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ABSTRACT

Wilson, JM, Marin, PJ, Rhea, MR, Wilson, SMC, Loenneke, JP,

and Anderson, JC. Concurrent training: A meta-analysis examin-

ing interference of aerobic and resistance exercise. J Strength

Cond Res 26(8): 2293–2307, 2012—The primary objective of

this investigation was to identify which components of endurance

training (e.g., modality, duration, frequency) are detrimental to

resistance training outcomes. A meta-analysis of 21 studies was

performed with a total of 422 effect sizes (ESs). Criteria for the

study included were (a) compare strength training alone to

strength plus endurance training (concurrent) or to compare

combinations of concurrent training; (b) the outcome measures

include at least one measure of strength, power, or hypertrophy;

and (c) the data necessary to calculate ESs must be included or

available. The mean ES for hypertrophy for strength training was

1.23; for endurance training, it was 0.27; and for concurrent

training, it was 0.85, with strength and concurrent training being

significantly greater than endurance training only. The mean ES

for strength development for strength training was 1.76; for

endurance training, it was 0.78; and for concurrent training,

it was 1.44. Strength and concurrent training was significantly

greater than endurance training. The mean ES for power

development for strength training only was 0.91; for endurance

training, it was 0.11; and for concurrent training, it was 0.55.

Significant differences were found between all the 3 groups. For

moderator variables, resistance training concurrently with

running, but not cycling, resulted in significant decrements in

both hypertrophy and strength. Correlational analysis identified

significant negative relationships between frequency (20.26 to

20.35) and duration (20.29 to 20.75) of endurance training

for hypertrophy, strength, and power. Significant relationships

(p , 0.05) between ES for decreased body fat and % maximal

heart rate (r = 20.60) were also found. Our results indicate

that interference effects of endurance training are a factor of

the modality, frequency, and duration of the endurance training

selected.

KEY WORDS strength training, endurance training, power,

hypertrophy, _VO2max

INTRODUCTION

S
everal sports require the need for endurance,
power, muscular size, and strength. For example,
in a single hockey game, an athlete may be
required to sprint past his or her opponent for

a lose puck (explosive power), deliver a hard body check
(strength and muscularity), and kill 2 power plays in
overtime (endurance). The inclusion of resistance training
(to gain strength, hypertrophy, and power) combined with
aerobic exercise (to enhance endurance) in a single program
is known as concurrent training. Generally, concurrent
training studies have 3 groups: one with exclusive resistance
training, one with endurance training only, and the last
performing both resistance training and endurance training
in the same program. Concurrent training, relative to resis-
tance training alone, has been shown to result in decrements
in strength (13,21,25,29), hypertrophy (25,29,39), and
power (21,24,26,29,31). However, additional studies have
found little to no decrements in strength training gains with
the addition of endurance training (4,38,39,48,49). More-
over, recent data have demonstrated large interindividual
variation in responses to changes in maximal voluntary
contraction after concurrent training (212 to 87%). These
data indicate that some individuals experience strength
decrements after concurrent training, whereas others
experience substantial gains (27).
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Several explanations have been offered to explain the
concurrent training or interference effects seen. One of the
more popular theories is the chronic interference hypoth-
esis, which postulates that the addition of endurance
training results in overreaching and overtraining and
stimulates competing adaptations over a long-term training
program (33). Overreaching is currently thought to be
caused by high-volume, high-intensity, or high-frequency
training bouts (22), particularly when bouts of exercise
result in large amounts of skeletal muscle damage (22). It
is likely that elements of endurance training, which
exacerbate overreaching, would in theory result in greater
interference effects.

As far as competing adaptations are concerned, traditional
resistance exercise trains skeletal muscle in short duration
activities in which force is maximal or at least near maximal
levels. In contrast, endurance training requires individuals to
exert relatively low force outputs and maintain those outputs
over long durations. Logically, the adaptations for resistance
and endurance exercise are vastly different and in many cases
conflict one another (23,33). From a molecular standpoint,
endurance exercise preferentially increases net protein
synthesis in the mitochondrial subfraction, whereas high-
intensity resistance training preferentially increases net
protein synthesis in the myofibrillar subfraction (9,23,50).

Moreover, with training experience, these changes become
increasingly more specific over time (50). When combined,
however, research indicates that the upregulation of trans-
lation initiation via the PI3K-AKT-mTOR signaling pathway
is impaired when resistance training is performed after
glycogen depleting endurance exercise (12,23). Moreover,
although resistance training increases myofibrillar protein
synthesis for up to 72 hours after an intense training bout
(12), moderate intensity endurance exercise immediately acts to
inhibit important elongation factors (eef2) responsible for
increasing protein synthesis and maintains this inhibition for
the duration of the activity (45).

To date, very little research has been conducted to
disseminate which components of endurance (e.g., modality,
intensity, duration) training are most detrimental to resistance
training outcomes and still further which outcomes (e.g.,
strength, hypertrophy, power) are affected to the greatest
extent. A robust and quantitative approach to the problem can
be provided in the form of a meta-analysis of the data. This
technique minimizes subjectivity by standardizing treatment
effects of relevant studies into effect sizes (ESs), pooling
the data, and then analyzing it to draw conclusions (41). The
primary objective of this investigation was to quantitatively
identify which components of endurance exercise result in
detrimental effects on resistance training outcomes.

Figure 1. Overall effect sizes for strength, endurance, and concurrent training: the mean overall ES (mean 6 SE) for lower-body strength, lower-body hypertrophy,
power, _VO2max, and body fat. *Significant difference at p , 0.05 from strength training. &Significant difference at p , 0.05 from endurance training.
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METHODS

Experimental Approach to the Problem

To evaluate what components of endurance exercise result in
detrimental effects on resistance training, a meta-analytic
review was conducted. Relevant studies were combined and
analyzed statistically to provide an overview of the body of
research on this topic. Conclusions were based on the
literature with suggestions for applications and future
research for strength and conditioning professionals.

Literature Search

Searches were performed for published studies with a number
of criteria. First, the primary focus of the study was to
compare the effects of strength training alone with
concurrent training on strength, power, and hypertrophy.
However, if a study’s primary objective was to compare
2 different concurrent training methods to each other, then it
was also included in our analysis. Finally, to be considered for
our analysis, the subject populations of the studies had to
have similar baseline characteristics in strength and aerobic
capacity (e.g., both untrained or trained) so that valid
outcome measures could be made. Moreover, the outcome
measures had to include at least one measure or a combina-
tion of measures of strength, power, or hypertrophy. Strength
variables included maximal exertion against an external
resistance (both dynamic and static). Hypertrophy was

accepted as whole muscle volume or thickness as indicated
by magnetic resonance imaging or ultrasound, respectively,
or changes in muscle fiber cross-sectional area (types 1
and 2). Finally, power was fractionated into immediate
(e.g., vertical jump and peak power on a Wingate) and mean
power output as recorded in a Wingate 30-second test.
Electronic databases searched included the Science Citation
Index, National Library of Medicine, Sport Discus, Google
Scholar, and MEDLINE, which were searched in February
2011 back to the earliest available time (1980) when Hickson
et al. published a foundational study on concurrent training
(25). Exclusion of studies with irrelevant content and
doublets was carried out in 3 steps. First, the titles of the
articles were read. Second, the abstracts were read. Third,
the entire article was read. The reference lists of relevant
articles were, in turn, scanned for additional articles
(published or unpublished) that met the inclusion criteria.
Attempts were made to contact the authors for requesting
any unpublished work. Conference abstracts and proceed-
ings were excluded. Relevant studies were selected and
searched for data necessary to compute ES and descriptive
information regarding the training protocol.

Coding of Studies

Each study was read and coded by the primary inves-
tigator for descriptive information including gender, age,

Figure 2. Overall effect sizes for running concurrent, cycling concurrent, and strength only training: mean 6 SE for lower-body strength, lower-body hypertrophy,
power, _VO2max, and body fat of concurrent training and strength training alone (without any endurance workout). *Significant difference at p , 0.05 from the
running concurrent group.
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and training experience. For both endurance and resistance
training, we coded for frequency, mean training intensity,
volume (duration of endurance and sets of strength
training), and type of training split used. For resistance
training, frequency was coded by the number of days
per week that the participants trained their lower or upper
bodies. Endurance training was coded as days per week
aerobic exercise was performed. Intensity for resistance
and endurance training was coded, respectively, as the
average percent of 1 repetition maximum (1RM) used
and average percent of heart rate reserve or _VO2max used.
Volume for resistance and endurance training, respectively,
was coded as the number of sets performed for the
upper and lower body and the average duration of the
endurance training session. Training split was coded as
strength only, endurance only, strength and endurance
training performed on the same day, and strength and
endurance training performed every other day. Training status
was defined as untrained, trained, and athlete. The partici-
pants must have been training for at least 1 year with
weightlifting before the study to be considered as trained.
To be considered for the athlete category, the participants
must have been competitive athletes at the collegiate or
professional level.

Calculation and Analysis of Effect Size

Pre-ES and post-ES were calculated with the following
formula: ([Posttest mean 2 pretest mean]/pretest SD). The
ESs were then adjusted for sample size bias (41,42). This
adjustment consists of applying a correction factor to adjust
for a positive bias in smaller sample sizes. Descriptive
statistics were calculated, and univariate analysis of variance
by groups was used to identify differences between training
status, gender, and age with the level of significance set at
p , 0.05. All the calculations were made with SPSS statistical
software package v.19.0 (SPSS Inc., Chicago, IL, USA). The
scale proposed by Rhea (41,42) was used for interpretation of
the ES magnitude. Coder drift was assessed by randomly
selecting 10 studies for recoding. Per case agreement was
determined by dividing the variables coded the same by the
total number of variables (41,42). A mean agreement of 0.90
was required for acceptance.

RESULTS

The overall ES and moderating variables are presented in
Tables–1–5. The 72 ESs for lower-body muscle hypertrophy,
24 ESs for upper-body muscle hypertrophy, 75 ESs for lower-
body strength development, 24 ESs for upper-body strength
development, 46 ESs for lower-body power development,

Figure 3. Dose-response effect size for frequency of endurance training.
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46 ESs for _VO2max, and 43 ESs for body fat were obtained
from a total of 21 primary studies (3,4,7,10,11,13,18,20,
24–26,29,30,32,38–40,46–49).

Muscle Hypertrophy

The mean overall ES for muscle hypertrophy for strength
training was 1.23 (95% confidence interval [CI]: 0.92, 1.53;
n: 23); for endurance training, it was 0.27 (95% CI: 20.53,
0.60; n: 20); and for concurrent training, it was 0.85 (95% CI:
0.57, 1.2; n: 29) (Figure 1 and Table 1). Significant differences
were found between strength and endurance (p , 0.05) and
between endurance and concurrent (p , 0.05).

Moderating Variables. An analysis of the differences in
hypertrophy gains achieved for endurance training in male
and combined gender groups from all studies included was
performed to determine whether gender influenced
strength gains. The combined group gained more hyper-
trophy than did the male group 0.72 (95% CI: 0.44, 0.99;
n: 9) vs. 0.12 (95% CI: 20.11, 0.36; n: 11) (p , 0.05),
respectively (Table 1). A significant difference was found
between concurrent training with running endurance
modality and strength training alone (without any
endurance workout) 0.68 (95% CI: 0.31, 1.06; n: 16) vs.
1.54 (95% CI: 1.10, 1.97; n: 12) (p , 0.05), respectively
(Figure 2). However, no significant differences were found
between training groups for upper body; the mean overall

ES for muscle hypertrophy strength training was 0.16 (95%
CI: 20.03, 0.36; n: 8); for endurance training, it was 0.02
(95% CI: 21.71, 0.22; n: 8); and for concurrent training, it
was 0.14 (95% CI: 20.06, 0.33; n: 8) (p . 0.05). Training
split performing endurance and strength training on the
same day resulted in an ES for hypertrophy of 0.8, whereas
performing them on separate days resulted in an ES of
1.06. However, these were not significantly different.
Correlational analysis identified significant relationships
(p , 0.05) between ES for lower-body hypertrophy and
frequency of endurance training (r = 20.26) (Figure 3)
and the average duration of endurance workout (r = 20.75)
(Figure 4). Insufficient data were obtained for an analysis of
other variables (minimum 5 ESs).

Strength Development

The mean overall ES for strength development for strength
training was 1.76 (95% CI: 1.34, 2.18; n: 24), for endurance
training was 0.78 (95% CI: 0.36, 1.19; n: 25), and for
concurrent training 1.44 (95% CI: 1.03, 1.84; n: 26) (Figure 1
and Table 2). Significant differences were found between
strength and endurance (p , 0.05), and between endurance
and concurrent (p , 0.05), for lower body (Figure 1 and
Table 2). However, no significant differences were found
between training groups for upper body; the mean overall
ES for strength development for strength training was 3.17
(95% CI: 0.88, 5.45; n: 8); for endurance training, it was

Figure 4. Dose-response effect size for the average duration of endurance workout.
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0.39 (95% CI: 21.89, 2.68; n: 8); and for concurrent training, it
was 1.97 (95% CI: 20.32, 4.25; n: 8) (p . 0.05).

Moderating Variables. No significant difference was found
between variables including training split (Table 2).

However, a significant differ-
ence was found between ES of
concurrent training with run-
ning endurance modality and
strength training alone (with-
out any endurance workout),
1.23 (95% CI: 0.81, 1.65; n: 9)
vs. 2.22 (95% CI: 1.70, 2.74;
n: 14) (p , 0.05), respectively
(Figure 2). Correlational anal-
ysis identified significant rela-
tionships (p , 0.05) between
ES for lower-body strength
and frequency of endurance
training (r =20.31) (Figure 3)
and the average duration of
endurance workout (r =20.34)
(Figure 4). Insufficient data
were obtained for an analysis
of other variables.

Power Development

There were not enough data to
compare the effects of concur-

rent training on immediate and mean power. Therefore, we
pooled these data. The mean overall ES for power devel-
opment of the lower body (Figure 1 and Table 3) for strength
training only was 0.91 (95% CI: 0.65, 1.30; n: 15); for
endurance training, it was 0.11 (95% CI: 20.15, 0.38; n: 14);

Figure 5. Dose-response effect size of the decrease in body fat for percent of maximal heart rate reserve for
concurrent training.

Figure 6. Competing long-term adaptations: Commonality of adaptations between strength training, long duration endurance exercise, and high-volume sprint
training.
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and for concurrent training, it was 0.55 (95% CI: 0.31, 0.79;
n: 17). Significant differences for lower body (Figure 1 and
Table 3) were found between strength, endurance, and
concurrent training (p , 0.05). Insufficient data were
obtained for an analysis of the upper body.

Moderating Variables. No significant difference was found
between moderating variables (Table 3). Correlational
analysis identified significant relationships (p , 0.05)
between ESs for power development and frequency of
endurance training (r =20.35) (Figure 3) and the average
duration of the endurance workout (r =20.29) (Figure 4).
Insufficient data were obtained for an analysis of other
variables.

Maximal Oxygen Uptake

The mean overall ES for _VO2max for strength training was
20.11 (95% CI: 20.62, 0.41; n: 15); for endurance training, it
was 1.37 (95% CI: 0.85, 1.88; n: 15); and for concurrent
training, it was 1.41 (95% CI: 0.91, 1.91; n: 16) (Figure 1 and
Table 4). Significant differences were found between strength
and endurance (p , 0.05) and between strength and
concurrent (p , 0.05).

Moderating Variables. No significant differences were found for
any moderating variables analyzed (Table 4).

Body Fat

The mean overall ES for the changes in body fat mass for strength
training was 20.62 (95% CI: 20.99, 20.25; n: 14); for endurance
training, it was 20.75 (95% CI: 21.12, 20.37; n: 14), and for
concurrent training, it was 20.95 (95% CI: 21.30, 20.58; n: 15)
(Figure 1 and Table 5). No significant differences were found
between strength, endurance, and concurrent training (p . 0.05)
(Figure 1 and Table 5).

Moderating Variables. No significant difference was found
between variables (Table 5). Correlational analysis identified
significant relationships (p , 0.05) between ES for decrease in
body fat and percent of maximal heart rate (r = 0.60) (Figure 5).
Insufficient data were obtained for an analysis of other variables.

DISCUSSION

Skeletal muscle demonstrates remarkable plasticity to various
loading patterns, and it is becoming increasingly evident that
muscle tissue can distinguish between specific signals
imposed by variations in the duration, modality, and type
of exercise. Endurance athletes demonstrate an increase in
mitochondrial density (35), and no change or a small
selective hypertrophy of type 1 fibers, with maintenance or
a decrease in type 2 fiber size (15). Elite weightlifters and
power lifters train at relatively high percentages of their 1RM,
express preferential hypertrophy of type 2 fibers (17), and
have a decrease in mitochondrial density relative to that of
the general population (34).

The unique and relatively distinct adaptations of endurance
training, coupled together with an increase in total training

volume, and therefore probability to overreach, result in
a classic interference effect between endurance and strength
training adaptations. If indeed overtraining and overreaching
and competing adaptations explain interference effects of
endurance training, then it may be that specific components
of endurance training are primarily responsible for the
interference effects seen. The primary findings of this meta-
analysis are that endurance training modality is a determinant
influencing interference. Moreover, interference effects are
primarily body part specific because decrements were found
in lower, but not in upper-body exercise, after what is
primarily lower body–dominated endurance exercise activity.
We also found that training volume accounted for a small
portion of the interference effects seen when concurrent
training is performed. Finally, a common benefit of
concurrent training is the loss of body fat. This analysis
indicated that when concurrently training, body fat declines
to the greatest extent with high-intensity endurance exercise.

The primary outcome variables assessed in our analysis
were hypertrophy, maximal strength, power, and _VO2max.
Overall, the ESs for hypertrophy and maximal strength were
not significantly different between strength and concurrent
training groups. In contrast, power was significantly lower in
the concurrent training group (0.55) than in the strength only
group (0.91). These findings suggest that the overall power
may be more susceptible to decrements than strength or
hypertrophy. Although past research on strength outcomes
is conflicting, it appears that force at high velocities is affected
more than force at low velocities (14). Thus, it could be
speculated that decrements in power result from either
impairments in velocity or rate of force development (21).
Another important finding of our study was that concurrent
training relative to endurance only training resulted in no
decrements in _VO2max, indicating that aerobic capacity is not
inhibited when concurrent training relative to endurance
training alone. Although our subjects were primarily recrea-
tionally and strength trained, Aagaard and Andersen (1)
recently provided strong evidence in elite endurance athletes
that strength training can lead to enhanced long-term (.30
minutes) and short-term (,15 minutes) endurance capacity.
These researchers concluded that strength training may
augment endurance performance by increases in the pro-
portion of type 2A muscle fibers and gains in maximal muscle
strength and rate of force development, while likely involving
enhancements in neuromuscular function.

When separating our analysis into concurrent running vs.
cycling, we found that strength training concurrently with
running, but not with cycling, resulted in significant
decrements in both hypertrophy and strength. There are at
least 2 possible reasons why runners are more susceptible to
decrements than those who cycle. The first is that cycling is
more biomechanically similar to the majority of measures of
strength taken in the studies reviewed (compound free
weights) (16,19,36). A second possibility concerns skeletal
muscle damage. Although we cannot suggest this from our
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analysis, it could be speculated that different types of
contractions influence the differences seen between running
and cycling. Running has a high eccentric component,
whereas cycling consists of primarily concentric activity.
These differences in contraction types (eccentric vs.
concentric) may create greater damage in running than in
cycling. For example, long distance running causes large
increases in muscle damage, whereas ultradistance cycling
(230 km) does not (28). However, future studies need to
address contraction types before we can definitively attribute
differences to this potential moderating variable. Although
not significantly different, it is intriguing to recognize that
running, however, resulted in a larger decline in fat mass
(20.8 more fat loss) than did cycling. Moreover, we found
that no decrements were found in upper-body strength,
power, or hypertrophy. These data indicate that the
interference effects of endurance training with strength
training outcomes are body part specific and not systemic,
because primarily lower-body modalities did not interfere
with upper-body strength training outcomes. This could be
a function of the lower-body endurance modality employed,
and it could be speculated that performing upper-body
endurance exercise would interfere with upper body strength
training outcomes. To date, only a handful of studies have
compared concurrent training, which used the upper body
to an appreciable amount during the endurance bout. In
2 studies (5,6), Bell found that rowers who added resistance
training to their normal schedule increased upper body
strength to the same extent as a group of nonrowers who
only performed resistance training. Moreover, Abernethy
and Quigley (2) found that arm ergometer exercise did not
interfere with arm extension strength. However, all 3 of these
studies did not meet the criteria of our current analysis
because each compared strength and concurrent groups that
differed in their baseline aerobic training background (5,6) or
measured aerobic capacity (2).

Volume is typically defined as the total amount of work
done during a given exercise session. For endurance exercise,
this is at least partly dependent on the duration and frequency
of training. We found primarily low (r = 20.26 to 20.35) to
moderate (r = 20.75) significant negative correlations for
frequency and duration of endurance exercise for hypertro-
phy, strength, and power outcomes. As indicated by the
theoretical Venn diagram in Figure 6, commonality between
long duration endurance and resistance exercise may be low.
However, commonality between short duration high-
intensity sprinting with resistance exercise may be high. As
an explanation, the neuromuscular system is required to exert
their lowest forces over long sustained periods of time, which
likely results in adaptations with the lowest possible
commonality to strength training. These results coincide
with past research from Balabinis et al. (4) who found that
shorter duration, high-intensity sprinting exercise did not
result in decrements in strength or power and significantly
increased _VO2max in college level basketball players. More

recently, Rhea et al. (43) found that short duration sprinting
in National Collegiate Athletic Association baseball players
resulted in greater increases in power than did low-intensity
long duration exercise. It is also possible that greater total
volumes of endurance training lead to a greater susceptibility
for overreaching and under recovery. One limitation of our
study is that we did not specifically analyze the total
frequency of muscle groups trained (endurance + strength).

Perhaps the most intriguing finding of this study was that
body fatness decreased with increasing endurance training
intensities (Figure 5). In fact, the most dramatic loss in fat
mass occurred from moderately high to very high intensities.
These results seem paradoxical; research on the acute
response of endurance exercise has found that maximal total
fat calories are metabolized at moderate intensity endurance
exercise (44). However, maximizing intensities, which are
ideal for fat metabolism during an exercise, may not be ideal
for maximizing fat metabolism in the long term. Research
indicates that increases in metabolic rate after exercise
increases exponentially with increasing intensity (8). More-
over, although traditional endurance exercise may decrease
muscle mass relative to strength training alone, very high-
intensity exercise does not appear to have this effect (4).
Finally, research comparing very high-intensity to low-
intensity exercise demonstrates that the former results in
greater increases in the activity of muscle 3-hydroxyacycl
coenzyme A dehydrogenase, an enzyme critical to the rate of
beta oxidation (51).

PRACTICAL APPLICATIONS

Our research suggests that overall power is the major variable,
which is affected by concurrent training. Therefore, athletes
whose sport requires maximal power or rate of force
development should limit concurrently training for strength
and endurance. However, if an athlete’s sport is primarily
dependent on maximal strength and hypertrophy, then
concurrent training may not lead to significant decrements,
given the proper modality of endurance training is selected.
Specifically, our research suggests that athletes seeking to
concurrently train to obtain simultaneous increases in muscle
hypertrophy, strength, and endurance should select a modal-
ity of endurance exercise that closely mimics their sport to
avoid the occurrence of competing adaptations. For example,
a hockey player wanting to increase leg strength during dry
ice training may want to avoid running and instead select
a cycling exercise, which more closely approximates the
demands of skating (37). In addition, athletes should avoid
long duration endurance exercise (.20–30 minutes) that is
performed with a high frequency (.3 d�wk21). Instead,
athletes whose sport requires strength and power should
select endurance activity that is performed at very high
intensities, because this will result in lower decrements in
hypertrophy, strength, and power. For individuals who are
seeking to gain only small to moderate amounts of muscle
and strength, while losing large amounts of body fat, it may
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be advantageous to select running as their modality of
exercise because this resulted in the largest ES declines in fat
mass, with smaller increases in hypertrophy and strength.
However, these individuals should still include higher
intensity exercise during their program, because this appears
to result in the greatest declines in fat mass when combined
chronically with resistance exercise. Finally, our data suggest
that coaches can incorporate strength training for individuals
attempting to primarily increase endurance performance
without a fear of interfering with their aerobic capacity.
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