Bugallo-Carrera et al. BMC Geriatrics (2024) 24:482 BMC Geriatrics
https://doi.org/10.1186/s12877-024-05102-1

Factors that indicate performance on the =
MoCA 7.3 in healthy adults over 50 years old
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Abstract

Human aging is a physiological, progressive, heterogeneous global process that causes a decline of all body
systems, functions, and organs. Throughout this process, cognitive function suffers an incremental decline with
broad interindividual variability.

The first objective of this study was to examine the differences in the performance on the MoCA test (v. 7.3) per
gender and the relationship between the performance and the variables age, years of schooling, and depressive
symptoms .The second objective was to identify factors that may influence the global performance on the MoCA
test (v. 7.3) and of the domains orientation, language, memory, attention/calculation, visuospatial and executive
function, abstraction, and identification.

A cross-sectional study was carried out in which five hundred seventy-three (573) cognitively healthy adults>50
years old were included in the study. A sociodemographic questionnaire, the GDS-15 questionnaire to assess
depression symptoms and the Spanish version of the MoCA Test (v 7.3) were administered. The evaluations were
carried out between the months of January and June 2022. Differences in the MoCA test performance per gender
was assessed with Student’s t-test for independent samples. The bivariate Pearson correlation was applied to
examine the relationship between total scoring of the MoCA test performance and the variables age, years of
schooling, and depressive symptoms. Different linear multiple regression analyses were performed to determine
variables that could influence the MoCA test performance.

We found gender-related MoCA Test performance differences. An association between age, years of schooling,
and severity of depressive symptoms was observed. Age, years of schooling, and severity of depressive symptoms
influence the MoCA Test performance, while gender does not.
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Introduction

Human aging, a physiological progressive heterogeneous
global process, causes the decline of all body systems,
functions, and organs. Throughout this process, progres-
sive decline in cognitive function occurs, with large inter-
individual variability [1].

In normal aging, performance deceleration appears in
tasks that require divided attention [2]. At the mnesic
level, decline in recent episodic memory occurs, possibly
due to the effect of the slowing down of speed processing
and failures in the processing of information [3]; more-
over, errors in working memory, executive functioning,
and sensory processing arise [4].

With increasing age, executive deficits also appear,
affecting planning, organization, and decision-mak-
ing, accompanied by a decline in the capacity to learn
new concepts; thinking becomes more concrete, with a
decrease in the flexibility to perform new abstractions
and categorizations [5]. Evidence shows that visuospatial
abilities begin to drop from age 80, while visual and per-
ceptual abilities do it from the age of 65 [6].

Studies have shown that age and gender are predictive
factors of cognitive performance in aging [7-12]. Some
authors report that with the passing of the years women
suffer greater cognitive decline in comparison to men
[13, 14].

Depression has been receiving increasing interest with
regard to cognitive functioning. There are divergences
between theoretical and empirical evidences: one the one
hand, some authors argue that the presence of depres-
sive symptoms is a risk factor for the development of
cognitive deterioration and later progression to demen-
tia [15-19]. On the other hand, other researchers sug-
gest that the decrease in cognitive performance could be
explained by the presence of depressive symptoms [20].
More specifically, late onset depression has been more
frequently associated to cognitive deterioration rather
than early onset depression, late onset depression being
more severe and mostly affecting cognition in terms of
memory, verbal fluency, visuospatial abilities reaction
times, and executive functioning [21, 22]. A third view
holds that cognitive performance decline and depression
symptoms share common risk factors, which may explain
the increase in prevalence of both conditions in older
people and the reason of why they are frequently comor-
bid [23-25].

Cognitive deterioration is not general and homoge-
neous among the affected individuals; in fact, it has
been shown that people with higher level of education
show better cognitive performance at old age, which
confirms the effect of the variables associated with cog-
nitive reserve in the maintenance of cognitive function-
ing in adulthood [26, 27]. Similarly, education has been
described to be a protective element against cognitive
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deterioration, associated with the amount of cognitive
loss required for the appearance of symptoms [28].

Initially, cognitive reserve was conceived as the brain’s
ability to optimize cognitive and functional performance
through compensatory mechanisms or the use of alterna-
tive cognitive strategies to cope with cerebral insults [29].
In this sense, since cognitive reserve is a theoretical con-
struct, it cannot be measured directly but must be esti-
mated indirectly through sociocultural indicators, such
as education or occupation, through the comparison of
brain state current with that expected for age, or through
functional brain activity using neuroimaging techniques
[30].

Besides the effects of age, level of education, mood, and
other variables, cognitive functions in advanced stages
of life show great interindividual variability and it is dif-
ficult to discern between normal and pathological aging;
there are no clear limits between them, and sometimes
it is very difficult to determine where does one start and
the other end. Thus, for an adequate cognitive evaluation
it is necessary to know the normal cognitive functioning
in an older adult, bearing in mind that cognitive perfor-
mance may be conditioned by risk factors such as gender,
age, state of mind, of by protective factors such the level
of education.

In a recent study [31], it has been shown that age,
gender, educational level, and depressive symptomatol-
ogy act as indicators of performance obtained on the
Montreal Cognitive Assessment [32]. This instrument is
available in multiple languages and scaled for different
contexts and populations [33-41], likewise, it has two
alternative versions (7.2 and 7.3). Several studies verified
the equivalence of the alternative versions with the origi-
nal version [42—49]. The maximum score is 30; A score
equal to or greater than 26 is considered normal with a
maximum of 30 points. One point is added if the subject
has 12 years or less of education (if the MoCA is less than
30). However, of the alternative versions of the MoCA
test, hardly any studies are available.

The purpose of this study was to widen the knowledge
on the variables that may be associated with performance
on the MoCA 7.3 in cognitively healthy adults>50 years
old, specifically aiming at two objectives. First, to assess
cognitive the performance on the MoCA test (v. 7.3) dif-
ferences based on gender and the relationship between
the performance and sociodemographic variables (e.g.,
age and years of schooling) and emotional variables (e.g.,
depressive symptoms) in cognitively healthy adults>50
years old. Second, to estimate the indicative ability of
sociodemographic variables and depressive symptoms
in the MoCA test 7.3 performance [47] and for each of
the seven cognitive domains this instrument assesses
(orientation, language, memory, attention/calculation,
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visuospatial and executive function, abstraction, and
identification).

Materials and methods

A cross-sectional study was carried out in which 573
people residing in Galicia recruited from socio-cultural,
professional, and civic associations. The selection of the
participants has been carried out by psychologists spe-
cialized in psychogerontology through a convenience
sample to obtain a sample distributed in a proportionally
equivalent manner between age groups (50-59; 60-69;
70-79; and >80), educational levels (1-4; 5-8; 9-12; and
>13), and gender. The following inclusion criteria were
applied: subjects aged=50 years, without disabling psy-
chiatric disorders, sensorial or motor function impair-
ment, nor doing drugs or under psychoactive medication
treatment. Exclusion criteria were absence of cognitive
deterioration and illiteracy (participants had to at least
know how to read and write). All participants signed an
informed consent.

Health professionals (psychologists specialized in psy-
chogerontology) carried out the evaluations at the par-
ticipant’s home or socio-cultural centers. The following
instruments were applied in a partially counterbalanced
manner: a sociodemographic questionnaire [48], the
Spanish version of the MoCA test (v 7.3), without the
correction by education (https://www.mocatest.org), and
the 15-item Geriatric Depression Scale (GDS-15) [49].
The evaluations were carried out between the months of
January and June 2022.

Data analysis

Descriptive statistics were computed for each of the
sociodemographic variables included in the study. Dif-
ferences in the MoCA test performance per gender
was analyzed using the Student’s t-test for independent
samples, homoscedasticity has previously been analyzed
through the Leveéne test. The association between the
scoring total of the MoCA test v 7.3 and age, years of
schooling, and depressive symptoms was assessed using
the bivariate Pearson correlation. To determine which
variables showed significant and independent contribu-
tion to explain total performance variance (MoCA test)
and of each of the seven cognitive domains this test
assesses (orientation, language, memory, attention/cal-
culation, visuospatial and executive function, abstraction,
and identification), we carried out different stepwise mul-
tiple regression analysis. The indicative or independent
variables were gender, age, years of schooling, and sever-
ity of depressive symptoms. The MoCA test allowed us to
determine the effect of each independent variable on the
total performance and on the different cognitive domains
it evaluates. Prior to carrying out the multiple linear
regression analysis in order to guarantee the validity of
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Table 1 Descriptive statistics of socio-demographic variables

Variables NorMean %orSD MoCAscore SD

Gender (female) 358 62.5

Age 70.06 9.50

50-59 years 76 133 2543 348
60-69 years 199 34.7 24.26 3.88
70-79 years 181 316 2148 432
> 80 years 117 204 1941 449
Schooling 832 352

0-4 years 75 13.1 17.85 3.83
5-8 years 258 45.0 21.24 427
9-13 years 138 24.1 24.69 3.34
> 13 years 102 17.8 2640 2.53
Total 3.56 251 2255 461

GDS-15 (Total score)
Source. Prepared by the authors; SD=Standard Deviation

Table 2 Correlations between total cognitive performances
based on the Spanish version of the MoCA test (v 7.3) and the
variables age, years of schooling, and severity of depressive
symptoms

Age Schooling GDS-15
MoCA  Bivariate Pearson correlation —0499** 0.598** —0.258%*
Significance (bilateral) 0.000 0.000 0.000

N 573 573 573
Note: ** p<.001

Source. Prepared by the authors

the model, the assumptions of the multiple linear regres-
sion model were verified. The independence of the errors
among themselves, that is, the non-self-relationship, was
studied with the Durbin-Watson test. To verify the nor-
mal distribution of errors, the Kolmogorov-Smirnov test
was used. Through White’s test, homoscedasticity was
verified, and collinearity has been analyzed through tol-
erance and the variance inflation factor (FIV). The anal-
yses were carried out with the aid of Statistical Package
for Social Sciences (SPSS) statistics for Windows (version
21) (IBM, Armonk, NY).

Results
Table 1 shows the descriptive statistics of the sociode-
mographic variables included in this study. We found
gender-dependent differences in the total MoCA per-
formance (t=2.713; gl: 571; p<.05) (Student’s t-test)
and a statistically significant correlation between the
total MoCA performance and the variables age, years of
schooling, and severity of depressive symptoms (GDS-
15) (Table 2) (p<.001). More specifically, there was a
statistically significant positive association with years of
schooling (p<.001) and significantly negative relation-
ships for the variables age and severity of depressive
symptoms (p<.001).

Before carrying out the multiple regression analysis, it
was verified that the necessary assumptions were met in
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all cases to guarantee the validity of the model. Table 3
details statistically significant results for linear multiple
regression analyses performed to determine the impact
of independent variables on total MoCA test perfor-
mance and the seven cognitive variables assessed with
the MoCA test. Independent variables years of schooling,
age, and severity of depressive symptoms were indicators
of total MoCA performance, while the variable gender
was excluded.

Regarding MoCA test domains test orientation, lan-
guage, memory, attention/calculation, visuospatial and
executive function, abstraction, and identification, we
observed that age was the only common indicator for
performance for all the domains. Years of schooling was
a indicator of performance in all domains except orienta-
tion, and the independent variable severity of depressive
symptoms a indicator for performance in orientation,
language, attention/calculation, and abstraction.
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Discussion

Regarding the first aim of this study, we establish gender-
related differences in total MoCA test performance, as
well as a negative association between the total MoCA
test performance with age and severity of depressive
symptoms, and a positive relationship with years of
schooling. Our findings are in line with other works
that report differences based on gender [13, 14] age [12],
depression symptoms [17, 18, 20], and years of schooling
(26, 27].

As for our second objective (to estimate the predictive
ability of sociodemographic and depression symptoms
on global MoCA test performance), age and severity of
depression symptoms are negative indicators and years of
schooling is a positive indicator for global cognitive per-
formance. On the other hand, gender is not a indicative
factor of MoCA test performance.

When we examine the influence ability of each of the
study variables on MoCA test performance, age is the

Table 3 Significant linear multiple regression analysis of independent variables on total cognitive performance based on the Spanish
version of the MoCA test (v 7.3) and of each of the seven cognitive domains evaluated

Factors B Beta t Significance 95% IC

LL UL
Regression model on total performance (MoCA)
Years of schooling 0.592 0453 13.066 0.000 0.503 0.681
Age —-0.141 -0.290 -8.444 0.000 -0.174 -0.108
Depressive symptoms —0.231 -0.126 -3.954 0.000 —0.346 -0.116
Regression model on performance (orientation)
Age -0.016 —0.269 -6.669 0.000 -0.021 -0.01
Depressive symptoms -0.026 -0.117 -2.901 0.004 -0.044 —-0.009
Regression model on performance (language)
Years of schooling 0.099 0.360 9.136 0.000 0.078 0.121
Age -0.024 —-0.230 -5.879 0.000 —0.031 -0.016
Depressive symptoms —-0.041 -0.105 -2.900 0.004 —0.068 -0.013
Regression model on performance (memory)
Years of schooling 0.125 0.255 5.926 0.000 0.084 0.167
Age —-0.031 -0.172 -4.000 0.000 —-0.047 -0.016
Regression model on performance (attention/calculation)
Years of schooling 0.156 0.388 9.637 0.000 0.124 0.188
Age -0.021 —-0.140 -3.492 0.001 —-0.033 —0.009
Depressive symptoms -0.070 -0.124 -3.361 0.001 =0.11 -0.029
Regression model on performance (visuospatial and executive function)
Years of schooling 0.127 0.371 9.565 0.000 0.101 0.153
Age —-0.034 —0.266 -6.856 0.000 —-0.044 -0.024
Regression model on performance (abstraction)
Years of schooling 0.054 0336 7.984 0.000 0.041 0.068
Age —0.007 -0.124 -2.969 0.003 -0.012 —0.003
Depressive symptoms —0.021 -0.094 -2439 0.015 -0.039 —-0.004
Regression model on performance (identification)
Age —-0.011 -0.207 -4.789 0.000 -0.016 —0.007
Years of schooling 0.030 0.206 4.764 0.000 0.017 0.042

Note: IC=Interval Confidence; LL=Lower Limit; UL=Upper Limit
Note: p<.001
Source. Prepared by the authors
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only one that acts as a common negative indicator for all
the domains examined.

Depressive symptoms are also negative indicators;
however, age is a better indicator, as depressive symp-
toms are unable to explain MoCA Test performance
as well as the domains memory, visuospatial/executive
function, and identification.

The only positive indicative factor we identify in our
study is years of schooling (associated with cognitive
reserve). It works as a indicator of good MoCA Test per-
formance in all the assessed domains, except orientation.
This indicates that older people with greater cognitive
reserve could have more alternative strategies and com-
pensatory mechanisms to achieve more effective and
flexible cognitive functioning, with educational level
being the main indicator of cognitive reserve [50, 51].

In this work, we identify the factors that can help
explain the eventual performance on the MoCA test in
healthy older adults and outline a profile of individuals
with low performance, who are more vulnerable to suf-
fer cognitive deterioration. With this in mind, designing
a protocol to help detect individuals at risk of suffering
cognitive deterioration will alert specialists on the need
of a follow-up to detect deterioration as early as possible
and establish an early treatment [52, 53]. Achieving this
would reduce the costs associated to the care of people
with dementia [54].

The results obtained in the present study can serve as
guidance when carrying out a cognitive evaluation. On
the one hand, and prior to the cognitive evaluation, an
assessment of the mood of the person we intend to evalu-
ate should be carried out, since the existence of depres-
sive symptoms will negatively condition the results of
cognitive performance. Likewise, another factor to take
into account when carrying out a cognitive evaluation is
the age of the person evaluated since this will negatively
condition the results obtained. On the other hand, the
cognitive reserve of the person being evaluated must be
taken into consideration since this will positively influ-
ence the results of the evaluation since it can function
as an element that enhances the results of cognitive
performance.

Taking into account the above, it would be of interest
to have instruments to carry out assessments of cognitive
function properly scaled by virtue of the age, depressive
symptoms and educational level of the person evaluated,
in order to carry out an adequate cognitive assessment.

Further longitudinal studies are needed to assess the
keys of cognitive performance in the MoCA Test that
help identify which variables have positive and negative
effects and determine heterogeneous profiles based on
these variables. Likewise, it would be advisable to extend
the study to other geographical regions to check whether
or not there are differences in the results.
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In this original study there are limitations that are
accepted by the authors and that make it difficult to gen-
eralize the results. One limitation is that referred to the
composition of the sample since all the participants come
from the same geographical region, another limitation is
the use of a cross-sectional design and the possible exis-
tence of a cohort effect.

Abbreviations

GDS-15 Geriatric Depression Scale

MoCA Test (v 7.3) Montreal Cognitive Assessment

FIV variance inflation factor

SPSS Statistical Package for Social Sciences

Author contributions

The authors would like to thank all contributors participants, whose
cooperation and de Authors'contributions Conceptualization, C.B.C., and
CD.D,; methodology, CB.C, C.D.D, MG.C, AXP.and LAR, formal analysis,
L.AR. and AXP; investigation, CB.C, C.D.D, AXP, LAR, M.G.C, resources,
CBC,CDD,AXP, LAR, MG.C, data curation, C.B.C, CD.D.; statistical
analysis, AX.P; writing—original draft preparation, CD.D and CB.C,; writing—
review and editing, LA.R and C.B.C; visualization, C.D.D, CB.C, LAR, AXP and
M.G.C; supervision, C.B.C, CD.D, CB.C, LAR.and AXP; project administration,
AXP,LAR,CDD, CB.C. and MG.C; funding acquisition, LA.R and M.G.C. All
authors have read and agreed to the published version of the manuscript
dedication made this study possible.

Funding

This work has been partially funded by Ministerio de Ciencia e
Innovacion, project SAPIENS- Services and applications for a healthy
ageing(PID2020-115137RB).

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by Ethics Committee of the University

of Santiago de Compostela and was performed in accordance with the
Helsinki Declaration (1961). Written informed consent was obtained from all
participants.

Consent for publication
Not applicable.

Conflict of interest

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Competing interests
The authors declare that they have no competing interests.

Received: 18 July 2023 / Accepted: 22 May 2024
Published online: 01 June 2024

References

1. Harada C, Love M, Triebel K, Normal cognitive aging. J Gerontol Geriatr.
2013;29(4):737-52. https://doi.org/10.1016/j.cger.2013.07.002

2. Verhaeghen P, Steitz D, Sliwinski M, Cerella J. Aging and dual-task per-
formance: a meta-analysis. Psychol Aging. 2003;18(3):443. https://doi.
0rg/10.1037/0882-7974.18.3.443


https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1037/0882-7974.18.3.443
https://doi.org/10.1037/0882-7974.18.3.443

Bugallo-Carrera et al. BMC Geriatrics

20.

21

22.

23.

(2024) 24:482

Bayen U, Phelps M, Spaniol J. Age-related differences in the use of contextual
information in recognition memory: a global matching approach. J Gerontol
B Psychol Sci Soc Sci. 2000;55(3):131-41.

Foos M, Cherie P. Old age, inhibition, and the part-set cuing effect. Educ
Gerontol. 2000;26(2):155-60. https://doi.org/10.1080/036012700267303
Lipnicki D, Crawford J, Dutta R, Thalamuthu A, Kochan N, Andrews G, Lima

M, Castro-Costa E, Brayne C, Matthews F. Age-related cognitive decline and
associations with sex, education and apolipoprotein E genotype across eth-
nocultural groups and geographic regions: a collaborative cohort study. PLoS
Med. 2017;14(3):1002261. https://doi.org/10.1371/journal. pmed.100226 1
Lapuente F, Navarro J. Cambios neuropsicolégicos Asociados Al Envejeci-
miento normal. De Psicol. 1998;14(1):27-43.

Brewster P, Melrose R, Marquine M, Johnson J, Napoles A, MacKay-Brandt A,
Farias S, Reed B. Mungas, D. Life experience and demographic influences on
cognitive function in older adults. J Neuropsychol. 2014;28(6):846. https://doi.
0rg/10.1037/neu0000098

Cankurtaran M, Yavuz B, Cankurtaran E, Halil M, Ulger Z, Ariogul S. Risk
factors and type of dementia: vascular or Alzheimer. Arch Gerontol Geriatr.
2008:47(1):25-34. https://doi.org/10.1016/j.archger.2007.06.005

Farias S, Mungas D, Hinton L, Haan M. Demographic, neuropsychologi-

cal, and functional predictors of rate of longitudinal cognitive decline in
hispanic older adults. Am J Geriatr Psychiatry. 2011;19(5):440-50. https://doi.
0rg/10.1097/JGP0b013e3181e9b9a5

Naqvi R, Liberman D, Rosenberg J, Alston J, Straus S. Preventing cogni-

tive decline in healthy older adults. CMAJ. 2013;185(10):881-5. https://doi.
0rg/10.1503/cmaj.121448

Petersen R, Smith G, Waring S, Ivnik R, Kokmen E, Tangelos E. Aging, memory,
and mild cognitive impairment. Int Psychogeriatr. 1997,9(51):65-9.

Zhou L, Ma X, Wang W. Relationship between cognitive performance

and depressive symptoms in Chinese older adults: the China Health and
Retirement Longitudinal Study (CHARLS). J Affect Disord. 2021,281(2):454-8.
https://doi.org/10.1016/jjad.2020.12.059

Lee, Yeung W. Gender matters: productive social engagement and the sub-
sequent cognitive changes among older adults. Soc Sci Med. 2019;229:87-
95. https://doi.org/10.1016/j.socscimed.2018.08.024

14.Xu H, Vorderstrasse A, Dupre M, McConnell E, @stbye T, Wu B. Gender
differences in the association between migration and cognitive function
among older adults in China and India. Arch Gerontol Geriatr. 2019,8131-8.
https://doi.org/10.1016/j.archger.2018.11.011

Byers A, Yaffe K. Depression and risk of developing dementia. Nat Rev Neurol.
2011,7(6):323-31.

Diniz B, Butters M, Albert S, Dew M, Reynolds C. Late-life depression and risk
of vascular dementia and Alzheimer’s disease: systematic review and meta-
analysis of community-based cohort studies. Br J Psychiatry. 2013;202(5):329-
35. https://doi.org/10.1192/bjp.bp.112.118307

Ferndndez M, Castro J, Pérez de las Heras S, Mandaluniz A, Gordejuela M, Zar-
ranz J. Risk factors for dementia in the epidemiological study of Munguialde
County (Basque Country-Spain). BMC Neurol. 2008;8(1):1-8. https://doi.
0rg/10.1186/1471-2377-8-39

Panza F, Frisardi V, Capurso C, D'Introno A, Colacicco A, Imbimbo B, San-
tamato A, Vendemiale G, Seripa D, Pilotto A. Late-life depression, mild cogni-
tive impairment, and dementia: possible continuum? Am J Geriatr Psychiatry.
2010;18(2):98-116. https://doi.org/10.1097/JGP0b013e3181b0fa13

Sacuiu S, Insel P Mueller S, Tosun D, Mattsson N, Jack C, DeCarli C, Petersen
R, Aisen P, Weiner M. Chronic depressive symptomatology in mild cognitive
impairment is associated with frontal atrophy rate which hastens conversion
to Alzheimer dementia. Am J Geriatr Psychiatry. 2016a,24(2):126-35. https://
doi.org/10.1016/jjagp.2015.03.006

Huang C,Wang Z, LiY, Xie Y, Liu Q. Cognitive function and risk for depres-
sion in old age: a meta-analysis of published literature. Int Psychogeriatr.
2011;23(4):516-25. https://doi.org/10.1017/51041610210000049
McDermott L, Ebmeier K. A meta-analysis of depression severity and cogni-
tive function. J Affect Disord. 2009;119(1-3):1-8. https://doi.org/10.1016/j.
jad.2009.04.022

Hashem A, Gomaa M, O Khalaf O. Late versus early onset depression in
elderly patients: vascular risk and cognitive impairment. Curr Aging Sci.
2017;10(3):211-6. https://doi.org/10.2174/1874609810666170404105634
Djernes J. Prevalence and predictors of depression in populations of elderly:
a review. Acta Psychiatr Scand. 2006;113(5):372-87. https://doi.org/10.111
1/j.1600-0447.2006. 00770.X.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 6 of 7

Ferri C, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, Hall K,
Hasegawa K, Hendrie H, Huang Y. Global prevalence of dementia: a Delphi
consensus study. Lancet. 2005;366(9503):2112-7.

Enache D, Winblad B, Aarsland D. Depression in dementia: epidemiology,
mechanisms, and treatment. Curr Opin Psychiatry. 2011,24(6):461-72.
Gonzélez M, 2, Facal D, Yaguas J. Funcionamiento cognitivo en personas may-
ores e influencia de variables socioeducativas: resultados del estudio ELES.
Escritos De Psicologia (Internet). 2013,6(3):34-42.

Park S, Choi B, Choi C, Kang J, Lee J. Relationship between education, leisure
activities, and cognitive functions in older adults. Aging Ment Health.
2019;23(12):1651-60. https://doi.org/10.1080/13607863.2018.1512083

Séez C, Espeso E, Sdnchez L, Jentoft A. El Deterioro Cognitivo en Los mayores.
FMC Form Med Contin. 2021;13(46):2671-87.

SternY. Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol.
2012;11(11):1006-12. https://doi.org/10.1016/5S1474-4422(12)70191-6

Stern 'Y, Arenaza-Urquijo EM, Bartr_es-Faz D, Belleville S, Cantilon M, Chetelat
G, Ewers M, Franzmeier N, Kempermann G, Kremen WS, Okonkwo O,
Scarmeas N, Soldan A, Udeh-Momoh C, Valenzuela M, Vemuri P, Vuoksimaa E.
The Reserve, Resilience and protective factors PIA empirical definitions and
conceptual frameworks Workgroup. Whitepaper: defining and investigating
cognitive reserve, brain reserve, and brain maintenance. Alzheimer's Dement.
2020;16(9):1305-11.10.1016/]. jalz.2018.07.219.

Anapa G, Roheger M, Seven US, Liebermann-Jordanidis H, Onur O, Kessler J,
Kalbe E. Effects of sociodemographic variables and depressive symptoms on
MoCA test performance in native germans and Turkish migrants in Germany.
Int J Environ Res Public Health. 2021;18(12):6335. https://doi.org/10.3390/
jjerph18126335

Nasreddine Z, Phillips N, Bédirian V, Charbonneau S, Whitehead V, Collin

[, Cummings J, Chertkow H. The Montreal Cognitive Assessment, MoCA:

a brief screening tool for mild cognitive impairment. J Am Geriatr Soc.
2005;53(4):695-9. https://doi.org/10.1111/j.1532-5415.2005. 53221 x.
Bertolucci P, Sarmento A, Wajman J. P4-062: Brazilian Portuguese version

for the Montreal Cognitive Assessment (MoCA) and the preliminary results.
Alzheimers Dement. 2008;4:T686. https://doi.org/10.1016/jalz.2008.05.2127
Wong A, Kwan P, Chan A, Lam W, Wang K, Nyenhuis D. The validity, reliability
and utility of the cantonese Montreal Cognitive Assessment (MoCA) in Chi-
nese patients with confluent white matter lesions. Hong Kong Med J; 14(6):
75.

Lee J, Lee D, Cho S,Na D, Jeon H,Kim S, Lee Y, Youn J, Kwon M, Lee J.

Brief screening for mild cognitive impairment in elderly outpatient

clinic: validation of the Korean version of the Montreal Cognitive
Assessment. J Geriatr Psychiatry Neurol. 2008;21(2):104-10. https://doi.
org/10.1177/0891988708316855

Luis C, Keegan A, Mullan M. Cross validation of the Montreal Cognitive
Assessment in community dwelling older adults residing in the Southeastern
US. Int J Geriatr Psychiatry. 2009,24(2):197-201. https://doi.org/10.1002/
gps.2101

Freitas S, Simdes M, Martins C, Vilar M, Santana |. Estudos De adaptagdo do
Montreal Cognitive Assessment (MoCA) para a populagao portuguesa. Avali-
acao Psicol. 2010;9(3):345-57.

Fujiwara Y, Suzuki H, Yasunaga M, Sugiyama M, ljuin M, Sakuma N, Inagaki H,
Iwasa H, Ura C, Yatomi N. Brief screening tool for mild cognitive impairment
in older Japanese: validation of the Japanese version of the Montreal Cogni-
tive Assessment. Geriatr Gerontol Int. 2010;10(3):225-32. https://doi.org/10.1
111/j.1447-0594.2010. 00585 x.

Meméria C, Yassuda M, Nakano E, Forlenza O. Brief screening for mild
cognitive impairment: validation of the Brazilian version of the Montreal
cognitive assessment. Int J Geriatr Psychiatry. 2010;28(1):34-40. https://doi.
0rg/10.1002/gps.3787

Pereiro A, Ramos-Lema S, Lojo-Seoane C, Guardia-Olmos J, Facal-Mayo D,
Juncos-Rabadan O. Normative data for the Montreal Cognitive Assessment
(MOCA) in a Spanish sample of community-dweller adults. Eur Geriatr Med.
2017;8(3):240-4. https://doi.org/10.1016/j.eurger.2017.04.003

Yeung P, Wong L, Chan C, Leung J, Yung C. A validation study of the Hong
Kong version of Montreal Cognitive Assessment (HK-MoCA) in Chinese older
adults in Hong Kong. Hong Kong Med J. 2014,20(6):504-10.

Bezdicek O, Georgi H, Panekova E, McClintock S, Nikolai T, Ruzicka E, Kopecek
M. Equivalence of Montreal Cognitive Assessment alternate forms, Ceska
Slov. Neurol Neurochir. 2019;82(3):332-40.

Bruijnen C, Dijkstra B, Walvoort S, Bud M, Beurmanjer H, De Jong C, Kessels

R. Psychometric properties of the Montreal Cognitive Assessment (MoCA) in


https://doi.org/10.1080/036012700267303
https://doi.org/10.1371/journal.pmed.1002261
https://doi.org/10.1037/neu0000098
https://doi.org/10.1037/neu0000098
https://doi.org/10.1016/j.archger.2007.06.005
https://doi.org/10.1097/JGP.0b013e3181e9b9a5
https://doi.org/10.1097/JGP.0b013e3181e9b9a5
https://doi.org/10.1503/cmaj.121448
https://doi.org/10.1503/cmaj.121448
https://doi.org/10.1016/j.jad.2020.12.059
https://doi.org/10.1016/j.socscimed.2018.08.024
https://doi.org/10.1016/j.archger.2018.11.011
https://doi.org/10.1192/bjp.bp.112.118307
https://doi.org/10.1186/1471-2377-8-39
https://doi.org/10.1186/1471-2377-8-39
https://doi.org/10.1097/JGP.0b013e3181b0fa13
https://doi.org/10.1016/j.jagp.2015.03.006
https://doi.org/10.1016/j.jagp.2015.03.006
https://doi.org/10.1017/S1041610210000049
https://doi.org/10.1016/j.jad.2009.04.022
https://doi.org/10.1016/j.jad.2009.04.022
https://doi.org/10.2174/1874609810666170404105634
https://doi.org/10.1111/j.1600-0447.2006
https://doi.org/10.1111/j.1600-0447.2006
https://doi.org/10.1080/13607863.2018.1512083
https://doi.org/10.1016/S1474-4422(12)70191-6
https://doi.org/10.3390/ijerph18126335
https://doi.org/10.3390/ijerph18126335
https://doi.org/10.1111/j.1532-5415.2005
https://doi.org/10.1016/j.jalz.2008.05.2127
https://doi.org/10.1177/0891988708316855
https://doi.org/10.1177/0891988708316855
https://doi.org/10.1002/gps.2101
https://doi.org/10.1002/gps.2101
https://doi.org/10.1111/j.1447-0594.2010
https://doi.org/10.1111/j.1447-0594.2010
https://doi.org/10.1002/gps.3787
https://doi.org/10.1002/gps.3787
https://doi.org/10.1016/j.eurger.2017.04.003

Bugallo-Carrera et al. BMC Geriatrics

44,

45.

46.

47.

48.

49.

50.

(2024) 24:482

healthy participants aged 18-70. J Psychiatry Clin Pract. 2020;24(3):293-300.
https://doi.org/10.1080/13651501.2020.1746348

Costa A, Fimm B, Friesen P, Soundjock H, Rottschy C, Gross T, Eitner F, Reich
A, Schulz J, Nasreddine Z. Alternate-form reliability of the Montreal cognitive
assessment screening test in a clinical setting. Dement Geriatr Cogn Disord.
2013;33(6):379-84. https://doi.org/10.1159/000340006

Gierus J, Mosiotek A, Koweszko T, Kozyra O. The Montreal Cognitive Assess-
ment 7.2-Polish adaptation and research on equivalency. Psychiatr Pol.
2015;49(1):171-9.

Lebedeva E, Huang M, Koski L. Comparison of alternate and original items on
the montreal cognitive assessment. Can Geriatr J. 2016;19(1):15. https://doi.
0rg/10.5770/cgj.19.216

Nasreddine Z, Patel B. Validation of Montreal cognitive assessment, MoCA,
alternate French versions. Can J Neurol Sci. 2016;43(5):665-71. https://doi.
0rg/10.1017/¢jn.2021.236

Siciliano M, Chiorri C, Passaniti C, Sant'Elia V, Trojano L, Santangelo G. Com-
parison of alternate and original forms of the Montreal Cognitive Assessment
(MoCA): an Italian normative study. Neurol Sci. 2019;40(4):691-702.

Sheikh J, Yesavage J. Geriatric Depression Scale (GDS): recent evidence and
development of a shorter version. Clin Gerontol. 1986.

Rami L, Valls-Pedret C, Bartrés-Faz D, Caprile C, Solé-Padullés C, Castellvi

M, Molinuevo JL. Cuestionario De Reserva cognitiva. Valores obtenidos

51.

52.

53.

54.

Page 7 of 7

en poblacién anciana sana 'y con enfermedad de Alzheimer. Rev Neurol.
2011;52(4):195-201.

Lopez-Higes R, Rubio-Valdehita S, Prados JM, Galindo M. Reserva cognitiva y
habilidades lingisticas en mayores sanos. Rev Neurol. 2013;57(3):97-102.
Husband H. The psychological consequences of learning a diagnosis of
dementia: three case examples. Aging Ment Health. 1999;3(2):179-83.
https://doi.org/10.1080/13607869956352

Smith A, Beattie B. Disclosing a diagnosis of Alzheimer’s disease: patient
and family experiences. Can J Neurol Sci. 2001;28(51):567-71. https://doi.
0rg/10.1017/50317167100001220

Lopez-Pousa S, Garre-Olmo J, Turon-Estrada A, Herndndez F, Expdsito |,
Lozano-Gallego M, Hernédndez-Ferrandiz M, Gelada-Batlle E, Pericot-Nierga

|, Vilalta-Franch J. Cost relation between severity of Alzheimer’s disease and
cognitive and functional impairment. Med Clin. 2004;122(20):767-72. https.//
doi.org/10.1016/50025-7753(04)74381-x

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1080/13651501.2020.1746348
https://doi.org/10.1159/000340006
https://doi.org/10.5770/cgj.19.216
https://doi.org/10.5770/cgj.19.216
https://doi.org/10.1017/cjn.2021.236
https://doi.org/10.1017/cjn.2021.236
https://doi.org/10.1080/13607869956352
https://doi.org/10.1017/S0317167100001220
https://doi.org/10.1017/S0317167100001220
https://doi.org/10.1016/s0025-7753(04)74381-x
https://doi.org/10.1016/s0025-7753(04)74381-x

	﻿Factors that indicate performance on the MoCA 7.3 in healthy adults over 50 years old
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data analysis

	﻿Results
	﻿Discussion
	﻿References


