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Abstract

No treatment options are currently available to counteract cognitive deficits and/or delay progression towards dementia in
older people with mild cognitive impairment (MCI). The ‘Train the Brain’ programme is a combined motor and cognitive
intervention previously shown to markedly improve cognitive functions in MCI individuals compared to non-trained MCI
controls, as assessed at the end of the 7-month intervention. Here, we extended the previous analyses to include the long-term
effects of the intervention and performed a data disaggregation by gender, education and age of the enrolled participants.
We report that the beneficial impact on cognitive functions was preserved at the 14-month follow-up, with greater effects in
low-educated compared to high-educated individuals, and in women than in men.
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Key Points

• The beneficial impact of the Train the Brain intervention on cognitive functions was preserved at the 14-month follow-up.
• The effects were greater in low-educated compared to high-educated individuals.
• The beneficial effects were more evident in women than in men.

Introduction

Ageing is considered as the major risk factor for decline in
cognitive domains such as memory, attention and executive
functions [1]. While a pathological ageing process can lead
to severe age-related forms of dementia, the underlying
neurobehavioural impairments develop across a temporal
continuum, which goes from early stages of silent pertur-
bations, through an intermediate state called mild cognitive
impairment (MCI) [2]. At this stage, the subjective cognitive
decline becomes objectivable by neuropsychological tests in
the absence of impairments in daily activity performance [3].

Meta-analysis studies suggest an annual conversion rate
from MCI to dementia in a range from about 9.5% [4] to
20% [5], making this stage particularly suitable for strate-
gies aimed at slowing down the evolution towards overt
dementia. In this context, modifiable lifestyle factors play
a prominent role, with increased levels of physical exer-
cise and cognitive activity being considered particularly effi-
cacious either as protective factors against dementia, or
as key elements of non-pharmacological interventions for
patients with MCI or early dementia (see [6] for a recent
review).

We recently performed a randomised, clinical trial called
as ‘Train the Brain’, investigating the impact of a com-
bined motor and cognitive intervention in older people with
a diagnosis of MCI. Previously published results showed
that this treatment markedly improved cognitive functions
in trained subjects compared to non-trained controls, as
assessed immediately at the end of the 7-month intervention
programme [7].

Here, we extended the previous analysis to include the
long-term effects at the 14-month follow-up (i.e. 7 months
past the end of the intervention) and to perform a detailed
data disaggregation by subject gender, education level and
age.

Material and methods

An extensive description of the methods can be found in [7]
and in the Appendix.

Participants

Participants, recruited from the general population and
enrolled in the Neurology Unit (Azienda Ospedaliera
Universitaria Pisa, AOUP) of Santa Chiara Hospital, Pisa

(Italy), were older people (age > 65, <89), with a confirmed
diagnosis of MCI (amnestic and non-amnestic types). All
participants matched the inclusion criteria described in the
original paper [7] and in the Appendix.

Subjects were randomly assigned to either the multido-
main training group (MCI-training), or to the no-training
condition (MCI-no-training), in a 1:1 ratio, considering a
computer-generated simple randomisation sequence. Ran-
domisation was performed after the baseline assessment by
a statistician not otherwise involved in the study and with
no contact with the study participants. Clinicians and psy-
chologists involved in the training were different from the
outcome evaluators.

All participants were required to sign an informed con-
sent prior to the tests administration. The study protocol
conforms to the ethical guidelines of the 1975 Declara-
tion of Helsinki and was approved by the Regional Ethical
Committee for Clinical Experimentation. ClinicalTrials.gov
Identifier is NCT01725178 (8 November 2012).

Cognitive assessment

For the MCI diagnosis, the diagnostic criteria proposed by
the European Consortium on Alzheimer’s Disease Working
Group on MCI were applied [8]. A comprehensive battery
of neuropsychological tests was chosen to assess the perfor-
mance in several cognitive domains. The battery included the
following tests: Mini-Mental State Examination (MMSE),
Clock Drawing Test (CDT), Clinical Dementia Rating Scale
(CDR) and Geriatric Depression Scale.

Patients diagnosed as MCI underwent an evaluation
which included Alzheimer’s Disease Assessment Scale-
cognitive (ADAS-Cog) to measure the severity of the most
important symptoms of AD. The clinical MCI evaluation
provided the baseline (T0) and the two cognitive assessments
at the follow-ups (T7 and T14).

Combined physical-cognitive training

Enrolled participants were assigned to mixed-gender classes
of maximum 10 individuals each, to promote social
interactions, and given two sessions of supervised cognitive
training of 60 min each per day, three times a week and
one of supervised aerobic physical activity of 60 min each
per day, three times a week, for 7 months. A detailed
description of the cognitive training programme is given in
the Appendix.
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Figure 1. Flow chart of the intervention.

Statistical analysis

Baseline characteristics of study participants at follow-ups (7
and 14 months from the baseline) were compared with those
lost to follow-up, considering the χ 2 or Fisher’s exact test
for categorical variables and Generalised Linear Models after
testing for homoscedasticity (Levene’s test; in case of het-
eroscedasticity, the Welch’s ANOVA was considered) or the
nonparametric Wilcoxon rank sum test for quantitative ones.

Shapiro–Wilk test and D’Agostino-Pearson test were used
to test the normal distribution of quantitative variables.
Mixed-effects models were considered to study the changes
in ADAS-Cog scores related to group (MCI-training; MCI-
no training), time and group × time interaction. Adjust-
ment for baseline ADAS-Cog score, gender, age, years of
education and covariates differently distributed across groups
were applied. A covariance model accounting for unequally
spaced measurements and Tukey adjustment for multiple
comparisons were considered. Intent-to-treat analyses were
made using multiple imputation of missing outcomes [9]; 50
imputed datasets were combined considering Proc MIAna-
lyze. Further analyses evaluated also the interaction of group
× time with years of school (≤5 versus >5 years), sex and
age (<75 versus ≥ 75 years; 75 is the median value of the age
distribution of participants) to evaluate the training-specific
effect for education groups, sex and age groups, respectively.
The macro ‘type3_MI_mixed’ was used to obtain a single,
weighted Type III statistic.

Statistical significance was assumed for a P-value < 0.05.
The analyses were performed using SAS statistical package
release 9.4 (SAS Institute Inc., Cary, NC).

Results

One hundred thirteen persons were enrolled and randomised
to the intervention: n = 55 in the MCI-training group and
n = 58 in the MCI-no-training group (Figure 1). The train-
ing programme lasted for 7 months and was completed by
53 MCI-training subjects and 50 MCI-no training subjects,
with a significantly higher drop-out rate in the MCI-no-
training group [7]. Cognitive evaluations were performed
7 months after baseline (i.e. soon after the end of the training
period) on 103 participants (T7, 53 MCI-training and 50
MCI-no training subjects) and 14 months after baseline
on 85 participants (T14, 51 MCI-training and 34 MCI-
no-training). On comparing the participants included in
these analyses with those lost at follow-ups, no significant
differences were found, with the only exception of gender:
men were more frequently lost at the T14 follow-up (see
Supplementary Table S1).

No significant differences were present between the two
groups for gender, age, education, MMSE and CDT at
both T7 (gender P = 0.495, age P = 0.4744, education
P = 0.7633, MMSE P = 0.3783 and CDT P = 0.8541)
and at T14 (gender P = 0.7217, age P = 0.3832, education
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Figure 2. Changes in cognitive score at the ADAS-Cog score. Estimated means and SE from mixed-model repeated measures
analyses, adjusted for baseline ADAS-Cog, age, sex, education, MMSE and CDT. Asterisk means P < 0.05.

P = 0.9047, MMSE P = 0.3888 and CDT P = 0.7663).
Baseline characteristics of the enrolled subjects are presented
in Supplementary Tables S1 and S2.

Estimated means and 95% confidence intervals (CIs) for
ADAS-Cog for each group at different time points, from
mixed-model repeated measures analyses, are presented in
Supplementary Table S3 (between-groups differences) and
Supplementary Table S4 (within-group differences). A sig-
nificant beneficial effect of the training on ADAS-Cog scores
was evident at T7, as already reported [7], and was confirmed
at the T14 follow-up (Figure 2): the mean estimated change
in ADAS-Cog with respect to the baseline value in the
MCI-training group was −1.57 (95% CI (−2.50, −0.64)),
while the corresponding value in the MCI-no-training group
was +0.72 (95% CI (−0.23, 1.68)). The mean difference
between the two groups in relation to change in ADAS-
Cog at T14 was −2.08 (95% CI (−3.25, −0.91)), highly
statistically significant (P < 0.001), with an effect size (ES) in
the medium range (ES = −0.52; 95% CI (−0.55, −0.49)).

Thirty-eight participants (33.6%) reported ≤5 years of
education, while 75 reported >5 years of education. The
low-educated group at the screening performed significantly
worse at CDT (6.9 (SE = 2.0) versus 8.2 (SE = 1.9),
P = 0.0004), while no significant differences were found in
relation to MMSE and CDR. Mixed-effect models to study
changes with time in ADAS-Cog scores revealed that the
interaction group × time with dichotomized education had
borderline significance (P = 0.0764); the results of the train-
ing were significant both in high and low education training
groups at both time points, though more evident among
participants with lower education (Figure 3a) than among
those with higher education (Figure 3b). In participants

with >5 years of schooling, the differences in post-training
ADAS-Cog between the training and control groups were:
−1.6 (95% CI (−2.9, −0.3), P = 0.0181) at T7 and −1.6
(95% CI (−3.1, −0.2); P = 0.0242) at T14. In participants
with lower education, the differences in post-training ADAS-
Cog was almost twice that of high education groups: the
mean difference between low education training and con-
trol groups was −3.1 (95% CI (−5.1, −1.2), P = 0.0020)
at T7 and −3.2 (95% CI (−5.3, −1.2), P = 0.0028) at
T14 (Supplementary Table S3). Thus, training was beneficial
both for high and low education MCI subjects, and in both
groups, the training effects were maintained at the T14
follow-up.

Women (n = 55, 48.7%) obtained significantly lower
scores at CDT with respect to men in the screening phase
(7.3 (SE = 0.3) versus 8.2 (SE = 0.2); P = 0.0354), while
no significant differences were detected for MMSE and
CDR. The interaction group × time with gender was not
statistically significant (P = 0.2710). However, the results of
the training on ADAS-Cog scores seem to be more evident
among women (Supplementary Table S3; Figure 4a and b).
At T7, both men and women showed a significant effect
of training: the mean difference between training and
no training females was −2.3 (95% CI (−3.9, −0.8);
P = 0.0035) and that for males was −1.9 (95% CI (−3.4,
−0.3); P = 0.0187). At T14, the mean difference between
training and no training females was −3.1 (95% CI (−4.7,
−1.5); P = 0.0003); the mean difference between training
and no training males was −1.2 (95% CI (−2.9, 0.5),
P = 0.1655), reduced with respect to what found at T7 and
not reaching statistical significance, likely for the reduction
in sample size.
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Figure 3. Changes in cognitive score at the ADAS-Cog score, analysed by years of education dichotomized (a, less educated; b,
more educated subjects). Estimated means and SE from mixed-model repeated measures analyses, adjusted for baseline ADAS-Cog,
age, sex, MMSE and CDT. Asterisk means P < 0.05.

Participants aged ≥75 years were 54 (47.8%) and they
performed slightly better, at the screening, at the MMSE
with respect to participants aged <75 years (26.0 (SE 0.3)
versus 25.2 (SE 0.3); P = 0.0391), while for CDR and CDT,
differences were not significant. Interaction group∗time∗age
group dichotomized was not significant (P = 0.6614) (Sup-
plementary Table S3; Figure 5a and b). The effect of training
on ADAS-Cog scores was significant both among partic-
ipants aged <75 years (mean difference between training
groups at T7, −2.3 (95% CI (−3.8, −0.8), P = 0.0033; at
T14, −2.4 (95% CI (−4.0, −0.8), P = 0.0035), and among

participants aged ≥75 years (mean difference between train-
ing groups at T7, −2.1 (95% CI (−3.7, −0.4), P = 0.0133);
at T14, −2.0 (95% CI (−3.8, −0.1); P = 0.0376).

Discussion

In the present paper, we expanded our previous work on the
acute effects of a combined cognitive-motor training, named
the ‘Train the Brain’, in a population of older persons with
MCI diagnosis.
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Figure 4. Changes in cognitive score at the ADAS-Cog score, analysed by subject gender (a, women; b, men). Estimated means
and SE from mixed-model repeated measures analyses, adjusted for baseline ADAS-Cog, age, education, MMSE and CDT. Asterisk
means P < 0.05.

The first aim of the study was to accomplish a follow-up
analysis of cognitive data performed 7 months past the end
of the intervention, i.e. 14 months since the baseline assess-
ment. The present data show that the acute beneficial effects
elicited by the intervention were maintained over time, with
a medium ES and a mean ADAS-Cog difference between
the intervention and the control groups of −2.08. The
ADAS-Cog changes were in the 1–3-point range, either as
improvements in trained people or as decline in non-trained

subjects. In pharmacological studies focused on more severe
forms of cognitive deterioration (e.g. Alzheimer’s disease
patients), a ‘4-point change at 6 months’ criterion is assumed
as conventional for the assessment of the clinical meaningful-
ness [10]. However, considering that (i) the ‘Train the Brain’
intervention is a totally non-pharmacological approach; (ii)
the targeted population had a MCI and that (iii) the follow-
up in the present study was at 14 months, and the clinical
meaningfulness of the results is likely better portrayed by a
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Figure 5. Changes in cognitive score at the ADAS-Cog score, analysed by years of subject age dichotomized (a, <75 years;
b, >75 years). Estimated means and SE from mixed-model repeated measures analyses, adjusted for baseline ADAS-Cog, sex,
education, MMSE and CDT. Asterisk means P < 0.05.

less stringent criterion. Indeed, even with pharmacological
approaches, other studies reported an average improvement
of much <4 points at 6 months and 1 year [11], suggesting
that a given n-point decline on ADAS-Cog needs to be inter-
preted in the context of the overall response. The prevailing
consensus is that, for ADAS-Cog at 1 year, a change of 2 may
be appropriate for meaningful changes [12]. In agreement
with this view, we previously reported that the cognitive
improvements at the T7 follow-up were also evident at the
level of single cognitive domains and resulted in a reduction

of neuropsychiatric symptoms and a marked improvement
in the quality of life [13].

Strikingly, the global cognitive performance in the current
study displayed an improvement with respect to baseline in
the MCI-training group, while it undertook deterioration
in the MCI-no-training group. This underscores the clinical
relevance of the ‘Train the Brain’ intervention and of similar
programs in terms of their impact on a possible delay of
dementia onset. To date, very few studies have validated
the long-term effects of the tested programs on older MCI
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persons, with most cases reporting the impact of a protracted
cognitive-motor stimulation analysed within the time limits
of the period in which the intervention was still active, i.e.
without post-intervention follow-ups (e.g. [14]).

The second aim of our study was to perform a disag-
gregation of the data in terms of education, gender and
age. We report that, at the baseline, the lower-educated
group displayed a worse cognitive performance in the CDT
with respect to the higher-educated group. This finding can
be appraised within the context of the so-called cognitive
reserve hypothesis by which different degrees of lifetime
mental stimulation contribute to the inter-individual vari-
ability in late-life cognitive abilities and protection against
the effects of ageing [15–18]. Moreover, our finding is in
agreement with recent results from the FINGER study,
a multidomain intervention, including cognitive training
combined with physical exercise components [19]. In this
study, the authors focused the attention on another key
source of mental engagement likely involved in the construc-
tion of cognitive reserve, i.e. occupational complexity [20,
21], reporting that higher levels of occupational complexity
were associated with better baseline cognition [22]. While
the cognitive benefit of the FINGER intervention did not
vary significantly among participants with different levels of
occupational complexity, we found that the beneficial effects
of our ‘Train the Brain’ intervention were more pronounced
among individuals with lower education than among those
with higher education, although being statistically significant
in both groups, both at T7 and at T14. Albeit distinct,
the two variables involved in the cognitive reserve are likely
not independent, as late levels of occupational complexity
might be at least partially accounted for by early levels of
education (see [23, 24]. As a note of caution, it should also
be noted that the FINGER population is representative of
individuals at risk for dementia, but in the absence of a
cognitive impairment, as is instead the case of the cohort
included in our ‘Train the Brain’ study.

While men have a greater risk for MCI [25], women
display greater longitudinal rates of progression towards
dementia than men (e.g. [26, 27]. This qualifies MCI women
as a particularly vulnerable population. However, data on
sociodemographic variables, such as gender, that may influ-
ence training gains remain rare. We show that the beneficial
effects of the training were more marked among women,
particularly at T14, in agreement with previous evidence
for stronger cognitive training improvements of female com-
pared to male MCI patients (e.g. [28]). Moreover, the higher
loss to follow-up in men compared to women might indicate
that they dropped the training programme due to a wors-
ening of their cognitive status. In fact, at T7, the females
who underwent the training have a significant improvement
in ADAS-Cog, while males did not. Still at T7, untrained
females did not experience a significant worsening, while
untrained males worsened significantly in ADAS-Cog.

In parallel to gender, a variable affecting the risk for
dementia in MCI individuals is age. The prevalence of MCI
has been reported to vary from 6.7% at 60–64 years, to

14.8% between ages 75 and 79 and to 25.8% for ages 80–
84, with the rate of progression from MCI to dementia
being between 9 and 20% per year depending on the specific
characteristics of the population [5]. Importantly, we found
a similar impact of the intervention on both age groups of
<75 years of age and of >75 years, a result that strengthens
the general application of the ‘Train the Brain’ intervention.

The mechanisms underlying the beneficial effects of the
intervention remain unclear. Exercise and exposure to envi-
ronmental enrichment in animal models are known to boost
hippocampal neurogenesis, to reduce amyloid-β levels, to
increase neurotrophins and to improve cognitive abilities in
normal and pathological ageing (see [29]. In humans, phys-
ical exercise in older people reverses hippocampal volume
loss, cognitive decline and cardiovascular physical perfor-
mance [30]. Exercise, alone or in combination with cogni-
tive stimulation, can also affect the cerebral blood flow [7,
31], a sensitive parameter that, in individuals with MCI, is
affected prior to the transition to Alzheimer’s disease [32].
Finally, a growing body of research suggests that ageing is
associated with enhanced inflammation in the brain and
that chronic neurodegenerative diseases are associated with
an abnormal inflammatory response [33–37]. Although a
tight link among inflammation, ageing and dementia is
clearly emerging, knowledge about the possibility to target
neuroinflammation with suitable intervention strategies is
still lacking.

This study has some limitations. First, the measurement
of cognitive impairment was based on selected cognitive tests
and could obviously be prone to errors. Second, the number
of participants was limited even if a related strength was that
they were directly recruited from the community. Third, the
two main components of the intervention, namely motor
and cognitive stimulation, were not independently assessed
for their specific contribution to the global effect. Fourth,
the results concerning MRI assessment of cerebral volumetry
and perfusion at T14 are still in progress. Future studies
should overcome these limitations.

Conclusions

This study provides strong support to the increasing body of
evidence that indicates that the ‘Train the Brain’ intervention
exerts beneficial effects in older people at risk for cognitive
decline and dementia [7, 13, 38, 39]. The maintenance
of the cognitive effects several months post-intervention is
particularly encouraging, as it underscores the role of com-
bined cognitive-motor interventions in reducing or delaying
dementia conversion in MCI subjects.

Further research with larger sample sizes for the subgroups
and longer follow-up evaluations is warranted.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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