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ABSTRACT

We systematically searched the literature for studies with a randomized design that
compared different inter-set rest interval durations for estimates of pre-/post-study
changes in lean/muscle mass in healthy adults while controlling all other training
variables. Meta-analyses on non-controlled effect sizes using hierarchical models of all
19 measurements (thigh: 10; arm: 6; whole body: 3) from 9 studies meeting inclusion
criteria analyses showed substantial overlap of standardized mean differences across
the different inter-set rest periods (binary: short: 0.48 [95%Crl: 0.19 to 0.81], longer:
0.56 [95%Crl: 0.24 to 0.86]; Four categories: short: 0.47 [95%Crl: 0.19 to 0.80],
intermediate: 0.65 [95%Crl: 0.18 to 1.1], long: 0.55 [95%Crl: 0.15 to 0.90], very long:
0.50 [95%Crl: 0.14 to 0.89]), with substantial heterogeneity in results. Univariate and
multivariate meta-analyses of controlled effect sizes showed similar results for the arm
and thigh with central estimates favoring longer rest periods (arm: 0.13 [95%Crl: -0.27
to 0.51]; thigh: 0.17 [95%Crl: -0.13 to 0.43]). In contrast, central estimates closer to
zero but favoring shorter rest periods were estimated for the whole body (whole body:
-0.08 [95%Crl: -0.45 to 0.29]). Subanalysis of set end-point data indicated that training
to failure or stopping short of failure did not meaningfully influence the interaction
between rest interval duration and muscle hypertrophy. In conclusion, results suggest
a small hypertrophic benefit to employing rest interval durations >60 seconds with
unclear effects as to durations >90 seconds.

KEYWORDS: rest period; recovery interval; muscle growth; muscle development;
muscle thickness; muscle cross-sectional area



INTRODUCTION

It has been proposed that the manipulation of resistance training (RT) program
variables can help to optimize skeletal muscle hypertrophy (2). However, because of the
onerous time commitment involved in conducting directly supervised longitudinal RT protocols,
most research on the effects of manipulation of program variables have recruited relatively
small sample sizes. Thus, meta-analytic techniques that pool and explore the results of all
relevant studies on a given topic can provide additional insights on the topic by quantifying the
magnitude of effects, which may help to guide prescription. To date, relatively recent meta-
analyses have investigated the effect of manipulating a variety of RT program variables on
muscle hypertrophy outcomes including load (23), volume (36), frequency (38), and proximity
to failure (32), furthering our understanding of their practical implications.

The rest interval, operationally defined herein as the duration between sets during RT,
is thought to be an important variable for promoting skeletal muscle hypertrophy. The National
Strength and Conditioning Association recommends relatively short rest periods (30 to 90
seconds) to optimize muscle hypertrophy (15). This is largely based on acute research showing
that short rest periods enhance the post-exercise hormonal response to RT, which has been
theorized to promote muscular adaptations (20). However, emerging research suggests that
transient post-exercise hormonal elevations may not play an important role in eliciting
hypertrophy (27) (28), which calls into question the benefit of short rest intervals for optimizing
muscle development. Indeed, McKendry et al. (24) reported that short rest intervals (1 min)
blunted the myofibrillar protein synthetic response to RT compared to longer rest intervals (5
min) despite higher acute testosterone elevations in the short-rest condition.

Longitudinal research investigating the influence of rest intervals on muscle
hypertrophy has been largely equivocal. A systematic review by Grgic et al. (14) concluded that
both short and long inter-set rest periods are viable options for untrained individuals seeking

to optimize hypertrophy, but that longer durations may be advantageous for those with



previous RT experience. It should be noted that this review was published in 2017 and
additional research has been conducted on the topic since that time. Moreover, no study to
date has endeavored to quantify the magnitude of effect between different rest interval
conditions to determine if differences may be practically meaningful for RT prescription.
Therefore, the purpose of this study was to systematically review the literature and perform a
Bayesian meta-analysis of the existing data on the effects of rest interval duration during

resistance training on measures of muscle hypertrophy.

METHOD

We conducted this review in accordance with the guidelines of the “Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses” (PRISMA) . The study was preregistered on
the Open Science Framework (https://osf.io/ywevc).
Search strategy

To identify relevant studies for the topic, we conducted a comprehensive search of the
PubMed/MEDLINE, Scopus, and Web of Science databases using the following Boolean search
syntax: ("rest interval" OR “inter-set rest” OR "interset rest" OR "rest period*" OR "rest between
sets" OR "resting interval" OR "resting period" OR “recovery interval”) AND ("resistance training"
OR "resistance exercise" OR "weight lifting" OR "weightlifting" OR "strength exercise" OR
"strength training" OR "strengthening" OR "resistive exercise" OR "resistive training") AND
("muscle hypertrophy" OR "muscular hypertrophy" OR "muscle mass" OR "lean body mass" OR
"fat-free mass" OR "fat free mass" OR "muscle fiber" OR "muscle size" OR "muscle fibre" OR
"muscle thickness" OR "cross-sectional area" OR "computed tomography" OR "magnetic
resonance imaging" OR “ultrasound” OR “DXA" OR “DEXA” OR “bioelectrical impedance
analysis”). As previously described (30), we also screened the reference lists of articles retrieved
and applicable review papers, as well as tapped into the authors’ personal knowledge of the

topic, to uncover any additional studies that might meet inclusion criteria (13). Moreover, we



performed secondary “forward” and “backward” searches for citations of included studies in
Google Scholar.

As previously described, the search process was conducted separately by 3 researchers
(LG, AS and MR). Initially, we screened all titles and abstracts to uncover studies that might
meet inclusion/exclusion criteria using online software (https://www.rayyan.ai/). If a paper was
deemed potentially relevant, we scrutinized the full text to determine whether it warranted
inclusion. Any disputes that could not be resolved by the search team were settled by a fourth
researcher (BJS). The search was finalized in March 2024.
Inclusion criteria

We included studies that satisfied the following criteria: (a) had a randomized design
(either within- or between-group design) and compared different inter-set rest interval
durations for estimates of pre-/post-study changes in lean/muscle mass using a validated
measure (dual-energy X-ray absorptiometry [DXA], bioelectrical impedance analysis, magnetic
resonance imaging [MRI], computerized tomography [CT], ultrasound, muscle biopsy or limb
circumference measurement) in healthy adults (=18 years of age) of any RT experience while
controlling all other training variables (in the case of volume, this represented either sets per
muscle per session or volume load per session [i.e., sets x repetitions x load]’; (b) involved at
least 2 RT sessions per week for a duration of at least 4 weeks; (c) published in a peer-reviewed
English language journal or on a preprint server. We excluded studies that (a) included
participants with co-morbidities that might impair the hypertrophic response to RT
(musculoskeletal disease/injury/cardiovascular impairments); (b) employed unequal dietary
supplement provision (i.e., one group received a given supplement and the other received an
alternative supplement/placebo).

Data extraction

! In cases where studies equated sets between conditions, fewer repetitions may have been performed
in the shorter rest conditions over multiple sets of a given exercise.



Three researchers (KD, EA and MW) independently extracted and coded the following
data for each included study: Author name(s), title and year of publication, sample size,
participant characteristics (i.e. sex, training status, age), description of the training intervention
(duration, volume, frequency, modality), nutrition controlled (yes/no), method for lean/muscle
mass assessment (i.e. DXA, MR, CT, ultrasound, biopsy, circumference measurement), and
mean pre- and post-study values for lean/muscle mass with corresponding standard
deviations. In cases where rest periods fluctuated over time, we averaged values to report a
mean. In cases where measures of changes in lean/muscle mass were not reported, we
attempted to contact the corresponding author(s) to obtain the data as previously described
(30). If unattainable, we extracted the data from graphs (when available) via online software
(https://automeris.io/WebPlotDigitizer/). To account for the possibility of coder drift, a third
researcher (AS) recoded 30% of the studies, which were randomly selected for assessment (5).
Per case agreement was determined by dividing the number of variables coded the same by
the total number of variables. Acceptance required a mean agreement of 0.90. Any
discrepancies in the extracted data were resolved through discussion and mutual consensus
of the coders.

Methodological quality

The methodological quality of the included studies was assessed using the “Standards
Method for Assessment of Resistance Training in Longitudinal Designs” (SMART-LD) scale (30).
The SMART-LD tool consists of 20 questions that address a combination of study bias and
reporting quality as follows: general (items 1-2); participants (items 3-7), training program
(items 8-11), outcomes (items 12-16), and statistical analyses (17-20). Each item in the
checklist is given 1 point if the criterion is sufficiently displayed or O points if the criterion is
insufficiently displayed. The values of all questions are summed, with the final total used to

classify studies as follows: “good quality” (16-20 points); “fair quality” (12-15 points); or “poor



quality” (< 11). Three reviewers (EE, AM and PAK) independently rated each study using the
SMART-LD tool; any disputes were resolved by majority consensus.
Statistical analyses

All meta-analyses were conducted within a Bayesian framework enabling the results to
be interpreted more intuitively compared to a standard frequentist approach through use of
posterior probabilities (21). A Bayesian framework avoids dichotomous interpretations of
meta-analytic results regarding the presence or absence of an effect (e.g., with p values), and
instead places greater emphasis on describing the most likely values for the average effect (21)
while addressing practical questions such as which inter-set rest interval duration is likely to
create the greatest muscle hypertrophy. To facilitate comparisons across the inter-set rest
interval spectrum, durations were categorized using two sets of cut-points. The first was a
binary categorization of shorter (duration < 60 s) and longer (duration > 60 s), and the second
comprised four categories (short: duration < 60 s; intermediate: 60 s < duration < 120 s; long:
120 s < duration <180 s; and very long: duration > 180 s). Due to the use of different
measurement technologies, effect sizes were quantified by using standardized mean
differences (SMDs). To account for the small sample sizes generally used in strength and
conditioning, a bias correction was applied (25). The primary measure for this meta-analysis
was controlled magnitude-based SMDs obtained by subtracting the baseline change of one
inter-set rest interval category from another and dividing by the pre-intervention pooled
standard deviation (25). To assess the overall effectiveness of the interventions included, initial
analyses were conducted using non-controlled SMDs (26). Interpretation of the magnitude of
effect sizes was facilitated by comparison to small, medium, and large thresholds developed
for strength and conditioning outcomes (43).

Three-level hierarchical models were used with inter-set rest interval included as a
categorical variable to summarize the results using non-controlled SMDs. Pairwise (direct

comparisons only) and network (direct and indirect comparisons) meta-analysis approaches



were then used with controlled SMDs to compare across the binary and four category
representations, respectively. Univariate analyses separated by measurement site (whole body,
thigh, or arm) were also conducted. For the direct comparison, multivariate analysis was also
conducted allowing for correlations between measurement sites. Network meta-analyses are
becoming increasingly common in evidence synthesis and are most used to compare
qualitatively different treatments where individual studies are unlikely to directly compare all
levels (12). The technique calculates pairwise effect sizes from studies comparing two levels
(direct evidence) and generates indirect evidence comparing other levels through a common
comparator (12). To summarize potential differences in hypertrophy across all inter-set rest
interval categories in a network, the Surface Under the Cumulative Ranking curve (SUCRA; (35)
was used. For each category a SUCRA value expressed as a percentage was calculated
representing the likelihood that muscle hypertrophy was highest or among the highest relative
to other categories. Where applicable, we reported probabilities as p-values representing the
proportion of the distribution that exceeded zero.

Informative priors were used for all models. For the hierarchical meta-regressions, the
mean pre to post intervention change included an informative prior obtained from a large
meta-analysis of strength and conditioning outcomes expressed in terms of SMDs (ref). For
controlled effect sizes, similar research in strength and conditioning conducted with
comparative effect sizes was used. For the between-studies standard deviation, informative
priors were based on an analysis of the predictive distributions generated from a large number
of previous meta-analyses (33). It is a common limitation in meta-analyses using SMDs from
intervention change scores to use a fixed value for the pre- to post-study correlation (e.g. a
value of 0.7) not based on any empirical data (6). To account for this limitation, the sampling
error for each study was estimated using an informative uniform prior with lower bound based

on the value calculated with a correlation of 0.9 and the upper bound based on the value



calculated with a correlation of 0.5. All analyses were performed in R, using the R20penBUGS

package (41) for Bayesian sampling.

Results

We initially screened 359 studies and identified 11 that potentially met inclusion
criteria. After reviewing the full texts of these studies, 2 studies were excluded: one because
neither set volume nor volume load was equated between conditions (1) and the other
because the loading range was not equated in the initial set of the given exercise(s) (10). Figure

1 provides a flow chart of the search process.



Figure 1: PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases and registers only.
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Study Characteristics

Eight studies employed young participants (18-35 years of age) (29) (3) (11) (22) (16) (8)
(40) (37) and 1 employed older participants (>65 years of age) (45). Six studies employed

untrained participants (29) (3) (11) (16) (22) (45) and 3 studies employed resistance-trained



participants (8) (40) (37). Six studies employed male participants (29) (3) (8) (40) (37) (45), 1

study employed female participants (16), 1 study employed both male and female participants

(22), and 1 study did not specify the sex of participants (11). Three studies assessed total body

measures of hypertrophy (29) (3) (45), 5 studies assessed upper body measures of

hypertrophy (biceps brachii and triceps brachii) (3) (11) (8) (40) (37), and 7 studies assessed

lower body measures of hypertrophy (quadriceps femoris and total thigh) (3) (11) (22) (16) (8)

(40) (37). The duration of the included studies ranged from 5 to 10 weeks. Table 1 provides a

descriptive overview of each study's methodological design.

Table 1. Summary of the methods of included studies.

Study Sample Design RT Protocol Hypertrophy Duration
Measure
Bureshetal. 12 young, Parallel group random  TB protocol - Hydrodensitometry: 10 wks
(2009) untrained assignmentto 1 of 2 performed 2 d/wk FFM
men groups: (1) 60 sec R}; consisting of 2-3 sets - Skinfold and CIR:
(2) 150 sec Rl of 10 repetitions per ~ CSA of arm and thigh
exercise
de Souza et 20 young, Parallel group random  TB protocol - MRI: CSA of arm 8 wks
al. (2010) resistance-  assignmentto 1 of 2 performed 6 d/wk and thigh
trained groups: (1) 120 sec RI; consisting of 3-4 sets
men (2) Rl decreasing from of 8-12 repetitions
120 sec to 30 sec per exercise
(mean Rl = ~80 sec)
Fink et al. 21 young, Parallel group random 4 sets of squatsand - MRI: CSA of triceps 8 wks
(2016) untrained assignment to 1 of 2 bench performed 2 brachii and thigh
individuals  groups: (1) 30 sec R|; d/wk at 40% 1RM
(2) 150 sec Rl
Hill-Haas et 18 young, Parallel group random  TB protocol - CIR: thigh 5 wks
al. (2007) untrained assignment to 1 of 2 performed 3 d/wk
women groups: (1) 20 sec R}; consisting of 2-5 sets
(2) 80 sec Rl of 15-20 repetitions
per exercise
Longo et al. 28 young, Within-participant 3 sets of leg press - MRI: CSA of 10 wks
(2022) untrained random assignment of  performed 2 d/wk at  quadriceps femoris
men and legs to 1 of 4 80% 1RM
women conditions: (1) 60 sec

RI; (2) 180 secRI; (3) 60

10



sec Rl with VL equated
to long RI; (4) 180 sec
Rl with VL equated to
short RI

Piirainen et 21 young, Parallel group random  TB protocol - BIA: FFM 7 wks
al. (2011) untrained assignment to 1 of 2 performed 3 d/wk
men groups: (1) 55 secs Rl; consisting of 3 sets of
(2) 120 secRI 10-20 repetitions per
exercise
Schoenfeld 21 young, Parallel group random  TB protocol - US: MT of biceps 8 wks
etal. (2016) resistance-  assignmentto 1 of 2 performed 3 d/wk brachii, triceps
trained groups: (1) 60 secs R; consisting of 3 sets of  brachii, quadriceps
men (2) 180 sec Rl 8-12 repetitions per femoris
exercise
Souza-junior 22 young, Parallel group random  TB protocol - MRI: CSA of upper 8 wks
etal (2011) resistance-  assignmentto 1 of 2 performed 6 d/wk arm and thigh
trained groups: (1) 120 sec Rl;  consisting of 3-4 sets
men (2) Rl decreasing from of 8-12 repetitions
120 sec to 30 sec per exercise
(mean Rl = ~80 sec)
Villanueva et 22 older, Parallel group random  TB protocol - DXA: FFM 8 wks
al. (2014) untrained assignment to 1 of 2 performed 3 d/wk
men groups: (1) 60 secs RI; consisting of 2-3 sets

(2) 240 sec Rl

of 4-6 repetitions per
exercise

Rl = rest interval; TB = total body; VL = volume load; FFM = fat-free mass; MT = muscle thickness; CIR =

circumference; US = ultrasound; VM = vastus medialis; DXA: dual-energy x-ray absorptiometry; MRI =

magnetic resonance imaging; BIA = bioelectrical impedance analysis

Meta-analysis of non-controlled effect sizes

Meta-analyses on non-controlled effect sizes using hierarchical models of all 19

measurements (thigh: 10; arm: 6; whole body: 3) from nine studies are presented in figures 2

and 3. Both meta-analyses showed substantial overlap of SMDs across the different inter-set

rest periods (Binary: short: 0.48 [95%Crl: 0.19 to 0.81], longer: 0.56 [95%Crl: 0.24 to 0.86]; Four

categories: short: 0.47 [95%Crl: 0.19 to 0.80], intermediate: 0.65 [95%Crl: 0.18 to 1.1], long:

0.55 [95%Crl: 0.15 to 0.90], very long: 0.50 [95%Crl: 0.14 to 0.89]), with substantial

heterogeneity in results. Central estimates suggested that improvements across the

1"



interventions were most likely to be between medium and large, highlighting that interventions

included in this review were generally effective irrespective of rest interval duration.

Figure 2: Meta-analysis of non-controlled effect sizes separated by binary categorization of inter-
set rest period.

Short =1

Long ]

-0.25 0.00 0.25 0.50 0.75 1.00 1.25
Standardized Mean Difference Effect Size

Plots illustrate shrunken posterior distribution of effect sizes following application of meta-analytic model. Circle:
Median, error bars represent 75 and 95% credible intervals. Small, medium, and large effect size thresholds are
presented according to previous research in strength and conditioning (43).



Figure 3: Meta-analysis of non-controlled effect sizes separated by short to very long
categorization of inter-set rest period.
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Plots illustrate shrunken posterior distribution of effect sizes following application of meta-analytic model. Circle;
Median, error bars represent 75 and 95% credible intervals. Small, medium, and large effect size thresholds are

presented according to previous research in strength and conditioning (43)..

Meta-analysis of controlled effect sizes

Univariate and multivariate meta-analyses of controlled effect sizes were conducted for
outcomes separated by body region (arm, thigh, whole body; figures 4-6). Direct pairwise
comparisons with binary categorization showed similar results for the arm and thigh with
central estimates slightly favoring longer rest periods (arm: 0.13 [95%Crl: -0.27 to 0.51]; 7: 0.10
[95%Crl: 0.02 to 0.31], Figure 4; thigh: 0.17 [95%Crl: -0.13 to 0.43]; tau: 0.17 [95%Crl: 0.02 to
0.22], Figure 5). In contrast, central estimates closer to zero but slightly favoring shorter rest
periods were estimated for the whole body (whole body: -0.08 [95%Crl: -0.45 to 0.29]; tau: 0.08

[95%Crl: 0.02 to 0.27], Figure 6). Application of the multivariate meta-analysis model resulted in

13



slight reductions in uncertainty with smaller central estimates all modestly favoring longer rest

periods (arm: 0.11 [95%Crl: -0.26 to 0.48]; thigh: 0.16 [95%Crl: -0.13 to 0.41]; whole body: 0.03
[95%Crl: -0.28 to 0.36]).

Figure 4. Meta-analysis of controlled effect sizes of muscular hypertrophy of the upper arm with
direct comparisons of binary categorization of inter-set rest period.
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Plots illustrate shrunken posterior distribution of effect sizes following application of meta-analytic model. Circle;
Median, error bars represent 75 and 95% credible intervals. Small, medium, and large effect size thresholds are

presented according to previous research in strength and conditioning (42). Probability of effect size greater than 0
favoring longer rest period = 0.74; Probability of effect size greater than small favoring longer rest period = 0.45;
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Probability of effect size greater than medium favoring longer rest period = 0.18; Probability of effect size greater than
large favoring longer rest period = 0.03.

Figure 5: Meta-analysis of controlled effect sizes of muscular hypertrophy of the thigh with direct
comparisons of binary categorization of inter-set rest period.

Longo et al 2022 4
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Plots illustrate shrunken posterior distribution of effect sizes following application of meta-analytic model. Circle:
Median, error bars represent 75 and 95% credible intervals. Small, medium, and large effect size thresholds are
presented according to previous research in strength and conditioning (42). Probability of effect size greater than 0
favoring longer rest period = 0.88; Probability of effect size greater than small favoring longer rest period = 0.54;

Probability of effect size greater than medium favoring longer rest period = 0.15; Probability of effect size greater than
large favoring longer rest period = 0.01.
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Figure 6: Meta-analysis of controlled effect sizes of muscular hypertrophy of the whole body with
direct comparisons of binary categorization of inter-set rest period.
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Plots illustrate shrunken posterior distribution of effect sizes following application of meta-analytic model. Circle:
Median, error bars represent 75 and 95% credible intervals. Small, medium, and large effect size thresholds are

presented according to previous research in strength and conditioning (42). Probability of effect size greater than 0
favoring short rest period = 0.69; Probability of effect size greater than small favoring short rest period = 0.36;
Probability of effect size greater than medium favoring short rest period = 0.12; Probability of effect size greater than
large favoring short rest period = 0.01.

Controlled effect sizes for the four categories of inter-set rest period were analyzed
with network meta-analyses. Sufficient data were available for univariate analysis of the arm

and thigh. Network structures are presented in Supplemental Figure 1S, with effect size

17



estimates combining direct and indirect estimates, and SUCRA values presented in Table 2. In
general, effect size estimates and SUCRA values for both regions of the body indicated greater

effectiveness for rest periods beyond the short categorization.

Table 2: Univariate network meta-analyses combining direct and indirect pairwise comparisons
for hypertrophy at the thigh and arm for the four inter-set rest period categories.

Region Category Comparative effect SUCRA
size (95%Crl)
Short - 0.40
Armm Intermediate 0.22 (-0.31to 0.74) 0.49
Long -0.02 (-0.43 t0 0.37) 0.52
Very long 0.18 (-0.36t0 0.70) 0.60
Short - 0.18
Thigh Intermediate 0.13 (-0.31 to 0.58) 0.54
Long 0.01 (-0.39to0 0.41) 0.63
Very long 0.32 (-0.10 to 0.68) 0.64

Comparative effect sizes are expressed relative to the short inter-set rest category. Crl: Credible interval. SUCRA:
Surface Under the Cumulative Ranking curve

Subanalyses

Subanalyses were performed on direct comparisons separating studies based on set
end-point (i.e., training to momentary muscular failure or non-failure) and training status
(specific to designs that included untrained participants). A multivariate analysis comprised of
data from three studies that incorporated training to momentary muscular failure was
conducted for hypertrophy of the thigh (0.31 [95%Crl: -0.03 to 0.61]) and arm (0.04 [95%Cr: -
0.37 to 0.44]). Similarly, a multivariate analysis comprised of data from three studies that
incorporated non-failure RT was conducted for hypertrophy of the thigh (0.27 [95%Crl: -0.02 to
0.51]) arm (0.04 [95%Crl: -0.37 to 0.44]), and whole body (-0.06 [-0.40 to 0.27). Finally, sufficient
data were available to perform a multivariate analysis comprised of data from six studies that

included untrained participants and was conducted for hypertrophy of the thigh (0.17 [95%Cr:

18



-0.15t0 0.47]) arm (0.02 [95%Crl: -0.41 to 0.46]), and whole body (-0.05 [-0.43 to 0.26).
Insufficient data were available to subanalyze results in trained individuals.
Methodological qualitative assessment

Qualitative assessment of included studies via the SMART-LD tool showed a mean
score of 15 out of a possible 20 points (range: 12 to 17 points). Four studies were judged to be
of good quality (8) (11) (40) (45), 4 studies were judged to be of fair quality (16) (22) (29) (37),

and 1 study was judged to be of poor quality (3). See table S1 in the supplementary files.

Discussion

Our meta-analysis quantified data from studies that directly compared the effects of
different rest interval lengths on measures of muscle hypertrophy. While the initial meta-
regressions with non-controlled effect sizes highlighted substantial heterogeneity across
studies (figures 2 and 3), they also demonstrated that most interventions were effective in
eliciting hypertrophic adaptations regardless of rest interval duration, with SMDs that could be
considered medium to large in magnitude. Binary categorization comparing shorter (<60 secs)
with longer (>60 s) rest intervals returned slightly greater central estimates favoring the longer
rest condition (SMD = 0.56 vs 0.48, respectively; figure 2). When further stratifying data, results
showed slight differences between short (SMD = 0.47), intermediate (SMD = 0.65), long (SMD =
0.55) and very long (SMD = 0.50) rest periods (figure 3). These results suggest no clear benefit
to altering rest interval length for the purpose of promoting muscle hypertrophy. However,
given substantial heterogeneity, meta-regressions with small numbers of studies provide
limited ability to draw strong inferences as any differences observed can be the result of
chance imbalances in the distribution of studies. Therefore, the primary inference from this
study was focused on meta-analyses that comprised controlled effect sizes with either direct
pairwise comparisons only (bivariate categorization), or both direct and indirect pairwise

comparisons (four categories) through network models.

19



When subanalyzing the effects of rest interval length on hypertrophy of the limbs, the
results suggest a small benefit for rest intervals >60 seconds. For the binary categorization, the
pooled effect size for the arms slightly favored a hypertrophic benefit for longer vs shorter rest
durations (SMD = 0.13). The probability of the effect being greater than zero was 0.74, with
only a 0.45 probability that the difference in effect was greater than small. Similarly, the pooled
effect size for quadriceps femoris modestly favored longer vs shorter durations (SMD = 0.17).
There was a strong probability that this effect was greater than zero (p=0.88), but only a 0.54
probability that the difference in effect was greater than small. Both upper and lower limb
analyses showed a very low probability that differences would be greater than a medium effect
(SMD =0.18 and 0.15, respectively). Conversely, measures of whole-body hypertrophy showed
slightly greater effects favoring shorter vs longer rest durations (SMD = -0.08, p(>0)=0.69,
p(>small)=0.36); however, with substantial uncertainty due to only three studies providing
whole body data.

Potential discrepancies between findings of hypertrophy of the extremities vs the whole
body may be related to the different methods of assessment. Whole-body measures of muscle
growth were based on estimates of fat-free mass (FFM) via DXA, BIA and hydrodensitometry,
which are often used as a proxy for muscle hypertrophy (4). However, FFM encompasses all
bodily tissues other than fat mass; while alterations in skeletal muscle comprise the majority of
FFM changes that occur during resistance training, other components such as water and
mineral can influence results as well (31). Alternatively, the majority of assessments for the
extremities employed direct measurements of changes in muscle mass via MRI and
ultrasonography. Given that direct assessment methods have been shown to be more
sensitive to detecting resistance training-induced hypertrophy than indirect assessments (9)
(44), the results of our whole-body analysis should be interpreted with caution.

Potential beneficial effects of rest periods < 60 s on muscle hypertrophy may be

attributable to preservation of volume load during a training session. Research indicates that
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very short rest periods (< 60 seconds) appreciably reduce the number of repetitions
performed across multiple sets compared to longer rest durations (19) (39) (34), which could
have a detrimental effect on long-term muscular adaptations. This hypothesis is supported by
Longo et al (22), who reported appreciably greater increases in quadriceps femoris cross-
sectional area when training with 180 vs 60 inter-set rest periods over a 10-week intervention
(13.1% vs 6.8%, respectively); of note, volume load was reduced to a significantly greater extent
in the shorter vs longer rest condition. However, similar hypertrophy was observed with the
performance of additional sets to equate volume load between conditions.

Alternatively, evidence suggests that differences in volume load tend to level off when
comparing rest intervals of 120 vs 180 seconds (34) (19). When compared to very short rest
intervals (< 60 s), our univariate network meta-analysis suggested that very long rest intervals
(> 180 seconds) provided a modest advantage versus intermediate (61-119 seconds) and long
(120-179 seconds) durations with respect to quadriceps femoris hypertrophy. However, these
data showed a high degree of uncertainty and the U-shaped response between conditions
casts further doubt on the veracity of the finding. Analyses of hypertrophy of the arms did not
show an appreciable effect of rest interval durations beyond intermediate (>60 second)
durations. Future research should explore this topic in greater detail to better determine
whether graded increases in rest interval duration alter muscular adaptations as well as the
extent to which volume load may play a role in the process.

Subanalysis of set end-point data indicated that training to failure or non-failure did not
meaningfully influence the interaction between rest interval duration and muscle hypertrophy.
Central estimates from both analyses suggested a hypertrophic benefit for longer rest periods
in the quadriceps femoris, irrespective of the proximity-to-failure reached during RT. However,
the magnitude of effect was relatively small (SMD = 0.27 and 0.31 for non-failure and failure
conditions, respectively). Alternatively, negligible differences were observed for the influence of

rest interval length in the arms (SMD = 0.04) regardless of set end-point. The findings are
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somewhat in contrast with data showing that shorter rest periods impair bench press
performance to a greater extent than longer rest periods when training with closer proximities
to failure (18). Further research is needed to better understand the potential discrepancies
between acute and longitudinal outcomes.

Subanalysis of the potential influence of training status on rest interval length showed
that untrained individuals displayed a slight hypertrophic benefit from longer rest periods
when training the quadriceps femoris (SMD = 0.17). However, rest interval length appeared to
have negligible effects on measures of hypertrophy for the arms and whole body in untrained
individuals (SMD = 0.02 and -0.05, respectively). These data are relatively consistent with
findings from a systematic review by Grgic et al. (14) that concluded both shorter and longer
rest durations are equally viable options for promoting hypertrophy in novice trainees. The
systematic review by Grgic et al. (14) also suggested that trained individuals might benefit from
the use of longer rest intervals, conceivably by allowing for a greater volume load across multi-
set protocols. Unfortunately, there was insufficient data to subanalyze results on experienced
lifters, precluding our ability to either confirm or refute this claim. Further research is therefore
needed to better understand how training status may influence the response to rest interval

length.

Conclusion

Pooled analyses of the current body of literature suggest a small benefit to employing
longer versus shorter inter-set rest intervals for muscle hypertrophy. The effect favoring longer
inter-set rest intervals was relatively consistent between the arms and the legs musculature,
and results were not meaningfully influenced by whether RT was performed to failure or non-
failure. These findings are inconsistent with recommendations from the National Strength and
Conditioning Association, which prescribe relatively short rest periods (30 to 90 seconds) for
hypertrophy-related goals (15). Thus, current guidelines regarding rest interval prescription for

achieving muscular hypertrophy warrant reconsideration. It should be noted that while the
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observed differences in effect are likely to be between zero and small, intervention durations
were relatively short (between 5 to 10 weeks); thus, it is possible that accumulated differences
in muscle mass accretion over longer terms may be more appreciable.

The current evidence remains equivocal as to whether resting more than 90 seconds
between sets further enhances hypertrophic adaptations. Our analysis casts doubt as to any
beneficial effects in this regard. However, given the uncertainty of evidence, additional studies
are needed comparing measures of hypertrophy across a wide spectrum of rest periods to
provide better insights on the topic.

From an applied standpoint, the benefit to employing longer rest periods may be
practically significant for those seeking to optimize hypertrophic adaptations (i.e., bodybuilders,
strength athletes). Although the magnitude of effect between conditions was marginal, even
small alterations in muscular development can potentially make a difference in athletic
outcomes. Alternatively, the results have questionable practical meaningfulness for individuals
seeking to improve overall health and wellbeing. The tradeoff between greater time-efficiency
vs attenuating hypertrophy to a small extent could make shorter rest periods an attractive
option in this population, particularly given the fact that time is often reported as a significant
barrier to exercise participation and adherence (17).

Finally, it is conceivable that autoregulation of rest intervals may be a viable method for
individuals to determine rest interval duration. Preliminary evidence suggests that self-
selecting the time taken between sets can result in similar number of repetitions performed
across multiple sets with greater time-efficiency compared to a fixed 120 second rest interval
(7). This hypothesis warrants further study using longitudinal designs that directly measure

changes in muscle growth.

23



Conflict of interest

BJS serves on the scientific advisory board for Tonal Corporation, a manufacturer of fitness
equipment. All other authors report no competing interests.

Funding information

No funding was received for this manuscript.

Data and Supplementary Material Accessibility

Data and supplementary material are available on the Open Science Framework project page:
https://osf.io/zp6vs/

References

References
1. Ahtiainen, JP, Pakarinen, A, Alen, M, Kraemer, W), and Hakkinen, K. Short vs. long rest period
between the sets in hypertrophic resistance training: influence on muscle strength, size, and
hormonal adaptations in trained men. J Strength Cond Res 19: 572-582, 2005.
2. American College of Sports Medicine. American College of Sports Medicine position stand.
Progression models in resistance training for healthy adults. Med. Sci. Sports Exerc. 41: 687-708,

2009.

3. Buresh, R, Berg, K, and French, J. The effect of resistive exercise rest interval on hormonal
response, strength, and hypertrophy with training. / Strength Cond Res 23: 62-71, 2009.

4. Callahan, MJ, Parr, EB, Hawley, JA, and Camera, DM. Can High-Intensity Interval Training
Promote Skeletal Muscle Anabolism? Sports Med. 51: 405-421, 2021.

5. Cooper, H, Hedges, L, and Valentine, J. The Handbook of Research Synthesis and Meta-
Analysis. . New York; Russell Sage Foundation, 20009.

6. Cuijpers, P, Weitz, E, Cristea, IA, and Twisk, J. Pre-post effect sizes should be avoided in meta-
analyses. Epidemiol. Psychiatr. Sci. 26: 364-368, 2017.

24



7. De Salles, BF, Polito, MD, Goessler, KF, Mannarino, P, Matta, TT, and Simdo, R. Effects of fixed
vs. self-suggested rest between sets in upper and lower body exercises performance. Eur. |.
Sport. Sci. 16: 927-931, 2016.

8. de Souza, TP Jr, Fleck, SJ, Simao, R, Dubas, JP, Pereira, B, de Brito Pacheco, EM, da Silva, AC,
and de Oliveira, PR. Comparison between constant and decreasing rest intervals: influence on
maximal strength and hypertrophy. J. Strength Cond Res. 24. 1843-1850, 2010.

9. Delmonico, MJ, Kostek, MC, Johns, J, Hurley, BF, and Conway, JM. Can dual energy X-ray
absorptiometry provide a valid assessment of changes in thigh muscle mass with strength
training in older adults? Eur. J. Clin. Nutr. 62: 1372-1378, 2008.

10. Fink, J, Kikuchi, N, and Nakazato, K. Effects of rest intervals and training loads on metabolic
stress and muscle hypertrophy. Clin. Physiol. Funct. Imaging , 2016.

11. Fink, JE, Schoenfeld, BJ, Kikuchi, N, and Nakazato, K. Acute and Long-term Responses to
Different Rest Intervals in Low-load Resistance Training. Int. J. Sports Med. 38: 118-124, 2017.

12. Greco, T, Biondi-Zoccai, G, Saleh, O, Pasin, L, Cabrini, L, Zangrillo, A, and Landoni, G. The
attractiveness of network meta-analysis: a comprehensive systematic and narrative review.
Heart Lung Vessel 7: 133-142, 2015.

13. Greenhalgh, T, and Peacock, R. Effectiveness and efficiency of search methods in systematic
reviews of complex evidence: audit of primary sources. BM/ 331: 1064-1065, 2005.

14. Grgic, J, Lazinica, B, Mikulic, P, Krieger, JW, and Schoenfeld, BJ. The effects of short versus
long inter-set rest intervals in resistance training on measures of muscle hypertrophy: A
systematic review. Eur. J. Sport. Sci. 17: 983-993, 2017.

15. Haff, GG, Triplett, NT. Essentials of strength and conditioning. In: Anonymous Champaign,
IL: Human Kinetics, 2015.

16. Hill-Haas, S, Bishop, D, Dawson, B, Goodman, C, and Edge, J. Effects of rest interval during
high-repetition resistance training on strength, aerobic fitness, and repeated-sprint ability. /.
Sports Sci. 25: 619-628, 2007.

17. Hoare, E, Stavreski, B, Jennings, GL, and Kingwell, BA. Exploring Motivation and Barriers to

Physical Activity among Active and Inactive Australian Adults. Sports (Basel) 5: 47. doi:
10.3390/sports5030047, 2017.

25



18. Janicijevi¢, D, Miras-Moreno, S, Morenas-Aguilar, MD, Moraga-Maureira, E, Weakley, J, and
Garcia-Ramos, A. Optimizing mechanical performance in the bench press: The combined
influence of inter-set rest periods and proximity to failure. J. Sports Sci. 41: 2193-2200, 2023.

19. Kassiano, W, Medeiros, Al, de Vasconcelos Costa, BD, Andrade, AD, Moura Simim, MA, de
Sousa Fortes, L, Cyrino, ES, and de Oliveira Assumpcdo, C. Does rest interval between sets
affect resistance training volume, density, and rating of perceived exertion when adopting the
crescent pyramid system in young women? J. Sports Med. Phys. Fitness 60: 992-998, 2020.

20. Kraemer, WJ, and Ratamess, NA. Hormonal responses and adaptations to resistance
exercise and training. Sports Med. 35: 339-361, 2005.

21. Kruschke, JK, and Liddell, TM. The Bayesian New Statistics: Hypothesis testing, estimation,
meta-analysis, and power analysis from a Bayesian perspective. Psychon. Bull. Rev. 25: 178-206,
2018.

22. Longo, AR, Silva-Batista, C, Pedroso, K, de Salles Painelli, V, Lasevicius, T, Schoenfeld, BJ,
Aihara, AY, de Aimeida Peres, B, Tricoli, V, and Teixeira, EL. Volume Load Rather Than Resting
Interval Influences Muscle Hypertrophy During High-Intensity Resistance Training. J Strength
Cond Res. 10.1519/)SC.0000000000003668: Published ahead-print, 2020.

23. Lopez, P, Radaelli, R, Taaffe, DR, Newton, RU, Galvdo, DA, Trajano, GS, Teodoro, J, Kraemer,
WJ, Hakkinen, K, and Pinto, RS. Resistance Training Load Effects on Muscle Hypertrophy and
Strength Gain: Systematic Review and Network Meta-analysis. Med. Sci. Sports Exerc. Publish
Ahead of Print: 10.1249/MSS.0000000000002585, 2020.

24. McKendry, J, Perez-Lopez, A, McLeod, M, Luo, D, Dent, JR, Smeuninx, B, Yu, J, Taylor, AE,
Philp, A, and Breen, L. Short inter-set rest blunts resistance exercise-induced increases in
myofibrillar protein synthesis and intracellular signalling in young males. Exp. Physiol. 101: 866-
882, 2016.

25. Morris, B. Estimating effect sizes from pretest-posttest-control group designs.
Organizational Research Methods 11: 364-386, 2008.

26. Morris, SB, and DeShon, RP. Combining effect size estimates in meta-analysis with repeated
measures and independent-groups designs. Psychol. Methods 7: 105-125, 2002.

27. Morton, RW, Oikawa, SY, Wavell, CG, Mazara, N, McGlory, C, Quadrilatero, J, Baechler, BL,
Baker, SK, and Phillips, SM. Neither load nor systemic hormones determine resistance training-

26



mediated hypertrophy or strength gains in resistance-trained young men. J. Appl. Physiol. (1985)
121:129-138, 2016.

28. Morton, RW, Sato, K, Gallaugher, MPB, Oikawa, SY, McNicholas, PD, Fujita, S, and Phillips,
SM. Muscle Androgen Receptor Content but Not Systemic Hormones Is Associated With
Resistance Training-Induced Skeletal Muscle Hypertrophy in Healthy, Young Men. Front. Physiol.
9: 1373, 2018.

29. Piirainen, JM, Tanskanen, M, Nissila, J, Kaarela, J, Vaarala, A, Sippola, N, and Linnamo, V.
Effects of a heart rate-based recovery period on hormonal, neuromuscular, and aerobic
performance responses during 7 weeks of strength training in men. J. Strength Cond Res. 25:
2265-2273,2011.

30. Pinero, A, Burke, R, Augustin, F, Mohan, A, Roderick, K, Wiesenthal, M, Dejesus, K, Coleman,
M, Androulakis Korakakis, P, Swinton, P, and Schoenfeld, BJ. Throwing cold water on muscle
growth? A meta-analysis of the effects of cooling strategies on hypertrophy when combined
with resistance training. Eur J Sport Sci. , 2024.

31. Proctor, DN, O'Brien, PC, Atkinson, EJ, and Nair, KS. Comparison of techniques to estimate
total body skeletal muscle mass in people of different age groups. Am. J. Physiol. 277: 489,
1999.

32. Refalo, MC, Helms, ER, Trexler, ET, Hamilton, DL, and Fyfe, JJ. Influence of Resistance
Training Proximity-to-Failure on Skeletal Muscle Hypertrophy: A Systematic Review with Meta-
analysis. Sports Med. 53: 649-665, 2023.

33. Rhodes, KM, Turner, RM, and Higgins, JPT. Predictive distributions were developed for the
extent of heterogeneity in meta-analyses of continuous outcome data. J. Clin. Epidemiol. 68: 52-
60, 2015.

34. Rosa, A, Coleman, M, Haun, C, Grgic, J, and Schoenfeld, BJ. Repetition Performance, Rating
of Perceived Discomfort, and Blood Lactate Responses to Different Rest Interval Lengths in
Single-Joint and Multijoint Lower-Body Exercise. J. Strength Cond Res. 37: 1350-1357, 2023.

35. Salanti, G, Ades, AE, and loannidis, JPA. Graphical methods and numerical summaries for

presenting results from multiple-treatment meta-analysis: an overview and tutorial. /. Clin.
Epidemiol. 64:163-171,2011.

27



36. Schoenfeld, BJ, Ogborn, D, and Krieger, JW. Dose-response relationship between weekly
resistance training volume and increases in muscle mass: A systematic review and meta-
analysis. J. Sports Sci. : 1-10, 2016.

37. Schoenfeld, BJ, Pope, ZK, Benik, FM, Hester, GM, Sellers, ], Nooner, JL, Schnaiter, JA, Bond-
Williams, KE, Carter, AS, Ross, CL, Just, BL, Henselmanns, M, and Krieger, JW. Longer inter-set
rest periods enhance muscle strength and hypertrophy in resistance-trained men. Journal of
Strength and Conditioning Research 30: 1805-1812, 2016.

38. Schoenfeld, BJ, Grgic, J, and Krieger, J. How many times per week should a muscle be
trained to maximize muscle hypertrophy? A systematic review and meta-analysis of studies
examining the effects of resistance training frequency. J. Sports Sci. 37: 1286-1295, 2019.

39. Senna, G, Willardson, JM, de Salles, BF, Scudese, E, Carneiro, F, Palma, A, and Simao, R. The
effect of rest interval length on multi and single-joint exercise performance and perceived
exertion. J. Strength Cond Res. 25:3157-3162, 2011.

40. Souza-junior, TP, Willardson, JM, Bloomer, R, Leite, RD, Fleck, SJ, Oliveira, PR, and Simao, R.
Strength and hypertrophy responses to constant and decreasing rest intervals in trained men
using creatine supplementation. J. Int. Soc. Sports Nutr. 8: 17-17, 2011.

41. Sturtz, S, Ligges, U and Gelman, A. R20penBUGS: a package for running OpenBUGS from R
[software]., 2019.

42. Swinton, PA, and Murphy, A. Comparative effect size distributions in strength and
conditioning and implications for future research: A meta-analysis. SportRxiv : DOI:
10.51224/SRXIV.202, 2022.

43. Swinton, PA, Burgess, K, Hall, A, Greig, L, Psyllas, ], Aspe, R, Maughan, P, and Murphy, A.
Interpreting magnitude of change in strength and conditioning: Effect size selection, threshold
values and Bayesian updating. J. Sports Sci. 40: 2047-2054, 2022.

44. Tavoian, D, Ampomah, K, Amano, S, Law, TD, and Clark, BC. Changes in DXA-derived lean
mass and MRI-derived cross-sectional area of the thigh are modestly associated. Sci. Rep. 9:
10028-w, 2019.

45. Villanueva, MG, Lane, CJ, and Schroeder, ET. Short rest interval lengths between sets

optimally enhance body composition and performance with 8 weeks of strength resistance
training in older men. Eur. J. Appl. Physiol. 115: 295-308, 2015.

28



