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Introduction

Mild Cognitive Impairment (MCI) is usually 
described as a transitional state between age-related 
cognitive decline and dementia. However, even 
though it may evolve in Alzheimer’s disease or other 
types of dementia, not all cases of MCI progress to 
overt dementia (Petersen, 2011; Langa and Levine, 
2014; Cheng et al., 2017; Cammisuli and Timpano, 
2017). MCI is different from the most severe forms 
of cognitive decline because it does not fulfil criteria 

for full-blown dementia, it reports no functional 
impairment and lack of significant damage in social 
or occupational functioning (Cammisuli et al., 2012; 
Cheng et al., 2017; Gallaway et al., 2017; Hughes et 
al., 2017).
The Montreal Cognitive Assessment (MoCA) 
is a rapid cognitive screening tool developed to 
detect MCI from normal ageing cognitive changes 
taking 10-15 minutes to be administered. It 
consists of 12 subtasks exploring eight cognitive 
domains: short-term and delayed verbal memory, 
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A B S T R A C T

The Montreal Cognitive Assessment (MoCA) is a rapid screening tool, including subtests assessing some cognitive 
domains developed to distinguish MCI from normal ageing cognitive changes. Several validation and normative 
studies around the world considered the influences of age and education on the MoCA score, but none took into 
account lifestyle and habits. However, lifestyles, and particularly physical activity (PA) have been positively 
associated with both physical and mental health in elderly. The aim of the present study is to investigate the 
influence of regularly practiced PA on the MoCA scores in a sample of Italian healthy elderly males. For this 
purpose, sixty-five healthy adult males, aged 65-81 years were assigned to two groups, physically active group 
(PAG, N=33), and sedentary group (SG, N=32), according to recommended levels of physical activity by the World 
Health Organization. The Italian version of MoCA was administered to each participant. Raw data were analysed 
by a multiple regression model in which the independent variables were PA, age and education. Results showed a 
highly significant influence of PA on MoCA total score and on some cognitive domain sub-scores. Furthermore, 
multiple regression analysis indicated a larger impact on scores by PA than both age and education. In the light 
of these findings, it is advised to pay attention to the lifestyle of individuals undergoing a neuropsychological 
evaluation like the MoCa one and, in particular, to the level of PA practiced, as well as age and education.
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visuospatial abilities, executive functions, attention, 
concentration, working memory, language, and 
orientation to time and place (Nasreddine et al, 
2005). MoCA total score ranges from 0 (worst 
performance) to 30 (best performance), with a cut-
off for MCI of 26 in the original version. In MoCa 
administration it should be taken into account that 
several items may be culturally biased, in fact 
several validation studies published all over the 
world showed great variability in terms of both 
normative and cut-off scores for detecting people 
with MCI and AD. Comparisons between healthy 
people and patients with MCI or AD conducted 
in several international validations showed wide 
differences in thresholds, sensitivity and specificity 
values (Rossetti et al., 2011; Lifshitz et al., 2012; 
Memória et al., 2013; Conti et al., 2015; Gil et al., 
2015; Pirrotta et al., 2015; Santangelo et al., 2015).
In particular, for the Italian version of MoCA (Pirani 
et al., 2006), three independent contributions have 
been published for MoCA validation (Conti et al., 
2015; Pirrotta et al., 2015; Santangelo et al., 2015). 
These Italian studies found a different cut-off score 
for healthy subjects of 15 (Pirrotta et al., 2015), 17.5 
(Santangelo et al., 2015) and 19.26 (Conti et al., 
2015), respectively. The scores are not only lower 
than those proposed in the original version, but also 
differ among them. Moreover, both Santangelo et al. 
(2015) and Conti et al. (2015) showed a significant 
influence of age and education on MoCA scores, 
and the population average scores found were 
different among them, too. Particularly, Santangelo 
et al. (2015) showed an average total score of 
21.98 ± 4.22 vs 23.28 ± 3.22 found by Conti et al. 
(2015). Considerably, it seems that demographic 
characteristics of the participants in the studies 
could not explain the differences found. In fact, 
the samples in studies conducted by Pirrotta et al. 
(2015) and Conti et al. (2015) were comparable, 
while the sample tested by Santangelo et al. (2015) 
had an average age lower and an educational level 
higher than the other studies. Moreover, total score 
and cut-off score found in Pirotta and Santangelo’s 
studies (2015) are lower than those obtained by 
Conti et al. (2015).
Even if several of the validation and normative studies 
all over the world, including the Italian researches, 
considered the influences of age and education on 
the MoCA score, we had not found any study taking 

into account the lifestyle and habits of the subjects 
tested. However, lifestyles, and particularly physical 
activity (PA), have been positively associated with 
both physical and mental health in elderly (Nelson et 
al., 2007; Biddle et al. 2016; Harridge and Lazarus, 
2017; Pruneti et al, 2017).
Strong evidence also showed that PA directly affects 
the nervous system by interceding on its structural 
integrity and improving cognitive functioning (Bherer 
et al., 2013) and seems to have a neuroprotective 
effect associated to better performance in cognitive 
tasks in the elderly (Colcombe and Kramer, 2003; 
Kramer and Erickson, 2007). Furthermore, greater 
personal activity (leisure or physical one) was 
consistently associated to a higher level of cognitive 
ability, starting from the age of 60 (Gow et al, 2012; 
Pruneti et al., in press), and people who are active 
in later life present a lower risk of cognitive decline 
and incident dementia (Berchicci et al., 2015).
Nevertheless, we did not find any study examining 
the impact of the PA on the MoCa score or other 
neuropsychological screening tools. In the light of 
this assumption, the aim of the present study was 
to investigate the influence of regularly practiced 
PA on the MoCA raw score in a sample of Italian 
healthy elderly males.

Methods

Sixty-five healthy non-smoker adult males, aged 
65-81 years (mean 72.1 years ± 4.28 SD) were 
voluntarily enrolled in the study and assigned to 
two experimental groups in relation to the amount 
of practiced PA per week. Subjects who reported to 
practice walking, jogging or running for 3-4 hours 
per week, were assigned to the physically active 
group (PAG, N=33), and those who reported a 
sedentary lifestyle were assigned to sedentary group 
(SG, N=32), according to recommended levels of 
physical activity by the World Health Organization 
(2010). Exclusion criteria were the presence of a 
personal history of cardiac, pulmonary, psychiatric 
or neurological disorders, diabetes, kidney failure 
and previously professional sport activities. Each 
participant gave a written consent to the study and 
data were anonymously processed by assigning 
progressive identification codes. Individual and 
family clinical history, evaluation of PA, lifestyle 
and education level were assessed using the Eating 
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Habits Structured Interview (EHSI) (Pruneti, 2013; 
Pruneti et al., in press). The EHSI is an interview on 
lifestyles, medical history and dietary habits planned 
in 5 sheets and 53 items (master data and medical 
history, life style, physical activity, body perception, 
and eating habits). The eating habits sheet included 
a report of the diet composition of the previous 
week in order to assess the nutritional pattern of the 
subjects. The education level of the whole sample 
was evaluated in years of education. Two senior 
clinical psychologists individually administered the 
Italian version of MoCA to each participant in 
a quiet and comfortable room. Raw scores are 
considered and no correction for education has been 
carried out, in order to compare the impact of age, 
education and PA.

Statistical analysis
Descriptive statistics (mean, standard deviation, 
median, and range) for each sample are reported in 
Table 1. Comparison of demographic characteristics 
between SG and PAG was performed by Student’s 
t test, with no statistical significant differences 
for both age and education levels (P> 0.5 and P> 
0.25 respectively). Multiple regression analyses 
were performed in order to assess the relative 
influence of PA (assigning 0 to SG and 1 to PAG), 
age and educational level (expressed as years of 
schooling) on the subjects’ MoCA total score and 
on each cognitive domain sub-scores. The statistical 
significance of each multiple regression model was 
tested by ANOVA, and effect size was calculated 
by eta2 (η2). Multicollinearity among independent 
variables was assessed by variance inflation factor 
(VIF). The statistical adequacy of the multiple linear 
model was evaluated with the residual analysis 
applying Shapiro-Wilk and Durbin-Watson tests. 
When the multiple linear model did not result 
statistically adequate, we assessed the relative 
influence of each variable on score by a multiple 
correlation matrix, applying Spearman’s r

s
. Since 

data included both continuous and ordinal variables, 
partial correlation coefficients were calculated by 
Spearman’s partial r

s
.

The results of the multiple regression analyses were 
used to formulate a regression equation for esteeming 
the MoCA total score in function of age, education 
level and PA. Finally, the average MoCA total score 
of PAG, SG and the whole sample was compared 

with the scores shown in the Italian normative studies 
(Conti et al., 2015; Santangelo et al., 2015), and the 
effect size was estimated by Cohen’s d.
Sub-scores of each domain was computed as 
described in Santangelo et al. (2015). The investigated 
domains were the following: memory (score range 
0-5), visuospatial skills (score range 0-4), executive 
functions (score range 0-4), attention, concentration 
and working memory (score 0-6), language (score 
0-6). Spatial and temporal orientation (score 0-6) 
was not investigated because all subjects totalized 
the maximum scores obtainable by the test.

Results

VIF values for PA, age and education were 
1.024, 1.007 and 1.020, respectively, showing no 
collinearity among independent variables. The 
multiple regression model was found statistically 
adequate for MoCA total score and for all the 
domain sub-scores, but attention (Table 2). All 
scores, but memory sub-score, showed a highly 
significant influence of PA (Table 3).
Multiple regression analysis showed an influence of 
all three independent variables on MoCA total score. 
Standardized coefficient (Beta) and partial correlation 
coefficient for PA was found to be larger than for age 
and education, indicating a higher effect of PA than 
the other ones (Table 3). Executive functions sub-
score showed significant regression and correlation 
coefficients for PA but not for age or education (Table 
3). Language and visuospatial skills correlation and 
regression coefficients were statistically significant 
for both PA and education, but not for age. Beta 
coefficient and partial correlation coefficient results 
higher for PA than education, indicating a larger 
effect of PA (Table 3). On the contrary, memory 
showed highly significant correlation with age, but 
not with both PA and education (Tab III). Finally, 
attention was analysed by Spearman’s r

s
, because the 

multiple regression model was not adequate (Table 
2), showing a significant correlation with PA, but not 
with both age and education (Table 3).
By using multiple regression analysis results, we 
formulated the following predictive equation to 
estimate MoCA total score in Italian population:
• MoCA total score = 27.337 - 0.095xAGE + 

3.182xPA + 0.189xEDUCATION.
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where, 27.337 is the intercept of the multiple 
regression analysis (Table 3), PA was expressed 
as binary variable assigning 0 for SG and 1 for 
PAG, age was expressed in years, and education 
was expressed in years of schooling. The predictive 
equation esteemed a score about three points (3.182 
± 0.383 SE) higher in physically active subjects than 
in sedentary ones.
Finally, MoCA total score of PAG results 
significantly higher than normative data showed by 
both Santangelo et al. and Conti et al., whereas SG 
MoCA score were significantly lower than normative 
data for Italian population reported by Conti et al, 
but overlapped the findings of Santangelo et al. 
(Table 4). Moreover, our whole sample mean MoCA 

total score overlapped normative data showed by 
Conti et al., and was significantly higher than that 
reported by Santangelo et al. (Table 4).

Discussion

To our knowledge, the present results showed for the 
first time, the influence of PA on a neuropsychological 
screening tool such as MoCA. Particularly, we showed 
that the Italian elderly males practicing a regular aerobic 
physical exercise totalised a higher MoCA score 
than sedentary ones. The fact that the standardized 
coefficient of multiple regression analysis (Beta) was 
higher for PA than for age or education level clearly 

Tab. 1. - Descriptive statistics of demographic caracteristics and MoCA scores for each group.

PAG N=33 SG N=32 Whole sample N=65

Mean SD Median Range Mean SD Median Range Mean SD Median Range

Age 71.73 4.05 72 65-80 72.41 4.55 72 65-81 72.06 4.28 72 65-81

Educatin 8.79 3.07 8 5-13 8.0 2.78 8 5-13 8.40 2.94 8 5-13

MoCA
Total Score 25.36 1.29 26 23-27 21.97 1.96 21 19-26 23.69 2.37 24 19-27

Executive 
Functions 3.73 0.52 4 2-4 2.19 0.82 2 1-4 2.97 1.03 3 1-4

Visuospatial 
Skills 3.39 0.61 3 2-4 2.56 0.91 3 1-4 2.98 0.87 3 1-4

Attention 5.64 0.49 6 5-6 4.84 0.63 5 4-6 5.25 0.69 5 4-6

Language 5.45 0.56 5 4-6 4.53 0.62 4 4-6 5.00 0.75 5 4-6

Memory 2.03 0.59 2 1-3 2.13 0.55 2 1-3 2.08 0.57 2 1-3

Orientation 6 0 6 6-6 6 0 6 6-6 6 0 6 6-6

Note: PAG, physical active group; SG, sedentary group; SD, Standard Deviation.

Tab. 2. - Multiple linear regression analysis for the total Montreal Cognitive Assessment (MoCA) score and the domain sub-scores.

Multiple Regression Analysis Residual Analysis

Coefficients ANOVA Shapiro Wilk Durbin Watson

R R2 R2 adj F(3-61) P η2 W P Norm D P

MoCA
Total Score 0.78 0.61 0.59 31.23 <0.0000 0.61 0.982 >0.25 Y 2.14 NS

Executive 
Functions 0.77 0.59 0.57 29.43 <0.0000 0.59 0.978 >0.25 Y 1.99 NS

Visuospatial 
Skills 0.57 0.33 0.29 9.83 <0.0001 0.33 0.987 >0.5 Y 2.24 NS

Attention 0.58 0.34 0.31 10.53 <0.0001 0.34 0.862 <0.001 N 2.62 <0.05

Language 0.70 0.49 0.47 19.68 <0.0000 0.49 0.970 >0.1 Y 2.00 NS

Memory 0.43 0.19 0.15 4.74 <0.005 0.19 0.979 >0.25 Y 2.04 NS

Note: Independent variables were physical activity (SG=0; PAG=1), age (in years) and education (in years of schooling). R, 
multiple regression coefficient; adj, adjusted; Norm, normality; NS, not significant; η2, effect size of ANOVA.
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indicated a stronger influence of PA than of the other 
two variables. The predictive equation formulated 
on the basis of the multiple regression results show 
a difference of 3 points on the MoCA total score 
between physically active and sedentary Italian elderly 
males. This confirm the needing to take in account the 
tested subjects PA levels in both clinical and research 
when this tool is used.
Furthermore, we found a highly significant impact 
of PA level on the obtained scores of some cognitive 

domains investigated by MoCA. Particularly, 
PA level strongly influences attention, executive 
functions, language and visuospatial skills, but not 
memory. We hypothesize that differences found 
among the several normative and validation studies 
(Rossetti et al., 2011; Lifshitz et al., 2012; Memória 
et al., 2013; Conti et al., 2015; Gil et al., 2015; 
Pirrotta et al., 2015; Santangelo et al., 2015) could 
be due not only by cultural biases but also by 
differences in lifestyle, and, particularly, at the 

Tab. 3. - Intercepts, multiple regression coefficients and partial correlation coefficients of age, physical activity (PA) and 
education for the total MoCA score and for the domain sub-scores in the multiple regression models.

Multiple Regression Partial Correlation Coefficients

b Student-t(63) P Beta Partial R* F(3-61) P

MoCA Total Score

Intercept 27.337 8.27 <0.0000

Age -0.095 2.13 <0.05 -0.172 -0.234 3.563 <0.05

PA 3.182 8.31 <0.0000 0.676 0.722 66.536 <0.0000

Education 0.189 2.88 <0.01 0.234 0.339 7.925 <0.0005

Executive Functions

Intercept 2.420 1.65 >0.05

Age -0.009 0.46 >0.5 -0.038 -0.091 0.510 >0.5

PA 1.492 8.81 <0.0000 0.729 0.764 85.574 <0.0000

Education 0.053 1.84 >0.05 0.152 0.226 3.290 <0.05

Visuospatial Skills

Intercept 4.848 3.04 <0.005

Age -0.039 1.83 >0.05 -0.193 -0.174 1.91 >0.1

PA 0.748 4.05 <0.001 0.431 0.454 15.789 <0.0000

Education 0.072 2.27 <0.05 0.241 0.267 4.668 <0.01

Language

Intercept 4.546 3.68 <0.001

Age 0.015 0.92 >0.25 0.084 0.110 0.750 >0.5

PA 0.868 6.32 <0.0000 0.583 0.630 40.121 <0.0000

Education 0.082 3.49 <0.001 0.322 0.413 12.526 <0.0000

Memory

Intercept 2.809 2.37 <0.05

Age -0.054 3.51 <0.001 -0.406 -0.409 12.252 <0.0000

PA -0.150 1.14 >0.25 -0.133 -0.134 1.119 >0.25

Education 0.024 1.06 >0.25 0.123 0.143 1.267 >0.25

Attention

Age

Multiple regression model was not adequate

0.015 0.013 >0.95

PA 0.582 31.176 <0.0000

Education -0.026 0.040 >0.95

Note: b, multiple regression unstandardized coefficients from; Beta, multiple regression standardized coefficients; Partial R, 
Partial correlation coefficient. * Partial R were computed applying Spearman partial rs. Statistical significances are marked 
in bolt type.
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percentage of physically active subjects in the 
studied samples. Clearly, the differences in PA 
levels practiced by subjects enrolled in the various 
studies cannot explain all the discrepancies founded 
in the MoCA normative data around the world, 
but they can contribute to reduce the intracultural 
and intercultural biases. Although our study was 
conducted only on males, the previous researches 
on Italian population did not show any gender 
differences in MoCA scores (Conti et al., 2015; 
Pirrotta et al., 2015; Santangelo et al., 2015). This 
could lead to extend our results to females, but this 
hypothesis should be tested.
On the other hand, present study did not assess 
the influence on the MoCA scores of cognitive 
activities like reading, puzzles or playing cards. In 
light of our findings on PA, we can assume these 
cognitive activities could similarly affect the 
MoCA scores. It is well known that both PA and 
the engagement in cognitive recreational activities 
more times per week enhance specific cognitive 
functions in elderly healthy people and may 
prevent occurring pathological decline over time 
(Gow et al., 2012; Bherer et al., 2013; Berchicci et 
al., 2015). Particularly aerobic exercise influence 

cognitive functioning involving some specific 
domains, whereas recreational activity with 
relevant mental involvement (i.e. playing card 
games) is able to steady improve other specific 
domains (Pruneti et al., in press). Likewise, 
Cognitive Reserve (CR) could interact with 
the various scores. CR theoretical background 
explains how pre-existing spared cognitive 
processes may act upon cognitive deficits through 
compensatory mechanisms, so that an individual 
with high reserve resists neurological damage 
longer and shows clinical symptoms only in the 
advanced phase of the disease (Stern, 2009). 
It is fascinating to suppose a complementary 
and, maybe summative, effect of the subjects’ 
PA, cognitive activity and CR in determining 
the ability of responding to the cognitive tests. 
Clearly, also these hypotheses will have to be 
tested and could be material for future researches.
In conclusion our findings showed that an assessment 
of the usual lifestyle and, in particular of PA 
levels, should be done before the administration 
of MoCA (and probably this is true for other 
neuropsychological tests, too), both in clinical and 
research studies.

Tab. 4. - Comparison of MoCA total score between present data and the Italian population normative data as reported by 
Santangelo et al. (2015) and Conti et al. (2015).

Normative data PAG SG Whole Sample

Santangelo et al. (2015)

N 415 33 32 65

Mean 21.98 25.36 21.97 23.69

SD 4.22 1.29 1.96 2.37

Student t 4.58 0.01 3.19

DF 446 445 478

P <0.0000 >0.95 <0.01

Effect size 0.83 0.002 0.43

Conti et al. (2015)

N 225 33 32 65

Mean 23.28 25.36 21.97 23.69

SD 3.22 1.29 1.96 2.37

Student t 3.67 2.24 0.96

DF 256 255 288

P <0.001 <0.05 >0.25

Effect size 0.69 0.43 0.14

Note: P values of the comparisons between the corresponding sample and the referred normative data using Student t 
are reported. Statistical significance are marked in bold type. Effect size was estimated by Cohen’s d. PAG, physical activity 
group; SG, sedentary group; SD, standard deviation; DF degree of freedom.
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