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ABSTRACT

Background and aims: Our primary aim was to study the effects of 24 kgeef combined
aerobic and resistance training performed on thmesalay or on different days on
inflammation markers.

Methods and results: Physically active, healthy young men were randodilyided into
three groups that performed: aerobic and resistdraiging consecutively in the same
training session (SS) 2-3 d-Wir on alternating days (AD) 4-6 d-Wks well as control (C).
The total training volume was matched in the tragngroups. The control group was asked to
maintain their habitual physical activity and exseclevel. Maximal leg press strength
(1RM) and peak oxygen uptake (Vg4) were measured. Abdominal fat mass was estimated
with dual-energy absorptiometry (DXA). High-sensily C-reactive protein (hs-CRP),
interleukin 6 (IL6), monocyte chemo attractant piotl (MCP-1), tumor necrosis factor
alpha (TNFe) and adipocytokines resistin, adiponectin and iteptere analyzed from
plasma samples. Training significantly reducedutating hs-CRP, leptin and resistin in both
training groups (P<0.05), whereas MCP-1 and ToNBecreased only in AD (P<0.05).
Significant correlations were observed between geanin abdominal fat mass and
corresponding changes in MCP-1, leptin, adiponeantith resistin.

Conclusion: Long-term combined aerobic and resistance trainieduced markers of
subclinical inflammation in healthy young men. Tiesults indicate that a higher frequency
of individual exercise sessions might be more herfwith respect to the anti-inflammatory
effects of physical activity. The decreases inamfination markers seem to be related to

decreases in abdominal fat mass.

Keywords: physical exercise, abdominal fat, adipokines, grage inflammation



52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

1 Introduction

It is well recognized that the pathogenesis of olwranetabolic diseases such as type 2
diabetes (Pradhan et al., 2001) and atherosclefidaissson, 2005) involve prolonged low-
grade inflammation indicated by increased circutatiavels of inflammatory mediators
(Fantuzzi, 2005). Thus, previous studies have atdit an inverse association between
physical activity and low-grade inflammation (Fisclet al., 2007; Lavie et al., 2011, Pinto et
al., 2012). As such, lower inflammatory markersénbeen observed especially in individuals

who report performing frequent moderate intensktygical activity (Beavers et al., 2010).

Both aerobic (AT) and resistance training (RT) haeen shown to be important strategies
for improving inflammatory profiles (Nassis et &005). Interestingly, Nimmo et al. (2013)
concluded that the most marked improvements initflammatory profile are probably
achieved with a combination of high intensity ATdaRT. While the effects of either AT or
RT on inflammation are relatively well studied, alatgarding the effects of combined AT
and RT on inflammatory markers is sparse. Libatdile(2012) failed to observe significant
reductions in inflammatory markers after combinesdning in sedentary middle-age men,
while other studies have found significant improests in inflammation markers in healthy
untrained men and women (Donges et al., 2013;Siefanal., 2014) as well as in obese men
(Brunelli et al.,, 2015) and in subjects with metabsyndrome (Balducci et al., 2010).
However, combined training can be performed in ipl@tways, for example by performing
AT and RT in the same session with different oraerseparated on alternating days (Eklund

et al., 2016).
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Training intensity and frequency have been showaffiect inflammation markers in a dose-
dependent manner (Fatouros et al., 2009). As clsamgéat mass have previously been
associated with alterations in low-grade inflammatiGleeson et al., 2011a) it can be
assumed that the mode of combined training coulde ha significant effect on the
inflammatory profiles as well. A previous study froour group reported a significant
reduction in fat mass after a training interventibat only in a group that separated aerobic
and resistance exercises on alternating days ttaueasing the frequency of training while
keeping the total training volume constant (Eklendil., 2016). Thus, we hypothesized that
the combined training mode with sufficient frequgnmay have a beneficial effect on
inflammatory profiles. A secondary purpose wasdseas whether training-induced changes

in body composition and physical performance infeeinflammation markers.
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2 Methods

Participants. This study is a part of a larger research prgjektund et al., 2016; Schumann
et al., 2014)Participantsvere recruited through general advertisementsdalloewspapers
as well as posters and emails that were delivarddctl companies and institutions. A total
of 150 people contacted us to express their intéoesards the study (Figure 1). Of these, 93
people met the participation criteria: healthy mirese (BMI <30 kg-ff) men who were
non-smokers, free of acute and chronic illnesgadis or injury and did not report use of any
medications (diabetes, cardiovascular diseases,cecanhypertension, rheumatism,
osteoporosis)Ultimately, a total of 48 healthy men completed-prad post-measurements
and were included in this study (age = 31 + 6 gight = 1.79 + 0.06 m, body mass = 80.9 +
12.3 kg, BMI= 25.2 + 3.5 kg:%). The subjects were moderately physically actige a
characterized by walking, cycling or occasionallrtgipating in team sports at light to
moderate intensity and a frequency of @id. The subjects were informed about the
possible risks of all study procedures before mhoygj a written informed consent. A
completed health questionnaire and resting ECG weyiwed by a cardiologist prior to
participation. The study was conducted accordinthéodeclaration of Helsinki, and ethical

approval was granted by the University of Jyvasigtidical Committee.

Study design. The subjects were assigned to either of the taimitrg interventions or the
control group: combined aerobic and resistancaitrgiperformed in the same session (SS,
n=16) or on alternating days (AD, n=16) or conggmdup (C, n=16). In another data set from
our research group, which was analyzed from theesgmoup of previously untrained
subjects, we did not observe significant changedainmass or performance variables

between the participant who trained endurance amohgth in a same session but with a
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different order, thus we pooled the data of SStier purpose of this study. The exercise
order of SS training was randomized with half ¢f tiroup performing aerobic immediately
followed by resistance training and the other palfforming the opposite exercise order. The
overall training volume was equal in the two groljos SS consisted of only 2-3 combined
training sessions per week, whereas AD performéal @ sessions per week (2-3 x aerobic
and 2-3 x resistance, respectively) for 24 weekgadlirements were performed before
(PRE), during (i.e. after 12 weeks, MID) and affiee. after 24 weeks, POST) the training
intervention. The control group was measured at BREEPOST. Participants were asked to

keep their dietary intake constant and the diatatake was examined by nutritional diaries.

Training. All training sessions were supervised and thailbet content has been described
elsewhere (Eklund et al., 2016). Briefly, the ermshaoe training was conducted on a cycle
ergometer. During weeks 1-7 steady-state cyclintgpwfto moderate intensity (below and
above the aerobic threshold) was performed anchgtine remaining weeks, additional high-
intensity interval sessions (below and above theesobic threshold) were incorporated into
the training program. The duration of endurancdirggrogressively increased from 30 to
50 minutes. During the second half of the studgintng volume and intensity were further
increased. The resistance training programme iedwkercises for all major muscle groups
with a focus on lower extremities. During the fitato weeks, training was performed as a
circuit using low loads. Thereafter, protocols aighifor muscle hypertrophy and maximal
strength were performed. During the last two weals protocols targeting explosive
strength development were performed. During thessgbent 12-week period both training
volume and frequency were slightly increased irmit@mpt to avoid a training plateau. The

overall duration of each resistance training sesgias 30-50 min.

Abdominal fat. Whole body composition was estimated by Dual X-Adbsorptiometry

(LUNAR Prodigy, GE Medical Systems, Madison, USAhe DXA-scans were performed in
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the morning with the participant in a fasted (1&tate. Automatic analyses (Encore-software,
version 14.10.022) provided total body fat masstatal body lean mass. Abdominal fat was
calculated manually defining a range of interestficed cranially by the upper end plate of
the first lumbar vertebra, laterally by the rib-dazaudally by the iliac crest (Tallroth et al.,
2013). This customized range was then copied toDKA scans at MID and POST,

respectively.

Cardiorespiratory performance. A graded protocol on a cycle ergometer (Ergome 83,
Ergoline, Bitz, Germany) was used to determine M&Qand metabolic thresholds for the
aerobic training. The initial load for all subjestgs 50 Watts and increased by 25 Watts
every two minutes until volitional exhaustion. Oryguptake was determined continuously
breath-by-breath using a gas analyzer (Oxycon Paeger, Hoechberg, Germany). Peak

oxygen consumption (VQg.) was averaged over 60 s periods during the test.

Maximal-strength performance. Maximal strength was measured by a one-repetition
maximum (1RM) test of dynamic leg press exercisdopmed by a David 210 leg press
device (David D210, David Health Solutions Ltd.,I$#eki, Finland). The starting position
(flexed) was at a knee angle of approximately 6Qreles, and 1RM was accepted as the
highest loads the participants could lift to a fkhee extension (180 degrees). Subjects
performed three warm-up sets and 3 to 5 maximalstriafter which the highest load was

accepted as the 1RM.

Venous blood samples. Fasting venous blood samples were drawn from agcahital vein
in the morning (7:00-9:00 a.m.) after a 12 h owghhifast. Participants were instructed to
abstain from strenuous physical activity for 48 éfdoe the blood samples were taken.
Venous blood was collected into EDTA tubes for gsial of inflammatory profiles. The

samples were centrifuged for 10 min at +4°C witd@& g (Megafuge 1.0 R, Heraeus,
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Germany). Plasma was kept at -80°C until analysedhigh sensitive-C reactive protein (hs-
CRP) and interleukin-6 (IL-6) using the Immulite0D0and immunoassay kits (Immulite,
Siemens, IL). Concentrations of monocyte chemaztrda protein-1 (MCP-1), adiponectin,
leptin and resistin in plasma samples were detexthiny enzyme-linked immunosorbent
assay (ELISA) with commercial reagents (R&D Systemsrope Ltd, Abingdon, UK). The
detection limits and inter-assay coefficients ofiation, respectively, were 0.1 pg-mand
10 % for hs-CRP, 0.2 pg-thland 3.4 % for IL-6, 3.9 pg-fland 5.0 % for MCP-1, 19.5
pg-mi* and 2.2% for adiponectin, 15.6 pg~naind 4.0 % for resistin and 15.6pg-~naind 5.1

% for leptin.

Statistical analysis. Data was analyzed using PASW statistic 22.0 (SR3fcago, IL,
USA). Data is presented as mean + SD Before applirther statistical methods, the data
was checked for sphericity and normality. If a sfiewariable violated the assumptions of
parametric tests, log-transformation was used. Thigerned values of adiponectin, leptin,
IL-6, MCP-1 and hs-CRP. Absolute changes were apdlyia two-way repeated analysis of
variance for main (time) and interaction (group ime) effects. For each analysis, the
baseline values were used as a covariate to coh&tleen-subject and between-group
differences at baselin@his was followed by one-way repeated measures ANEOn each
group to examine a main effect of time. If a sigr@iht main effect or interaction was
observed, the change from pre-values for MID andP@as compared between groups
using paired t-tests with Bonferroni correctiontelet sizes (ES) are given as Cohen’s d with
an effect size 0£0.20 being considered smat).50 medium, ang0.80 large. Spearman’s
correlation coefficients were used to examine t&paiations between depending variables.

The level of statistical significance was set at(05.
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3 Results

Training adherence. The training adherence was 99+2% and 100+1% inaB& AD

respectively. All subjects completed at least 9G%me overall training volume.

Circulating inflammatory markers. Circulating hs-CRP is presented in figure 2. Fer h
CRP a significant main effect of time was obserged= 0.010, ES = 0.785). Circulating
concentrations of hs-CRP decreased significanthenSS (p = 0.021) and in the AD (p =

0.004) from PRE to POST.

Figure 3 illustrates the changes in circulatingpadytokine and cytokine concentrations. A
significant main effect of time (p = 0.010, ES 94R) was observed in concentrations of
circulating resistin. Significant reductions in centrations of circulating resistin were
observed in SS (p = 0.031, ES = 0.582) and AD (p.G22, ES = 0.661) but remained
unaltered in C. At POST, significant changes imaamtrations of circulating leptin were
observed in SS (p = 0.031) and AD (p = 0.019) aBPCsignificant changes in adiponectin

concentrations were not observed.

In the inflammatory cytokines, a significant maiffieet of time (p = 0.02, ES = 0.869) and
interaction (p = 0.027, ES = 0.760) was observedhm levels of MCP-1. At POST a
significant reduction was observed in AD (p = 0.83,= 0.840) but not in SS and the control
groups. In addition, the reduced concentration &ML in AD was significantly lower than
in SS and C (p = 0.019 and p = 0.007 respectivély3ignificant main effect of time was
observed in circulating concentrations TNEp = 0.001, ES = 0.926). Slight but statistically
significant reduction in TNk concentration was observed in AD at POST (p =8.&6 =
0.418), while no changes in SS or C were found (@356 and p = 0.218, respectively).

Significant main effects of time or interactionlin6 were not observed.
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Body composition, aerobic performance and strength. Changes in body composition,
1RM and VOZeak are summarized in Table 1 and have been partlyighalol elsewhere

(EKlund et al. 2015; Eklund et al. 2016; Schumanal. 2015). No significant changes were
observed in body weight. A significant main effefttime (p < 0.001, ES = 0.974) and
interaction (p = 0.014, ES = 0.789) was observedbdominal fat mass. After 12 weeks of
training, fat mass did not decrease in either ef tho experimental groups. However, a
significant decrease in abdominal fat mass from RRBOST was observed in SS (-7.4 £
15.4 %, p = 0.041, ES = 0.445) and AD (-21.1 + 1%6p < 0.001, ES = 0.997). No
significant changes in abdominal fat mass was ebskein C. Abdominal fat mass in AD at
POST was significantly lower compared to SS and rGug (p = 0.050, p = 0.019

respectively).

A significant main effect of time (p = 0.015, ES0=48) and interaction (p = 0.007, ES =
0.877) was observed in V2 Both the SS and AD groups increased YQdignificantly

from PRE to MID (6.80 + 8.28 % p = 0.001 and 13.21#9 % p < 0.001, respectively) and
from PRE to POST (9.3 £ 8.85 % p < 0.001 and 1®:826 p < 0.001, respectively), while
no significant change was observed in C (p = 0.&% = 0.081). A significant main effect of
time (p < 0.001, ES = 0.989) and interaction (p.603, ES = 0.918) in 1RM was observed.
1RM increased in all groups (p < 0.001). Both firagngroups as well as C increased 1RM
from PRE to MID (p < 0.001) and from PRE to POSK(p.001). The increase in 1RM was
significantly larger in SS and AD groups (+14.1 ¥4 %, p<0.01 and +12.7 + 7.24 %,

p<0.01; respectively) than in C group (+4.7 + 4%p

Associations between changes in performance, body composition and inflammatory

markers.
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Leptin correlated significantly with abdominal fatss at all measurement points (PRE R =
0.732, p<0.001, MID R = 0.650, P<0.001 and POST B.522 p < 0.001) when all the
subjects were pooled. In addition, in the poolethdéhe changes from PRE to POST in
abdominal fat mass correlated positively with tiarmge in leptin (R = 0.433, p = 0.002),
MCP-1 (R = 0.581, P = 0.023) and resistin (R = 8,38 = 0.016) and negatively with
adiponectin (R = -0.290, p = 0.043). Changes imamfation markers and performance
variables were not associated but a significantatieg correlation was observed between
TNF-a and VOZeakas well as between leptin and Vi@zat PRE (R =-0.389, R = 0.018 and
p =-0.654, all p < 0.05). In the experimental greuan inverse relationship between change
in concentration of circulating adiponectin and g in maximal strength from PRE to

POST was observed (R =-0.459, p = 0.014).
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4 Discussion

The present study assessed the effects of 24 wafekembined aerobic and resistance
training on inflammation markers in young, healthgn. Herein, we provide evidence that
combined AT and RT reduces inflammation as dematestr by lowered circulating

concentrations of hs-CRP, leptin and resistin. Bpecial focus of the present study,
however, was to investigate whether the perfornfiigand RT in the same session (SS) or
on alternating days (AD) affected the inflammatioarkers differently. The main finding of

the study was that combined training performed terraating days elicited the largest
reductions in circulating levels of TNkand MCP-1. Furthermore, the beneficial effects of
exercise on inflammation markers were achievedawitttoncomitant weight loss, however,
a decrease in abdominal fat mass was associatdd reductions in the inflammation

markers, which emphasizes meaningfulness of tliaghin body composition.

In the present study, we showed that the basedved of hs-CRP allowed us to classify the
participants as having “moderate cardiovasculak”’rigl.0 to 3.0 me.™) prior to
commencement of the study in all groups. At POSTrttean if hs-CRP was reduced to the
level of “low cardiovascular risk” (< 1.0 mg") in both experimental groups (Pearson et al.
2003). These findings are in line with a study bgvart et al. (Stewart et al., 2007a), who
suggested that a combination of AT and RT reduded risk of cardiovascular disease
development, as defined by a decrease in hs-CRPBentmtions in healthy populations.
While C-reactive protein (CRP) concentrations azaagally determined by genetic factors,
centrally located adiposity is also consideredaabmajor determinant of CRP levels (Perry

et al.,, 2008). Cross-sectional studies have foumdnaerse relationship between physical
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activity and CRP (Ford, 2002) and training studiase reported reductions in CRP (Stewart
et al.,, 2007a). Interestingly, Libardi et al. (2DHXd not find any significant differences in
CRP, IL-6 or TNFe in sedentary middle age men after 16 weeks of woent training in
which AT and RT were performed in the same sessloee times a week. These findings
were opposed to those of Stewart et al. (Stewadl.et2007b), who found a significant
improvement in CRP concentrations after a 12-wkcoorent training period in young and
old sedentary subject. Interestingly, in the prestidy we did not observe any significant
changes in circulating inflammation markers aft@r vieeks, but only after 24 weeks of
training. In contrast to the studies by Stewartlet(2007) and Libardi et al. (2012), the
subjects in the present study were young and heahid reported to be moderately active.
Thus, our findings indicate that even moderatelyvacyoung healthy subjects benefit from
prolonged combined AT and RT, but adaptations nmeayldlayed in comparison to inactive
and/or elderly subjects. However, it is notablet ttiee training in the present study was
progressive as both training volume and frequen&rewincreased during the training
intervention. Therefore, it is also possible ttreg training was not intensive enough to elicit

anti-inflammatory effect during the first 12 weekdraining.

Beavers et al. (Beavers et al., 2010) concludetiAfainterventions for healthy individuals
are beneficial for reducing inflammatory biomarkeakhough reductions in body weight are
small. In the present study, we did not observeniSaant reductions in body weight.
Interestingly, the abdominal fat mass decreasedifgigntly only when combined training
was performed on alternating days as opposed tamdTRT in the same session. This group
difference in abdominal fat mass could be due ® dheater frequency of exercise that
probably resulted in increased overall energy edjtere (Almuzaini et al., 1998). Intra-

abdominal obesity has been shown to be an impatitdntactor for low-grade inflammation.
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The distribution of excess fat in the abdominaliorgs known to modify the health risk
profile, whereas excess adiposity in the peripldwgs not appear to increase the risk of
developing cardiovascular disease (Strasser e2@l2). In the present study, we observed a
significant association between the change in almlmfat mass and all measured
circulating adipocytokine concentrations. Previaiadies suggest that physically active
individuals or subjects with higher fithess levelve more favorable adipocytokine profiles
compared to sedentary populations (Lavie et all120This was supported by our findings as
the initial VO2eak Was significantly associated with circulating leptoncentration at
baseline. However, we did not observe a significamtelation between changes in Q2
and changes in adipocytokine concentrations. IstEngly, we observed a significant
reduction in circulating MCP-1 concentrations af&4 weeks when the training was
separated into alternating days as opposed to AITRih in the same session. Moreover,
reductions in MCP-1 are associated with the changeddominal fat mass, irrespective of
intervention group, which indicates that fat massthe abdominal area has a significant

effect on MCP-1 concentration.

We observed that the circulating resistin levelsemeduced in both experimental groups
after 24 weeks of training, even if we did not alisea significant reduction in visceral fat
mass in SS group. Resistin is a signaling proteat has been linked to inflammation and
coronary heart disease (Zhang et al., 2010), andseqjuently, a reduction in resistin
concentrations may be interpreted as a benefiméddical adaptation. Our data indicate that
long-term combined AT and RT alters the concerdratiof circulating resistin regardless of
changes in abdominal fat mass. Gleeson et al. $§Gteet al., 2011b) suggested that both the
reduction of visceral fat mass and the anti-inflaatwny environment induced by each

exercise session might elicit long-term anti-inflaatory effects. One of the possible
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mechanisms behind the anti-inflammatory effect xdreise has been suggested to be the
acute IL-6 release following an exercise sessi@ssibly stimulating the accumulation of
anti-inflammatory cytokines, such as interleukin-40d interleukin-1 receptor antagonist
(Gleeson et al., 2011c). IL-6 has been shown trelaged to circulating resistin levels, but if
IL-6 releases are mechanistically linked to redadiin circulating resistin levels awaits
further investigation. Nevertheless, we observedsignificant changes in circulating IL-6

concentration in the experimental groups.

Changes in body composition, or more preciselyngka in abdominal fat mass seem to be
an important factor when an exercise intervention reducing inflammation markers is
planned. In the present study we showed that afisignt reduction in adipokines is possible
also in the absence of change in abdominal fat na@sseen in the decrease in resistin levels.
However, significant reductions in leptin levelsese to be dependent on a significant
reduction in fat mass (Baile et al., 2000). There several mechanisms involved in the
beneficial effects of exercise on immunologicaldtion, and recent research has focused on
its role in the improvement of the inflammatory fileo However, further studies are needed
to identify the molecular mechanisms underlyingahé-inflammatory effect of exercise and

what the role of skeletal muscle is in this action.

The strengths of this study include its careful sugament of a wide range of potential
confounding variables and a prolonged supervisathitrg intervention. However, several
limitations should be considered when interpretiog results. First, the participants in this
study were young healthy men and therefore a gkreian of our results to other

populations might be problematic. Secondly, althougthe present study several different
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factors are suggested to be important markers amdgulators of inflammation, there are
many other pro- or anti-inflammatory factors thatid have been measured. Nevertheless,
CRP, in particular, has proven to be a relativegful marker of systemic inflammation and
predictor of clinically relevant outcomes and ig thost commonly measured inflammatory
marker (Pearson et al. 2003). Lastly, we cannatrdehe the directions of the associations

nor causality observed in this study with absobgdainty.

4.1 Per spectives

Combined AT and RT without concomitant body weilfigs may induce anti-inflammatory
effects, leading to improvements in levels of datimg inflammation markers in men. These
effects could be enhanced with a reduction in vedat mass that was observed only when
AT and RT were performed on alternating days. Tihdirigs of this study indicate that a
higher frequency of exercise sessions should bemsawnded in the prevention of
inflammation related diseases. The improvemenhéninflammatory profile achieved in the
present study may be an effective strategy forcgdu in low-grade systemic inflammation

and improving the health trajectory of young men.
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Table 1. Physical fitess and body composition at before (pre) after 12 w@eikd and after 24 weeks (post) of training. AD = Different-day training, SS = Same-session
training, C = Controls. *=difference from PRE value (p<0.05) #=difference between the AD and SS. Mean + SD.

PRE MID POST
CONT
SS (n=16) AD (n=15) (n=18) SS (n=16)  AD (n=15) SS (n=16) AD (n=15) _CONT (n=13
Physical fitness
1RM (kg) 151 £32.2 145 £ 18.3 159 £ 29.9 164 + 26.5 159 +16.7 170+ 26.2 163+16.0 167 +28.5
VO2yeq (L-min?) 3.13+0.40 2.82+0.32 3.07+0.53 3.33+042 3.17+0.26 3.41+049 334+036 3.11+0.53
Body composition
Height (m) 1.78 £ 0.06 1.80+0.08 178+006 178+006 180+008  178+006 1.80+0.08 1.78+0.06
Body weight (kg) 80.1+13.2 81.8+103 g0 7+11.7 80.1+11.9 81.9+10.3 80.4+11.1 80.6+104 81.7%115
BMI (kg-m?) 25.2 +3.00 253+2.60 252+3.9 252+250 25.3+293  254+234 249+28525.5+3.89
Body fat mass (kg) 20.8 £8.12 229+6.11 192742 200+7.27 21.6+6.67 19.0+7.00  19.5+7.28 20.4 +7.66
Body Fat-% (%) 254+7.1 27.0+£43 23.1+83 245 £ 6.6* 276+44 23.2+6.2* 259+55%* 244 +89
Abdominal fat mass (g) 2571+1190 3060 +993 2310+1210 2340+ 1060 2810+ 1040+ 23301080 2490 +1120~ 2450 +1361
Lean mass (kg) 53.3+6.13 55.9+5.12 59.5+5.85 5414574 5724573 D481593* 5801522 587158




22

FIGURE LEGENDS

FIGURE 1. Flowchart of study participants.

FIGURE 2. Mean (SD) in hs-CRP at weeks 0, 12 and 24. * Sicgnit within-group change. AD =

alternating days training, SS = same session t@ir€ = controls.

FIGURE 3. Mean (SD) changes in adipocytokines (left) and kiyies (right). * significant within-

group change. SS = same session training, AD altieg days training, C = Controls.
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Fig 1. Flowchart of study participants.
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training, AD = alternating days training, C = Controls



