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Mind-body practices (MBP) are known to induce electrophysiological and morphological changes, whereas reports related to
changes of neurotrophins are surprisingly scarce. Consequently, in the current paper, we focused on the Quadrato motor training
(QMT), a newly developed whole-body movement-based MBP, which has been reported to enhance creativity. Here we report the
effects of 4 weeks of daily QMT on creativity and proNGF level in two interrelated studies. In Study A, we examined the effects of
QMT compared with a walking training (WT) in healthy adults, utilizing the alternate uses task. In contrast with the WT, QMT
resulted in increased creativity. In addition, the change in creativity negatively correlated with the change in proNGF levels. In Study
B, we examined QMT effects on creativity and additional metacognitive functions in children, using a nonintervention group as
control. Similar to Study A, following QMT, we found a negative correlation of proNGF with creativity, as well as working memory
updating and planning ability. Together, the current results point to the relationship between increased creativity and decreased
proNGF following MBP. Thus, the current research emphasizes the importance of widening the scope of examination of “MBP in
motion” in relation to metacognition and well-being.

1. Introduction

Creativity is considered important both for personal well-
being and social growth [1]. It is an important function
through which we can cope with significant challenges in our
environments in novel and appropriate ways [2]. The lexeme
in the Englishword creativity comes from the Latin term creō,
meaning “to create, make.” Thus, creativity means bringing
into being, as it involves generation of novelty and trans-
formation of existent information [1]. In its wider meaning,
creativity can be understood as the ability to adapt cognitive
processing strategies to face new and unexpected conditions
and is thus closely related to efficient problem-solving and
coping with stress, resulting in increased well-being [3–
6]. Research examining the effects of mindful training on
creative performance has been relatively scarce and mainly

focused on sitting meditations. While some studies found
evidence for a strong positive impact of meditation practice
on creativity [7], others found only a weak association or
no effect at all [8, 9]. Research examining the effect of
whole-body movement-based mind-body practices (MBP)
on creativity is lacking, and the current report is intended to
start filling this gap. To this aim we examined the Quadrato
motor training (QMT), a whole-body movement practice,
which has been recently found to increase creativity and
emotional well-being [10, 11]. In addition, a single session of
QMT was found to improve spatial cognition and reflectivity
[12] in contrast to two different control groups controlling
separately for cognitive and motor load.

In addition to the QMT-induced effects on creativity
and well-being, QMT has been found to increase alpha
(8–13Hz) synchronization [10, 12]. Since decreased alpha
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synchronization [13], in parallel to increased proNGF levels,
was found in different health-related disorders, such as
Alzheimer’s disease [14], in the current paper we expanded
our examination from electrophysiological to physiological
effects of QMT by analyzing the effects of 4 weeks of daily
QMT on creativity and proNGF level in healthy adults and
children.

Neurotrophins (NTs) are central players of many aspects
of the developing and adult nervous system, including neu-
ronal differentiation, synaptogenesis, and synaptic plasticity.
Nerve growth factor (NGF) was the first neurotrophin to be
described [15]. It is involved in the regulation of naturally
occurring neuronal death, synaptic connectivity, fiber guid-
ance, and dendritic morphology of neuronal populations in
the peripheral (sympathetic) and central nervous system (for
a review see [16]). Early observations by Aloe and coworkers
have revealed that NGF is actively synthesized by the sub-
mandibular salivary gland in mice, overproduced following
aggressive behaviour and released in the bloodstream under
stressful conditions [17]. Its relevance in the limbic areas
involved in mood, cognition, and circadian activities as well
as in the neuroendocrine system suggested that it might
regulate the individual responses to stress by modulating
the activity in networks that determine how plastic changes
influence mood and behaviour [18, 19].

NGF is produced by neurons as a precursor, proNGF, and
released in the synaptic space, where it undergoes cleavage
and maturation. Finally, the mature form is internalized by
the postsynaptic membrane through binding to the high
affinity TrKA (tropomyosin-related kinases) receptor (for a
review see [20]). In addition, proNGF is believed to con-
tribute to neuronal plasticity and neural connection shaping
of the adult brain, a function that is likely mediated by
the complementary ability of proNGF to promote apoptosis
during development (for a review see [21]). Consistent with
this, proNGF gained large attentionwhen it became clear that
not only it is the most prevalent form in the human brain,
but also it significantly increases in the brains of Alzheimer’s
patients and of individuals with several degrees of cogni-
tive impairment [14, 22]. Thus, from the psychoneuroim-
munological point of view, motor-mental practices could
be important means to contribute to the proper activation
of neurotrophic pathways aimed at facilitating coping with
stressful conditions and at increasing creativity and well-
being.

Although a large literature is available on the correlation
between training, environmental enrichment, and increased
brain-derived neurotrophic factor (BDNF) levels and their
neuroprotective effects in both humans (see [23] and the
references therein and [24]) and animal models [25–27], very
few reports have explored the relationship with proNGF.
Likewise no studies that investigate the connection between
proNGF level and creativity are available to date, and no
research that we are aware of examined whether whole-
body cognitive training practices influence the relationship
between the two. Consequently, the aim of the present study
was to examine the effects of QMT on threemain parameters:
creativity, salivary proNGF, and the correlation between
them. To this end we conducted two interrelated studies,

examining the effects of 4 weeks of daily QMT on creativity
and proNGF in healthy adults and children. In addition,
we examined the relationship between change in proNGF
level and creativity. In the developmental study we extended
behavioral testing to further high-level and metacognitive
functions to obtain a more comprehensive view on the type
of cognition affected by the QMT.

2. Materials and Methods

2.1. Study A

2.1.1. Participants and Design. A total of 40 female university
students (mean age ± SD: 30 ± 5.5 years) were enrolled in
the study, none of whom had practiced QMT before. All were
healthywith nomedical history thatmight affect their perfor-
mance. The study was conducted at the Sapienza University
and was approved by the CNR Research Ethics and Bioethics
Advisory Committee. Upon arrival, the participants signed
a written informed consent. Subsequently, saliva samples
were collected and a cognitive task tapping creativity was
performed. All data were collected both before and after 4
weeks of daily practice. Participants were randomly allocated
to one of the two groups: (1) Quadrato motor training (QMT,
3 choices and whole-body response) and (2) walking training
(WT, 1 choice andwhole-body response). Although originally
the initial group sizes were identical (𝑛 = 20), the final
number of participants finishing the 4-week training varied
between the groups (QMT, 𝑛 = 13; WT, 𝑛 = 6).TheQMT has
been described in detail elsewhere [10]. Here, we describe it
briefly.

2.1.2. Training Groups

Quadrato Motor Training (QMT). The QMT requires stand-
ing at one corner of a 0.5m × 0.5m square and making
movements in response to verbal instructions given by an
audio tape recording. There are 3 optional directions of
movement. The instructions direct participants to keep the
eyes focused straight ahead and hands loose at the side of
the body. They are also told to immediately continue with
the next instruction and not to stop in the case of mistakes.
At each corner, there are three possible directions to move
in. The training thus consists of 12 possible movements. The
daily training consisted of a sequence of 69 commands lasting
7 minutes. Two important variables that were addressed in
motor learning studies are limb velocity and the decision
regarding the responding limb [28, 29]. In order to control
these parameters, we used a movement sequence paced at a
rate of an average of 0.5Hz (similar to a slow walking rate)
and instructed the participants to begin all movements with
the leg closest to the center of the square.

Walking Training (SMT). The participants belonging to the
WT group were instructed to make successive steps (one step
following the auditory stimulus) using the same QMT pace,
duration, and auditory cue, but their movement was free in
space (not within a square). This group also practiced with
the same recordings of auditory stimuli as the QMT group.



BioMed Research International 3

However, while the QMT group was told that each number
represented a different corner of the square, the WT group
was told to simply walk beginning at a certain location and
to continue in response to the instructions.That is, regardless
of the number specified on the tape, they always made a step.
This reduced the uncertainty regarding the direction of the
movement, compared to the QMT group. The WT group
thus provided a control performing a task with similar motor
demands, but with reduced cognitive demands.

2.1.3. Cognitive Examination: The Alternate Uses (AU) Task.
The AU task is an established psychometric creativity test
which provides measures for both fluency and flexibility [30,
31]. This task has been previously used to study changes in
ideational flexibility following whole-body training [32, 33].
In this task, the participant is required to name as many
different ways as possible in which a given itemmight be used
within a 1-minute time frame. For example, a shoe can be used
to walk with or can serve as a drum. Two basic measures were
computed from the AU task: ideational fluency, defined as
the total number of ideas generated, and ideational flexibility,
defined as the tendency to generate a heterogeneous pool of
responses or to use a variety of categories and themes when
producing ideas [34]. Flexibility conveys information that is
not conveyed by fluency [34, 35]. Here, the ideational fluency
score was defined as the mean number of uses given by the
participant for the three items. On the basis of all the uses
made by the participants, 10 independent categories were
defined across all the items. These included broad categories
of usage such as “a weapon” or “a costume.” The ideational
flexibility score was defined as the mean number of different
categories employed by the participant across all three words
presented [36]. Hence, in order to calculate the flexibility
score, all responses for a given item were first divided into
the different independent categories. For additional details
see [10, 12].

2.1.4. proNGF Examination

Saliva Sample Preparation. Unstimulated whole saliva sam-
ples were collected by passive drool and stored at −80∘.
Prior to electrophoresis, samples were subjected to vortex for
30 seconds and then centrifuged at maximum speed for 15
minutes. Saliva supernatants were transferred to fresh tubes,
protease inhibitor cocktail (Roche) was added, and total
protein concentration was determined. In order to measure
the level of salivary NGF, we utilized western blotting and
not ELISA assays, since this last technique does not allow
discriminating between precursor and mature NGF [37].
Samples were examined in triplicate to take into consider-
ation potential variability due to saliva flow rate, before the
training and following 4 weeks of daily QMT practice.

Western Blot Analysis. 50𝜇g of total proteins were resolved
by SDS-PAGE on 4–15% precast gradient gels, transferred
onto 0.2 𝜇m PVDFmembranes by Trans-Blot Turbo Blotting
System (BIO-RAD), and hybridized with anti NGF (Santa
Cruz Biotechnology, sc-548, 1 : 1000), followed by anti-rabbit
secondary antibody (Jackson ImmunoResearch, 111-035-003,

1 : 20000). The bands corresponding to proNGF were quan-
tified with Image Lab software and normalized to the most
intense band visible on the membrane in the protein loading
control.

2.1.5. Statistical Analysis. To answer the first question, that
is, what are the effects of whole-body training on functional
andmolecular aspects of cognition, we submitted fluency and
flexibility scores of creativity as well as NGF level to a Group
(QMT versusWT) ×Training (pre versus post) mixed-model
analysis of variance (ANOVA). Since baseline differences
were observed in flexibility score, we also analyzed the data
with the regressor variable method, that is entering the
post-treatment measure as the dependent and the baseline
measure as the covariate in a univariate ANOVA model. To
answer the question whether intervention-induced changes
in proNGF level represent a correlate of changes in creativity,
the strength of the correlation between pre-post Δ values
of proNGF level and of indices of fluency and flexibility
was estimated by means of bivariate correlation analysis
(Pearson’s r).

2.2. Study B

2.2.1. Participants and Design. A total of twenty healthy
children participated in this study (mean age ± SD: 10, 4 ±
0.4 yrs), none of whom practiced QMT before. A similar
design applied as in Study A, except that in this study; the
control group consisted of subjects that did not undergo
any form of intervention. Among the contacted children, 12
children volunteered and were divided into two groups: one
performed the QMT (𝑛 = 5) and the other one represented
the no training control (𝑛 = 7). Both groups were retested
after the end of the intervention period.The study took place
in two schools. A written informed consent was signed by all
parents before entering the study. The study was approved by
the CNRResearch Ethics and Bioethics Advisory Committee.
Following a month, 12 healthy children finished the training
(QMT, 𝑛 = 5), control group (C, 𝑛 = 7).

Cognitive tests were administered by a trained experi-
menter in the morning, within the same week in the same
order and not preceded by physical education lessons to avoid
acute exercise effects on cognitive function [38]. Cognitive
tests were administered following the saliva sampling. Since
the number of children was small, instead of counterbalanc-
ing, we have decided a fixed testing sequence for all children,
with the saliva samples collection first.

2.2.2. Cognitive Examination. Cognitive testing comprised
tests of creative thinking and of executive function, lasting
about 20–25min and 30–35min, respectively. Creative think-
ing: (1) Torrance Test of CreativeThinking (TTCT); executive
function: (2) random number generation (RNG) task and (3)
planning and attention subtasks of the Cognitive Assessment
System (CAS).

Torrance Test of Creative Thinking. The Italian version of the
Torrance Test of Creative Thinking (TTCT), Figural Form A
[39], was group-administered at school. The TTCT Figural
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Form A is designed for individuals in kindergarten through
graduate school and beyond. It consists of three timed pencil
and paper picture construction and completion activities
lasting 10minutes each, with one-minute break between tasks
for a total working time of about 30 minutes. According to
testing guidelines, the administrator invited the examinees to
enjoy these activities and created a playful problem-solving
atmosphere to minimize threatening feelings linked to a
performance-oriented climate.

Activity I: Picture Construction Task. Children had to
construct a picture using a darkened curve shape (jellybean
or teardrop) provided on the page as a stimulus which must
be integrated in the picture construction.

Activity II: Picture Completion. Children had to use 10
incomplete figures to make a figure or object drawings to the
incomplete figures, avoiding usual and obvious completions.

Activity III: Parallel Lines. Children had to use 30 pairs
of straight lines drawn on three pages to make an original
picture out of each pair of lines, overcoming the tendency to
perceive the same stimuli in the same way.

Data Coding and Scoring. Scoring of the TTCT was per-
formed by a trained investigator based on three subscales
of norm-referenced measures: fluency, flexibility, and origi-
nality. Fluency was scored by the number of figural images
produced by the examinees; it reflects the ability to generate
a large amount of relevant ideas. Flexibility was scored by the
variety of categories of relevant responses. Originality was
scored by the number of statistically infrequent responses
on the basis of normative data; it reflects the ability to
produce uncommon or unique ideas. According to the TTCT
manual, raw scores were converted into standard scores to
have comparable ranges for fluidity, flexibility, and originality.

Random Number Generation Task. This is a test that taps
executive cognitive function and is feasible also with chil-
dren [40]. The participants were tested individually. They
were told that the RNG is a game involving numbers and
were instructed to verbally generate a random sequence
of numbers between 1 and 10 to each beat of a 70-beat
sequence with an interbeat interval of 1.5 seconds. Ran-
domness was explained by means of an age-appropriate
instruction including a “hide-and-seek” type game [40]. Prior
to data collection by tape recording, participants performed
a familiarization trial of 70 numbers and could ask questions
concerning the test. Both the omission of a number gen-
eration in correspondence of one tone and the production
of numbers lower than 1 (0) or higher than 10 (11, 12, etc.)
were considered errors and discarded. If errors exceeded a
predefined maximum threshold of five, the entire block was
repeated. The randomness of the sequence of numbers was
measured bymeans of 18 different indices described by Towse
and Neil [41]. Among those, five indices were selected as
they reflect two components of executive function: inhibition
of mental routines (turning point index (TPI), adjacency
score (Adj), and runs score (Runs)) and working memory
updating (redundancy score (Red), and mean repetition gap
(MeanRG)).

The TPI is a ratio between the real frequency of turning
points between ascending and descending series of numbers
(i.e., the response change between the digits “2” and “5” in
a hypothetical sequence “9, 7, 2, 5, 6, and 8”) generated by
the participant and their theoretical frequency in random
responses. Turning points in random responses are assumed
to be 2/3 ∗ (𝑛 − 2), where 𝑛 is the number of digits to be
generated. ATPI lower than the optimal value of 100 indicates
that participants produced more or fewer turning points
than theoretically expected. The Adj measures the relative
frequency of pairs of adjacent ascending or descending
numbers (i.e., 7-8 or 4-3) as compared to the total number of
response pairs produced by the participant. It ranges between
0% and 100% and reflects the habitual tendency to count
forward or backward.TheRuns score is an index of variability
of the number of digits in successive ascending or descending
runs. Counting from 1 to 9 and from 9 to 1 along the whole
sequence of generated numbers leads to the highest Run
value, whereas alternating ascending and descending pairs of
digits as “4, 7, 9, and 2” will lead to lowest scores or even to
null if this alternation is produced throughout the sequence.

The Red index reflects the unbalance of response alter-
native frequencies in a sequence that derives from a more
frequent usage of given numbers than expected based on
the theoretical frequency of each digit in random responses.
In the present experiment, a perfect equality of response
alternative frequencies corresponds to the generation of each
number from 1 to 10 seven times each and would lead to
a Red score of 0% (no redundancy), whereas repeating the
same digit along the whole sequence would lead to a Red
score of 100% (complete redundancy). The MeanRG is the
mean number of responses given until each digit reoccurs
calculated for all digits throughout the whole sequence (i.e.,
in the sequence “2, 8, 4, 6, 2, 9, 7, and 8”; the digits “2” and
“8” reoccur with a mean gap equal to 4). If the participant
regularly varies all possible digits throughout the sequence,
then the MeanRG is high, whereas repeating one or more
itemsmuchmore frequently than theoretically expected leads
to a low MeanRG value.

TPI, Adj, and Runs were merged into an average index
of inhibition and Red and MeanRG into an average index
of memory updating. High levels of TPI, but low levels of A
comb andRuns correspond to a high inhibition ability, as well
as high levels of Mean RG, but low levels of Red correspond
to a high ability to update working memory. Thus before
averaging, all indices were standardized and Adj, Runs, and
Red were reversed.

Cognitive Assessment System. To assess children’s cognitive
performance, the Cognitive Assessment System (CAS) [42]
(Italian version 2005) was used. The CAS consists of 12 sub-
tests that assess 4 aspects of cognition: Planning, Attention,
Simultaneous, and Successive processes (PASS theory) [43].
For the present study, because of school time constraints,
participants only performed the Planning and Attention
tasks which are the test performances most strongly relying
on executive functions. Also, we did not collect test-retest
reliability data, since acceptable to good reliability data are



BioMed Research International 5

available for children of the age 5–10 years considered in this
study [42].

Planning Subtasks. Planning is a cognitive process by which
the individual determines, selects, and uses a strategy to
efficiently solve a problem.The Planning scale is composed of
three subtests. The first subtest, Matching Numbers, contains
4 items, each with 8 rows of numbers and 6 numbers per
row, with numbers increasing in digit length every four rows.
The child must locate and underline the two numbers in
each row that are the same. The second subtest, Planned
Codes, contains two items, each within a matrix of 7 rows
and 8 columns of letters with empty boxes. A caption is
presented that shows correspondence between letters and
codes presented as a legend at the top of the page (i.e., A to
OX and B to XX). The child’s task is to fill in the empty boxes
under each letter with the corresponding codes discovering
their internal organization to solve the task. The last subtest,
Planned Connections, contains 8 items. The first six require
the child to join a series of numbers that are randomly
distributed in space in a sequential order, with an increasing
length of numbers to be connected.The last two items require
the child to alternately connect numbers and letters serially
(i.e., 1-A-2-B, etc.). The items are designed so that a child
cannot complete a sequence by crossing one line over the
other. To evaluate performance on the first two subtests, the
raw score is the ratio of the accuracy and time to completion.
For the third subtest, the raw score is the sum of the times
required to complete each item. All these scores are then
converted to an age-based standard score and summed to
obtain a total scale value.

Attention Subtasks. The Attention scale is composed of three
subtests that require the child to use focal attention to
detect target stimuli and avoid distractions. The first subtest,
Expressive Attention, is a Stroop-like test composed of three
items that measures attention selectivity and interference
control under time pressure. The first and the second items
are without interference condition, while the third is with
interference. There are two age-specific sets of items. For
example, in the version for children 8 years and older, the
noninterference conditions are reading color words (Blue,
Yellow, Green, and Red), all written in dark ink and naming
the colors of a series of rectangles (printed in blue, yellow,
green, and red). In the interference condition, the words Blue,
Yellow, Green, and Red are printed in a different color ink
than the colors of the words’ name and the child is instructed
to name the color ink the word is printed in, rather than to
read the word. Only this last item is used as the measure of
attention. The second subtest, Number Detection, measures
selectiveness and capacity to resist distraction under time
pressure. It is comprised of pages of numbers where the
child must underline the correct numbers among a large
quantity of distracters in different formats. For example, the
child must find a particular stimulus (the numbers 1, 2,
and 3 printed in an open font) on a page containing many
distracters (the same numbers printed in a different font
style). The raw score is the ratio of the accuracy and the time
to completion summed across the items. The third subtest,

Receptive Attention, is a two-page subtest that measures the
ability to focus and then shift attention between different
stimulus dimensions under time pressure. On the first page,
children of 8 years and older must identify and underline
pairs of target letters that are physically identical (e.g., TT but
not Tt), whereas on the second, pairs of letters that have the
same name (e.g., Aa not Ba) are targets to be underlined. For
all subtests, the raw score is the ratio of the accuracy and time
to completion summed across items/pages. The raw score for
each subtest is converted to an age-based standard score and
summed to obtain a total scale value.

2.2.3. Molecular Examination. For salivary sample prepara-
tion and western blotting analysis see Study A.

2.2.4. Statistical Analysis. To answer the question regarding
the effects of the QMT on cognitive performance and on
neurobiological markers of brain health, a general linear
model of multivariate analysis of variance (MANOVA) and
subsequent ANOVAs were applied to the pre-post Δ values
of fluency, flexibility, and originality dimensions of creative
thinking, average indices of inhibition and working memory
updating, and total scores of planning and attention, aswell as
on proNGF level. In the present nonequivalent control group
design, baseline cognitive differences could not be excluded
between groups, since participants were not individually
randomized to the intervention or control condition. Thus,
in addition to the change score method (Δ values), data
were analysed with the regressor variable method, that is
entering the post-treatment measure as the dependent and
the baseline measure as the covariate. These methods were
considered more appropriate to tap differential intervention
effects than using a mixed model with group as between-
participants factor and measurement time (pre- versus post-
intervention) as repeated measures factor.

To answer the question of whether and to what extent
intervention-induced changes in proNGF level represent a
correlate of changes in cognitive efficiency, the strength of
the correlation between pre-post Δ values of proNGF level
and all above listed cognitive performance indices was esti-
mated by means of bivariate correlation analysis (Pearson’s
r). In order to avoid that preexisting baseline differences
among children could prevent from detecting correlations
between intervention-related cognitive improvements and
their potential neurobiological markers, bivariate correla-
tions were also computed between post-intervention mea-
sures of proNGF level and all indices of cognitive efficiency.
In order to control for multiple comparisons, we chose 𝑃 <
0.007.

3. Results

3.1. Study A

3.1.1. Cognitive Results. The first 2-way ANOVA designed to
answer the question concerning the whole-body training-
induced effects on fluency revealed a main effect for training
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Figure 1: Change in creativity as a function of group and training for (a) ideational fluency and (b) ideational flexibility. Data are expressed
as mean ± SEM; ∗𝑃 < 0.05.

(𝐹(1, 17) = 27.95, MSE = .35, and 𝑃 < 0.01), with post-
training being generally higher compared to pre-training
(Figure 1(a)). Although the Group × Training interaction was
not significant (𝐹(2, 15) < 1), fluency significantly increased
only in the QMT group (𝑡(12) = −7.21, 𝑃 < 0.001)
(Figure 1(a)). The second ANOVA which was conducted for
flexibility yielded a significant Group × Training interaction
(𝐹(1, 17) = 6.69, MSE = .82, and 𝑃 < 0.05). Post-hoc
analysis (𝑡-tests) showed that for the QMT group, flexibility
significantly increased (𝑡(12) = −5.14, 𝑃 < 0.001) in contrast
to WT group which showed no change following training
(Figure 1(b)).

The results of the univariate ANOVA performed on post-
intervention fluency values with pre-intervention fluency
values as covariates yield a significant effect only for the
pre-intervention score entered as covariate (𝐹(1, 17) =
56.71, 𝑃 < 0.001), with post-training being generally
higher compared to pre-training in both intervention groups
(Figure 1(a)). Instead, the results of the ANOVA performed
on post-intervention flexibility values with pre-intervention
flexibility values as covariates yield a significant effect for
group (𝐹(1, 16) = 6.72, MSE = 1.6, and 𝑃 < 0.05) and
not only for the pre-intervention score entered as covariate
(𝐹(1, 16) = 9.75, 𝑃 < 0.01).

3.1.2. Molecular Results. The third ANOVA which was per-
formed onNGF values revealed nomain effect for Training or
Group × Training interaction. The results of the western blot
analysis are shown in Figure 2. Figures 2(a) and 2(c) show
representative gels for a typical QMT and control participant,
respectively; Figures 2(b) and 2(d) show the quantification
for all the QMT and control participants, respectively. It
can be easily observed that following daily QMT practice
for a duration of a month there was a trend of proNGF
level decrease for the majority of participants (77% of the
participants). This trend of proNGF decrease was further
observed in 67% of the WT group.

3.1.3. Correlation between Cognitive and Molecular Results.
We then investigated whether the increased ideational flex-
ibility was correlated with the observed changes in proNGF
level bymeans of a Pearson’s correlation. Change in ideational
flexibility was calculated by subtracting the number of
independent categories before training from the number
of categories after training. In order to calculate change in
proNGF we calculated the percentage by subtracting post-
frompre-training proNGF. As can be seen in Figure 3, change
in ideational flexibility was significantly and negatively corre-
lated with change in proNGF (𝑟 = −0.43, 𝑃 < 0.05, 𝑛 = 19).

Taken together the results of Study A show that similar to
the effects of one QMT session [10], 4 weeks of daily QMT
practice induce increased ideational flexibility in adults.
On the other hand, contrary to one session of QMT, 4
weeks of daily QMT practice may further enhance ideational
fluency. However, a differential effect of QMT as compared to
simpleWT emerged only for flexibility. In addition, training-
induced changes in ideational flexibility are negatively cor-
related with decrease of proNGF. A limitation of this study
is that we used only one measure of cognitive function,
whereas in exercise and cognition research it is recommended
to use multiple measures of the target high-level cognition
to assess the construct more broadly and understand the
task specificity of the effects [44]. Furthermore, limiting the
assessment of QMT effects to the adult population does not
allow appreciating the educational potential at developmental
age, where exercise is expected to have wider ranging effects
of larger size [45]. To overcome these limitations and in
order to better dissect the link between molecular and
cognitive changes, we introduced the design of Study B, in
which we examined the effects of QMT (compared to a
control group performing no training) in children, and used
a set of cognitive tasks, validated for children, that target
not only creativity, but also another relevant metacognitive
function (i.e., planning) and further components of higher-
level cognition (i.e., workingmemory updating and executive
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Figure 2:Western blot analysis of proNGF level in healthy adults. (a) Representative gel and blot for a typical QMT participant (QMT4). Left
panel: picture of the gel after electrophoresis, showing total salivary proteins. Right panel: immunoblot showing proNGF. M: molecular size
marker (values in kD). (b) Histograms represent relative proNGF level for all the QMT participants: each histogram indicates the average of
the 3 proNGF values normalized to themost intense band present in the corresponding lane of the protein loading control. Data are expressed
as mean ± SD. White (pre), relative proNGF level before starting the training; black (post), relative proNGF level after 1 month of training:
the value is lower than before the training; grey (post), relative proNGF level after 1 month of training: the value is higher than before the
training. (c) As in (a), but for a typical control participant (Control 4). (d) As in (b), but for all the control participants.

attention) that contribute to, but do not overlap with, creative
thinking and planning.

3.2. Study B

3.2.1. Cognitive Results. The effect for group of theMANOVA
performed on pre-post Δ values of cognitive performance
and concentration of neurobiological markers as a function
of group approached significance (𝑃 = .063). Subsequent
ANOVAs did not show any significant difference (.313 ≥
𝑃 ≥ .960) for all dependent variables except for Attention
(𝐹(1, 10) = 10.99, 𝑃 = .008, and 𝜂2

𝑝

= .52), where the pre-
post Δ values were significantly higher in the experimental
than in the control group (8.0 versus 1.6). However, the
results of the ANOVAs performed on post-intervention
values with pre-intervention values as covariates did not yield
any significant effect for group (.349 ≥ 𝑃 ≥ .926) for

all dependent variables. The ANOVA performed on post-
intervention scores of Attention also was nonsignificant (𝑃 =
.711), while the effect of pre-intervention score entered as
covariate was significant (𝐹(1, 9) = 8.42, 𝑃 = .018, and
𝜂
2

𝑝

= .48), thus indicating that baseline differences between
groups were responsible of the significant group effect found
in the analysis.

3.2.2. Molecular Results. The results are shown in Figure 4.
Figures 4(a) and 4(c) show representative gels for a typical
QMT and control participant, respectively; Figures 4(b) and
4(d) show the quantification for all the QMT and control
participants, respectively.

3.2.3. Correlation between Cognitive and Molecular Results.
Results of the bivariate correlation analyses run on pre-post
Δ values did not yield any significant association between
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Figure 3: Significant correlation between change in ideational
flexibility and proNGF level (𝑛 = 19). Change in ideational
flexibility, calculated by the subtraction of pre- from post-training,
was negatively correlated with the change in NGF level, calculated
as percentage (𝑟 = −0.43, 𝑃 < 0.05, and 𝑛 = 19).

change scores of proNGF concentration and change scores
of cognitive performance neither for the intervention group
(.93 ≥ 𝑃 ≥ .14) nor for the control group (.89 ≥ 𝑃 ≥
.23). Similarly, all correlations computed on pre-intervention
values were nonsignificant for both the experimental (.73 ≥
𝑃 ≥ .25) and the control groups (.99 ≥ 𝑃 ≥ .07). Instead, the
analysis performed on pos-tintervention values showed very
high and significant negative correlations between proNGF
level and cognitive performance indices only for the interven-
tion group for (1) planning sum score (𝑟 = −.95, 𝑃 = .005);
(2) working memory updating average index (𝑟 = −.96,
𝑃 = .004); and (3) flexibility and originality dimensions of
creative thinking (𝑟 = −.96, 𝑃 = .004; 𝑟 = −.95, 𝑃 = .005,
resp.). See Figures 5(a)–5(d). No significant correlation was
found for fluency (𝑃 = 0.017), inhibition (𝑃 = .28), and
attention (𝑃 = .13) for QMT. In addition, no significant
correlations between NGF level and cognitive performance
indices emerged at post-test for the control group (.37 ≥ 𝑃 ≥
.17).

4. Discussion

4.1. Cognitive Effect of QMT. In exercise and cognition
research in the last decades, scientists have progressively
focused on the effects of physical activity on higher-level
cognition, withmajor interest in how the quantitative param-
eters of exercise and their physical fitness outcomesmoderate
or mediate physical exercise effects on cognitive functioning
[44]. Recently, it has been proposed to shift the focus toward
the qualitative exercise characteristics to reap largest cogni-
tive benefits from gross-motor cognitive training tasks that
are both physically effortful and cognitively engaging [46].
This new approach bridges the areas of whole-body mental
training [10, 12, 47] and exercise and cognition research
[46, 48], with their intersection point being represented by

a shared neuroscience perspective. The main aim of the cur-
rent report was to study whole-body MBP-induced creativity
enhancement, neurotrophic change, and the relation between
them. To this end, we examined the effects of 4 weeks of daily
Quadrato motor training (QMT) on creativity compared to a
walking training in healthy adults (Study A). We found that,
similar to the effects of a session of QMT [10], 4 weeks of daily
QMT significantly increased ideational flexibility in healthy
adults. A similar trend of improved creativity was observed
in children, associated with the specific improvement of
planning ability that shares with creativity metacognitive
characteristics and of working memory, a core executive
function involved in both creative thinking and planning
(Study B).

4.2. Neurotrophic Effect of QMT. Neurotrophins, such as
NGF, are central players in the functions of nervous system.
They are involved in neuronal shaping and plasticity, as
well as synaptic connectivity in the sympathetic and central
nervous systems. Among neurotrophins, BDNF has been
widely analyzed in correlation with physical training of
various natures,mainly acute andmoderate aerobic exercises.
Several reports have highlighted variations in BDNF levels,
following training, both in animal models [26, 27] and
in humans [23, 24, 49]. In addition, it was reported that
environmental enrichment aimed at stimulating cognition
and learning, along with exercise, is a mean of increasing
BDNF levels [27, 50]. These and many other reports point to
a role for BDNF inmediating the beneficial effects of physical
and mental practices on the individual’s brain health and
general well-being. To the best of our knowledge, analogous
studies on NGF/proNGF in healthy humans have not been
conducted. With the aim of filling this gap and examining
the effects of MBP on proNGF, we have measured levels
of salivary proNGF before and after 4 weeks of daily QMT
in adults and children. The choice of analyzing proNGF is
due to the fact that the mature form NGF is almost never
detectable outside the cells, with the precursor being the
prevalent form present in the extracellular space [21]. In
both age groups we observed a trend of decreased proNGF
following QMT. This trend may have significant theoretical
and practical implications, as evidence of increased proNGF
levels in Alzheimer’s patients and in individuals with several
degrees of cognitive impairment highlights the association
of this factor with brain health [14, 22, 51]. A more recent
research reported both increased proNGF and decreased
BDNF levels in postmortem brain samples of subjects with
several tauopathies (non-Alzheimer’s disease dementias) as
compared to age matched controls [52]. Interestingly, wemay
have also suggested an inverse relationship between proNGF
and BDNF. More specifically, in a parallel longitudinal study
with healthy participants, we have shown increased amounts
of proBDNF following 3 months of daily QMT practice [53].
These results appear symmetrical to the ones conducted
on the dementia patients, supporting previous claims for
the inverse directionality of change in BDNF and proNGF
following training [54]. As widely reported in the literature,
NGF plays a pivotal role as a factor that helps regulate
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Figure 4: Western blot analysis of proNGF level in healthy children. (a) Representative gel and blot for a typical QMT participant (QMT 4).
Left panel: picture of the gel after electrophoresis, showing total salivary proteins. Right panel: immunoblot showing proNGF. M: molecular
size marker (values in kD). (b) Histograms represent relative proNGF level for all the QMT participants: each histogram indicates the average
of the 3 proNGF values normalized to the most intense band present in the corresponding lane of the protein loading control. Data are
expressed as mean ± SD. White (pre), relative proNGF level before starting the training; black (post), relative proNGF level after 1 month
of training: the value is lower than before the training; grey (post), relative proNGF level after 1 month of training: the value is higher than
before the training. (c) As in (a), but for a typical control participant (control 6). (d) As in (b), but for all the control participants.

individual’s responses to stress ([19], see [55] for a review).
Taken together these concepts lead us to speculate that a
first phase of stress reduction (i.e., decrease of proNGF and
increased emotional well-being) could be prodromal to the
subsequent increase of BDNF which, in turn, could correlate
with increased neuroplasticity, considering the structural
changes shown by MRI of brains of sitting or movement
meditation [53, 56, 57].

From the molecular point of view the decrease may be
explained in several ways: (i) less proNGF mRNA and/or
protein is produced, (ii) less protein is secreted from the
cells, (iii) processing and/or degradation of the precursor is
enforced outside the cells, and (iv) binding of the molecule
to its receptor and therefore its internalization are enhanced.
At this stage it is not possible to distinguish among all this
options and further work is needed to elucidate this point
(i.e., by utilizing salivary cells to look for proNGF mRNA
and/or protein levels).

4.3. Correlation between Change in ProNGF and Creativ-
ity. In adults, a negative correlation was found between
change in flexibility and proNGF (Figure 3). The results of

the corresponding analysis performed on children’s data are
consistent with the findings of the adult study: a negative
correlation between proNGF and behavioral indices of cogni-
tive functioning, related to the whole-body cognitive training
intervention, was in fact observed (Figure 5). Together, these
are novel results, since NGF/proNGF concentration has been
largely neglected in exercise and cognition research aimed at
identifying neurobiologicalmarkers of acute [58] and chronic
[59] exercise effects on brain health and cognitive efficiency.

Nevertheless, in contrast to adults, in the case of children
there was a significant negative correlation not between pre-
post Δ values of proNGF and cognitive performances, but
only between post-test values in the group that underwent
theQMT.This findingmay suggest that at developmental age,
children’s cognitive performance did not consistently vary as
a function of exercise-induced changes in neurotrophic fac-
tors. Several factors may have influenced children’s baseline
cognitive performance and its changes over time, impeding to
see a strict relationship between intervention-related changes
in cognitive efficiency and their potential neurobiological
marker. However, whatever the size of the neurobiological
and functional effect of QMT, the whole-body cognitive
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Figure 5: Significant correlations between proNGF level and cognitive performance following 4 weeks of daily QMT (𝑛 = 5) for (a) planning
(𝑟 = −.95, 𝑃 = .005); (b) working memory updating average index (𝑟 = −.96, 𝑃 = .004); and (c) flexibility and (d) originality dimensions of
creative thinking, for pre (gray) and post (black) QMT. Regression line is shown for post-QMT.

training seems to “align” several types of cognitive perfor-
mance to the concentration of a specific neurobiological
marker. After this mindfulness training, there seems to be
a prioritization of the neurobiological factor which seems to
assume a major role as correlate of cognitive and metacogni-
tive efficiency.

The extension of the present study to children, even
though preliminary in nature with a small sample size, adds
to the adult study because of the broader set of cognitive
performances tested and the selectivity of the intervention-
related association between cognitive performances and neu-
robiological factors. The correlational results suggest that a
reduced proNGF level is a biological marker of the potential
of whole-body cognitive training to enhance specific com-
ponents of higher-level cognition. While in the last decades,
the attention of exercise and cognition researchers [44] and
neurodevelopmentalists [60] has focused on interventions
aiding executive function, recently it has been proposed to
go beyond this view and consider quality physical activity as
enrichment aiding the development of metacognition [48].

Metacognition reflects the acquisition and use of declarative,
procedural, and strategy knowledge to successfully deal with
problem solving tasks. Tomporowski and colleagues [48]
propose that quality physical activity interventions that are
cognitively challenging would alter children’s metacognitive
processes through changes in executive function efficiency.

Interestingly, the present results are consistent with this
novel view: significant correlations with the neurobiological
marker after the QMT were found for a foundational execu-
tive function as well as for metacognitive functions such as
planning and creativity that rely on, but neither overlap with,
nor critically depend on, single executive functions [61, 62].
Instead, no significant correlation emerged between proNGF
and executive attention performance or inhibition. These
diverging results are not surprising, since inhibition seems
not to be linked to planning in young children [63].Moreover,
the absence of association between executive attention and
proNGF level is in line with evidence that some types of
mindfulness practices enhance other subcomponents of the
attention networks [64]. Therefore, the QMT seems to be
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a specific type of mindfulness physical activity that has the
potential to influence the development of metacognition and
to enhance executive functions [10, 12].

An alternative interpretation of the presence of signif-
icantly high (negative) correlations between proNGF con-
centration and cognitive performances may be a learning
effect due to the short time between cognitive measurements
before and after the intervention. Interindividual differences
in learning slopes of cognitive tasks during the prelimi-
nary training trials may have dampened, at pre-test, the
potential interrelation between cognitive efficiency and its
neurobiological marker that may exist prior to any change
induced by the whole-body cognitive training intervention.
However, this interpretation is less probable, since the signif-
icant alignment of neurobiological and cognitive-behavioral
data at post-test occurred for the intervention group only.
Furthermore, tests as the RNG, showing no significant
correlation with proNGF concentration at pre-test and a
very high correlation at post-test, are reported to be stable
against learning effects [65]. To exclude any influence of
differential learning effects of cognitive test performance on
the relationship of interest, future studies are warranted with
participants acting as their own controls with two successive
measurement time points before the intervention and one
after it. In addition, due to the low power of the correlation
analysis (𝑛 = 19 in Study A, 𝑛 = 5 in Study B) and the
nonsignificant effect of training on proNGF level, probably
requiring longer duration, this finding should be treated as
suggestive and should be tested in the future, using larger
groups and longer training periods.

4.4. Limitations. The current study is a preliminary attempt
to examine empirically the question of the connection
betweenMBP-induced effects on creativity and neurotrophic
change. Its main limitations are the small and unbalanced
sample size. In the future, a study on a larger sample
that includes additional training regimes with a similar
level of engagement may extend the current results. Future
studies should expand the age group under examination
and combine the examination of electrophysiological and
physiological effects of QMT.

4.5. Conclusions, Implications, and Future Directions. In con-
clusion, the current research emphasizes the importance
of examining the neurobiological correlates of mindful-
physical activity practices. The present results support the
usefulness of integrating physical and mental training across
the lifespan [46, 66] and suggest that exposure to holistic
forms of environmental enrichment as the QMT aids the
development of executive function [45] and metacognition
[48].The results also further our understanding of the under-
lying biological mechanisms, confirming and extending the
concept that brain growth factors are central to the benefits
of exercise [59]. In comparison to other MBP, the QMT has
the advantage of being a training of relatively short duration
(possibly severalminutes) and that can be practiced in limited
spaces. These unique aspects render the QMT a technique
warranted for scientific exploration, with the future aim of

implementing this technique in various health promoting
and educational setups.
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[27] R. G. Bechara and Á. M. Kelly, “Exercise improves object
recognition memory and induces BDNF expression and cell
proliferation in cognitively enriched rats,” Behavioural Brain
Research, vol. 245, pp. 96–100, 2013.

[28] S. E. Criscimagna-Hemminger, O. Donchin, M. S. Gazzaniga,
and R. Shadmehr, “Learned dynamics of reaching movements
generalize from dominant to nondominant arm,” Journal of
Neurophysiology, vol. 89, no. 1, pp. 168–176, 2003.

[29] O. Donchin, J. T. Francis, and R. Shadmehr, “Quantifying
generalization from trial-by-trial behavior of adaptive systems
that learn with basis functions: theory and experiments in
human motor control,”The Journal of Neuroscience, vol. 23, no.
27, pp. 9032–9045, 2003.

[30] J. P. Guilford, “Creativity,”The American Psychologist, vol. 5, no.
1, pp. 444–454, 1950.

[31] J. P. Guilford, P. R. Christensen, P. R. Merrifield, and R. C. Wil-
son, Alternate Uses: Manual of Instructions and Interpretation,
Sheridan Psychological Services, Orange, Calif, USA, 1978.

[32] A. Fink, B. Graif, and A. C. Neubauer, “Brain correlates
underlying creative thinking: EEG alpha activity in professional
vs. novice dancers,” NeuroImage, vol. 46, no. 3, pp. 854–862,
2009.

[33] Y. Netz, R. Tomer, S. Axelrad, E. Argov, andO. Inbar, “The effect
of a single aerobic training session on cognitive flexibility in late
middle-aged adults,” International Journal of Sports Medicine,
vol. 28, no. 1, pp. 82–87, 2007.

[34] M. A. Runco, “Flexibility and originality in children’s divergent
thinking,”The Journal of Psychology, vol. 120, no. 4, pp. 345–352,
1986.

[35] J. P. Guilford, Creativity, Intelligence, and Their Educational
Implications, Robert Knapp, San Diego, Calif, USA, 1968.

[36] S. W. Russ, “Play, creativity, and adaptive functioning: implica-
tions for play interventions,” Journal of Clinical Child Psychol-
ogy, vol. 27, no. 4, pp. 469–480, 1998.

[37] M. A. Bruno and A. C. Cuello, “Activity-dependent release
of precursor nerve growth factor, conversion to mature nerve
growth factor, and its degradation by a protease cascade,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 103, no. 17, pp. 6735–6740, 2006.

[38] Y. K. Chang, J. D. Labban, J. I. Gapin, and J. L. Etnier, “The effects
of acute exercise on cognitive performance: a meta-analysis,”
Brain Research, vol. 1453, pp. 87–101, 2012.

[39] E. P. Torrance, Test di Pensiero Creativo, [Italian version of the
Torrance Tests of Creative Thinking 1988, Bensenville, Illinois:
Scholastic Testing Service Inc.], Giunti O. S. Organizzazioni
Speciali, Firenze, Italy, 1989.

[40] J. N. Towse and A. McLachlan, “An exploration of random
generation among children,” British Journal of Developmental
Psychology, vol. 17, no. 3, pp. 363–380, 1999.

[41] J. N. Towse and D. Neil, “Analyzing human random generation
behavior: a review ofmethods used and a computer program for
describing performance,” Behavior Research Methods, Instru-
ments, and Computers, vol. 30, no. 4, pp. 583–591, 1998.

[42] J. A. Naglieri and J. P. Das, Cognitive Assessment System,
Riverside Publishing, Itasca, Ill, USA, 1997, Italian version,
edited by S. Taddei, CAS Das-Naglieri Cognitive Assessment
System—Una misura dell’intelligenza basata sul modello dei
processi cognitivi PASS, Giunti O.S., Firenze, Italy, 2005.

[43] J. P. Das, J. A. Naglieri, and J. R. Kirby, Assessment of Cognitive
Processes: The PASS Theory of Intelligence, Allyn & Bacon,
Needham Heights, Mass, USA, 1994.

[44] J. L. Etnier and Y.-K. Chang, “The effect of physical activity
on executive function: a brief commentary on definitions,
measurement issues, and the current state of the literature,”
Journal of Sport & Exercise Psychology, vol. 31, no. 4, pp. 469–
483, 2009.



BioMed Research International 13

[45] A. Diamond and K. Lee, “Interventions shown to aid executive
function development in children 4 to 12 years old,” Science, vol.
333, no. 6045, pp. 959–964, 2011.

[46] C. Pesce, “Shifting the focus from quantitative to qualitative
exercise characteristics in exercise and cognition research,”
Journal of Sport and Exercise Psychology, vol. 34, no. 6, pp. 766–
786, 2012.

[47] T. D. Ben-Soussan, K. Avirame, J. Glicksohn, A. Goldstein, Y.
Harpaz, and M. Ben-Shachar, “Changes in cerebellar activity
and inter-hemispheric coherence accompany improved reading
performance following Quadrato Motor Training,” Frontiers in
Systems Neuroscience, vol. 8, article 81, 2014.

[48] P. D. Tomporowski, B. McCullick, D. M. Pendleton, and C.
Pesce, “Exercise and children’s cognition: the role of task factors
and a place for metacognition,” Journal of Sport and Health
Science. In press.

[49] A. Brunelli, I. Dimauro, P. Sgrò et al., “Acute exercise modu-
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