-load high volume resistance
exercise stimulates muscle protein synthesis more than high-load low
volume resistance exercise in young men. PLoS One 2010; 5: e12033.
Fry CS, Glynn EL, Drummond MJ, et al. Blood flow restriction exercise
stimulates mTORC1 signaling and muscle protein synthesis in older men.
J Appl Physiol 2010; 108: 1199-1209.
Burd NA, Holwerda AM, Selby KC, et al. Resistance exercise volume
affects myofibrillar protein synthesis and anabolic signalling molecule
phosphorylation in young men. J Physiol 2010; 588: 3119-3130.
Campos GE, Luecke TJ, Wendeln HK, et al. Muscular adaptations in
response to three different resistance-training regimens: specificity of
repetition maximum training zones. Eur J Appl Physiol 2002; 88: 50-60.
Leger B, Cartoni R, Praz M, et al. Akt signalling through GSK-3beta,
mTOR and Foxo1 is involved in human skeletal muscle hypertrophy and
atrophy. J Physiol 2006; 576: 923-933.
Caspersen CJ, Pereira MA, Curran KM. Changes in physical activity
patterns in the United States, by sex and cross-sectional age. Med Sci
Sports Exerc 2000; 32: 1601-1609.
Loenneke JP, Fahs CA, Wilson JM, et al. Blood flow restriction: the
metabolite/volume threshold theory. Med Hypotheses 2011; 77: 748-752.
Mitchell CJ, Churchward-Venne TA, West DW, et al. Resistance exercise
load does not determine training-mediated hypertrophic gains in young
men. J Appl Physiol 2012; 113: 71-77.
Loenneke JP, Wilson JM, Marin PJ, et al. Low intensity blood flow
restriction training: a meta-analysis. Eur J Appl Physiol 2012; 112: 18491859.
Fahs CA, Loenneke JP, Rossow LM, et al. Methodological considerations
for blood flow restricted resistance exercise. J Trainology 2012; 1: 14-22.
Takarada Y, Takazawa H, Sato Y, et al. Effects of resistance exercise
combined with moderate vascular occlusion on muscular function in
humans. J Appl Physiol 2000; 88: 2097-2106.
Nielsen JL, Aagaard P, Bech RD, et al. Proliferation of myogenic stem
cells in human skeletal muscle in response to low-load resistance training
with blood-flow restriction. J Physiol 2012; doi: 10.1113/jphysiol.2012.
237008.

