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Abstract Physical activity has been proposed as a
promising intervention to improve cognition and
decrease the risk of dementia in older adults.
Brain-derived neurotrophic factor (BDNF) appears
to mediate, at least partially, these effects of exer-
cise. However, intervention studies of the effects
of multimodal exercises on cognition and BDNF
levels are scarce and composed by small samples.

Thus, the generalization of the conclusions of
these studies depends on the reproducibility of
the results. In order to contribute to the knowledge
on the field, the present study evaluated the effects
of a physical activity intervention composed by
muscle strengthening and aerobic conditioning on
BDNF levels and cognition in older women. Inde-
pendent and non-demented subjects (≥75 years)
were assigned to a 3-month physical activity inter-
vention (n = 22, 60 min exercise sessions three
times a week) or to a control condition (n = 10,
no exercise). Clinical (anxiety and depression
symptoms), neuropsychological (Digit Span,
Stroop, Trail Making, and Contextual Memory
tests), physical (upper and lower limb strength,
aerobic conditioning), and physiological (serum
BDNF) parameters were evaluated immediately be-
fore, 1 month, and 3 months after starting inter-
vention. Results indicated that controls had stable
levels for all measured variables, whereas the in-
tervention group improved on physical fitness, de-
pressive symptoms, cognitive performance, and
BDNF levels. Moreover, a linear regression iden-
tified an association between aerobic conditioning
and BDNF levels. In conclusion, combined muscle
strengthening and aerobic conditioning was able to
improve cognitive performance and increase BDNF
levels. Aerobic conditioning seems to be an im-
portant mediator of these outcomes.
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Introduction

The global population is aging and the increase in
longevity is associated with an increase of older indi-
viduals with cognitive impairment (Prince et al. 2013).
Considering the devastating effects of cognitive decline
on life quality and general health, the establishment of
appropriate interventions to prevent, rehabilitate, and/or
manage these age-related dysfunctions are important
goals for public health.

Previous studies suggest that physical activity inter-
ventions can improve cognition (e.g., enhancing mem-
ory, attention, executive functions) (Desjardins-Crepeau
et al. 2016; Tarazona-Santabalbina et al. 2016) and
decrease the risk of dementia (Lista and Sorrentino
2010). These effects of physical activity could be medi-
ated by its capacity to address dementia risk factors
(e.g., diabetes mellitus, hypertension, obesity, depres-
sion) and modulate the levels of neurotransmitters and
neurotrophins (Floel et al. 2010; Neeper et al. 1995),
such as the brain-derived neurotrophic factor (BDNF)
(Vaynman et al. 2004). BDNF can modulate several
mechanisms that improve and/or protect cognitive func-
tioning, such as neurogenesis, neuronal plasticity, and
survival (Novkovic et al. 2015).

It is generally assumed that peripheral (plasma/se-
rum) and central (brain) BDNF levels are correlated
(O’Bryant et al. 2011; Rasmussen et al. 2009) and that
BDNF decreases with aging (Gunstad et al. 2008;
Lommatzsch et al. 2005) and increases with physical
activity (Lustosa et al. 2011; Nascimento et al. 2014;
Pereira et al. 2013). However, there are relatively few
studies that evaluate the effects of multimodal exer-
cises (combined muscle strength and aerobic condi-
tioning protocols) on BDNF levels. From a global
health perspective, these are the more advantageous
exercises for the elderly. Resistance training counter-
acts the loss of muscle mass, strength, and potency, all
of which impair functionality of older adults (Volpi
et al. 2004; Wolfson et al. 1995). On the other hand,
aerobic conditioning can protect from cardiovascular
dysfunctions (Fleg 2002; Jaureguizar et al. 2016;
Tadjibaev et al. 2014) and metabolic syndrome
(Chodzko-Zajko et al. 2009), which are among the
most common chronic conditions associated with ag-
ing (Vaes et al. 2012).

The aim of this study was to expand the knowledge
about the effects of physical activity on cognition in
older adults. Intervention studies that showed increased

BDNF levels and improved cognitive performance after
a period of multimodal exercises were composed by
small samples of community-dwelling older adults
(Nascimento et al. 2014; Vaughan et al. 2014), probably
because of the difficulties inherent to this type of re-
search. Thus, the generalization of the conclusions of
these studies depends on the reproducibility of the re-
sults in different samples and conditions. In this context,
we evaluated the effects of a 3-month physical activity
intervention, composed by a combination of resistance
and aerobic conditioning exercises, on BDNF levels and
on cognitive functions in a sample of elderly women, all
of them residing in the same retirement home.

Methods

Sample

Participants included 31 women (80 to 97 years), re-
cruited from a residential home for elderly located in
Porto Alegre, Brazil. The participants were assigned to a
3-month physical activity intervention (60 min exercise
sessions three times a week, n = 22) or to a control
condition (no exercise, n = 10). All volunteers were
autonomous, being able to perform their daily activities
without assistance and leave the residential home when-
ever they wanted. Even so, they usually stayed at the
retirement home, following its routine, which was main-
ly determined by mealtimes.

Inclusion criteria for either experimental group were
age (≥75 years) and not being physically active in the
last 6 months. Thus, they should not be practicing
physical activity (recreational or oriented) for at least
6 months. Exclusion criteria were lower limb amputa-
tion or bone fractures in the past 6 months, neurological
injures (e.g., traumatic brain injury, stroke), disorders
(e.g., neurodegenerative diseases), or report of neuro-
surgical procedures, major unstable medical illnesses
(e.g., metastatic cancer, acute inflammatory conditions),
medications that interfere with cognitive functions and
BDNF levels, and scores on Mini-Mental State Exami-
nation (MMSE) indicative of dementia (Folstein et al.
1975). Cutoff values for the Brazilian version of MMSE
were <18 for middle educational level (4 to 8 years of
formal education) and <26 for high educational level
(more than 8 years of formal education) (Bertolucci
et al. 1994).
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We also controlled the experimental groups for de-
pressive and anxiety symptoms, since we know that
they can be modulated by physical activity and influ-
ence the results of cognitive tests. Symptoms of depres-
sion and anxiety were assessed with the Brazilian
adapted and validated version of Beck Depression In-
ventory (BDI) and Beck Anxiety Inventory (BAI)
(Cunha 2011).

Participants selected for the intervention group were
also required to obtain consent from their personal phy-
sician to participate in the 3-month physical activity
program, which was composed of muscle strengthening
and aerobic conditioning activities. The study was con-
ducted in accordance with the ethical standards of the
1964 Declaration of Helsinki and approved by the Re-
search and Ethics Committee of Pontifical Catholic
University, Porto Alegre, Brazil. All participants gave
their written informed consent.

Experimental procedures

All subjects and experimental variables (depression and
anxiety symptoms, muscle strength, aerobic condition-
ing, BDNF levels, and neuropsychological measures)
were analyzed at three sampling times: immediately
before (baseline), 1 month, and 3 months after starting
the physical intervention program.

Measurement of muscle strength and aerobic
conditioning

Aerobic conditioning of participants was estimated with
the 6-min walk test (6MWT) (Bean et al. 2002; Solway
et al. 2001), lower limb strength (LLS) was evaluated
with the 30-s chair-stand test (Jones et al. 1999), and
handgrip strength was used as a measure of upper limb
strength (ULS) (Baltzopoulos and Brodie 1989) and
evaluated with an Hydraulic Dynamometer SH5001
(Saehan).

Serum BDNF measurement

For BDNF analysis, 5 ml of blood was collected from
each subject by venipuncture into a free-anticoagulant
vacuum tube. The blood was immediately centrifuged at
4000×g for 10 min, and serum was frozen at −80 °C
until further analysis. BDNF levels were measured by
Sandwich ELISA (MerckMillipore, Darmstadt, Germa-
ny) following manufacturer’s instructions.

Neuropsychological measures

The effects of the physical activity intervention on at-
tention and working memory were evaluated with the
Forward and Backward Digit Span Tests of the
Wechsler Adult Intelligence Scale (Wechsler 1997).
The Trail Making A and B Tests (Strauss et al. 2006)
were administered for processing speed and executive
function assessment. The Logical Memory Tests I and II
(Wechsler 1987) were used to analyze immediate and
delayed recall. Response inhibition capacity was ana-
lyzed with the Stroop Color–Word test (Strauss et al.
2006).

All procedures related to the neuropsychological
assessments followed the recommended guidelines
and were briefly described elsewhere (Correa et al.
2015).

Physical activity intervention: muscle strengthening
and aerobic conditioning

Physical activity protocols were performed only with the
intervention group (n = 20) in the courtyard of the residen-
tial home, oriented and supervised by a physiotherapist and
his assistants. The physical activity intervention was done
three times aweek and lasted 3months. During this period,
all volunteers were instructed to maintain their usual activ-
ities and to refrain from initiating other physical exercise
programs.

All sessions lasted 60 min and started and ended with
warm-up and cooldown stretching exercises accompa-
nied by relaxing music. During each session, partici-
pants engaged in toning exercises (using resistance
bands) for the following muscles: rectus femoris, ham-
strings, triceps surae, and psoas. The lower limb
strengthening intervention was then performed for hip
flexion, abduction, adduction, extension, knee flexion,
andmini-squat. Upper limb strengthening was also done
with the aid of resistance bands for the biceps, triceps,
and deltoid muscles.

The appropriate training load for each subject was
obtained based on its maximal resistance (MR). Initially,
exercises were done at 50% of the estimated 1MR load
and then gradually increased until reaching at least 75%
of 1MR from the third week of training (Lustosa et al.
2011; Watanabe et al. 2014). Each exercise was done in
three sets with an interval of 30 s between them. Each
set consisted of ten repetitions with a 10-s isometric hold
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(Kern et al. 2002). After completion of the strengthening
exercises, which lasted about 30 min, participants were
instructed to walk a specified distance in the residential
courtyard. The walking distance was increased every
week until reaching a 30-min walk. Heart and breath
rates, as well as arterial pressure and oxygen saturation
(O2 sat), were monitored during and at the end of the
physical activity. All exercises were done in the 75–85%
range of the maximum heart rate value (Blair et al. 1991;
Strath et al. 2000).

Volunteers of the control group (n = 10) were
instructed to maintain their usual activities and to refrain
from initiating any physical exercise programs during
data collection for this study.

Statistical analysis

All variables were tested for homogeneity of vari-
ances and normality of distribution by means of the
Levene and Shapiro-Wilk tests, respectively, and
met parametric assumptions. Continuous demo-
graphic and clinical data were compared with inde-
pendent sample t tests, whereas categorical variables
were compared with chi-square statistics. Fitness
indicators (muscle strength and aerobic condition-
ing), psychiatric symptoms, BDNF levels, and per-
formance on neuropsychological tests were analyzed
with dependent measures ANOVAs to evaluate al-
terations of these variables along the sampling times
in each experimental group. One-way ANOVAs
were used to compare intervention and control
groups in each sampling time. Bonferroni’s post
hoc test was used whenever necessary. All statistical
procedures employed for the analysis of BDNF
levels and performance on neuropsychological tests
were repeated to evaluate the effect of age, educa-
tion, and/or scores on BDI as covariates (see ratio-
nale for doing so below). Finally, relations between
physical conditioning (muscle strength and aerobic
conditioning) and BDNF levels in the intervention
group were evaluated with linear regression analy-
sis. Statistical power of all analysis was ≥0.80, sig-
nificance level was set at α = 0.05 (two-tailed), and
con t i n uou s v a r i a b l e s we r e exp r e s s e d a s
mean ± standard deviation. Statistical analyses were
performed using the Statistical Package for Social
Sciences, SPSS Statistics 17.0 software (SPSS Inc.,
Chicago, IL, USA), and figure preparation was

performed with Prism 5.0 (GraphPad Software Inc.
San Diego, CA).

Results

Demographic and clinical characteristics

Two of the volunteers initially admitted in the interven-
tion group were excluded from statistical analysis be-
cause they began antidepressant medication use (which
could interfere in the evaluation of psychiatric symp-
toms and BDNF levels) during the physical activity
program. In the control group, one volunteer was ex-
cluded because she began to attend to an oriented phys-
ical activity (swimming).

Table 1 shows the demographic and psychiatric char-
acteristics of the intervention (n = 20) and control (n = 9)
groups. As can be seen, no significant group differences
were seen for age, BMI, and baseline scores on MMSE,
BDI, and BAI [all p > 0.05]. However, education levels
were somewhat higher in the control group [t = 2.176,
df = 29, p = 0.038].

Effects of physical activity on muscle strength,
aerobic conditioning, and psychiatric symptoms

As shown in Table 2, physical fitness parameters and
psychiatric symptoms remained constant along sam-
pling times in the control group [all p > 0.05]. However,
improvements in muscle strength of lower limbs
[F(2,38) = 43.387, η2ρ = 0.695, p < 0.001], aerobic
conditioning [F(2,38) = 17.975, η2ρ = 0.486,

Table 1 Demographic and clinical data in the control and inter-
vention groups (mean ± SD)

Control n = 9 Intervention n = 20 p

Age (years) 77.33 ± 9.89 83.00 ± 6.53 0.068

Education (years) 10.11 ± 3.82 7.40 ± 3.39 0.038

BMI 24.88 ± 3.95 24.83 ± 3.76 0.916

MMSE 24.77 ± 3.30 24.10 ± 3.30 0.725

Baseline BDI 9.77 ± 6.18 10.55 ± 6.00 0.622

Baseline BAI 4.77 ± 4.89 5.05 ± 3.29 0.423

BMI body mass index, MMSE Mini-Mental State Examination,
BDI Beck Depression Inventory, BAI Beck Anxiety Inventory
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p < 0.001], and depressive symptoms [F(2,38) = 9.09,
ƞ2 = 0.324, p = 0.001] were seen in the intervention
group. Bonferroni’s post hoc test indicated that lower
limb strength and aerobic conditioning had a stepwise
improvement during the physical activity protocol [all
p < 0.05 between the baseline and first month, and
between the first and third month]. In turn, improve-
ments in depressive symptoms were observed only at
the third month of exercise [p = 0.001 in comparison to
baseline]. Even so, all these improvements were modest,
since they did not lead to significant group differences,
as shown by the one-way ANOVAs for each sampling
time [all p > 0.05].

Effects of physical activity on serum BDNF levels

The BDNF levels remained without significant alter-
ations in the control group [F(2,16) = 1.193,
η2ρ = 0.329, p = 0.32] during the 3-month period of
the study, but increased in the intervention group
[F(2,38) = 6.301, η2ρ = 0.249, p = 0.004]. As indicated
by Bonferroni’s post hoc test, the highest BDNF values
were achieved at the third month of the physical activity
intervention [p = 0.006 in comparison to baseline and
p = 0.007 in comparison to first month values] (Fig. 1).
Moreover, the comparison of the intervention and con-
trol groups at each sampling time indicated that BDNF
levels were significantly higher in the intervention
group at the first [F(1,27) = 23.84, η2ρ = 0.451,
p < 0.01] and third [F(1,27) = 243.166, η2ρ = 0.893,
p < 0.01] months of the physical activity program.

To strengthen the internal validity and generalizabil-
ity of our results, we also evaluated if age, education,
and scores on BDI could be confounding variables in

Fig. 1 Serum BDNF concentration (pg/ml) before (baseline),
1 month, and 3 months after the beginning of the physical activity
intervention. *p < 0.01 in comparison to baseline and first month
levels of the intervention group; #p < 0.05 in comparison to the
control group in the same sampling timesT
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the statistical analysis of BDNF levels. The rationale in
doing so is related to the composition of our sample
(which showed a relatively broad age distribution, 73 to
97 years, and significant between group differences in
years of education and to the significant effects of the
exercise intervention on BDI scores. Literature suggests
that age and depressive symptoms can have negative
relations with BDNF levels (Archer et al. 2014; Bus
et al. 2012; Erickson et al. 2010; Martinowich et al.
2007). On the other hand, years of education is often
used as a proxy variable to estimate cognitive reserve
(Barulli and Stern 2013) and different studies suggest
that the extent of cognitive reserve could be associated
with increased BDNF availability (Beeri and Sonnen
2016; Ward et al. 2015). Thus, education could have a
positive association with BDNF levels.

The results of the covariance analysis indicated that
age, years of education, and scores on BDI had no
significant effects as covariates (all p > 0.05) and, con-
sequently, the results previously described for the
BDNF analysis remained unchanged.

Finally, regression analysis indicated a significant
association between the improvement of aerobic condi-
tioning and the increase in circulating BDNF levels in
the intervention group [R = 0.52; B = 9.07; p = 0.02].

Effects of physical activity on neuropsychological
measurements

Repeated measures ANOVAs indicated that the perfor-
mance of the control group on the neuropsychological
tests remained without significant alterations during the
3 months of the study [all p > 0.05]. On the other hand,
performances of the intervention group improved in all
neuropsychological tasks, as indicated by the repeated
measures ANOVAS for Forward Digit Span
[F(2,38) = 8.665, η2ρ = 0.95, p < 0.001], Backward Digit
Span [F(2,38) = 3.994, η2ρ = 0.174, p = 0.027], Logical
Memory I [F(2,38) = 10.797, η2ρ = 0.238, p < 0.001],
Logical Memory II [F(2,38) = 7.507, η2ρ = 0.320,
p = 0.003], Trail Making A [F(2,38) = 6.627,
η2ρ = 0.241, p = 0.003] , Tra i l Making B
[F(2,38) = 6.627, η2ρ = 0.241, p = 0.037], and Stroop
[F(2,38) = 8.332, η2ρ = 0.149, p = 0.002] tasks.
Bonferroni’s post hoc test indicated that the scores of the
intervention group on Logical Memory I and II already
increased in the first month of the intervention [all p < 0.05
in comparison to baseline scores], remaining stable until
the last sampling time [all p > 0.05 in comparison to the

first month]. All other neuropsychological tasks showed
significant improvements only at 3 months of physical
activity intervention [all p < 0.05 in comparison to base-
line and p > 0.05 in comparison to the first month].

Further comparisons between the control group and
intervention group at each experimental sampling time
indicated no significant differences between groups at
baseline and 1 month. However, at 3 months, the scores
of the intervention group were significantly better than
the con t ro l g roup on Forward Dig i t Span
[F(1,27) = 10.775, η2ρ = 0.093, p = 0.003], Backward
Digit Span [F(1,27) = 16.334, η2ρ = 0.451, p = 0.032],
Logical Memory I [F(1,27) = 435.271, η2ρ = 0.185,
p < 0.001], and Stroop [F(1,27) = 5.058, η2ρ = 0.175,
p = 0.033] tasks.

The results of the covariance analysis indicated that
age, education, and BDI scores had no significant effects
as covariates (all p > 0.05) and, consequently, the results
previously described for the analysis of neuropsycho-
logical tests remained unchanged.

To summarize, performance on all neuropsychologi-
cal tasks improved in the intervention group. However,
the improvements were modest and mainly seen in the
third month of the physical activity protocol (Fig. 2).

Discussion

The main findings of this study indicate that the 3-
month intervention protocol, composed of muscle
strengthening and aerobic conditioning, was capable to
increase BDNF levels and induce improvements on
attention, working memory, declarative memory, and
executive function (inhibitory response capacity) in
older women residing in an assisted living home. More-
over, the BDNF increase was significantly and positive-
ly associated with the improvement in aerobic
conditioning.

The exercise program used in this study was able to
increase muscle strength and aerobic conditioning in the
intervention group along the 3-month intervention.
However, since the duration of the exercise protocol
was relatively short, increases in physical fitness were
modest and resulted in the lack of significant differences
between the intervention and control groups at the end
of the experimental period. Similar results were ob-
served in multimodal exercise interventions that lasted
between 10 and 16 weeks (Nascimento et al. 2014;
Suzuki et al. 2013), and suggest that longer exercise
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protocols can lead to greater physical fitness improve-
ments (Pahor et al. 2014; Van der Bij et al. 2002).
Depressive symptoms also showed a modest

improvement with the combined physical activity inter-
vention, clearly indicating that it has potential for men-
tal, as well as physical, health modulation. It is worth

Fig. 2 Performance of the control and intervention groups on
neuropsychological tests evaluated at baseline, 1 month, and
3 months after the beginning of the physical activity intervention.

*p < 0.05 in comparison to the other sampling times of this group;
**p < 0.05 in comparison to baseline of this group; #p < 0.05 in
comparison to the third month of the control group
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noting that our study subjects were mainly at the mini-
mum symptoms range for depression (Cunha 2011), in
which physical interventions usually are more effective,
but not less important, since these psychiatric symptoms
are related to impairments in activities of daily living
(Strait and Lakatta 2012).

The BDNF levels of the intervention group increased
from baseline to the third month of physical activity,
already showing higher BDNF levels than the control
group at the first month of the exercise intervention. More-
over, the increase in the mean BDNF level was accompa-
nied by a considerable decrease in the standard deviation
(from 3746.61 ± 1891.01 pg/ml at baseline to
5559.69 ± 807.87 pg/ml at 3 months), suggesting that
our exercise protocol had a greater effect on subjects with
the lowest BDNF levels. Former studies using multimodal
exercise protocols also observed increases in BDNF levels
in healthy elderly and subjects with mild cognitive impair-
ment (MCI), but only when the intervention lasted more
than 10 weeks (Nascimento et al. 2014; Suzuki et al. 2013;
Vaughan et al. 2014). The relative contribution of resis-
tance versus aerobic conditioning exercises in promoting
the BDNF increases are still amatter of debate (Baker et al.
2010a, b; Coelho et al. 2013; Erickson et al. 2011; Pereira
et al. 2013). Interestingly, the elevation of BDNF seen in
this study correlated with aerobic conditioning, but not
with the resistance gain. However, we find it premature
to rule out an effect of resistance training on the increase in
BDNF levels, since our study has some limitations that
must be emphasized, as discussed below. Thus, the result
that must be highlighted here is that a combined muscle
strength and aerobic conditioning intervention can increase
BDNF levels, and that aerobic conditioning is at least
partially responsible for that improvement.

The literature suggests that BDNF could be a key
component of the beneficial effects of physical activity
on cognitive functioning, since this neurotrophin can
modulate neurogenesis (Wei et al. 2015), neuroplasticity
(Leal et al. 2017), and neuronal survival (Park and Poo
2013), all of which could improve cognitive processing
(Bekinschtein et al. 2008; Novkovic et al. 2015) and
protect against age-related cognitive declines (Carlino
et al. 2013; Erickson et al. 2012). In accordance with this
notion, our results showed that the BDNF increase seen
in the intervention group was accompanied by improved
performances on all neuropsychological tests evaluated.
Therefore, at the end of the 3-month exercise protocol,
scores on attention, working memory, declarative mem-
ory, and executive function (inhibitory response

capacity) were higher in the intervention group in com-
parison to the sedentary control group. These results are
in accordance with previous studies that reported posi-
tive effects of multimodal exercise interventions on
cognitive functioning in healthy as well as in MCI older
adults (Lee et al. 2015; Nascimento et al. 2014; Suzuki
et al. 2013; Vaughan et al. 2014).

Although tempting, the experimental design of the
present study does not allow the establishment of a
causal relationship between the increases in BDNF
levels and the improvement on cognitive performance.
Besides BDNF modulation, physical activity can set in
motion other mechanisms that can improve (directly or
indirectly) cognitive functioning. In this context, we
could cite different trophic factors (such as fibroblast,
nerve, insulin-like and vascular endothelial growth fac-
tors), among other substances, that were also suggested
to be associated with exercise-induced benefits on brain
structures and cognitive performance (Colcombe and
Kramer 2003). Even so, the results of this exploratory
study give support to the hypothesis that BDNF could
be a key intermediate of the effects of physical exercise
on cognition.

Among the limitations regarding the current study are
sample size and composition. Our sample was small,
consisted only of women and all of them resided in the
same retirement home, thus restricting the generaliza-
tion of the results to the elderly population. However,
the homogeneity of our sample, in terms of general life
conditions (housing, diet type, daily routine, and activ-
ities) and participation in the physical activity protocol
(all subjects participated in all exercise sessions), must
be emphasized as a strength of this study. Literature
suggests that BDNF levels are sensitive to life condi-
tions (Bus et al. 2011; Rosas-Vargas et al. 2011) and
style (Chan et al. 2008), and most studies with greater
samples than ours suffer with the variability of these
parameters among their volunteers, besides the difficul-
ty to engage them continuously in their exercise pro-
grams (Carvalho et al. 2014). Moreover, former studies
recruited volunteers from the community (Nascimento
et al. 2014; Suzuki et al. 2013; Vaughan et al. 2014). We
choose a sample of women residing in the same resi-
dential home because they could reflect the real impor-
tance of the introduction of a multimodal exercise pro-
gram for the physical and mental health of older adults
residing in care facilities, since they normally have
different characteristics and needs in comparison to the
more independent community volunteers.
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In conclusion, our study shows that a multimodal
exercise intervention can increase BDNF levels and
enhance cognitive functioning (besides improving phys-
ical fitness and symptoms of mood disorders) in non-
demented elderly women residing in an assisted living
home. Thus, our results give support to former studies
that showed the positive effects of multimodal exercises
on BDNF levels and cognition. Moreover, our study
reinforces the notion that multimodal exercises are
promising, low-cost, and low-risk interventions able to
simultaneously improve physical fitness and mental
health. Future studies should analyze greater samples,
include men, and extend the intervention period, in
order to further the generalization of the results and
evaluate the full potential of this kind of exercise proto-
col on the promotion of successful aging. Moreover, it
would be very interesting to also evaluate other physio-
logical parameters known to be sensible to physical
activity interventions and capable to interact with BDNF
levels and cognitive functions, such as other neurotroph-
ic factors and inflammatory status markers.
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