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Performance

Moritz Schumann

Introduction

The physiological challenges induced by aerobic and resistance training performed
concurrently gained popularity since the initial study by Robert C Hickson [1].
However, while he clearly showed dramatically impaired maximal strength devel-
opment after already a few weeks of training, it is often neglected that the training
volume in this study consisted of 11 weekly training sessions—much more than is
typically performed in recreational athletes. Moreover, the large number of training
sessions performed ultimately led to the recovery between subsequent training ses-
sions being very short but residual fatigue was not considered as a possible cause for
the compromised changes in muscle strength.

Almost 40 years later, convincing evidence has emerged that the training mode
indeed is considered a crucial component in explaining the “interference” phenom-
enon. Especially the recovery between subsequent training sessions appears to
determine the magnitude of adaptations induced by concurrent training [2, 3] but
some evidence also exists for adaptations being specific to the intra-session
sequence, at least in certain subject populations [4, 5]. In this context, a clear dis-
tinction of terminology needs to be made when interpreting the literature of concur-
rent training. While the “interference effect” generally refers to the magnitude of
adaptations obtained by concurrent training as compared to aerobic or strength
training only [1], the “order effect” commonly describes the interaction of aerobic
and strength training performed in close proximity with different exercise sequences
(i.e., commencing with aerobic or resistance training, respectively) [6, 7].
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On a further note, numerous cross-sectional studies were carried out especially
during the past decade, aiming at elucidating the acute neuromuscular, hormonal
or cardiorespiratory effects of concurrent aerobic and strength training sessions.
While in these studies often rather strong claims towards possible long-term adap-
tations are made, very often these findings do not actually translate into perfor-
mance adaptations observed after multiple weeks or months of training. Thus, this
chapter aims at critically discussing the acute and chronic effects of different
modes of concurrent aerobic and strength training by combining findings of cross-
sectional and longitudinal study designs. Special reference will be given to effects
of the exercise sequence within one training session and the importance of recov-
ery between subsequent training sessions. Moreover, as the molecular signaling
pathways of aerobic and strength exercise have been discussed elsewhere in this
book, this chapter will focus on neuromuscular, cardiorespiratory and hormonal
aspects, as well as the specific exercise performance.

The “Acute Hypothesis”

The initially observed impaired strength development during high volume concur-
rent aerobic and strength training (i.e., “interference”) may be explained both by a
chronic and an acute hypothesis. Hickson [1] suggested that compromised strength
development may occur due to the inability of muscles to adapt to both forms of
exercise simultaneously. Craig et al. [8], on the other hand, proposed that during
training programs in which aerobic and strength training are performed in close
proximity, residual fatigue from the first exercise will detrimentally affect the qual-
ity of the subsequent loading, possibly compromising long-term adaptations.

The “acute hypothesis” is supported by studies reporting that the recovery from
strenuous exercise may depend on the exercise intensity and/or volume and may
take up to multiple days [9-11]. Thereby the magnitude of neuromuscular fatigue
may be much larger following strenuous types of strength loadings [9] compared to
prolonged aerobic exercise [11]. This is interesting because concerns are typically
raised especially with regard to the detrimental effects of residual fatigue induced
by aerobic exercise on subsequent strength performance rather than possible acute
effects of strength loading on aerobic performance (e.g., [12]). The effects of an
initial bout of exercise on subsequent aerobic or strength performance have been
discussed elsewhere in this book.

Acute Effects of the Intra-session Sequence
on Force Responses

Even though the interest in concurrent training methods has increased tremendously
over the past decade, the literature concerning the acute responses to concurrent
aerobic and strength loadings (i.e., either performing endurance exercise followed
by strength loading or vice versa) is sparse. Obviously the most important indices
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for possible exercise sequence-dependent responses would be differences in neuro-
muscular fatigue. However, surprisingly only very few studies have compared the
overall force responses to concurrent exercise loadings. In these investigations,
similar declines in maximal and rapid force production were observed in both rec-
reational endurance athletes [13] and previously untrained men [6, 14] and women
[15], following strenuous strength loadings combined with moderate intensity
endurance running or cycling. Moreover, force levels returned to baseline already
after 24 h in all of these studies.

In our own studies, [6, 14, 15] the loading consisted of mixed hypertrophic,
maximal and explosive exercise bouts combined with continuous endurance
cycling at anaerobic threshold intensity. While the overall magnitude of muscular
fatigue was similar following both exercise sequences, the contribution of force
loss by strength or endurance exercise was specific to the exercise order performed
[6, 14]. Endurance cycling performed before the strength loading led to a reduc-
tion in maximal force of ~10% while in the opposite order aerobic exercise did not
further reduce force production. Hence, while strength loadings may produce neu-
romuscular fatigue when performed both before and after endurance exercise,
endurance cycling does not seem add to the overall magnitude of fatigue, consid-
ering a certain level or pre-fatigue is achieved. Similar findings are actually also
shown in studies investigating the acute neuromuscular responses to prolonged
strength loadings only [9, 16] but the underlying causes may be manifold. For
example, during endurance cycling of moderate intensity both type I and type Ila
fibers are typically active [17] and it is likely that strength loading activates high
threshold motor units characterized by high fatigability, while subsequent endur-
ance cycling may only recruit fatigue-resistant slow twitch fibers [18], apparently
not increasing the magnitude of overall fatigue.

Acute Effects of the Intra-session Sequence
on Hormonal Responses

Acute exercise-induced reductions in force production are typically accompanied
by temporary alterations in hormonal concentrations. While the association
between acutely increased hormone concentrations and muscle growth were ques-
tioned in a recent review paper [19], several studies have shown statistically sig-
nificant correlations between basal and/or loading-induced concentrations of e.g.,
circulating testosterone and the chronic development of muscle mass and strength
during strength training [20-24]. These findings provide at least some evidence for
a supporting role of acute endocrine alterations in long-term physiological adapta-
tions and may also help explaining distinct adaptations to concurrent aerobic and
strength training.

When comparing existing studies concerning the acute hormonal responses to
concurrent loadings (i.e., aerobic and strength exercise performed within the same
training session), it should be noted that the magnitude of hormonal responses is
typically associated with the characteristics of the exercise session (i.e., exercise
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intensity and volume) and, thus, findings may be specific to the concurrent training
session performed. Comparing findings of previous studies, it appears that the acute
growth hormone responses (22-kDa) may consistently be larger when concurrent
loadings are commenced with strength exercise in previously untrained men [6] and
women [15], using a similar mixed-strength training protocol combined with sta-
tionary cycling exercise. One theory explaining these findings may lay in an accu-
mulation of fatty acids induced by the aerobic exercise, which might suppress the
endocrine release of growth hormone [25]. Consequently, one may hypothesize that
strength exercise performed prior to aerobic training optimizes the anabolic milieu,
required for neuromuscular adaptations to take place. Although such assumptions
are not supported by acute testosterone accumulation in these studies, in previously
untrained men we have shown that testosterone concentrations may be dramatically
reduced for up to 48 h when strength exercise is preceded by endurance cycling [6].
Furthermore, no acute increases in cortisol concentrations were observed in either
of the concurrent loadings, while significant reductions were observed for up to 48 h
in both groups.

Reduced hormone concentrations during recovery have generally been linked
with an upregulation of androgen receptors accompanied by increased target tissue
uptake or an inhibited production of these hormones in the releasing gland or at the
hypothalamus level [16, 26]. Unfortunately, we were not able to study the target
receptor kinetics and, thus, the meaning of these findings remains speculative [26].
Along with attenuated growth hormone responses, however, it is likely that aerobic
training performed prior to strength exercise may prolong the needs for recovery as
opposed to the opposite exercise order due to the observed reduced testosterone
concentrations.

Importantly, our findings were quite different compared to those observed in
other studies in recreationally strength-trained [27] and concurrent endurance and
strength athletes [28], performing hypertrophic resistance loadings combined with
endurance cycling [27] and running [28]. Both of these studies showed acute
increases in testosterone concentrations following the exercise sequence commenc-
ing with aerobic training. Furthermore, Cadore et al. [27] showed that the cortisol
concentrations were elevated after the first exercise modality (endurance and
strength, respectively) in both loading sequences but returned to baseline during the
second exercise (strength and endurance, respectively), while Rosa et al. [28]
observed increased cortisol and growth hormone concentrations following both
loading conditions. While the authors of these studies concluded that the anabolic
environment was optimized when endurance exercise preceded bouts of strength
training, it appears that the hormonal responses to combined exercise sessions seem
to differ between trained and untrained populations. This hypothesis is indeed sup-
ported by our data showing that after 24 weeks of exercise sequence-specific con-
current training, the initial reductions in recovery testosterone concentrations in the
group which performed aerobic prior to strength training were diminished [14].
Furthermore, as opposed to previously untrained subjects, in trained individuals
performing endurance exercise prior to strength training may in fact provide a
cumulative anabolic stimulus (although the opposite exercise order was not
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performed in this study) [29]. This was e.g., shown by the activation of molecular
signaling pathways required for muscle growth and would aid explaining the
increased testosterone concentrations following this exercise sequence in the stud-
ies by Cadore et al. and Rosa et al.

Acute Effects of the Intra-session Sequence
on Cardiorespiratory Responses

Currently very little is known on the cardiorespiratory responses to concurrent load-
ing sessions and typically the data are limited to excess post-exercise oxygen con-
sumption (EPOC). These findings, however, remain equivocal and at least from a
physiological point of view it remains uncertain why the exercise sequence would
affect overall EPOC responses. Di Blasio et al. [30] found the magnitude of EPOC
to be similar in previously untrained women performing aerobic followed by
strength training and vice versa. However, in physically active men both no differ-
ences [31, 32] and a greater EPOC response following the exercise order commenc-
ing with aerobic exercise [33] were observed. The latter finding may at least in part
be explained with a rather low endurance exercise intensity and volume (25 min at
70% of VO, in this study, in fact being comparable to an active recovery strategy
and, thus, enhancing lactate removal [34]. Interestingly, the EPOC response follow-
ing alternating endurance and resistance exercise (i.e., 3 x 10 min of treadmill run-
ning, each followed by 1 set of 8 exercises of circuit training) has been shown to be
larger than that observed when endurance and strength exercise were performed
subsequently [30] but the reasons for this phenomenon remain to be investigated.

Chronic Adaptations to Same-Session Combined Training

The findings stemming from cross-sectional study designs provide at least some
indications for possible exercise sequence-specific adaptations, when long-term
concurrent aerobic and strength training is performed. However, it appears that
these findings translate only in very few cases into the findings of chronic training
studies. This is likely attributed to factors which may be controlled well in labora-
tory conditions but will affect training over multiple weeks or months (i.e., sleeping
habits, nutrition, psychological stress, daily activities). Table 14.1 provides a sum-
mary of studies dealing with the exercise sequence of concurrent training in healthy
subjects performing regular aerobic and strength training.

Recently two meta-analyses were published on this topic [47, 48] and both of
these investigations provided quite similar conclusions, indicating that dynamic
strength development may be optimized when strength training is performed prior
to aerobic training, while the exercise sequence may not matter seem to for morpho-
logical [47] or cardiorespiratory adaptations [47, 48]. Referring to Table 14.1, how-
ever, it appears that in fact only very few studies have provided statistical evidence
for this claim. Moreover, it can be noted that the currently available studies differ



M. Schumann

202

5[020j01d QA1sO[dXa pUB QOURINPUI-)TUINS
Surpnpour ‘ururer JINdId Apoq AJOYM 1S
(uonsneyxa

0] W JO 9%()§ UONRINP) XLW OAAY09 (or=wds
JO KI9A023I IIM XBWCOA A0 ] (01 =u)Sq
14as Je 3o’I) JOOpUT Uk U0 Suruuni [eAIu] 7 sjuopms
ON 1 sg VIN 1-oom Kep ¢ Syoom 7T ods orey [8€] T8 19 rrey)
s[0o0301d dA1so[dxo pue ooueINpUd
-y)3uams Surpnyour JINDIO Apoq AOYM S
(uonsneyxd
0) dWN JO 9()§ UONEINP) XeWQAA%(9 (01=u)ds
Jo K12A0921 (RIM XEUWFQAAPO0T (or=u) s4
1 4as Je yorI) JOOpUI Uk U0 JUTUUNIT [EAINU] :F sjuopn)s
SOX V/N Hsa (YoM Aep g | syoam 7] 1ods ofey [L€] 'Te 10 BIRYD
INY 01-9 X $—C £poq 1om0T :§ (L=w4ds
ON ‘N lgas < ds COA JO %0L e U G F (9=u) sq [9¢] Surssarg
) 0] lsa lsa 1—oam Aep ¢ SYOoM ] | UQUWIOM ATV pue J[[oARID)
INY T30 %06-0S
1e suonnadar g[—¢ x ¢ “Apoq o[oym S (Sr=u)4gs
QAIOSAI Ol (s1=u)sH
ON ‘N 1 as LAS | eay Jo 9506—09 e Suruunt urr Gz—0g H uouIOM pue
ON D lsa lsq 1oom Aep ¢ Syoom /| uow paurenu() | [g¢] mous pue surjo)
(s00>d) (0'0>d) (S0'0>d) spowr Sururer], uoneInp s100(qng Apmg
QOUIQJIP uonouny uonouny Sururer],
dnoi3 | rernosnwoinaN | A1ojendsaroipre)
-uoomieg

s100[qns Ayjeay ur Sururen yIJuans pue JIqoIdL JUALINOUOD paguofoid Jo 109139 19pIo,, oY) SUNLIIISIAUL SAIPNS JUALIND U0 MIIAI INLINTT || d|qeL



203

14 Effects of the Concurrent Training Mode on Physiological Adaptations

(panunuoo)
INY T30 %001-06
je suonnadar Z1—8 x ¢ ‘Apoq 9[oym :S
(Surpoko (or=u)gs
J0 Suruuni se pawroyrad J1 pagroads (¢1=u)sqa
ON ‘N lgas 1 as 10U) IS YH JO %08-0L I Ul O¢ *H uouom
ON D lsq lsa —oam Kep § 3unok aAnorU] [1¥] ‘T 30 nmaeg
sremApoq (6=u)ds
s sdwn( suonnadar (gg—¢ x ¢ pue (6=u)Sqd
INY T %06—GL e suonnadar 0[—G x ¢~ :S 10Ae[d 192005
(pauyap jou J$I) ‘Ut G— [euorssojoid
ON :N 14as 1 4as LITH “XeWyJH %S6-06 e s 09—G LIS ‘A Ay [0F] uossiopuy
ON D lsq lsa 1—oam Aep ¢ Syoam G pue -1 pue Ko[menOIA
INY 079 % €=C “Apoq d[0UM :S
pIoysaiy) K101B[JUIA PUOIIS
JB UTW X 9 SUI[OAD [BAIIUI ‘p[OYSAIY) (¢1 =u) gS
KI0JR[IUSA PUODIS JB el 1IBIY JO )6—08 (¢1=u) ST
1las JB SNONUNUOD Ut ()¢—(07 ‘SuIoL) :q uouw Iop[o
SOA lsq VIN 1-Yoam Aep ¢ SYooM T pautenup) [6€] T8 10 Q10pED
INY 029 % €= Apoq d[oyM S
pIoysaIy) K101B[JUIA PUOIIS
Je Ul X 9 JUI[OAD [BAIIUI ‘p[OYSAIY) (€1 =u)ds
KIOJR[IUSA PUODIS JB el 1IBIY JO )6—08 (¢1=u) ST
SOX N 1l 4as 1l as JB SNONUNUOD UIW ()¢—(07 ‘SuIoh) :q uowr Iop[o
ON D lsa lsq 1—oam Kep ¢ SYM 7 paurenun [+] 18 10 210pRD




M. Schumann

204

INY T JO %S6—68 e

suonnadar ¢—¢ x 6= ‘INY T JO %6808 e
suonnadar 0[-8 X 6= ‘INY T JO %09-0F
1e suonnedar 0z—G 1 X #—¢ *Apoq oYM :S
Kysuyur

01qOIoBUE 0) AJISUIUI P[OYSAIY} J1qOIR Y1 =u)gs
woij Sursearour A[arssardord ‘Surjoko (G1=u)sq
ON ‘N lgas 1 as LITH pue snonunuod ‘ur 06—0¢ ‘4 usuwom
ON D lsq 1 sq 1-eam Aep ¢ S3eM T pautenup) [ST] &30 punpig
N 01—6 X € £poq A[OYM S (S1=u)gs
paads [ewrxew (41 =u) ST
ON ‘N Lgas 1 as JO%BOCI-OIT RS I X9I-CI XTH s1ake[d 120008
ON D lsa 1 sq 1-Yeom Aep ¢ SyeaMm T RHEEIUAN [¥] Te 39 JnoryyeiN
INY 1 JO %S6-68 18
suonnadar ¢—¢ x 6= ‘INY 1 JO %5808 1e
suonnaddr 01-8 x ¢—¢ ‘N T JO %09-0F
je suonnadal () 7—G1 X $—¢ ‘Apoq [0y S
Kysuoyur
d1qo1drUE 0} AJISUIUI P[OYSAIY) OIqOIdR
woij Jursearour A[aarssardord ‘Surfoko (8T =u) gS
ON ‘N Hdas 1 ds LITH PUE SNONUnuod ‘urw 06—0¢ *d (1 = u) S
ON D lsqa lsa (—Yoom Aep ¢—¢ SYOOM {7 | UQW paurenun) [€4] Te 10 uueWINYOS
INY 81-8 X ¢—C
I I3uans aa1so[dxa ‘Apoq a[oym :S (Z1=u)gs
PIOYSAIY} JOJR[JUA PUOIIS (11 =u) ST
ON N las las U} 18 JH JO S6-68 18 Sutokd ut 0z uau 1op[o
ON D lsq 1 sa 1-Yeam Aep ¢ SYoom 71 pautenupy [Tv] T 10 wiayrIm
(500> d) (00> d) (S0'0>d) apour Futuredy, uonemp s1olqng Apmg
QOURIQJIP uonouny uonouny Sururery,
dnoi3 | renosnwoinayN | A1ojendsarorpre)
-uoamig

(ponunuoo) L'y sjqeL



205

14 Effects of the Concurrent Training Mode on Physiological Adaptations

(60°0 > d) 2ouarayyip dnoi3-udsamiaq [eonsIeIs B 0) ped A[LIessadau jou Aew | |,, £q pajouap dnoid
QUO Ul sasearoul 1a3I1e 210N (S0°0 > d) AIojendsaorpres,, 10  JR[NOSNWOINAU,, SB PIYISSR]D SUIaq SI[GRLIBA JWODINO 3y} JO IOYII UI ISBAIOUI JUBOYIUSIS |
9)eI 1189y Y ‘wnuirxew uonnadal pyy ‘uonouny JL[nISNWOINAU JO SIJIPUI A ‘UOTIOUNJ A10JRIIdSAIOIPILD JO SAIIPUI ) ‘ASIOIIXA YISUANS § ‘OSTOIOXD QOUBINPUD 7]

INY 029 X €T *Apoq 20y :S
pIoysaIy) K10Je[JUIA PUOIIS

Je Ut 4 X 9 SuI[dAD [eAIIUI ‘P[OYSAIY) (€T =u)gs
AIOIR[IIUIA PUOIIS JB AT 118 JO )6—08 (1 =u) SH
1 4as B SNONUNUOD UTW ()¢—(7 ‘SUIoL) :g uowr A[I9p[
ON VIN lsa 1-eam Kep ¢ Sy T peurenun [9%] ‘Te 10 210pE)
%$6-68 1e suonnedar g—¢ x 6—¢ ‘Y I JO
9%68-0L 18 suonnadar ¢1-01 X ¢ ‘INY |
30 90,0t ¥e suonnedar Oz—01 X € :S
Surpoko (xewryyH
%001—68) LITH Pue (XeurdH %08-59) (Tc=u) gs
ON N 14as 1 4as snonunuod dAIssAI3oId ‘urw ()G—0¢ :q (Tz=u)sqa
SR 1D lsa llsa (—Yoom Kep ¢—¢ SYOOM {7 | UdW paurenun) [S¥] Te 19 eRWISNINY]




206 M. Schumann

quite drastically in the study design and population studied, providing a rather het-
erogeneous sample for a meta-analysis.

Based on our study showing exercise order-specific differences in hormonal
responses, one may expect commencing training with strength exercise to induce
superior neuromuscular adaptations as compared to the opposite exercise order, due
to maintained recovery testosterone concentrations in this group [6]. However,
when subjects systematically continued training with a periodized endurance and
strength training program for 24 weeks, adaptations in muscle hypertrophy and
dynamic strength were similar in the two groups [14, 43]. Moreover, no statistical
associations between the acute changes in growth hormone or testosterone concen-
trations and the magnitude of maximal strength gains or hypertrophy were observed.

These findings are in line with several previous studies in young men and women
with various training backgrounds (Table 14.1) [15, 35, 36, 38, 40, 41, 43-45].
Unfortunately, while the initial reduction in testosterone concentrations in our study
[6] was no longer observed after 24 weeks of training [14], the exact time line for
these adaptations cannot be ruled out by the study design. Furthermore, it needs to
be acknowledged that the training frequency in our (as well as in most other previ-
ous studies) was rather low (i.e., 2-3 weekly combined training sessions), allowing
for at least 2 full days of rest between consecutive training sessions, while the initial
reductions in testosterone were observed for 48 h only [6, 14]. It remains, thus,
unknown whether performing concurrent training sessions more frequently will
actually lead to sequence-specific training adaptations.

While maximal exercise performance did not seem to be affected by the order
of exercise, we actually did observe at least small differences in neural adaptations
between the groups [5]. During isometric knee extension, the EMG of vastus late-
ralis statistically increased only in the group commencing training with strength,
while the magnitude of improvement was much smaller in the opposite exercise
sequence. Supporting these findings, a statistically significant correlation between
changes in voluntary activation (assessed by the superimposed twitch technique)
and strength performance was observed in the group commencing with endurance
training during the latter 12 weeks of the training program, where about half of the
subjects actually decreased both isometric strength and voluntary activation. In
line with this, in the same group no statistically significant increases in rapid force
production were observed [43], indicating indeed at least to some extent neural
inhibition when aerobic exercise continuously precedes strength training, despite
no differences in maximal strength performance. This finding is in line with studies
in older men, in which it was shown that the force per unit of muscle mass of knee
extensors increased to a larger extent when strength training was performed before
endurance training [4]. Similarly, lower body strength gains and improved neuro-
muscular economy (normalized EMG at 50% of peak torque) were found when
strength training preceded endurance training compared to the opposite exercise
sequence, while no differences in muscle thickness were observed [39].

With regard to cardiorespiratory adaptations, studies have found limited increases
in VO, following the order commencing with strength training in young women
[36] and men [37, 45], while others have found no statistical between-group differ-
ences in young subjects [15, 35, 40, 41, 43, 44]. Interestingly, while in old men no
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differences in VO,,,, and absolute as well as relative cycling economy were
observed [4, 46], the load at the first ventilatory threshold was statistically increased
only in the group commencing the training with strength exercise [4]. This finding
was opposed to our own study in which we showed improved cycling economy
when training was commenced with aerobic exercise in previously untrained women
but not men [3]. As in the study by Cadore et al. [4] also neuromuscular perfor-
mance was optimized following the exercise order commencing with strength train-
ing, the authors concluded that improved muscular strength beneficially affected
cycling economy at least in some intensities. This was somewhat confirmed by the
finding of larger individual responses when commencing training with aerobic exer-
cise [46] and may indicate that the training sequence may be important to optimize
training adaptations both in women and in elderly men, as has been described in
depth elsewhere in this book.

Chronic Adaptations to Same-Session Combined Training Versus
Concurrent Training Performed on Separate Days

While so far the adaptions in respect to the exercise sequence were discussed, find-
ings from these studies do not allow drawing conclusions on whether performing
aerobic and strength training in close proximity may actually induce distinct adapta-
tions when compared to combined training performed on separate days. From a
practical point of view, splitting aerobic and strength exercise onto alternating days
may reduce residual fatigue between aerobic and strength training sessions but at
the same time may reduce overall recovery time due to a higher training frequency
when total training volume is matched. Indeed, the evidence underlying this con-
cern is still rather sparse but especially during the past 5 years studies concerning
this question were carried out.

Already an early study by Sale et al. [49] reported that previously untrained subjects
training on different days improved strength performance over 20 weeks to a larger
extent than those subjects performing both modes within the same session, even though
both training groups improved both fast and slow twitch fiber area and muscle size to a
similar extent. More recently, the benefits of a longer recovery time between the two
distinct exercise modes were nicely demonstrated by a study of Robineau et al. [2] and
have been described in detail elsewhere in this book. Briefly, it was shown that a recov-
ery of at least 6 h between strength and aerobic training sessions may optimize overall
strength gains, while for aerobic performance even 24 h might be required.

The findings of these previous studies were at least somewhat well in line with
results obtained by our group. In previously untrained subjects, we showed that
performing a periodized aerobic and strength training program on separate days
nearly doubled the magnitude of cardiorespiratory adaptations as compared to vol-
ume-matched combined training performed within the same training session, while
no difference in dynamic strength or muscle mass was observed [3, 50]. It should,
however, be noted that the initial values of maximal oxygen consumption were sig-
nificantly lower in the group performing concurrent training on separate days. While
this was accounted for in the statistical analysis, initial lower cardiorespiratory
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fitness provides a much larger window/potential for physiological adaptations
induced by training and may, thus, have at least in part be contributed to the much
larger changes in VO, in this group.

The distinct changes in cardiorespiratory adaptations in our study were accom-
panied by significant reductions in total fat mass, exclusively observed in the group
performing concurrent training on separate days [50]. While the effects of such
training regimen on body composition and health were beyond the scope of this
chapter, it is likely that these adaptations were at least in part explained by the fre-
quency of acute peaks in fat oxidation, despite a similar total training volume. In
line with this, it was previously shown that the accumulated EPOC response follow-
ing split sessions (i.e., a 2 h training session split into 2 x 1 h of aerobic exercise)
was much larger than that observed following a volume and time-matched single
training session [51], indicating training frequency to be an important variable to
consider when planning concurrent training programs.

When comparing concurrent training performed on alternating days or within the
same training session, possible differences may also be observed between alternating
days and either of the two exercise sequences only (i.e., aerobic exercise performed
prior to or after strength exercise). Makhlouf et al. [44] found that adolescent soccer
players’ adaptations in countermovement jumping height were significant only when
concurrent training was performed on separate days or within the same session, com-
mencing with strength training but not vice versa. This observation is not surprising
as in both scenarios strength training was performed in a “recovered” state or at least
not immediately preceded by aerobic exercise. While not reflected in overall strength
performance, these findings are somewhat in line with a study of our group in which
we showed that the neural adaptations are optimized when strength training is per-
formed on separate days or at least prior to aerobic training [5].

Summary

This chapter aimed at providing a summary on the acute physiological and perfor-
mance responses and adaptations to concurrent aerobic and strength training, with
special reference to the training mode. Current literature provides evidence for dis-
tinct acute physiological responses, appearing to be specific to the sequence of con-
current training sessions. However, these different responses may not necessarily be
reflected in force responses, requiring more advanced tools for monitoring. This is
for example shown by reduced hormone concentrations for up to 48 h, which are
especially pronounced when strength training is preceded by aerobic exercise.
However, even though some indices of neural inhibition may be observed when aero-
bic training is consistently performed prior to strength exercise the acute sequence-
specific differences may not translate into performance gains after prolonged training.
Thus, considering that aerobic and strength exercise are to be performed in the same
training session the exercise order may not be crucial for physiological adaptations
when sufficient recovery (i.e., >48 h) is provided between subsequent training ses-
sions. However, in order to optimize gains in physical fitness both in men and women,
aerobic and strength exercises should be separated by 6-24 h.
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