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Serious fitness and performance participants
routinely battle with the need for concurrent
training models which include both anaerobic and

aerobic components. Due to the demands of the activity it is
valuable to identify the magnitude and intensity of each type
of training to optimize the desired performance character-
istics without the adverse effects of overtraining. Although
the literature has made it obvious that everyone, regardless of
age and gender, needs to perform routine aerobic and
anaerobic exercise to maintain healthy function and prevent
the onset of disease, performance enhancement at the higher
levels requires a finer, more specific balance to elicit desired
outcomes. There are generally three categories by which
concurrent training is emphasized for performance and each
requires adjustments and different emphasis to positively
synergize adaptations while avoiding cannibalization of
performance goals. Concurrent training is often employed to
1) increase competitive aerobic performance, 2) enhance
aerobic conditioning to support anaerobic performance, and
3) regulate fat mass while emphasizing lean tissue
maintenance and growth.     

Regardless of the desired outcome, concurrent training is
somewhat of a paradox. Anaerobic training contributes to
lean mass gains and stimulates neural enhancements
including alterations in preferential recruitment patterns,
neural synergy, and enhanced stimulation rate utilizing an
oxygen-free metabolic pathway. On the other hand, aerobic

training leads to enhancements in myocardial efficiency,
asynchronous fiber recruitment, slow twitch preference and
metabolic adjustments in enzyme concentration with
concurrent density shifts in the capillaries and mitochondria.
The challenge for trainers is to gain the desired response from
each system without over emphasizing the complements each
provides the other.   

When the goal is to improve endurance performance for
triathlons, running events and related endurance competi-
tions, aerobic emphasis is on attaining the highest oxygen
consumption and lactate threshold, while increasing the
power and speed contributions from the anaerobic system.
The question is how much anaerobic training is enough to
provide benefits without cutting into aerobic volumes and
adding stress to incite overstraining and consequential
additional recovery requirements. A study analyzing the
effects of concurrent explosive strength and endurance
training on aerobic and anaerobic performance and
neuromuscular characteristics employed high school male
distance runners to compare volume differences between
groups. Both groups trained at the same total volume but the
resistance training group replaced 19% of the aerobic training
with resistance training for an 8 week period. The resistance
trained group experienced improvements in both maximal
anaerobic running speed and 30-meter sprint times above the
control group, whereas maximal aerobic speed, maximal
oxygen uptake and running economy remained unchanged in
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both groups. Likewise, concentric and isometric leg
extension forces increased in the resistance trained group,
but not in control group. Additional improvements in the
experimental group included improved force-time
characteristics accompanied by increased rapid neural
activation of the muscles and greater quadriceps femoris
hypertrophy. These findings suggest that replacing 20% of
aerobic training volume with anaerobic training does not
negatively impact oxygen consumption or
aerobic endurance but can enhance
anaerobic components when concurrent
explosive strength and endurance training
are employed for eight weeks. 

Interestingly, when an even greater
percentage of aerobic training volume is
exchanged with anaerobic, explosive
strength training, the outcomes are even
more significant. Two groups of competi-
tive, male 5k runners replaced either 32% or
3% of the total training volume with
explosive strength training over a 9 week
period. Both groups performed a pre-test
battery including a 5k time trial, running
economy (RE), maximal 20-meter speed,
and 5-jump tests. Maximal anaerobic and
aerobic treadmill running tests were used to
determine maximal velocity and VO2max.
Following the nine weeks, 5K time, running
economy and maximal anaerobic speeds
improved in the high volume explosive-
strength trained group, but no changes were
observed in the control group. Additionally,
the explosive-strength group improved in 20
meter and the 5 jump tests whereas the
control group experienced a decline in the same tests. Of
considerable interest, although the VO2max increased in the
control group, and did not change in explosive-strength
trained group, the explosive group had greater improvements
in 5K run time. Researchers suggest the improvements are
most likely attributed to efficiency changes in the neuro-
muscular characteristics that were transferred into improved
rate-velocity and running economy.

To further investigate the effects of improved neural
pathways and running economy associated with explosive
training researchers applied plyometric training in
conjunction with aerobic training. Seventeen male runners
were pre- and post-tested for lower leg musculotendinous

stiffness, maximum isometric force output, rate of force
development, 5-bound distance, counter movement jump,
vertical jump height, running economy, VO2max, lactate
threshold, and 3k time. The test subjects were randomly
split into two groups. One group performed 6 weeks of
plyometric training in conjunction with their normal aerobic
training and the control group trained using the same
volume, aerobically. Following the training period, the

plyometric trained group experienced
significant improvements in 3k performance
and running economy at each of the tested
velocities without any changes in VO2max or
lactate threshold. Additionally, the group
significantly improved in measured vertical
jump height, 5-bound jump distance, and
musculotendinous stiffness. Again, no signi-
ficant changes were observed in any
measures for the control group. The investi-
gators postulated that the increase in
musculotendinous stiffness contributed to
improved running economy, speculating
that the improvement in running economy
led to changes in 3k running performance
without alterations in VO2max or lactate
threshold.

It seems the specific mode of explosive
training is less important than simply the
inclusion of anaerobic training to the
improvements. When sprint training was
compared to plyometric training at the same
volume and relative intensity both modes
had comparable outcomes. In fact, investi-
gators suggest that sprint training produces
similar or even greater training effects in

muscle function and athletic performance than conventional
plyometric training. The study provides support for the use
of sprint training as an applicable training method of
improving explosive performance of athletes in general.

When the effects of endurance training are analyzed for
impact on concurrent anaerobic performance the same
complement is not identified. Although it is possible to train
both energy systems at a moderate level, higher intensity,
high volume anaerobic emphasis is negatively impacted by
aerobic training, particularly when both are performed at
elevated levels. Volumes seem to be an important variable.
For instance when 3 days of strength training was compared
to 3 days of concurrent training similar adaptations were
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identified. Participants experienced similar anaerobic
outcomes regardless of the aerobic activity. When the
training volume was increased to 4 days a week for 3 weeks,
strength-power training without concurrent endurance
training yielded notable increases in force- rate development
above the concurrent model but all other parameters
remained consistent According to authors, these studies do
not support the concept of the universal nature of the
interference effect in strength development
and muscle hypertrophy when strength
training is performed concurrently with
endurance training, and the training volume
is diluted by a longer period of time with a
low frequency of training. However, the
present results suggest that even the low-
frequency concurrent strength and
endurance training leads to interference in
explosive strength development mediated in
part by the limitations of rapid voluntary
neural activation of the trained muscles.

When increased volume was applied,
additional cannibalization was identified.
Researchers investigated the neural,
endocrine and fiber characteristics of
individuals trained specifically for strength
or endurance three times a week for 12
weeks and a group who performed con-
current endurance and anaerobic training 6
days a week for the same period. Following
six weeks of training the endurance group
and concurrent strength-endurance group
experienced similar improvements in
VO2max whereas leg strength improved
consistently in both the strength-only and
concurrent strength-endurance groups, with the strength-
only group demonstrating the greatest improvements.
Additionally, the strength-only group showed improvements
in fiber hypertrophy of all fibers at both 6 and 12 weeks,
whereas the concurrent training group only found
improvements in type II fibers following the 12 week training
term, but no significant improvements in any fiber diameter
at 6 weeks. Both the endurance only and concurrent training
group experienced increases in succinate dehydrogenase
(aerobic enzymes that affect mitochondrial capacity) with
the endurance-only group decreasing concentrations of
adenosine triphosphatase after 12 weeks of training.
Additionally, a significant increase in capillary-fiber ratio was

noted after 12 weeks of training in concurrent strength-
endurance group. No changes were observed in testosterone,
human growth hormone or sex hormone binding globulin
concentrations for any group. Authors suggested that based
on these findings the evidence supports the contention that
combined strength and endurance training can suppress
some of the adaptations to strength training and augment
some aspects of capillarization in skeletal muscle.

In a different study, similar group
classifications were analyzed for fiber-type
transition and related characteristics
associated with endurance, strength and
concurrent endurance strength training.
The strength only and endurance only
groups performed training 3 times per week
for 12 weeks, while the concurrent training
group performed the same strength and
endurance training on alternate days.
When strength was assessed following 12
weeks the strength only group experienced
the greatest improvements in force
enhancement; the concurrent training
group showed improvements above the
endurance only group but did not experi-
ence the improvements seen in the
strength-only group. Type IIA fibers
experienced greater enhancement in the
concurrent training group at the expense of
faster twitch fibers, whereas the faster
twitch fibers were enhanced to a greater
proportion in the strength-only group. The
strength-only group also induced four-fold
increases in the proportion of type I/IIA
hybrid fibers whereas the concurrent

training group showed no change. Cross sectional area
changes in both the strength-only and concurrent training
group increased 16-19% in type IIA fibers. However, the cross
sectional increase in type I fibers was 2.9-fold greater in the
strength-only group as compared to the concurrent training
group after 12 weeks. Investigators suggest that the
interference of strength development in the concurrent
training group versus the strength-only group was related to
greater fast-to-slow fiber type transitions and attenuated
hypertrophy of type I fibers. 

Although concurrent training is commonly used for
performance enhancement in anaerobic and aerobic training
it is also a focus of many weight loss programs. Investigators
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analyzed the impact of strength, endurance and concurrent
training on daily metabolism. Subjects either performed
endurance or resistance exercise 3 times per week, or a
combination of both at similar volumes. Basal metabolic rate,
body fat composition, maximal aerobic power, 1RM bench
press and parallel squat were measured before and after the
10-week treatment for each test subject. Additionally,
urinary nitrogen was determined pre-, mid-, and post-
training. 

Following 10 weeks of training the BMR increased
significantly from pre- to post-training for the strength
training only group (7,613 +/- 968 to 8,090 +/- 951 kJ/day) as
well as the concurrent training group (7,455 +/- 964 to 7,802
+/- 981 kJ/day) but not for the endurance-only training group
(7,231 +/- 554 to 7,029 +/- 666 kJ/day) which actually
declined. Body fat composition shifted positively for the
concurrent training group (12.2% +/- 3.5% to 8.7% +/- 1.7%).
The almost 4% mean decline was significant compared with
the resistance only group which averaged about a 1.5% change
(15.4% +/- 2.7% to 14.0% +/- 2.7%) and the endurance only
group which reduced by about 2% on average (11.8% +/- 2.9%
to 9.5% +/- 1.7%). As is probably expected the maximal
aerobic power increased significantly for the endurance group
with an average improvement of 13%, whereas the concurrent
training group experienced about half the gain (7%) and the
resistance only group actual lost an average 0.2% from the
starting value. On the other hand, improvements in 1RM
bench press and parallel squat were greatest in the strength
training only group, yielding improvements of 24% and 23%,
respectively compared with the concurrent training group that
improved by 19% in the upper body lift but only 12% in the

squat assessment. Urinary urea nitrogen loss was greater in
the endurance only group by 3% above the other two groups
which showed very similar results in protein balance at the end
of the 10 week training program. These data indicate that,
although strength training alone enhances BMR and muscular
strength, and endurance training alone will increase aerobic
power and decrease percentage of body fat, concurrent training
will provide all of these benefits but to a lesser magnitude than
either strength or endurance training when performed
independently for 10 weeks.

Based on these studies and others it can be surmised that
the specific goal of the training is paramount to the program
decisions regarding when to include or exclude concurrent
activities in an exercise program. If endurance performance is
the goal it should be clear that explosive strength training is an
excellent contributor to performance enhancement when used
in appropriate volumes. However, if maximal hypertrophy,
strength, or power output are the goals then endurance
training should be limited in volume and intensity to prevent
undesirable shifts in muscle fiber characteristics and enzyme
cannibalism. But if health, fitness, and weight loss are the
primary goals of the training then concurrent training is the
ideal mixture. Personal trainers should realize that most
clients do not want to be bodybuilders or extreme strength
athletes so the training should reflect this fact. If though
someone wants to enhance muscular development, emphasize
anaerobic training with reduced volume of endurance training
and vice versa if the goals are weight loss or improvements in
cardiorepsiratory endurance. The reality is everyone needs
some level of both, with the actual volumes based on client
specific factors.
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