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maximize muscle size

REST INTERVALS FOR HYPERTROPHY
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KEY TAKEAWAYS
Short Rest Intervals (1 Minute or Less) Impair 
Muscle Protein Synthesis in Compound Moves 
Compared to Longer Rests (2+ Minutes)
Muscle protein synthesis studies indicate little difference 

between 2 minute and 4 minute rest intervals when a 
mixture of compound and isolation movements are used. 
However, when rest intervals decrease down to 1 minute, 
muscle protein synthesis is impaired compared to long rest 
intervals.

Short Rest Intervals (1 Minute or Less) May Impair 
Hypertrophy in Compound Moves Compared to 
Longer Rests (2+ Minutes)
In studies that use a mixture of compound and isolation 

movements, no differences in hypertrophy are observed 
when 2 minute rest intervals are compared to longer rest 
intervals. When rest intervals of 30 seconds to 1 minute 
are compared to longer rests, then 3 out of 5 studies favor 
longer rests.

Short Rest Intervals (1 Minute or Less) May Not 
Adversely Impact Hypertrophy With Single Joint 
Isolation Movements
A few studies suggest that short rest intervals of 1 minute 

or less do not impair hypertrophy when single joint isola-
tion movements are used in the upper body (such as with 
direct arm work).
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MAKING MUSCLE: EFFECTS OF 
REST INTERVALS ON MUSCLE 
PROTEIN SYNTHESIS

n the early days of bodybuilding, it 
was believed you needed to train with 

short rests if you wanted to get your muscles 
as big as possible. This was mainly due to 
the massive pump you would get from short 
rest training, and the belief that the pump 
was related to muscle growth. This belief 
was further cemented when scientists such 
as Bill Kraemer published research showing 

I

https://www.ncbi.nlm.nih.gov/pubmed/2262468
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" the idea of 'train with short 
rest = maximal anabolic hormone 
stimulus = maximal hypertrophy' 
can be safely flushed down the 
toilet "

that short 1-minute rest intervals produced 
greater growth hormone and testosterone 
responses compared to longer 3-minute rest 
intervals. This idea was based on the as-
sumption that the elevation in anabolic hor-
mones that you get in the 15-30 minutes af-
ter a training session were related to muscle 
growth. Since bodybuilders tended to train 
with short rests, short rests created large an-
abolic hormone responses, and bodybuild-
ers has large muscles, it was believed that 

there was a causal relationship. We know 
now, however, that post-training hormone 
responses are not related to muscle growth.  
Thus, the idea of "train with short rest = 
maximal anabolic hormone stimulus = maxi-
mal hypertrophy" can safely be flushed down 
the toilet.
 

https://www.ncbi.nlm.nih.gov/pubmed/2262468
https://www.ncbi.nlm.nih.gov/pubmed/2262468
https://www.ncbi.nlm.nih.gov/pubmed/2262468
https://www.ncbi.nlm.nih.gov/pubmed/2262468
https://www.ncbi.nlm.nih.gov/pubmed/27174923
https://www.ncbi.nlm.nih.gov/pubmed/27174923
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" if there is a difference in mus-
cle protein synthesis with differ-
ent rest intervals, then it sug-
gests there could be a difference 
in hypertrophy "

 To understand the potential impact of rest 
interval length on hypertrophy, we can first 
look at how rest intervals impact muscle pro-
tein synthesis (the process by which your 
muscles make new protein). In the hours af-
ter a training session, muscle protein syn-
thesis is elevated, meaning your muscles 
are already building new protein and going 
through the process of hypertrophy.  If there 
is a difference in muscle protein synthesis 
with different rest intervals, then it suggests 

that there could be a difference in hypertro-
phy.
 A study by Damas and colleagues com-
pared the muscle protein synthesis response 
between 2 minute and 4 minute rest inter-
vals. The subjects did 4 sets of leg press and 
4 sets of leg extensions with one leg, and 
the same sequence with the other leg, but 

https://www.ncbi.nlm.nih.gov/pubmed/31268828
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From Damas et al. (2019)

Figure 1: Impact of 2 vs. 4 Minute Rest 
Intervals on Muscle Protein Synthesis

with the longer rest intervals. Thus, this was 
a within-subjects design; since each subject 
was compared to himself, it removes the im-
pact of genetic variability in the training re-
sponse. There was no significant difference 
in the muscle protein synthesis response be-
tween 2 and 4 minute rests (Figure 1). This 
would suggest that there would be no differ-
ence in hypertrophy between 2 and 4 min-
ute rest intervals.

 One limitation here is that 2 minutes rest 
isn't a very short rest interval. What happens 
when we compare very short rest intervals 
(like 1 minute) to longer ones? In a study by 
McKendry and colleagues, researchers com-
pared the impact of 1 minute versus 5 min-
ute rests on muscle protein synthesis in the 

https://www.ncbi.nlm.nih.gov/pubmed/27126459
https://www.ncbi.nlm.nih.gov/pubmed/27126459
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From McKendry et al. (2016)

Figure 2: Impact of 1 vs. 5 Minute Rest 
Intervals on Muscle Protein Synthesis

0-4 hours 24-28 hours

legs.  The subjects did 4 sets of leg press and 
4 sets of leg extensions at 75% 1-RM to fail-
ure.  Muscle protein synthesis at 4 hours was 
approximately double the magnitude in the 
long rest group compared to the short rest 
group (Figure 2). By 24 hours, the respons-
es were no longer significantly different, al-
though the percentage change still slightly 
favored the longer rest. Intracellular anabol-
ic signaling was increased by 4.2 fold in the 

long rest group, but was not elevated in the 
short rest group. The inferior muscle protein 
synthesis and anabolic signaling response 
would suggest that very short rests (1 min-
ute) may be detrimental for hypertrophy, at 
least if you're using a mixture of compound 
and isolation movements on large muscle 
groups like the legs.
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" when the rest intervals de-
crease to around 1 minute, then 
muscle protein synthesis may be 
impaired when you're using a com-
bination of compound and isola-
tion movements to failure "

 Taking these two protein synthesis studies 
together, it appears that there is little differ-
ence between rest intervals of 2 minutes or 
more, but when the rest intervals decrease 
to around 1 minute, then muscle protein 
synthesis (and thus hypertrophy) may be im-
paired when you're using a combination of 
compound and isolation movements to fail-
ure.  
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REST INTERVALS AND MUSCLE 
SIZE: TRAINING STUDIES

he muscle protein synthesis data sug-
gests that very short rests may not be 

ideal if you want to maximize hypertrophy. 
However, muscle protein synthesis does 
not always correlate with long-term gains in 
muscle size. While the muscle protein syn-
thesis data gives us some hints, we need to 
look at long-term training studies that com-
pare the effects of different rest interval 

T

https://www.ncbi.nlm.nih.gov/pubmed/25739559
https://www.ncbi.nlm.nih.gov/pubmed/25739559
https://www.ncbi.nlm.nih.gov/pubmed/25739559
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From Ahtiainen et al. (2005)

Figure 3: Impact of 2 vs. 5 Minute Rest Intervals 
on Muscle Size

lengths on muscle size. Let's take a look at 
the existing studies, and see if we can detect 
any sort of pattern.

•   In the first study to investigate the im-
pacts of rest intervals on size, researchers 
compared 2 minute rest intervals to 5 min-
ute rest intervals on quadriceps muscle size.  
While the researchers tried to equate train-
ing volume (sets * reps * load), it was 7% 

higher in the short rest condition (the short 
rest condition did 9 total sets per session 
on legs, while the long rest condition did 7 
total sets as they could do more weight per 
set).  Gains in muscle size were identical 
(Figure 3). These results are supported by 
the muscle protein synthesis research which 

https://www.ncbi.nlm.nih.gov/pubmed/16095405/
https://www.ncbi.nlm.nih.gov/pubmed/16095405/
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From Buresh et al. (2009)

Figure 4: Impact of 1 vs. 2.5 Minute Rest 
Intervals on Muscle Size

Legs Arms

suggested there would be no difference in 
hypertrophy between a 2 minute rest and 
5 minute rest. Similar to the protein synthe-
sis study, a limitation is that a 2 minute rest 
interval is not very short. Also, training was 
only partly supervised, so we cannot be cer-
tain that the subjects adhered to the rest in-
tervals in their unsupervised sessions.

 
•  In a study on untrained subjects, re-
searchers compared 1 minute to 2.5 min-
ute rests. Statistically, there were no differ-
ences in leg size gains between the groups, 
but the percentage gains favored the long 
rest group (Figure 4). Gains were statistical-
ly greater in the arms in the long rest group 
(Figure 4). Essentially, gains were twice as 

https://www.ncbi.nlm.nih.gov/pubmed/19077743
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" GAINS WERE TWICE AS HIGH WITH A 
2.5 MINUTE REST VERSUS 1 MINUTE 
REST, DESPITE GREATER ANABOLIC 
HORMONE RESPONSES IN THE SHORT 
REST GROUP "

high with a 2.5 minute rest versus 1 minute 
rest, despite greater anabolic hormone re-
sponses in the short rest group (again fal-
sifying the "hormone hypothesis" of mus-
cle gain). The greater gains in the long rest 
group are supported by the protein syn-
thesis data showing inferior muscle protein 
synthesis responses with 1 minute rest. One 
major limitation of this study is that sub-
jects were not supervised during training, so 
we cannot be certain that the subjects ad-

hered to the rest intervals. Another limita-
tion is that muscle size was estimated using 
circumference measurements and skinfold 
thickness, which is not as accurate as a di-
rect measurement like magnetic resonance 
imaging (MRI).
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•  In a study on recreationally trained men, 
researchers compared constant 2 minute 
rest intervals to rest intervals that were pro-
gressively decreased by 15 seconds each 
week from 2 minutes down to 30 seconds. 
The short rest training impaired load vol-
ume, but changes in arm and leg muscle 
size were similar. A follow up study by the 
same group showed similar results; in fact, 
percentage gains favored the short rest 
group in that study. These studies don't 
show any detriment to the use of very short 
rest intervals. However, in these studies, 
both training groups used 2 minute rest in-
tervals in the first two weeks. Rest intervals 
did not begin to decrease in the short rest 
group until week 3. The rest intervals were 
still moderate at 90 seconds at week 4, and 
did not hit one minute until week 6. Since 
half of the study involved moderate rest in-
tervals, it's possible that the decreasing rest 
group did not spend enough time using 
short rests to impact gains. Another possi-
bility is that the gradual decrease in rest in-
tervals allowed the group to slowly adapt 
to very short rest intervals, and thus did not 
impact hypertrophy. A third possibility is 
that both groups were supplemented with 

https://www.ncbi.nlm.nih.gov/pubmed/20543741
https://www.ncbi.nlm.nih.gov/pubmed/22032491
https://www.ncbi.nlm.nih.gov/pubmed/22032491
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From Schoenfeld et al. (2016)

Figure 5: Impact of 1 vs. 3 Minute Rest 
Intervals on Muscle Thickness

1 minute 3 minutes

creatine; since creatine may improve recov-
ery between sets, it may have negated any 
potential detriment to very short rests.

 
• Dr. Brad Schoenfeld carried out a well-su-
pervised study comparing 1 and 3 min-
ute rest intervals in trained subjects. Both 
groups did 3 whole body workouts per 
week, doing 3 sets of 8-12 RM of 7 exercis-
es (mostly compound) each session. Muscle 

gains favored the long rest group in all out-
comes, with nearly twice the gains in some 
measurements (Figure 5). These results are 
similar to the results of the 1 vs. 2.5 minute 
study by Buresh and colleagues discussed 
earlier, and are supported by the protein 
synthesis data showing inferior protein syn-
thesis with 1 minute rests.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5469049/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5469049/
https://www.ncbi.nlm.nih.gov/pubmed/26605807
https://www.ncbi.nlm.nih.gov/pubmed/26605807
https://www.ncbi.nlm.nih.gov/pubmed/26605807
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From Fink et al. (2017)

Figure 6: Impact of 30 Second vs. 150 
Second Rest Intervals on Muscle Size

Thigh Triceps

•  Fink and colleagues compared 30 second 
res to 150 second rest in untrained subjects 
using light weights (40% 1-RM) to failure. 
The exercises were squat and bench press. 
Muscle gains tended to favor the long rest 
group for legs, although the difference was 
not statistically significant (Figure 6). Gains 
were similar between groups for triceps 
(Figure 6). This study is tilted in favor of 2+ 
minute rests, although not to the same ex-
tent as other studies previously discussed.

•  Finally, in another study on untrained 
subjects (see the Weightology review of 
this study here), scientists compared sets of 
8 RM and 3 minute rests to sets of 20 RM 
and 30 second rests. There were no signif-
icant differences in muscle gains between 

https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0042-119204
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0042-119204
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0042-119204
https://onlinelibrary.wiley.com/doi/abs/10.1111/cpf.12409
https://onlinelibrary.wiley.com/doi/abs/10.1111/cpf.12409
https://weightology.net/the-members-area/weight-training-research-reviews/research-review-short-rests-for-hypertrophy-say-whaaaaattt/
https://weightology.net/the-members-area/weight-training-research-reviews/research-review-short-rests-for-hypertrophy-say-whaaaaattt/
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" unlike other studies, this study 
involved mostly single joint iso-
lation movements in the arms. 
also, repetition ranges varied be-
tween the groups "

the groups. However, percentage gains in 
muscle cross-sectional area strongly favored 
the short rest/high rep group (9.9% increase 
in the short rest group versus 4.7% increase 
in the long rest group). Changes in triceps 
muscle thickess also favored the short rest 
group (35.2% versus 13.7%). These results 
are opposite to most of the other training 
studies previously discussed. They are also 
different from what is predicted by the pro-
tein synthesis data. A couple key charac-

teristics of this study may explain the dis-
crepancies. Unlike other studies, this study 
involved mostly single joint isolation move-
ments in the arms. Also, repetition ranges 
varied between the groups.



Weight of the Evidence 
and Practical Application

REST INTERVALS 
FOR HYPERTROPHY
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he following table summariz-
es the available data on rest 

intervals, protein synthesis, and hy-
pertrophy:

Rest Interval type of exercise protein synthesis hypertrophy
2+ MINutes
(such as 2 vs. 4)

compound+isolation no difference no difference

<=1 minute vs. 
2+ minutes

compound+isolation 2+ minutes > 1 minute 3 out of 5 studies 
suggest better 
hypertrophy with 
2+ minutes

<=1 minute vs. 
2+ minutes

upper body isolation ? one study showed 
better hypertro-
phy with short 
rest, but was con-
founded by dif-
ferent rep ranges 
between groups

The weight of the evidence sug-
gests the following:

• There is no impact on protein syn-
thesis or hypertrophy when rest in-
tervals are at least 2 minutes.

T
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• For a given number of sets of 
compound and isolation move-
ments, protein synthesis and hy-
pertrophy are lower when rest 
intervals are 1 minute or less as 
compared to 2+ minutes.

• For isolation movements in the 
upper body, short rests do not ap-
pear to adversely impact hypertro-
phy.

 The data suggests that, if you're 
using compound movements, it's 
better to rest at least 2 minutes 
between sets. If you use shorter 
rests, you can make up for the po-
tential decrease in hypertrophy by 
doing more sets. In a study that I 
reviewed in Weightology, subjects 
experienced similar hypertrophy 
when performing drop sets (which 

↓ HYPERTROPHY WITH ≤1 MIN 
VS. 2+ MIN RESTS WHEN USING 

COMPOUND MOVEMENTS

WEIGHT OF THE EVIDENCE

20

https://link.springer.com/article/10.1007/s00421-016-3529-1
https://weightology.net/the-members-area/weight-training-research-reviews/research-review-straight-sets-drop-sets-or-pyramids-for-muscle-size/


are "no-rest" sets) compared to reg-
ular sets. The subjects performed 
enough drop sets until load volume 
was equivalent to that of the reg-
ular sets. Since it takes more sets 
with short rest to do the same load 
volume as long rests, this means 
you can nullify the impact of short 
rests with more sets. However, it 
may not save you time; it will take 
about the same amount of time to 

do 4-5 sets of an exercise with one 
minute rest compared to three sets 
with three minutes rest.
 A possible explanation for why 
short rests may decrease hypertro-
phy is central fatigue. When you 
train with short rests on compound 
movements, the high aerobic de-
mand and large increase in lactate 
may cause more fatigue in the cen-

" you can nullify the 
impact of short rests 
with more sets "

21

https://www.ncbi.nlm.nih.gov/pubmed/16573355
https://www.ncbi.nlm.nih.gov/pubmed/16573355
https://www.ncbi.nlm.nih.gov/pubmed/16573355


tral nervous system. This can result 
in less signal going from the brain 
to muscle, and limit your ability to 
recruit the muscle fibers that have 
the greatest capacity for growth. 
This also explains why short rests 
don't adversely impact hypertro-
phy when using single joint isola-
tion movements in the upper body. 
These movements don't cause as 
much central fatigue as compound 

movements, and thus short rests 
won't have the same negative im-
pact. For more info on short rests, 
central fatigue, and hypertrophy, 
check out this Weightology re-
search review article.

" A POSSIBLE EXPLANATION 
FOR WHY SHORT RESTS MAY 
DECREASE HYPERTROPHY IS 
CENTRAL FATIGUE "

22

https://www.ncbi.nlm.nih.gov/pubmed/16573355
https://www.ncbi.nlm.nih.gov/pubmed/24740653
https://www.ncbi.nlm.nih.gov/pubmed/24740653
https://www.ncbi.nlm.nih.gov/pubmed/24740653
https://weightology.net/training-for-hypertrophy-reconciling-the-impacts-of-short-rests-with-drop-sets-and-rest-pause-training/
https://weightology.net/training-for-hypertrophy-reconciling-the-impacts-of-short-rests-with-drop-sets-and-rest-pause-training/


PRACTICAL APPLICATION

• For compound movements, most 
training should involve longer 
rest intervals of 2+ minutes. This 
is particularly true for movements 
that involve large muscle mass, like 
squats.

• If you use shorter rest intervals 
on compound movements, you 
can make up for the potential de-
crease in hypertrophy by doing 
more sets, but it may not save you 
time.

• Short rest training and associated 
intensity techniques (drop sets or 
rest-pause) are best reserved for 
single joint isolation movements 
of smaller muscle groups, such as 
biceps, triceps, delts, and calves.

• Don't turn your resistance train-
ing session into a cardio session. 
The high aerobic demand may lim-
it your ability to recruit the muscle 
fibers that have the greatest ca-
pacity for growth.

23
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