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Background: Little is known about the effects of resistance training (RT) on circulating cytokines in older
adults. Also, dose-response relationships remain unclear. This study investigated the impact of RT at
different external loads on circulating inflammatory mediators in older community-dwelling individuals.
Methods: Fifty-six community-dwelling older (68 � 5 years) volunteers were randomized to 12 weeks of
supervised RT (�3/week) at either high-resistance training [8 males, 10 females, 2 � 10e15 repetitions at
80% 1 repetition maximum (RM)], low-resistance training (9 males, 10 females, 1 � 80e100 repetitions at
20% 1 RM), or mixed low-resistance training (9 males, 10 females, 1 � 60 repetitions at 20% 1 RM fol-
lowed by 1 � 10e20 repetitions at 40% 1 RM). Serum was available from 51 out of 56 participants at
baseline and after 12 weeks for determination of interleukin (IL)-6, IL-8, IL-10, IL-1b, soluble tumor
necrosis factor receptor (sTNFR)1, granulocyte macrophage colony-stimulating factor, and IL-1 receptor
antagonist (ra).
Results: Twelve weeks of RT significantly increased sTNFR1 from 2.48 � 0.57 ng/mL to 2.58 � 0.59 ng/mL
(overall time-effect P ¼ .033) and Log IL-8 from 0.38 � 0.18 pg/mL to 0.53 � 0.32 pg/mL (overall time-
effect P ¼ .007). No time X group interaction (P ¼ .916) was observed. In males of the high-resistance
training group, there was an increase in Log IL-8 (from 0.45 � 0.16 pg/mL to 0.68 � 0.19 pg/mL;
P ¼ .005) and IL-1ra (from 68.60 � 24.12 pg/mL to 79.56 � 29.07 pg/mL; P ¼ .007). No significant changes
were found for the other markers.
Conclusions: Our results show that 12 weeks of supervised RT induced an overall significant increase of
circulating IL-8 and sTNFR1, independently from the external load applied. We suggest that exercising
until volitional fatigue is the main trigger for exercise-induced responses. However, training at high
external load also increased anti-inflammatory IL-1ra in male participants, which might be beneficial in
combating low-grade inflammation.

� 2016 AMDA e The Society for Post-Acute and Long-Term Care Medicine.
Regular physical exercise is suggested to be beneficial to the im-
mune system as an efficient tool in fighting off chronic low-grade
inflammatory profile (CLIP).1 The beneficial effects of physical exer-
cise on CLIP and age-related diseases are reported to be mediated by
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molecules produced by contracting skeletal muscles termed myo-
kines.2 In fact, exercise provokes an acute liberation of inflammatory
cytokines, especially interleukin (IL)-6,3 which is different from the
acute phase response in pathologic conditions. The exercise-induced
acute elevation in IL-6 is not preceded by increased tumor necrosis
factor (TNF)-a levels,4 but is immediately followed by elevations in IL-
1 receptor antagonist (ra) and soluble tumor necrosis factor receptor
(sTNFR)4 (inhibiting IL-1b and TNF-a), and the anti-inflammatory
cytokine IL-10. Here, IL-6 is believed to have inflammation-reducing
effects, by stimulating immune cells to produce anti-inflammatory
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cytokines.5,6 In the long term, these acute exercise-induced increases
in IL-6 at each exercise session and its accompanying release of
inflammation-reducing cytokines are believed to reduce CLIP.

The exercise-induced myokine production seems to be maintained
at a higher age; there is a general consensus among exercise immu-
nologists that intensive aerobic exercise training is effective in
inducing a robust cytokine response.7,8 However, given the significant
age-related loss of muscle mass and muscle strength, resistance
training at high external load [ie, 2e3 sets of 8e12 repetitions at 70%e
85% of the 1 repetition maximum (RM)] is of major importance at
higher age.9 Studies on the impact of resistance training on cytokine
response in older persons are scarce compared with the extensive
literature on aerobic exercise training. In 2005, we demonstrated that
a regular resistance training session is sufficient to obtain a significant
acute increase in circulating IL-6 in older adults.10 We11 have also
shown that 12 weeks of resistance exercise significantly reduced the
basal levels of IL-6, thus, reflecting lower CLIP. This is consistent with
the findings of Peake et al12 who found a significant decrease in basal
IL-6 levels following 12 months resistance training compared with
control. In contrast, Bruunsgaard et al13 reported no change in basal
levels of IL-6, TNF-a, and sTNFR1 in frail nursing home residents
following 12 weeks of resistance training. This might have been due to
the participants’ frail state, which could have had a negative impact on
the exercise-inducedmyokine production. Kapasi et al14 also found no
immune-enhancing effects of a 32-week combined exercise training
in frail older subjects.

Despite the benefits of resistance training at high external load on
muscle mass and strength, many clinicians hesitate to prescribe
resistance exercise with high external load in older persons.15 As an
alternative, resistance training at lower external load is often offered
to older persons. Onambele-Pearson et al16 reported a significant
decrease in TNF-a levels with a low external (2e4 sets of 8e11 reps at
40% of 1 RM) compared with a high-external load (2e4 sets of 8e11
reps at 80% of 1 RM) protocol,16 but studies investigating the dose-
response relationship of resistance training on CLIP remain scarce.
To the best of our knowledge, most studies using low-to-moderate-
resistance exercise protocols only reduce the external load without
substantially increasing the number of repetitions.16e19 Taking into
account the importance of training to volitional fatigue for optimizing
muscular adaptations,20 a training protocol with both a reduction in
the external load as well as a substantial increase of the number of
repetitions (until volitional fatigue)might be optimal. Previously, we21

reported that 12 weeks of high-resistance training (HIGH, 2 � 10e15
repetitions at 80% of 1 RM) led to a higher increase in 1 RM than low-
resistance training (LOW, 1 � 80e100 repetitions at 20% of 1 RM) in
community-dwelling adults aged 60 and older. However, this differ-
ence disappeared when a mixed low-resistance (LOWþ, 1 � 60 rep-
etitions at 20% of 1 RM, followed by 1 �10e20 repetitions at 40% of 1
RM) protocol was compared with HIGH group. In addition, the HIGH,
LOW, and LOWþ exercise programs had a similar outcome on muscle
hypertrophy.

In the present study we compared the effects of 12 weeks of su-
pervised resistance training at these 3 different external loads (HIGH,
LOW, and LOWþ) on basal levels of inflammatory mediators in older
adults. Therefore, the main objective of this study was to investigate
the impact of supervised resistance training at different external loads
on peripheral serum circulatory inflammatory mediators in older
community-dwelling individuals.

Methods

Study Design and Participants

This was a randomized intervention study. The recruitment strat-
egy and main study procedures have been previously reported in
detail.21 Participants were excluded if they were involved in any
structured endurance exercise and/or participated in resistance ex-
ercise during the last 6 months before the study, were suffering from
hip or knee problems, or showed unstable cardiovascular disease,
neuromuscular disease or acute hernia. Briefly, 56 elderly volunteers
were enrolled, and allocated to 1 of 3 training protocols: HIGH
(n ¼ 18), LOW (n ¼ 19), and LOWþ (n ¼ 19) (Figure 1). Randomization
was stratified for sex, age, and baseline isometric knee extension
strength. Five participants were excluded (1 from the HIGH, 3 from the
LOW, and 1 from the LOWþ intervention group) from all statistical
analyses because they lacked serum samples for cytokine analysis at
either baseline or at 12 weeks (Figure 1). Each participant gave a
written informed consent after reading and understanding the risks
and benefits associated with the study. The study protocol was
approved by the local ethics committee in accordance with the
Declaration of Helsinki.
Resistance Training Protocol

The resistance training program took place at a local fitness and
health center for a duration of 12 weeks. The training program has
been previously reported.21 Briefly, after an initial familiarization
session in which training techniques were explained and demon-
strated, participants exercised 3 times weekly on nonconsecutive days
for 12 weeks (total of 36 sessions). The exercises (leg press, leg
extension, and seated row) were performed on Technogym (Tech-
nogym, Gambettola, Italy) devices, designed for resistance training.
Each exercise session started with a brief warm-up (10 minutes) on a
cycle ergometer (Technogym Bike Excite, Gambettola, Italy) or on a
treadmill (Technogym Run Excite, Gambettola, Italy). Exercises were
performed at a moderate speed with rest periods of 2 minutes in
between, and the training sessions were closely monitored by quali-
fied fitness instructors. All participants were verbally encouraged to
continue the exercises until failure (ie, inability to perform more
repetitions because of local muscle fatigue). Immediately after each
individual exercise, participants graded their level of perceived exer-
tion on the OMNI-Resistance Exercise Scale of Perceived Exertion
(scale from 0 to 10).22 As described previously,21 the 1 RM was eval-
uated every 4 weeks (at baseline, before the first training session in
week 5 and week 9, and after 12 weeks of training), and training loads
were adapted accordingly. The training volume on the test sessions in
week 5 and week 9 was reduced to only the leg extension exercise.

The exercise protocols were designed to be approximately equal in
volume (% 1 RM � number of repetitions). The HIGH resistance pro-
tocol (2 sets separated by 1-minute intervals of 10e15 repetitions at
80% of 1 RM) was based on ACSM’s guidelines for resistance training.23

These guidelines recommend performing at least 1 set to the point of
failure for healthy individuals. In the HIGH group, the external resis-
tance was initially set at 80% of 1 RM. To ensure that maximal effort
would be reached at the end of each set, participants were instructed
to perform at least 10 to 15 repetitions. Two sets were performed with
1 minute of rest between sets. In the LOW group, participants were
instructed to complete 1 set of 80e100 repetitions at 20% of 1 RM.
Participants in the LOWþ group were instructed to complete first 60
repetitions at 20% of 1 RM, and immediately afterwards (no rest), the
external load was increased to 40% of 1 RM and participants were
instructed to perform 10e20 additional repetitions. During every ex-
ercise session, participants were asked to perform amaximum number
of repetitions. If they could perform more repetitions than the target
range (ie, 80e100 or 10e15), the external load was increased. As pre-
viously described,21 adherence (number of training sessions attended
as a percentage of the total number of training sessions) to the program
was 95.7% in the HIGH group, 95.8% in the LOWgroup, and 95.3% in the
LOWþ group, with no significant differences between groups.



Excluded (n = 33)

Declined informed consent (n = 19)

Current par cipa on in exercise (n = 3)

Unstable cardiovascular disease (n = 4)

Acute hernia (n = 4)

Hip (n= 1) and Knee (n = 1) problems

Planned surgery (n = 1)

Responded to adver sement and assessed for 
eligibility (n = 89)

Serum samples available at 
both baseline and 12 weeks:

n = 17

Randomized (n = 56)

Allocated to LOW

n = 19

Allocated to HIGH

n = 18

Allocated to LOW+

n = 19

Serum samples available at 
both baseline and 12 weeks:

n = 18

Serum samples available at 
both baseline and 12 weeks: 

n =16

Fig. 1. Flowchart of study participants.
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Cytokine Assay

Before the start (baseline) and at the end (at least 24 hours and
maximum 48 hours after the last training session) of the 12 weeks
resistance-training program, serum samples were collected from all
participants and stored at �80�C until assayed (simultaneously for all
time points) for cytokines levels. Circulating serum levels of IL-8 (ul-
tra-sensitive), IL-1b, granulocyte macrophage colony-stimulating
factor (GM-CSF), IL-1RA, IL-10 (ultra-sensitive), and sTNFR1, were
measured separately using commercially available solid phase
enzyme-linked immunosorbent assay (ELISA) kits (Lifetech, Carlsbad,
CA). Serum levels of IL-6 were performed using an IL-6 ultrasensitive
singleplex bead kit (Lifetech, USA). All reagents and calculations were
Table 1
Performance Characteristics of ELISA Kits

Cytokines Sensitivity
pg/mL

Intra-Assay %CV Inter-Assay %CV

L N H L N

IL-6 <0.05 7.59 9.99
IL-10 <0.2 4.5 2.8 2.6 7.8 7.5
IL-1b <0.06 6.4 6.5 6.8 7.2 7.0
IL-8 <0.1 4.1 6.0 7.3 6.2 7.8
IL-1ra 4 4.8 4.1 7.1
sTNFR1 50 1.7 6.5 5.7
GM-CSF <3 5.8 4.0 7.3 4.7 4.3

CV, coefficient of variation; H, high range of concentrations; L, low range of concentratio
applied according to the manufacturer’s instructions. The sensitivities
and the intra-assay coefficients of variation of the various cytokines, as
well as the number of samples outside the detection limits are shown
in Table 1. The baseline and 12-week samples from the same partici-
pants were run on the same plate to reduce variability.

Statistical Analysis

The distribution of the data was checked using the Kolmogorov-
Smirnov goodness-of-fit test, which revealed that sTNFR1 and IL-1ra
followed a normal distribution while IL-6 and IL-8 were not nor-
mally distributed and were therefore log-transformed. As shown
in Table 1, most participants showed undetectable levels for IL-10,
Undetectable at Baseline (n) Undetectable at 24 weeks (n)

H HIGH LOW LOWþ HIGH LOW LOWþ
0 0 0 0 0 0

7.5 11 7 9 11 10 7
6.5 16 15 17 16 18 18
8.8 0 0 0 0 0 0
9.1 0 0 0 0 0 0
8.9 0 0 0 0 0 0
5.4 17 13 17 16 15 16

ns; N, normal range of concentrations.



L.N. Forti et al. / JAMDA xxx (2016) 1e64
GM-CSF, and IL-1b, and consequently no statistical analyses were
performed for these cytokines. One-way analysis of variance was used
to test for baseline difference between the intervention groups. When
a significant difference was detected, Bonferroni post-hoc tests were
performed. Between-group differences in changes over time were
analyzed with repeated measures analysis of variance using time as
within participants’ factor and group as between participants’ factor.
To detect changes within groups (baseline vs 12 weeks) paired sample
t-test was employed. Statistical analysis was performed using IBM
SPSS v 22.0.0 software (IBM, Armonk, NY) and Graphpad prism v 6.0
(Graphpad Software, Inc. San Diego, CA). Significance was set a priori
at 2-sided P value of <.05. All data are presented as mean (standard
deviation) except if otherwise indicated.
Results

The baseline characteristics of the 51 participants enrolled in this
study are shown in Table 2. No significant differences among groups
were detected at baseline for anthropometric parameters. On the
other hand, therewas a significant difference in Log IL-8 (P¼ .023) and
Log IL-6 (P ¼ .023) between the 3 intervention groups at baseline but
not for the other cytokines. Post-hoc tests (Table 2) revealed a sig-
nificant difference between the HIGH and LOWþ group for Log IL-8
(P ¼ .042) and between the HIGH and LOW group for Log IL-6
(P ¼ .019). As previously reported, exercise induced a significant
time by group interaction (P ¼ .002) in leg press 1 RM, post hoc tests
revealed a significantly higher increase in bothHIGH (þ46.2%� 32.3%)
and LOWþ (þ39.2 � 20.7%) compared with the LOW groups
(þ23.1% � 20.7%; P ¼ .001 and P ¼ .006, respectively).21 Following
supervised exercise, an overall significant increase in concentration of
sTNFR1 (from 2.48 � 0.57 ng/mL at baseline to 2.58 � 0.59 ng/mL at
12 weeks; overall time-effect P ¼ .033,) and Log IL-8 (from 0.38 � 0.18
pg/mL at baseline to 0.53 � 0.32 pg/mL at 12 weeks; P ¼ .007) was
observed (data not shown). Exercise-induced changes in sTNFR1 and
Log IL-8 were not significantly different between groups
(time � group interaction: sTNFR1, P ¼ .916 and IL-8, P ¼ .569). No
significant changes were found for Log IL-6 and IL-1ra (Table 3).

To further evaluate the influence of sex, we stratified our partici-
pants according to sex. We found an overall significant increase in IL-8
and sTNFR1 (overall time-effect, P¼ .010 and P¼ .009, respectively,) in
the male participants only (data not shown). When groups were
analyzed separately, we observed a significant increase in Log IL-8
(from 0.45 � 0.16 pg/mL at baseline to 0.68 � 0.19 pg/mL at
12 weeks; P ¼ .005) and IL-1ra (from 68.60 � 24.12 pg/mL at baseline
to 79.56 � 29.07 pg/mL at 12 weeks; P ¼ .007) in males in the HIGH
group (Figure 2). In addition, a between-group effect (P ¼ .012) was
Table 2
Overview of Participant Characteristics at Baseline

Variables HIGH (n ¼ 17) LOW (n ¼ 16) LOWþ (n ¼ 18) P

Sex (female/male) 9/8 9/7 9/9
Age (years) 67.86 � 4.36 68.85 � 5.34 67.61 � 6.02 .77*
Weight (kg) 71.66 � 11.67 75.56 � 15.50 77.41 � 11.96 .43*
Height (m) 1.67 � 0.08 1.64 � 0.10 1.67 � 0.08 .64*
BMI (kg/m2) 25.57 � 2.90 27.79 � 4.28 27.72 � 3.10 .12*
1RM leg press (kg) 101.54 � 57.60 110.96 � 60.80 99.31 � 39.50 .80*
Log IL-8 (pg/mL) 0.48 � 0.17 0.34 � 0.14 0.33 � 0.20y .02*
sTNFR1 103 (pg/mL) 2.35 � 0.54 2.54 � 0.57 2.56 � 0.63 .51*
Log IL-6 (pg/mL) 0.33 � 0.38 0.05 � 0.15y 0.19 � 0.25 .02*
IL-1ra (pg/mL) 59.39 � 28.63 55.52 � 24.35 73.15 � 43.83 .28*

Note: Bold values are statistically significant P < .05.
BMI, body mass index.
Except when indicated, data are mean � SD.

*Results of one-way analysis of variance between baseline group means.
ySignificantly different from the HIGH group.
observed for Log IL-8 in the HIGH group when comparing male and
female (Figure 2). No significant within-group effect was observed for
females or for the other cytokines whether male or female.

Discussion

In this study we compared the effects of 12 weeks of supervised
resistance training at 3 different external loads (HIGH, LOW, and LOWþ)
on basal levels of inflammatory mediators in elderly persons. We found
an overall significant increase in IL-8 and sTNFR1 following training, but
no differences according to group allocation.When stratified for sex, we
found a significant increase in IL-8 (P ¼ .010) and sTNFR1 (P ¼ .009) in
the male participants only. Investigating within-group effect following
training we registered a significant increase in IL-8 and IL-1ra levels in
males in the HIGH group. We observed no significant change in IL-6
levels after training. Our study corroborates previous findings by
other investigators who reported no significant changes in basal levels
of IL-6 following exercise.16,18,24e26 In contrast, we recently demon-
strated that 12 weeks of intensive strength training was sufficient to
reduce basal IL-6 levels in untrained community-dwelling elderly in-
dividuals (older than 60 years).11 This is in line with other reports,
which, using different training loads, also found a reduction or a trend
toward reduced basal IL-6 levels after exercise.10,12,19 It is important to
note that fewer muscle groups were exercised (leg press, leg extension,
and seated row) in our current study comparedwith our previous study
(leg press, leg abductor, leg adductor, vertical traction, chest press, and
shoulder press).11 Moreover, the resistance training program in our
previous study included 3 series of 10 repetitions at 70%e80% of 1 RM
for each muscle group, compared with only 2 series of 10e15 repeti-
tions at 80% of 1 RM in our current study.

Interestingly, there was a significant increase of the anti-
inflammatory cytokine IL-1ra following 12 weeks strength training
in males in the HIGH intervention group, which might imply addi-
tional benefits in combating low-grade inflammation. Because studies
reporting on basal levels of IL-1ra following resistance training in the
elderly are scarce,7,27 our findings and the underlying mechanisms
need to be confirmed in future studies.

TNF-a is modulated by soluble TNF-a receptors, and these re-
ceptors are upregulated on exposure to TNF-a and are shed into the
circulation. The precise role of these soluble receptors (sTNFR1 and
sTNFR2) is not yet completely understood. They can bind TNF-a in the
circulation and may either attenuate its bioavailability or stabilize it,
thus, prolonging its normal short half-life.28 Soluble TNFR1 levels may
actually reflect the overall nature of the inflammatory state. Despite
this, the role of sTNFR1 in an exercise context is not known with
certainty and needs to be distinguished from that related to infection.
Following exercise, IL-6 has been shown to stimulate the production of
well-known circulating anti-inflammatory cytokines (IL-1ra and IL-
10) and cytokine inhibitors (soluble TNF-a receptors) but not IL-1b
and TNF-a. Soluble TNFR is believed here to exert anti-inflammatory
effects by inhibiting TNF-a signaling by competing for ligand-bind-
ing.29 We observed an overall increase of basal levels of circulating
sTNFR1 following exercise. In contrast, some groups have reported a
significant decrease in sTNFR1 following exercise.30e33 Interestingly,
these reductions in sTNFR1 were not in isolation but were also re-
flected by significant decreases in other proinflammatory cytokines,
thus, portraying a likely anti-inflammatory milieu.

Peripheral levels of IL-8 (a member of the CXC chemokine family)
have been shown to increase in response to exhaustive exercise.34 IL-8
is known to induce chemotactic effects via the chemokine receptor
CXCR1 and angiogenic activity via CXCR2. Exercise has been demon-
strated to provide an angiogenic stimulus within the working muscle;
this has been reported to give rise to an increased capillarity.35 The
increased capillarity might be crucial in increasing blood flow to the
muscles and in this way provide vital nutrients and oxygen. The ability



Table 3
Training Induced Changes in Circulating Inflammatory Markers in the Different Intervention Groups (HIGH, LOW, and LOWþ)

Variables HIGH LOW LOWþ Time
Effect

Time � Group
Interaction

Log IL-8 pg/mL n ¼ 16 n ¼ 16 n ¼ 16
Baseline 0.48 � 0.17 0.34 � 0.14 0.33 � 0.20 P [ .007 P ¼ .427
12 weeks 0.54 � 0.27 0.49 � 0.33 0.56 � 0.38

sTNFR1 103 pg/mL n ¼ 17 n ¼ 16 n ¼ 18
Baseline 2.35 � 0.54 2.54 � 0.57 2.56 � 0.63 P [ .033 P ¼ .916
12 weeks 2.42 � 0.54 2.66 � 0.58 2.65 � 0.65

Log IL-6 pg/mL n ¼ 16 n ¼ 16 n ¼ 16
Baseline 0.33 � 0.38 0.05 � 0.15 0.19 � 0.29 P ¼ .261 P ¼ .220
12 weeks 0.18 � 0.24 0.08 � 0.22 0.17 � 0.28

IL-1ra pg/mL n ¼ 17 n ¼ 16 n ¼ 18
Baseline 59.39 � 28.63 55.52 � 24.35 73.15 � 43.83 P ¼ .105 P ¼ .942
12 weeks 65.14 � 40.94 65.25 � 36.33 80.58 � 53.54

Except if indicated, data are mean � SD.
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of IL-8 to induce angiogenesis is different from its capacity to induce
inflammation. Increase in systemic IL-8 is seen following intensive
exercise, and it is thought that muscle derived IL-8 may be responsible
for the exercise-induced angiogenesis.34 Our study revealed an overall
increase in circulating IL-8 following exercise. When stratifying ac-
cording to sex, the increased IL-8 was significant only in male par-
ticipants, which may explain the increase of IL-1ra in this group. The
increased IL-8 level observed in our current study might be the result
of an exercise-induced physiological adaptation other than a proin-
flammatory one because the classical proinflammatory cytokine IL-1b
remained undetectable after the training period. The role of exercise-
induced changes in basal IL-8 levels needs further in-depth
investigation.

The strength of this study is 2-fold; first, the study design is robust
in nature (randomized study design), and second, compared with
prior research on the impact of resistance training on basal circulating
levels of cytokines, this study addresses a gap in the literature by
systematically comparing resistance training at high (few repetitions)
with low (many repetitions till volitional fatigue) external loads on
circulating cytokines in the same cohort. However, this study is not
without limitations. First, there was no strict control group (a group
that did not exercise) that might have masked some benefits resulting
Fig. 2. Change in (A) sTNFR1, (B) IL-1ra, (C) LogIL-8, (D) LogIL-6 concentrations according to s
from the exercise intervention. Second, we did not control for or
monitor dietary intake and energy consumption, which might have
influenced cytokine responses to exercise.36 Third, in our study we
were unable to report IL-10 data because most of the values were
below the detection limit of the kit used (<0.2 pg/mL). This result is in
contrast with the report by Jankord and Jemiolo,7 who showed that
regular physical activity led to a significant increase in IL-10. However,
it must be noted that the participants in the study by Jankord and
Jemiolo7 were healthy males corresponding to the SENIEUR criteria
with a high level of physical activity (which is related to higher levels
of circulating IL-10). Finally, although the detection limit of the ELISA
kits used were <3 pg/mL for GM-CSF and <0.06 pg/mL for IL-1b,
respectively, most participants showed undetectable levels, and
consequently, we were unable to perform statistical analyses for these
cytokines. However, Ostrowski et al37 even though using an ELISA kit
with a sensitivity of <0.1 pg/mL (compared with <0.06 pg/mL in our
current study) reported no change in IL-1b following exercise.

Conclusions

Our results show that 12 weeks of supervised resistance training
induced an overall significant increase of circulating IL-8 and sTNFR1,
ex. *Significant within group effect (P < .05). ySignificant between group effect (P < .05).
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independently from the external load applied. We suggest that exer-
cising until volitional fatigue is the main trigger for exercise-induced
immune responses. However, training at high external load also
increased anti-inflammatory IL-1ra in male participants, which might
imply additional benefits in combating low-grade inflammation.
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