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ABSTRACT

The principal aim of our study was to present norms for old and very old Czech adults on the Czech
version of the Montreal Cognitive Assessment (MoCA) and investigate the influence of social and
demographic factors on MoCA performance. We analyzed 540 adults aged =60 years (5-year age
categories; nationally representative sample in terms of sex and educational level), who met strict
inclusion criteria for the absence of neurodegenerative disorders and performed within normal
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range in neuropsychological assessment. Using multiple regression model, we found that MoCA
performance was affected by age and education (both p <.001) but not sex. The study provides
normed percentile estimates for MoCA performance stratified by age (60-74 years; > 75 years) and
education (lower versus higher). We also present percentile equivalents for the MoCA and Mini-
Mental State Examination (MMSE) for use in clinical practice. We found age- and education-related
effects on MoCA performance which support the use of culturally adapted normative data.

Dementia is one of the most common mental disorders
in older adults and is a major cause of disability and
mortality (Wittchen et al., 2011). A thorough neuropsy-
chological assessment is an important component of the
medical evaluation of patients with cognitive disorders
including dementia, but due to time pressure this is
not always possible and there is therefore a need for
brief screening tools. There are many cognitive screen-
ing tests but Mini-Mental State Examination (MMSE)
is one of the most popular and widely used (Folstein,
Folstein, & McHugh, 1975). It has however been criti-
cized because it is rather insensitive to mild dementia
or mild cognitive impairment (MCI) (Nasreddine
et al, 2005). The Montreal Cognitive Assessment
(MoCA) is also a valid method for early dementia
screening (Freitas, Simoes, Alves, & Santana, 2011;
Freitas, Simoes, Maroco, Alves, & Santana, 2012; Hoops
et al., 2009; Nasreddine et al., 2005) and there have been
several published reports of national norms (for Portugal,
United States of America, Japan and Ireland (Freitas
et al, 2011; Kenny et al, 2013; Narazaki et al, 2013;
Rossetti, Lacritz, Cullum, & Weiner, 2011) since the
MoCA was introduced. The International Working
Group (IWG) for New Research Criteria for the
Diagnosis of Alzheimer’s Disease (AD) and the U.S.
National Institute on Aging-Alzheimer’s Association
(Albert et al., 2011; Dubois et al., 2014) recommend that

data from individual patients should be compared with
norms for age- and education-matched peers on cultu-
rally appropriate cognitive tests. We decided to obtain
normative data for the Czech version of the MoCA in
old and very old people from the Czech Republic and
investigate the influence of social and demographic fac-
tors on MoCA performance. Furthermore, our aim was
to publish percentile equivalents for MoCA and MMSE,
which could be used in clinical practice. Normative data
for the Czech MMSE in an older population are already
available (Stépankov4 et al., 2015).

Method
Participants

The current report is a part of a longitudinal 4-year
project, the National Normative Study of Cognitive
Determinants of Healthy Aging (NANOK). This analy-
sis focuses on information obtained in baseline assess-
ments conducted in the first year of the study. We
recruited a convenience sample of independent elderly
volunteers through advertisements on the institutional
web site and in post offices, public libraries, and general
practitioners’ clinics. We recruited participants using
non-random quota sampling in 12 of the 14 regions
in the Czech Republic. The numbers recruited in each
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sociodemographic category were based on previous
normative studies in older adults (5-year age categories;
representative in terms of sex and level of education;
(Crum, Anthony, Bassett, & Folstein, 1993; Huppert,
Cabelli, Matthews, & MRC Cognitive Function and
Ageing Study [MRC CFAS], 2005; Ivnik et al., 1990;
Wechsler, 1997). Two educational categories were used,
lower and higher education level (see Table 1). We
recruited a predefined number of participants in each
subgroup (equal numbers of men and women and in
the two educational categories). The inclusion criterion
was age 260 years; the exclusion criteria were any
neurodegenerative disease; previous head trauma result-
ing in unconsciousness; stroke; a history of alcohol or
substance abuse; undergoing radiotherapy or chemo-
therapy; epilepsy; major depression or other major
psychiatric disorder; unstable medical illness; and
uncorrected visual or hearing impairment. We enrolled
568 participants (age range: 60-98 years) who met the
criteria and provided informed consent. To avoid the
inclusion of individuals with emerging dementia or
depressive disorder we applied an additional exclusion
criterion, having a score 2 SDs below the sample mean
on two or more of the following neuropsychological
tests: a composite score on trial 1-5 and trial 9 in
Twelve-Word Philadelphia Verbal Learning Test
(czP(r)VLT-12; (Bezdicek et al., 2014); (score <19 words
in 60-74 years old persons or <16 words in 275 years
old persons)); Trail Making Test, Part B (TMT-B;
(Bezdicek et al., 2012)); (time >295 s in younger or time
>360 s in older group); a composite score on tests of
verbal fluency (three letters and animal stimuli);
(Benton, Hamsher, & Silvan, 1994); (score <23 words
in younger and <15 words in older group); the Func-
tional Activities Questionnaire (FAQ >10); (Bezdicek,
Stepankova, Martinec, Novakova, & Kopecek, 2016;
Pfeffer, Kurosaki, Harrah, Chance, & Filos, 1982) and
the Geriatric Depression Scale (GDS-15 >10); (Sheikh

Table 1. Descriptive statistics of the sample.

Age N (%) Mean + SD
60-64 years 1 (15.0) 62.00 £ 1.52
65-69 years 7 (14.3) 67.05+1.52
70-74 years 91 (16.9) 7239+1.28
75-79 years 4 (15.6) 7717 £1.33
80-84 years 98 (18.1) 81.89+1.59
85 + years 109 (20.2) 88.10 +2.88
Whole sample 540 75.59 +£9.12
Sex

Men 248 (45.9)

Women 292 (54.1)

Education

Lower (<12 years) 254 (47.0) 10.18 = 2.01
Higher (=12 years) 286 (53.0) 14.94 +2.97
Whole sample 540 1270 £3.5

Note. N = number of subjects in each group.

& Yesavage, 1986)). We chose czP(r)VLT-12, TMT-B
and verbal fluency tests to cover three different cogni-
tive domains that are impaired in patients with
dementia and should be normal in healthy participants.
czP(r)VLT-12 covers memory domain, TMT-B covers
executive function domain and verbal fluency tests
cover language domain (Backman et al., 2005). We
use 2 SDs below the overall sample mean for FAQ
and GDS-15 rather than exact cut off because in very
old population in Czech Republic we lack the validaty
study for GDS-15 and FAQ respectively. The final
sample consisted of 540 older adults (Table 1).

Procedure

The team of assessors consisted of 25 psychologists and
other health professionals including two authors of this
paper (HS; MK). Each assessor was trained to admin-
ister and evaluate the cognitive tests in order to ensure
adequate inter-rater reliability. All participants were
assessed individually in an office or at home, according
to their preference. Every assessor ensured the same
standardized testing environment at home as in the
office. The assessment protocol consisted of two
blocks: the MoCA block and the MMSE block, named
after the first test used in the block. We used the Czech
version of MoCA (www.mocatest.org; (Reban, 2006))
after discussions with members of the original MoCA
team. We did not use the educational correction in cal-
culating totals scores on the MoCA. The MoCA block
comprised the following tests and questionnaires:
Wechsler Adult Intelligence Scale, Third Revision
(WAIS-III) Digit Span subtest and Digit Symbol Sub-
stitution Test (Wechsler, 2010); Wechsler Memory
Scale, Third Revision (WMS-III) Logical Memory
(Wechsler, 2011); semantic verbal fluency (the cate-
gories were animals, plants, hand tools, and vegetables;
(Nikolai et al., 2015)); TMT-A and -B (Bezdicek et al,,
2012); and the Boston Naming Test-30 item version
(Mack, Freed, Williams, & Henderson, 1992). The
MMSE block comprised the following tests and ques-
tionnaires: czP(r)VLT-12 (Bezdicek et al., 2014); the
Prague Stroop Test (PST; (Bezdicek et al., 2015); letter
verbal fluency (Benton et al., 1994; Nikolai et al., 2015);
FAQ (Bezdicek et al, 2011); GDS-15 (Sheikh &
Yesavage, 1986); Geriatric Anxiety Inventory (GAI;
(Pachana et al,, 2007)); and the Everyday Memory
Questionnaire revised 13-item scale (EMQ-R; (Royle
& Lincoln, 2008)). We measured the time taken to
administer the MoCA using a wrist-watch. The test
duration is one of the important characteristic of
screening test and previous information about it was
based more on estimate rather than on exact
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measurement. The study protocol was approved by the
Institutional Ethical Review Board of the Czech
National Institute of Mental Health.

Statistical analysis

Analyses were performed using statistical software
R (2014). Multiple regression was used to analyze asso-
ciations between total MoCA score and age, education,
and sex. ANOVA with post-hoc tests was used to evalu-
ate the classification into six age groups (based on
nonrandom quota sampling). The correlation between
scores on the MoCA and the MMSE were evaluated
using Spearman’s coefficient of correlation. Our mapping
of MoCA and MMSE scores was based on equipercentile
equating and log-linear smoothing functions from the
equate library in R (Albano, 2014). All tests were two-
sided and a significance level of .05 was adopted.

Results

Order effects and influence of age, education,
and sex on the MoCA

There was no detectable effect of block order on the
MoCA score (#(537.4) = 1.41, p=.158), so we combined
data from both blocks. Associations between MoCA total
score and age (continuous factor), education (2 levels)
and sex (2 levels) were assessed with multiple regression
model without interactions (adjusted R2 = .187;
p < .001). We found that MoCA total score was associa-
ted with age (regression coefficient b=—-.095; 95% confi-
dence interval (CI): [-0.119; —0.071]; p < .001). The
mean score of participants in the higher education cate-
gory was 1.81 point higher than that of participants in the
lower education category (95% CI [1.37; 2.25]; p < .001).
We found no effect of sex (woman: b = .11; 95% CI
[-0.33; 0.55]; p = .629). An alternative model with
included interactions did not provide significantly better
fit (x2(4) = 54.28; p = .084). Because the MoCA results
are correlated with age, it is convenient to split the sam-
ple into several age groups for the normative purposes.
First, we tested the differences based on 6 five-year
groups used for our sampling. We performed an

APPLIED NEUROPSYCHOLOGY: ADULT . 3

Table 3. Age and education adjusted normative data of the
MoCA Czech version.

MoCA score
Age 60-74 y Age 275y
Percentile Edu <12y Edu =12y Edu <12y Edu =12y
95 28 30 28 28
90 28 29 26 28
85 27 29 26 27
80 27 28 25 27
75 27 28 25 27
70 26 28 24 26
65 26 28 24 26
60 26 28 24 26
55 25 27 23 25
50 25 27 23 25
45 25 27 23 25
40 24 26 22 24
35 24 26 22 24
30 23 25 21 24
25 23 25 21 23
20 22 24 21 23
15 22 24 20 22
10 21 23 20 22
5 20 22 19 21
2 18 21 18 20

Note. Edu = education (number of years at school); SD = standard deviation;
y =years. MoCA percentile scores were rounded to an integer.

ANOVA with age (6 five-year categories) as the inde-
pendent variable and it showed a main effect of age
(F (5, 534) = 11.02; p < 0.001). However, none of the
post-hoc pairwise comparisons of neighboring groups
were significant and we decided not to use five-year
groups for normative data stratification. The largest—
and still non-significant-difference was between the
70-74 years and 75-79 years groups (mean and SD:
25.19 years +2.75, 24.13 years +2.30, respectively); the
boundary between these groups was therefore a con-
venient boundary for splitting the sample into two age
groups in order to provide separate norms for elderly
and very elderly subgroups. We find this separation point
convenient, because it splits our data into two groups of
similar size and it also corresponds with the traditional
distinction between young-old and old-old (Neugarten,
1974). Table 2 shows descriptive statistics for the MoCA
scores based on two educational categories and two age
groups (60-74 years and =75 years). Table 3 presents
estimated percentile boundaries for each of the MoCA
raw scores stratified by age and education.

Table 2. Descriptive statistics for the MoCA and the MMSE scores by age and education.

MoCA MMSE
Age Education N Mean =+ SD Median (IQR) Mean =+ SD Median (IQR)
60-74 years <12 years 17 24.62 1+ 2.66 25 (23-27) 27.534+1.91 28 (26-29)
60-74 years >12 years 132 26.43 +2.37 27 (25-28) 28.23 +1.42 28 (27-29)
>74 years <12 years 137 22.98 +2.88 23 (21-25) 26.394+2.13 27 (25-28)
>74 years >12 years 154 2479 +2.47 25 (23-27) 27.39 4+ 2.00 28 (26-29)
60-96 years 5-28 years 540 24.69 £+ 2.86 25 (23-27) 27.37 +£2.00 28 (26-29)

Note. IQR = interquartile ratio, M = mean; MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive Assessment; N = number of subjects in each

group; SD = standard deviation.



Downloaded by [Knihovna Cerge-Ei] at 05:20 16 May 2016

4 KOPECEK ET AL.

Table 4. Conversion table for the MMSE and the MoCA based
on equipercentile equating in 540 healthy seniors.
MoCA raw score

MMSE equivalents

29-30 30
27-28 29
25-26 28
23-24 27
22 26
20-21 25
18-19 24
17 23
15-16 22
14 21

Note. MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive
Assessment; percentile scores were rounded to an integer.

MoCA completion time

Reliable data on the time taken to administer the MoCA
were available for 523 participants (97% of the original
sample). On average the MoCA test took about
14 minutes to complete (mean=13.55, SD =54,
median = 12). The distribution of test completion time
was positively skewed: 25% of participants completed
the MoCA in less than 10 minutes; 75% in less than
15 minutes and 95% of participants in less than
24 minutes. Completion time was positively correlated
with age (Spearman p=.396, p<.001). We found a
small effect of education (Wilcoxon W =39822.5,
p<.001, Cohen d=.12) and no effect of sex
(W=35526, p=.380, d=.08). Test duration was
negatively correlated with performance (Spearman
p=—.288, p<.001).

Association between the MoCA and the MMSE:
Estimation of percentile equivalents

We found a significant association between scores on
the MoCA and the MMSE (Spearman p=0.439,
p <.001). Percentile equivalents for the MoCA and
the MMSE were constructed (see Table 4).

Discussion

We have presented normative data for the Czech version
of the MoCA in old and very old Czech adults. Our data
are in accordance with previous research showing that
total MoCA score is associated with age and educational
level but not sex (Freitas et al., 2011; Kenny et al., 2013;
Narazaki et al., 2013; Oren et al., 2015; Rossetti et al.,
2011). In summary, the difference between old (60-74
years) and very old participants (=75 years) was two
points in total MoCA score (see median in Table 3) as
well as two points difference between less and higher
educated participants. The authors of the original MoCA
recommend adjusting scores by one point in participants
with less than 12 years of education but they do not

suggest any age adjustment (Nasreddine et al., 2005).
Most validation studies have not detected any associ-
ation between age and total MoCA score (Bartos,
Orlikova, Raisova, & Ripova, 2014; Bezdicek et al,
2010; Bezdicek et al., 2013; Cumming, Churilov, Linden,
& Bernhardt, 2013; Goldstein et al., 2014; Hoops et al.,
2009; Kaya et al.,, 2014; Nasreddine et al., 2005) but other
studies revealed a significant relation between age and
the MoCA and adapted appropriately their normative
data (Freitas et al., 2011; Oren et al., 2015; Rossetti
et al., 2011). We presume these differences are related
to differences in study design and sample size.
Validation studies do not use age stratification and
therefore cannot assess age effects directly. We suggest
that the best method of taking age effects into account
when using the test is to provide norms for two age
groups corresponding to the common division into
young elderly people and old elderly people cohorts in
studies of healthy aging (Neugarten, 1974; Oren et al,
2015; Tombaugh, McDowell, Kristjansson, & Hubley,
1996).

We found that 50% of our sample fell below the
standard cutoff, 26 points, for cognitive disorders (Table 2)
suggested in the original study (Nasreddine et al., 2005).
This proportion is comparable to that found in other nor-
mative studies, e.g., 66% (Rossetti et al., 2011) or lower
82.6% (Narazaki et al., 2013) but still higher than would
be expected given the prevalence of MCI and dementia
(Lopez-Anton et al., 2015; Matthews et al., 2013). There
are several variables that could explain this inconsistency;
we consider language bias to be the most important factor.
To understand this consider an example: the official
Czech version of the MoCA is based on a word-by-word
translation and whilst the original MoCA-Memory sub-
scale contains 7 syllables the Czech version has 12, result-
ing a more pronounced word-length effect and therefore
greater item difficulty (Crocker & Algina, 2008). Overall,
we agree with Dubois et al.’s (2014) statement about the
need for culturally adapted tests and normative data:
“The challenge of prescribing cutoff points lies in the var-
iations in the tests used and in the adjustments across
populations for age and education” (p. 616).

We did not find an order effect during the assessment,
which started either with the MoCA, or with the
MMSE block. This is encouraging for researchers or clini-
cal neuropsychologists who may need to administer a
complex neuropsychological battery and cannot rely on
a single neuropsychological test. We detected some varia-
bility of MoCA test duration that could be explained by
total score and age. This issue is important theoretically
and could be linked with processing-speed theory of adult
age differences (Salthouse, 1996), one of the major con-
temporary theories of healthy aging. Processing-speed
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theory presumes that cognitive deficits reflect a general
reduction in the speed of cognitive processes due to
age-related decline (Salthouse, 1996). Administration of
the MoCA took 10-15 minutes in 75% of study parti-
cipants, which seems a little high for a screening test,
which should not normally take more than 10 minutes
to administer. Busy clinicians would probably welcome
the development of a shorter version (Appels &
Scherder, 2010; Velayudhan et al., 2014; Roalf et al., 2016).

We found only a weak correlation between scores
on the MoCA and MMSE. This might be because our
sample was limited to healthy adults where the ceiling
effect of the MoCA and MMSE might play a role. The
MoCA is intended to assess executive functions and
visuo-spatial abilities (Freitas et al., 2012), which are
not included in the MMSE (Folstein et al., 1975;
Stépankova et al., 2015).

The percentile equivalents for the MoCA and the
MMSE that we have presented may be helpful, at least
as approximations, in clinical practice when the clin-
icians do not have enough time to administer both
tests. Especially the results from the MMSE are often
requested in the Czech Republic by insurance compa-
nies for the prescription of acetylcholinesterase inhi-
bitors or in the cases, when the patient was tested a
week ago with the MMSE and a robust practice effect
can be expected by repeated administration. Our
results are similar to previously published studies
giving MMSE equivalents (Roalf et al., 2013; Solomon
et al., 2014).

We are aware of the limitations of our study.
Although our exclusion criteria were carefully formu-
lated to minimize the chance of including individuals
with pathological aging, our research sample did not
undergo a thorough medical/neurological evaluation,
including structural brain imaging, to exclude indivi-
duals with incipient or borderline brain atrophy. We
use a conservative approach for a definition of norma-
tive healthy group (-2 SD exclusion criteria) because i)
many cases of dementia are unrecognised in incipient
phases and ii) we rely on personal history of subjects
that is not always exactly clarified. Conservative
approach reduced possibility that a person with
dementia influences normative results. We excluded
subjects that were impaired at least in two of the three
cognitive domains. We used three different neuropsy-
chological tests (czP(r)VLT, TMT-B and verbal fluency
tests) that represent different cognitive domains
impaired in patients with dementia (Backman et al,
2005). The combination of two domains reduced possi-
bility to exclude cognitively healthy subjects and inflate
impairment rates among healthy adults. We excluded
2.5% (14/568) subjects by use of -2 SD criteria.
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Moreover, according to some studies neuropsychologi-
cal assessment is the best predictor of cognitive decline
(Richard, Schmand, Eikelenboom, & Gool, 2013).
Because effects related to the amount of effort research
participants put into performing well on a test are
always a concern we used the forced choice section of
the czP(r)VLT-12 (Bezdicek et al., 2014) to assess effort
levels; all participants demonstrated acceptable levels of
effort. All participants in our study were Caucasian and
so the generalizability of the results to other ethnic
groups is clearly open to question. Longitudinal
research with the same sample would be interesting as
this would give us the opportunity to assess age-related
decrements in total MoCA score at individual level and
construct a reliable change index to be used when
follow-up assessments are required to assess progressive
disorders of cognitive function.

These limitations notwithstanding, these normative
data for the Czech version of the MoCA, based on a
large, representative sample of elderly and very elderly
Czech adults, reveal a consistent decline in cognitive
performance with age and show that education has a
protective effect. We suggest that caution must be exer-
cised when using cutoff scores derived from studies of
samples with a different cultural background (Rossetti
et al., 2011) and on this basis we have presented age-
and education-adjusted norms for the Czech population
to support clinical decision-making. We have also pro-
vided estimated percentile equivalents for the MoCA
and MMSE for use in clinical practice.
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