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Abstract Ageing is associated with a chronic low-
grade inflammatory profile (CLIP). Physical exercise
could circumvent the deleterious effects of CLIP by
influencing circulating inflammatory mediators and
neurotrophic growth factors. This study aimed at
assessing whether 12 weeks of progressive strength
training (PST) influences circulating brain-derived neu-
rotrophic factor (BDNF), interleukin (IL)-6 and IL-10 in
elderly individuals. Forty community-dwelling persons
aged 62–72 years participated. Twenty participants were
assigned to 12-week PST (70–80 % of maximal
strength, three times per week). Matched control indi-
viduals (n=20) maintained daily activity levels. Serum
was collected for BDNF, IL-6 and IL-10 assay from all

participants before and after 12 weeks (for PST subjects
24–48 h after the last training). In PST, muscle strength
was significantly improved (+49 % for leg extension,
p=0.039), and basal IL-6 levels significantly reduced
(p=0.001), which remained unchanged in control (p=
0.117). No significant change in BDNF was observed in
PST subjects (p=0.147) or control (p=0.563). IL-10
was below the detection limit in most subjects. Gender
and health status did not influence the results. Our
results show that after 12-week PST, muscle perfor-
mance improved significantly, and basal levels of IL-6
were significantly decreased in older subjects. However,
serum BDNF was not altered. The lack of an observable
change in BDNF might be due to a short-lived BDNF
response, occurring acutely following exercise, which
might have been washed out when sampling.
Furthermore, blood levels of BDNF may not reflect
parallel increases that occur locally in the brain and
muscle. These hypotheses need confirmation by further
studies.
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Introduction

Ageing has been associated with an increase in pro-
inflammatory mediators in the circulation, correspond-
ing to a chronic low-grade inflammatory profile (CLIP)
(Beyer et al. 2012), one of the characteristics of
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immunosenescence. Elderly presenting more pro-
nounced CLIP are more prone to frailty and mortality
(Giovannini et al. 2011). One of the concepts regarding
immunosenescence i s “ In f lammaging /ant i -
inflammaging” (Franceschi et al. 2007). Inflammaging
describes a highly responsive immune systemwith good
resistance to infections at young, but higher CLIP at old
age. Anti-inflammaging refers to low inflammatory re-
sponses and higher susceptibility to infections at young,
but lower CLIP and better survival at old age
(Franceschi et al. 2007). There is, indeed, growing evi-
dence for the involvement of CLIP in most age-related
diseases (Simpson et al. 2012). To circumvent the dele-
terious effects of CLIP, several intervention strategies
have been investigated, including physical exercise. The
available evidence indicates that participation in physi-
cal exercise not only protects against some of the path-
ological conditions associated with CLIP (Corsonello
et al. 2010), but may also prevent cognitive dysfunction
at higher age (Sofi et al. 2011; Marx 2005). Contracting
skeletal muscle is reported to secrete myokines which
can have a beneficial effect on other organs and can play
a potential role in countering CLIP (Raschke and Eckel
2013). Contraction is the major avenue that induces
skeletal muscles to activate intra-cellular pathways
(Pedersen and Febbraio 2012), giving rise to several
myokines in the blood circulation in a dose–response-
related manner (i.e. higher release following more in-
tensive and/or longer muscle activity). The favourable
effect of physical exercise on CLIP in elderly persons is
thought to be mediated in part via the release of the
cytokine interleukin (IL)-6 (Pedersen and Febbraio
2012; Petersen and Pedersen 2005; Mathur and
Pedersen 2008). We previously described that a single
bout of intensive strength training induces a significant
immune response in elderly individuals (Bautmans et al.
2005). Following exercise of sufficient load, circulating
levels of IL-6 increase very rapidly (Steensberg et al.
2002) and return back to baseline within 24 h
(Mendham et al. 2011). This acute exercise-induced
IL-6 response can stimulate the release of interleukin-1
receptor antagonist (IL-1Ra) and IL-10, with an anti-
inflammatory effect. IL-10 inhibits the production of
key pro-inflammatory cytokines (IL-1α, IL-1β and
TNF-α) as well as some chemokines such as CXCL8
(Pedersen and Bruunsgaard 2003; Simpson et al. 2012).
IL-10 could thus downregulate adaptive immune re-
sponses and reduce inflammation-induced tissue dam-
age (Gleeson et al. 2011).

Brain-derived neurotrophic factor (BDNF) is a mem-
ber of the neurotrophic growth factor family and an
important molecular mediator of brain neuroplasticity.
It was reported to play a crucial role in neuronal protec-
tion and survival, axonal and dendritic growth and re-
modelling, neuronal differentiation and synaptic plastic-
ity (Coelho et al. 2013; Knaepen et al. 2010; Voss et al.
2013). The concentration of BDNF was reported to
decrease with age, both at the cellular and extracellular
levels, which is related to neuronal loss (Ziegenhorn
et al. 2007). In addition, the circulating BDNF level is
also reported to decrease in elderly individuals suffering
from depression (Pereira et al. 2013; Laske et al. 2010),
neurodegenerative diseases (Frazzitta et al. 2014; Baker
et al. 2010) and frailty (Coelho et al. 2012). Physical
exercise has been recently mentioned as an important
intervention triggering BDNF-induced brain
neuroplasticity (Knaepen et al. 2010; Voss et al. 2013;
Coelho et al. 2013). The origin of the exercise-induced
BDNF release in the extracellular space is still a subject
of debate. The brain is thought to be the main BDNF
source, responsible for almost 75 % of BDNF in the
circulation (Rasmussen et al. 2009; Seifert et al. 2010).
There is, however, evidence that BDNF crosses the
blood–brain barrier in both directions, which suggests
that the peripheral sources of BDNF could influence the
brain (Pan et al. 1998). Other potential sources of BDNF
in the blood circulation include platelets (Yamamoto
and Gurney 1990) and vascular endothelial cells
(Nakahashi et al. 2000). BDNF production by blood
monocytes is also upregulated by IL-6 and TNF-α
stimulation (Schulte-Herbruggen et al. 2005), and
BDNF would also be released from contracting muscle,
thus acting as a myokine (Pedersen and Febbraio 2012).
However, this latter hypothesis remains unclear since an
earlier in vitro study of the same group (Matthews et al.
2009) showed significant exercise-induced increases of
intra-myocellular BDNF messenger RNA (mRNA) and
protein expression but failed to demonstrate significant
increases in extra-myocellular BDNF.

To understand the exercise-induced changes in circu-
lating BDNF-levels, one must distinguish acute effects
(i.e. changes in concentration of circulating BDNF dur-
ing and immediately following the exercise bout) and
effects on basal levels (i.e. changes in concentration of
circulating BDNF when the acute exercise-induced
changes have been washed out, e.g. after an overnight
resting period). In addition, it appears that exercise-
induced changes in circulating BDNF-levels in elderly
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persons might be different according to the type of
physical exercise (aerobic exercise or strength training)
as well as the clinical condition of the participants.

An acute (immediately post exercise) increase in
circulating BDNF following aerobic exercise has been
recorded in elderly women with osteoarthritis (67±
4.41 years) (Gomes et al. 2013) and in elderly persons
with major depression (aged 61±7 years), but not in
healthy older adults (aged 58±6 years) (Laske et al.
2010). Participants with major depression showed a
significantly lower basal circulating BDNF concentra-
tion prior to exercise, which immediately after exercise
increased up to comparable levels as in the healthy
controls and decreased back to baseline levels after 30-
min rest. Several studies have shown increased basal
circulating BDNF levels following 1 to 6-month aerobic
exercise both in elderly residents of independent living
facilities, without neurologic disorders (Anderson-
Hanley et al. 2012) as well as in elderly patients suffering
from osteoarthritis (Gomes et al. 2013) or neurodegen-
erative diseases (Frazzitta et al. 2014; Baker et al. 2010).
Interestingly, Babaei et al. (2013) reported a higher base-
line BDNF concentration in older (57±6 years) patients
with metabolic syndrome compared with their healthy
counterparts. Following 6-week endurance training, they
found a significant decrease in basal circulating BDNF
for patients with metabolic syndrome but a significant
increase for healthy participants. Frazzitta et al. reported
a significant increase in basal circulating BDNF follow-
ing 10-day exercise in elderly Parkinson patients (aged
61–72 years) (Frazzitta et al. 2014) which remained
elevated during the 28-day exercise intervention period.
Despite these positive outcomes of aerobic exercise on
basal circulating BDNF levels in older adults, other
studies found no change following intervention in
healthy older community dwellers (Voss et al. 2013)
and adults with type 2 diabetes with a broad age range
(30–75 years) (Swift et al. 2012).

The effects of strength training on circulating BDNF
levels in elderly persons are scarcely studied. To our
knowledge, acute effects following strength training is
not yet reported in the literature for elderly persons.
Levinger et al. (2008) found that 10 weeks of resistance
training did not affect basal circulating BDNF levels in
middle-aged subjects (51±6 years) with mixed risk
factors for metabolic syndrome. Similarly, Swift et al.
(2012) found no significant change in basal circulating
BDNF levels after 9 months of resistance exercise in
adults with type 2 diabetes with a broad age range (30–

75 years). In contrast, in a large randomized clinical trial
(strength versus aerobic exercise) involving elderly wom-
enwith depressive symptoms (n=451; aged 65–89 years),
Pereira et al. (2013) showed that basal circulating BDNF
levels increased significantly following 10 weeks of
strength training, but not following aerobic training.
Also, Coelho et al. (2012) reported lower basal levels of
circulating BDNF in pre-frail compared to non-frail el-
derly women (aged 73±4 and 71±5 years, respectively).
However, basal circulating BDNF increased significantly
in both groups following 10 weeks of progressive resis-
tance training. In summary, the effects of strength training
on circulating BDNF levels in elderly persons are still
unclear. Given the high impact of strength training on
muscle mass, strength and functionality in the elderly, it is
important to further investigate its role in neurobiology.

Interestingly, circulating levels of inflammatory
markers and BDNF seem to be interrelated. Recently,
circulating BDNF was reported to be correlated with
inflammatory cytokines in the perioperative period in
patients undergoing major abdominal surgery
(Chimienti et al. 2012). Furthermore, inflammatory cy-
tokines have also been shown to enhance BDNF secre-
tion by monocytes, probably reflecting a neuroprotec-
tive role of BDNF in inflammatory conditions (Schulte-
Herbruggen et al. 2005). Therefore, the aim of our study
was to assess whether 12-week progressive strength
training can influence basal serum levels of BDNF, IL-
6 and IL-10 in elderly community-dwelling individuals.

Participants and methods

Participants

In this prospective, non-randomized controlled study, 20
elderly volunteers were allocated to 12 weeks of pro-
gressive strength training (PST) and matched with 20
non-exercising controls based on age (maximal age
difference of 5 years) and gender (male/female) (see
Table 1). Recruitment of participants was conducted
on a voluntary basis from different senior’s associations
through lectures given by the last author. After each
inclusion of a participant for the PST group, a matched
control subject was recruited until a total number of 20
participants in each group were reached. In order to have
a representative sample, all persons older than 60 years
who were living independently in the community and
who were sufficiently fit for strength training were
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eligible to participate (n=44). Subjects were excluded
when performing currently or within the past 6 months
on a regular basis physical exercise at higher intensities
than habitual daily activity (e.g. fitness class, strength-
ening exercises, cycling club; n=2). Prior to the study,
all participants allocated to the strength training inter-
vention underwent a thoroughmedical examination by a
geriatrician (questioning and physical examination) in
order to estimate any possible risk associated with in-
tensive strength training. Co-morbidity was not an ex-
clusion criterion per se, but to be eligible, the partici-
pants needed to be free of cognitive deterioration (Mini
Mental State Examination score≥24/30) (Folstein et al.
1975), physical impairments interfering with the exer-
cise procedures or unstable medical conditions. Subjects
using medication with anti-inflammatory effect (corti-
costeroids (n=1) or non-steroidal anti-inflammatory
drugs (n=1)) were excluded. As shown in Table 2, the
participants are classified into health categories, based
on modified SENIEUR criteria and according to the risk
for complications during physical training as described
previously by Bautmans et al. (2004).

The study protocol was approved by the local ethical
committee, and all participants gave written informed
consent.

Strength training program

The PST training program took place in a commercial
fitness centre located on the medical campus of the Vrije

Universiteit Brussel. The exercises (leg press, leg abductor,
leg adductor, vertical traction, chest press and shoulder
press) were performed onTechnogym™ devices, designed
for strength training. The details of the training program
are similar to those described previously (Bautmans et al.
2005). Briefly, before the start of the training program, the
maximal muscle strength (1 repetition maximum (RM)) of
the participants was evaluated for each exercise. On each
device, a warming up of 20 repetitions at 30 % of 1RM
preceded the training, which consisted in three series of 10
repetitions. The exercise intensity was progressively in-
creased by 10 % of 1RM every two sessions from 50 up
to70–80 % of 1RM. Every six sessions, the 1RM was
reassessed and the training weights adapted.

A complete training session lasted for about 1 h and
finished by stretching the involved muscle groups (see
Table 3 for an overview of the strength training pro-
gram). Participants were encouraged to follow three
training sessions a week on non-consecutive days. The
training was supervised by experienced coaches.
Control individuals (n=20) were asked to maintain their
daily activity levels and not to engage in any additional
form of physical exercise for the duration of the study.

Measurements

At baseline, the daily physical activity profile of all par-
ticipants was evaluated using the Yale Physical Activity
Survey (YPAS) for older adults (Dipietro et al. 1993), and
the Activity Dimensions Summary (YPAS-ADS) score

Table 1 Characteristics of PST and control participants at baseline

PST n=20 Control n=20 Difference between groups (p value)

Gender male/female 11/9 11/9

Age (years) 65.69 (61.09,72.57) 67.14 (63.03, 72.67) 0.779

Height (m) 1.71 (1.59, 1.73) 1.63 (1.57, 1.73) 0.925

BMI (kg/m2) 24.70 (23.78, 29.40) 27.30 (23.33, 31.49) 0.640

WHR 0.93 (0.82, 0.98) 0.90 (0.85, 0.95) 0.779

Weight (kg) 72.25 (60.88, 84.75) 79.00 (65.00, 87.00) 0.565

HGS (kPa) 77.00 (53.50,101.25) 63.00 (50.00, 95.00) 0.301

YPAS-ADS 42.00 (28.25, 72.25) 39.00 (35.00, 58.00) 0.199

Walking index 12.00 (8.00, 16.00) 16.00 (12.00, 28.00) 0.131

IL-6 (pg/mL) 1.59 (0.84, 2.63) 1.02 (0.55, 1.22) 0.072

BDNF (pg/mL) 78.50 (57.50,116.75) 83.00 (80.00, 90.00) 0.879

Except indicated data are median (interquartile range)

BMI body mass index, HGS hand grip strength, IL-6 interleukin 6, BDNF brain-derived neurotrophic factor, WHR waist–hip ratio, YPAS-
ADS Yale Physical Activity Survey
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was calculated, reflecting the subject’s physical activity
(vigorous activity, leisure walking, moving and sitting)
over the last month on a scale from 0 (no activity at all) to
177 (maximal activity). YPAS-derived walking index was
also evaluated at baseline for all participants. Additionally,
for the participants in the control group, the physical
activity level was reassessed monthly.

At baseline, the maximum grip strength was mea-
sured using the Martin vigorimeter (Elmed, Addison,
I11, USA) as outlined previously (Bautmans and Mets
2005); the highest score of three consecutive attempts
was registered (in kilopascal) for the dominant hand.

For the participants assigned to PST, maximal leg
press performance (1RM) was recorded at baseline and
after 12 weeks to document muscle strength adaptations
following the training.

Cytokine and BDNF assays

Before starting with exercising or control (T0) and at the
end (at least 24 h and maximum 48 h after the last training
session in order to capture only effects on basal levels and
to avoid bias due to acute exercise effects) of the 12 week
strength training program or control period (TE), serum
samples were collected from all participants and stored at

−20 °C until determination (simultaneously for both time
points) of cytokines and BDNF. IL-6 and IL-10 measure-
ments were performed using commercially available
ELISA kits (Biosource International, Nijvel, Belgium)
according to the manufacturer’s instructions. The detection
limits for IL-6 and IL-10 were <2 and 1 pg/mL, respec-
tively. The intra-assay coefficient of variations (CVs) for
IL-6 and IL-10 were determined by the manufacturer for
low (L), normal (N) and high (H) standards: IL-6 CV-
L=7.7 %, CV-N=5.7 % and CV-H=5.1 %; IL-10 CV-
L=2.9 %, CV-N=2.9 % and CV –H=4.8 %, respectively.

BDNF was analyzed using a commercially available
ELISA kit (ChemiKine™ BDNF ELISA kit, Millipore™,
Temecula, CA,USA) following themanufacturer’s instruc-
tions. The ELISA kit has a detection range from 7.8 to
500 pg/mL. The intra-assay CV was±3.7 % (125 pg/mL).

Statistical analysis

Referring to our previous study, the minimal required
sample size of each group is N=18 in order to find
relevant changes in CLIP following PST with a power
of 80% at two-sided p<0.05 (see (Bautmans et al. 2005)
for calculation details). For exercise-induced changes in
basal circulating BDNF, sample size calculation using

Table 2 Participant’s health status

Health
category

Description PST group(n=20) Control group (n=20)

Male Female Male Female

A1 Completely healthy; no medication 1 (9.1 %) 1 (11.1 %) 3 (27.3 %) 1 (11.1 %)

A2 Completely healthy; using only preventive medication 1 (9.1 %) 0 (0.0 %) 0 (0.0 %) 1 (11.1 %)

B1 Functioning normally; presence of stabilized, non-cardiovascular disease;
absence of cardiovascular abnormalities

2 (18.2 %) 3 (33.3 %) 2 (18.2 %) 3 (33.3 %)

B2 Functioning normally; using medication with cardiovascular effect, no overt
cardiovascular disease other than normalized arterial hypertension

2 (18.2 %) 4 (44.4 %) 3 (27.3 %) 4 (44.4 %)

C History of cardiovascular pathology or abnormal ECG 5 (45.5 %) 1 (11.1 %) 3 (27.3 %) 0 (0.0 %)

Table 3 Twelve-week progressive strength training program (PST)

Warming up Training1 Cooling down Phase

Sessions 1–3 1×20 rep 30 % of 1RM 3×10 rep 50 % of 1RM Muscle stretching Adaptation

Session 4–5 3×10 rep 60 % of 1RM

Session 6 3×10 rep 70 % of 1RM

Session 7 and later 3×10 rep 70–80 % of 1RM Intensive training

1On each training device a warming up of 20 repetitions at 30 % of 1RM preceded the training, which consisted in three series of 10
repetitions. The exercise intensity was progressively increased by 10 % of 1RM every two sessions from 50 % up to 70-80 % of 1RM
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G-power 3 software (Faul et al. 2007) revealed that a
minimal required sample size of each group of N=19 is
necessary to detect similar changes following PST as
reported by Coelho et al. (2012) with a power of 80 %
for two-sided p<0.05.

Statistical analysis was performed using IBM SPSS
statistics 22.0.0 software and GraphPad PRISM™ ver-
sion 4.0. Given the non-normal distribution of the cyto-
kine data (Kolmogorov–Smirnov goodness of fit test
p<0.05) and ordinal scale of some outcomes (YPAS
subscales), non-parametric analyses were used. The
Mann–Whitney test was used to assess the differences
in continuous data and chi-square test for differences in
categorical data between groups. The Wilcoxon signed-
rank test was used to compare the variables at baseline
and after 12 weeks. Friedman test was used to detect any
difference in YPAS-ADS and walking index in the
control group. Differences were considered to be signif-
icant for two-sided p<0.05. All data are presented as
median (interquartile range) except if otherwise
indicated.

Results

Baseline

The baseline characteristics of the PST and control
groups were similar. As can be seen in Table 1, there
are no significant differences for the anthropometric
variables nor for the levels of IL-6 (p=0.072) and
BDNF (p=0.879) between the two groups. For most
subjects (16 control and 16 exercise participants), IL-10
levels were below the detection limit of the kit used. In
addition, there was no significant difference in handgrip
strength between control and PST groups.

Follow-up

All participants in the PST group completed at least 32
sessions of strength training (average of 2.6 sessions per
week), and no complications or adverse events were
recorded. After 12 weeks of training, muscle strength
improved significantly, illustrated by an increase of
49 % in leg muscle strength (1RM on leg press,
87.5 kg (63.0, 111.0) and 130.0 kg (70.0, 155.0)), before
and after 12 weeks of PST; p=0.039). No significant
change was recorded in the physical activity status
among the control participants over the entire study

period as demonstrated by YPAS-ADS (baseline, 39.0
(33.0, 53.5); 1 month, 56.0 (35.0, 79.0); 2 months, 57.0
(41.5, 75.0); 3 months, 46.0 (34.5, 68.0); p=0.177) and
walking index (baseline, 16.0 (12.0, 32.0); 1 month,
24.0 (16.0, 24.0); 2 months, 24.0 (16.0, 24.0); 3 months,
24.0 (16.0, 24.0); p=0.926).

Circulating BDNF concentration was not significant-
ly affected neither in the PST nor in the control condi-
tion, and no significant difference was observed when
comparing the two groups for changes in BDNF levels
after 12 weeks (p=0.235, see Fig. 1). In addition, com-
parison of male versus female for changes in BDNF-
levels over 12 weeks (for PST and control separately)
showed no significant gender differences (data not
shown).

Basal IL-6 decreased significantly in the PST group,
whereas no significant change was found in the control
group. However, we did not observe a statistically sig-
nificant difference in changes of IL-6 concentration after
12 weeks when the PST and control groups were com-
pared (p=0.192) (see Fig. 2).

In most participants (32 participants out of 40),
values for IL-10 were below the detection limit (at
baseline and at 12 weeks), and thus, no statistical anal-
yses were performed for this cytokine. We further

Fig. 1 Change in BDNF concentrations in PST and control
groups between baseline and 12 weeks. There was no significant
change in BDNF in both groups at 12 weeks compared to baseline
(p=0.235)
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compared changes in IL-6 and BDNF between the con-
trol and PST groups after 12 weeks stratified according
to health categories, but this analysis revealed no signif-
icant difference (all p>0.05, data not shown).

Discussion

The present study investigated whether 12 weeks of
PST affect serum levels of BDNF, IL-6 and IL-10 in
community-dwelling older persons. In our exercise co-
hort, we recorded a median increase of 49 % in lower
limb muscle strength (p=0.039). This improvement in
muscle strength is in line with previous reports (Ogawa
et al. 2010; Greiwe et al. 2001; Schiffer et al. 2009;
Bruunsgaard et al. 2004; Bautmans et al. 2005) and
confirms that the exercise intensity was sufficient to
induce exercise-induced muscle adaptations. The con-
trol participants maintained a constant physical activity
level across the 12-week study period as illustrated by
physical activity questionnaires. Basal IL-6 levels sig-
nificantly decreased in the exercise group (p=0.001)
despite the presence of mixed co-morbidity in several
participants. Our results indicate that co-morbidity was
not a hindrance to lowering CLIP through strength

training in these elderly individuals. The possible lack
of difference in IL-6 over time between both groups
might be due to the relatively small sample size and
the existing co-morbidity, which might have
counteracted larger exercise-induced effects. Our results
support the hypothesis that following acute exercise, IL-
6 provokes the production of anti-inflammatory cyto-
kines such as IL-1Ra, soluble tumour necrosis factor
receptor (sTNF-R) and IL-10 which will reduce CLIP.
The acute cytokine response to exercise differs from that
of sepsis and infectious diseases in that the classical pro-
inflammatory cytokines, TNF-α and IL-1β, do not in-
crease (Petersen and Pedersen 2005). During exercise,
the earliest cytokine present in the circulation is IL-6
(with a concentration increase up to 100-fold) which is
later followed by anti-inflammatory cytokines such as
IL-1Ra, sTNF-R and IL-10. The increase in systemic
IL-6 levels is acute, returning progressively to its initial
value within 24 h (Steensberg et al. 2002). In this
context, IL-6 exerts rather an anti-inflammatory effect.
However, a chronically increased IL-6 level reflects
low-grade chronic inflammation (CLIP). Skeletal mus-
cle was reported as a major production site for the
exercise-induced IL-6 increase, which is known to me-
diate the beneficial effects of exercise. In our study, we
were unable to report IL-10 data since most of the values
were below the detection limits of the kit used (1 pg/
mL). This result is in contrast with the report by Jankord
and Jemiolo (2004) and earlier work of our group
(Bautmans et al. 2005). These studies showed that reg-
ular physical activity led to a significant decrease in IL-6
and a significant increase in IL-10. However, it must be
noted that the participants in the study by Jankord and
Jemiolo (2004) 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)
and that the sensitivity of their ELISA kit was higher
(0.5 pg/mL) than ours (1 pg/mL). On the other hand,
other groups also failed to detect circulating IL-10 in
most of their community-dwelling participants using
ELISA kits with a sensitivity of 3 pg/mL (Fayad et al.
2001; Nemunaitis et al. 2001). Nevertheless, the de-
crease of IL-6 that we found here is a confirmation of
the findings of an earlier study by our group in which we
reported a significant acute elevation of IL-6 in elderly
women andmen after one bout of strengthening exercise
and a significant decrease in basal IL-6 levels after 6-
week strength training (Bautmans et al. 2005). Also
Phillips et al. (2010) reported a reduction in the

Fig. 2 Change in IL-6 concentrations in PST and control groups
between baseline and 12weeks. A significant change (decrease) in
IL-6 levels was observed in the PST (p=0.001), but not in the
control group (p=0.192). There was no significant difference in
evolution at 12 weeks between the groups
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inflammatory milieu and the reduction of circulating IL-
6 following strength training in previously sedentary
women.

In this study, we did not find any significant change
in circulating BDNF concentration after a period of
12 weeks of PST or control. Currently, data are limited
concerning the effect of strength training on circulating
BDNF levels in the elderly. Our result is supported by
data from Swift et al. (2012) and Levinger et al. (2008)
who found no increase in basal circulating BDNF levels
following resistance training in middle-aged adults with
respectively mixed risk factors for metabolic syndrome
and type 2 diabetes. Contrastingly, Coelho et al. and
Pereira et al. reported significantly increased basal cir-
culating BDNF following resistance training in elderly
participants (Coelho et al. 2012; Pereira et al. 2013). The
difference between our study and previous studies that
found an association between circulating BDNF levels
and strength training may be due to differences in the
study population. The participants in our study were
non-frail elderly persons living independently in the
community. Although several subjects showed mixed
co-morbidity, all were free of diagnosed depression, and
only two had type 2 diabetes. Pereira et al. (2013) have
demonstrated in elderly (aged 65–89 years) womenwith
depressive symptoms that 10 weeks of strength training
increased basal circulating BDNF levels but observed
no significant effect resulting from aerobic exercise.
Similarly, Coelho et al. (2012) found lower levels of
circulating BDNF in pre-frail elderly women compared
to non-frail women but showed that strength training
increased significantly basal circulating levels of BDNF
in both groups. In this work by Coelho et al. (2012), pre-
frail elderly women presented with less muscular
strength which might have been as a result of
sarcopenia. Moreover, Coelho et al. and Pereira et al.
measured BDNF levels in plasma (Coelho et al. 2012;
Pereira et al. 2013), whereas in our study, serum levels
were assessed. Recent reports by Cho et al. (2012) and
Gilder et al. (2014) showed that in young adults, acute
changes in circulating BDNF following one bout of
endurance exercise are higher in serum compared to
plasma, as well that subjects with higher fat free mass
show more important exercise-induced changes in se-
rum BDNF levels. The differences in serum and plasma
BDNF kinetics following exercise are probably due to
the role of platelets, which have an important capacity
for uptake and storage of BDNF. However, future stud-
ies are needed to elucidate whether this interferes with

changes in BDNF levels following strength training in
elderly persons.

The lack of significant change in basal circulating
BDNF levels in our study does not exclude the possi-
bility of an exercise-induced change in onsite produc-
tion in the muscle (Matthews et al. 2009) or the brain
(Rasmussen et al. 2009). Matthews et al. in an in vitro
study showed significant exercise-induced acute in-
creases of intra-myocellular BDNF mRNA and protein
expression but failed to demonstrate significant in-
creases in extra-myocellular BDNF (Matthews et al.
2009). However, we did not study skeletal muscle gene
expression or protein levels after exercise, and an unde-
tected upregulation cannot be excluded. Also, it cannot
be excluded that exercise-induced acute changes in cir-
culating BDNF occurred, which might have been
washed out at the moment of sampling. In fact, our
participants were sampled at least 24 h and maximum
48 h after the last training session in order to capture
only effects on basal levels and to avoid bias due to
acute exercise effects. Strength training has been an
effective measure against sarcopenia in the elderly, and
given the relevance of this type of intervention, new
studies are needed to investigate its appropriateness to
modulate neurobiology in the elderly. Based on the
current literature, many diseases of the CNS including
neurodegenerative diseases and psychiatric disorders
and metabolic diseases are partly associated to de-
creased expression of neurotrophins (Pedersen and
Febbraio 2012; Zoladz and Pilc 2010). In addition, some
recent studies have reported a link between BDNF and a
pro-inflammatory state (Chimienti et al. 2012; Schulte-
Herbruggen et al. 2005), but the direction of the
exercise-induced changes in BDNF is not clear and
could be different based on the clinical condition and
age of the subjects. As a result, further studies investi-
gating the physiological importance of the training-
induced changes in circulating levels of BDNF in indi-
viduals with different forms of co-morbidities are im-
perative. Compared with prior research on the effects of
strength training on basal circulating BDNF, this study
addresses a gap in the literature by reporting on
community-dwelling elderly persons with some forms
of co-morbidities, which we compared with controls
having a similar health status.

This study had some limitations. Firstly, our study
design, although involving a control group, was not
randomized. Also, the study population was a conve-
nience sample; thus, caution is warranted when
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interpreting the results. However, the comparison of the
two groups of community-dwelling older persons with
comparable co-morbidity, rather than highly selected
healthy subjects, constitutes a novelty and strength. As
we addressed older persons with co-morbidity, our re-
sults might be more representative of real-life commu-
nity-dwelling older subjects. The basal IL-6 level was
somewhat, although not significantly, higher for the
PST group than for the control group (p=0.072). It
cannot be excluded that this might have affected our
results. Secondly, although unlikely, it cannot be exclud-
ed that the lack of significant change in BDNF was due
to a type II error. In fact, our study sample size (N=40,
20 participants per group) was a priori calculated in
order to be able to detect exercise-induced changes in
basal circulating BDNF levels of similar magnitude as
previously reported by Coelho et al. (2012) with 80 %
power and alpha=0.05. On the other hand, the absence
of any significant change in BDNF levels could also
result from the long washout period (blood was drawn
24 to 48 h after last training session in order to capture
only effects on basal levels and to avoid bias due to
acute exercise effects). Thirdly, it cannot be excluded
that the changes we observed in the PST group could
have been influenced by other confounding factors
(such as dietary habits and/or vitamin D intake (De
Vita et al. 2014)) that we did not examine here and for
which we did not control. Finally, although the detection
limit of the ELISA kit used was 1 pg/mL, most partic-
ipants showed undetectable IL-10 levels, and conse-
quently, we were unable to perform statistical analyses
for this cytokine.

Conclusion

Our results demonstrate that 12-week PST in older
subjects, despite the presence of co-morbidities, was
associated with decreased basal levels of IL-6 which
remained unchanged in the control group. Despite this
positive change in CLIP, the strength training did not
influence circulating BDNF levels when compared with
matched controls. These results are in line with obser-
vations from other studies, although the literature re-
mains controversial about it. As physical exercise
should be encouraged in all older individuals whether
healthy or affected by chronic diseases and because
neurodegenerative disease is and will remain a major
public health issue, the type and intensity of exercise

that yield optimal effects on the neuroprotective growth
factor BDNF are of utmost importance and should be
further investigated.
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