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Background. Ageing is associated with structural changes in brain regions and functional decline in cognitive domains. Non-
invasive tools for identifying structural damage in the brains of older adults are relevant for early treatment. Aims. This study aims
to evaluate and compare the accuracy of the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment
(MoCAO©) in identifying gray and white matter brain damage in older individuals with varying degrees of cognitive impairment.
Methods. Ninety older adults (62 women) with an average age of 69 + 7 years were enrolled and categorized as having no cognitive
impairment (NCI), mild cognitive impairment (MCI), or moderate cognitive impairment (MoCI). Magnetic resonance imaging
(MRI) was utilized to assess the number, volume, and distribution of brain damage. The Fazekas and Scheltens scales were applied
to the brain MRIs, and inferential statistics were employed to compare variables among the groups. Results. Cognitive impairment
was observed in 56.7% of the participants (95% confidence interval (CI): 46.4-66.4%), with thirty-six older adults (40%) classified
as MCI and 15 (17%) as MoCI. Cognitive impairment and medial temporal lobe (MTL) atrophy were found to be associated
(p =0.001), exhibiting higher mean volume scales of the MTL atrophied area in the MoCI group (p <0.001). The MMSE
accurately revealed MTL atrophy based on the Scheltens (p < 0.05) and Fazekas (p < 0.05) scales. At the same time, the MoCA
accurately identified periventricular white matter (PWM) abnormalities according to the Fazekas scale (p <0.05). Conclusions.
The MMSE and MoCA screening tools effectively identified gray and white matter brain damage in older adults with varying
degrees of cognitive impairment. Lower MMSE scores are associated with MTL atrophy and lesions, and lower MoCA scores are
related to PWM lesions. The concurrent use of MMSE and MoCA is recommended for assessing structural changes in distinct
brain regions.
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1. Introduction

Brain atrophy arises from a complex interplay of genetic,
environmental, and lifestyle factors, leading to structural and
functional decline in both white and gray matter [1-3]. White
matter atrophy, characterised by the degradation of mye-
linated axons and oligodendrocytes, disrupts neural con-
nectivity and information transmission [4]. Risk factors
associated with white matter atrophy encompass cardiovas-
cular risk factors, genetic predisposition, inflammatory pro-
cesses, and lifestyle factors [3]. Conversely, protective
strategies such as physical exercise, cognitive stimulation, and
dietary interventions have been correlated with reduced white
matter atrophy and the preservation of cognitive function
Gray matter atrophy predominantly affects neuronal cell
bodies and dendrites, resulting in synaptic loss and neuronal
degeneration [5]. Risk factors linked to gray matter atrophy
include ageing, neurodegenerative diseases, exposure to en-
vironmental toxins, and psychological stress [3]. Protective
mechanisms against gray matter atrophy involve cognitive
engagement, social interaction, and mindfulness-based in-
terventions, which facilitate neuroplasticity and enhance
resilience against neurodegenerative processes [1, 2].

It is estimated that over half of the brain’s tissue volume
comprises gray and white matter fibers [6]. The assessment of
gray and white matter is preferably conducted through magnetic
resonance imaging (MRI) [5, 7], given that this technique serves
as the gold standard for detecting neuronal structural changes,
particularly those associated with small vessel diseases [8]. The
evaluation of damage to gray and white matter is optimally
achieved using T2-weighted MRI with fluid-attenuated in-
version recovery (FLAIR) sequences [7, 9], which stands as the
method of choice for analysing white matter [10]. Recent re-
search has indicated that FLAIR sequences can effectively
characterise subtle microstructural features of neural tissue [11].

During the late 1980s, correlations were discovered be-
tween white and gray matter changes and declining cognitive
functions [9]. Both gray matter atrophy [12] and diminished
white matter integrity [13, 14] have been linked to cognitive
impairment, particularly among older adults. Although white
matter lesions are present in both young and older individuals
with normal cognitive function, their progression is closely
associated with dementia and represents an independent risk
factor for the development of dementia syndrome [15-17].
Moreover, prior studies have demonstrated that white matter
lesions can give rise to subtle cognitive deficits in older in-
dividuals without cognitive impairment [15, 18].

In a clinical context, the Mini-Mental State Examination
(MMSE) [19] and the Montreal Cognitive Assessment
(MoCA®©) [20] serve as instruments for screening cognitive
impairment. The MMSE, developed by Folstein et al. [19],
remains one of the most widely used screening tools for
cognitive impairment [21, 22]. It consists of various tasks
assessing orientation, registration, attention, calculation,
recall, and language [19, 23]. Despite its popularity, the
MMSE has notable limitations [24, 25]. First, its brevity
restricts the assessment to a few cognitive domains,
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overlooking nuanced deficits in executive function, visuo-
spatial abilities, and higher-order reasoning. Second, the
MMSE is susceptible to educational and cultural biases, as
performance may be influenced by literacy levels and lan-
guage proficiency. Furthermore, the ceiling effect of the
MMSE renders it less sensitive to mild cognitive impairment
[26], leading to false-negative results, particularly in highly
educated individuals [25]. These limitations underscore the
need for supplementary assessments to capture a compre-
hensive profile of cognitive function.

The MoCA, developed by Nasreddine et al. [20], was
designed to address some of the shortcomings of the MMSE
[19]. It includes tasks assessing visuospatial abilities, executive
function, attention, language, memory, and orientation, of-
fering a more comprehensive evaluation of cognitive function
[20, 27]. In addition, the MoCA incorporates tasks sensitive to
mild cognitive impairment, enhancing its diagnostic accuracy
in detecting subtle cognitive deficits [28]. However, the
MoCA is not without limitations. Its administration time is
longer compared to the MMSE, potentially limiting its fea-
sibility in busy clinical settings. Moreover, although the
MoCA reduces educational bias compared to the MMSE [29],
cultural and linguistic factors may still influence performance,
particularly in diverse populations.

In this context, MoCA [20] has exhibited sensitivity in
predicting future cognitive decline [27] and adapted and
validated versions existing for different populations, in-
cluding a Brazilian Portuguese variant [29]. The MMSE [19],
also possesses a version adapted for the Brazilian population
[30], with a cut-off point adjusted according to the in-
dividual’s level of education, which can act as a confounding
variable in MMSE results [19, 30]. Pinto et al. [29] suggested
that educational level should also be taken into consider-
ation when evaluating MoCA results.

While the MMSE demonstrates good sensitivity, par-
ticularly in older age groups [21, 22], cognitive changes
identified by MoCA are associated with white matter lesions
[31]. Despite the MMSE being considered a measure of
global cognition [19, 23], the MoCA offers the advantage of
better observation of executive function tasks [20]. However,
few studies have investigated the relationship between these
two cognitive impairment screening tools and structural
damage in the gray and white matter of older adults as
assessed by MRI. According to Li et al. [32], the results of
both MMSE and MoCA can be indicative of brain imaging
diagnosis. Yet, these authors asserted that MoCA exhibits
greater sensitivity for detecting structural damage in white
and gray matter. In contrast, Wang et al. [33] found no
significant correlation between MMSE results and white
matter volume in the four brain regions assessed by MRIL.
The authors reported only weak statistical correlations be-
tween MoCA scores and white matter volume in those same
regions [33]. The enhanced sensitivity of MoCA, when
compared to MMSE, likely stems from its ability to evaluate
a wider range of cognitive domains and items of greater
complexity [28]. Considering the considerations, the ob-
jective of this study was to assess and compare the precision
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of MMSE and MoCA® in identifying gray and white matter
brain damage among older adults with varying degrees of
cognitive impairment.

2. Materials and Methods

2.1. Study Design. This observational, cross-sectional, and
analytical study was conducted using the translated [34] and
updated [35] version of Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) [36] and
the STROBE Statement Guidelines for reporting observa-
tional studies [37].

The study followed the ethical principles of the Decla-
ration of Helsinki (1964) and Resolution 466/2012 of the
Brazilian National Health Council. The study received ap-
proval from the Research Ethics Committee under Certifi-
cate of Presentation for Ethical Consideration (CAAE) no.
38942320.4.0000.5192, issued on November 10, 2020.

2.2. Study Location. The study was carried out in a munic-
ipality in the interior of the northeast of Brazil, in the Sertdo
region. The tests and exams used in the study were carried
out at the Hospital Universitario da Universidade Federal do
Vale do Sao Francisco (HU-Univasf), which is part of the
Empresa Brasileira de Servicos Hospitalares (EBSERH).
Ambulatory patients were recruited at the Polyclinic of the
HU-Univasf, between January and September 2022, and data
collection occurred during the same period.

2.3. Participants. The study included people aged 60 years or
over, which is the definition of elderly adults in developing
countries according to the World Health Organization [38],
of both sexes, regardless of marital status, with four or more
years of schooling, regardless of family income.

The following parameters were adopted as exclusion
criteria: (a) elderly patients with a sum of >18 points on the
Beck Depression Inventory (BDI) [39]; (b) elderly patients
with uncorrected motor or sensory deficits that made it
impossible to perform neuropsychological tests; (c) patients
submitted to a recent change in therapeutic regimen, within
the past four weeks; (d) patients using psychotropic medi-
cation; (e) elderly patients on four or more antihypertensive
drugs; (f) elderly patients with systolic blood pressure
>180 mmHg and/or diastolic blood pressure >110 mmHg;
(g) patients with a history of angina, acute myocardial in-
farction, invasive cardiovascular procedures, heart trans-
plants, or presence of pacemakers; (h) elderly patients
diagnosed with Parkinson’s disease; (i) patients with a his-
tory of stroke or transient ischemic attack; and (j) elderly
patients with untreated hypothyroidism.

The Clinical Dementia Rating (CDR) scale, initially
developed by Hughes et al. [40] and subsequently refined by
Morris [41], served as the assessment tool utilized by the
psychiatrist from HU-Univasf for patient classification.
Participants in the study were categorized into three groups
based on their level of cognitive impairment, as determined
by the psychiatrist: (a) no cognitive impairment (NCI); (b)
mild cognitive impairment (MCI); and (c) moderate

cognitive impairment (MoCI). Patients were classified as
NCI if they had a CDR score of 0. Conversely, those with
a CDR score of 2 were classified as MoCI.

2.4. Variables Analysed. Socioeconomic data and general
health status were evaluated. Anthropometric measure-
ments were taken. Resting blood pressure was recorded, and
MMSE and MoCA were applied. Clinical and functional
evaluations were performed by using the Katz et al. [42] and
Lawton scales [43], and executive function and information
processing speed were evaluated by using the trail-making
test, parts A and B. Finally, an MRI was also performed.

A team of trained professionals blindly tabulated and
duplicated all information about the analysed variables.
Qualitative variables were coded, and quantitative variables
were tabulated up to two decimal places according to the
International System of Units.

2.5. Assessments. The socioeconomic evaluation was con-
ducted using a structured questionnaire based on the criteria
established by the Brazilian Institute of Geography and
Statistics (IBGE). This questionnaire included inquiries
about sociodemographic factors such as age, marital status,
self-reported race/skin colour, occupation, and education, as
well as socioeconomic information such as monthly family
income in terms of minimum wages.

The general health status was measured with the help of
a structured questionnaire having questions referring to the
patient’s personal history, general health conditions, and
medication use. The anthropometric evaluation consisted of
measuring total body mass and height using, respectively,
a portable HBF-214 digital scale (Omron Healthcare Inc.,
Lake Forest, IL, United States of America (USA)) with
a precision of 0.1kg and a maximum weight capacity of
150kg and a portable scientific stadiometer (Sanny, Sdo
Bernardo do Campo, SP, Brazil) with a precision of 0.1 cm
and a maximum length of 2.20 meters. Using these data, the
body mass index (BMI) was evaluated using the formula as
follows: total body mass (kg)/height (m)?.

Blood pressure was measured using an automatic
HEM-711 equipment (Omron Healthcare Inc.), which
consists of an electronic digital arm blood pressure mea-
surement device, with automatic inflation and deflation. The
measurement method of this device is oscillometric, ranging
from 0 to 280 mmHg. For this measurement, patients
remained in the sitting position for ten minutes, following
the guidelines of the current Brazilian Guidelines on Arterial
Hypertension [44]. Three consecutive measurements were
taken, with one-minute intervals on the nondominant arm,
with adequate cuff size for arm circumference. The average
of the three measurements was used.

The assessment of physical activity levels was conducted
using the International Physical Activity Questionnaire
(IPAQ), a tool that has been validated in a representative
sample of the Brazilian population [45]. For estimating
participants’ physical activity levels, this study employed the
short version of the questionnaire, which comprises in-
quiries about the frequency and duration of physical activity,



including walking and engagement in activities of moderate
and vigorous intensity. The IPAQ was utilized to categorize
participants’ physical activity levels as either “active,” “in-
sufficiently active,” or “sedentary.”

In the assessment of executive function and information
processing speed, we utilized the trail-making test (TMT),
encompassing parts A and B. TMT part A was employed to
gauge information processing speed, while TMT part B was
administered to evaluate executive function. Each part
consists of twenty-five circles distributed across a sheet of
paper. In part A, the circles are sequentially numbered from
1 to 25, and participants are required to draw lines con-
necting the numbers in an ascending order. In part B, the
circles feature both numbers (1 to 13) and letters (A to L).
Like part A, participants are instructed to draw lines con-
necting the circles in an ascending pattern, where they must
link the first number to the first letter, and so on (1-A-2-B-3-
C). Participants are directed to complete the connections as
swiftly as possible, without lifting the pen or pencil from the
paper. If a mistake is made, the evaluator promptly identifies
it and permits the subject to rectify it. The time taken for
error correction is included in the overall completion time
for the task. The test concludes either when the participant
completes the sequence or opts to discontinue the test [46].

The clinical evaluation and functional assessment were
conducted by utilizing the Katz et al. [42] and Lawton [43]
scales. The Katz scale appraises the level of independence in
executing fundamental activities of daily living (ADLs). This
scale encompasses six items that gauge an individuals
proficiency in self-care activities, organized according to
a hierarchy of complexity: feeding, continence, transfer,
personal hygiene, dressing, and bathing [42]. On the other
hand, the Lawton scale comprises eight items intended to
assess an individual’s capability to perform instrumental
activities of daily living (IADLs), which encompasses using
the telephone, shopping, food preparation, housekeeping,
laundry, transportation, managing medications, and fi-
nancial handling. The reduced scores for each item indicate
a greater individual reliance. The scoring ranges from 7 to 21
points, with higher scores indicating a better performance
[43]. Within this study, participants with scores of <11 were
classified as dependent in terms of IADLs.

2.6. Cognitive Impairment. The MMSE [19] and MoCA®
[20] were employed for assessing cognitive impairment.
Compared to alternative assessment instruments, these tests
offer a harmonious blend of sensitivity, specificity, ease of
administration, and comprehensive evaluation, making
them the preferred options for discerning cognitive im-
pairment within clinical and research contexts [21, 22, 27].
While alternative tests may exhibit specific advantages in
selecting cognitive domains or demographic groups, the
widespread adoption and rigorous validation of the MMSE
and MoCA have firmly established them as the foremost
tools for cognitive assessment.

The MMSE is a widely used cognitive screening test that
assesses various cognitive domains such as orientation,
memory, recall, attention, naming objects, following verbal
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and written commands, writing a sentence, and copying
a figure [19, 30]. For the MMSE, the following severity levels
of cognitive impairments were adopted as cut-off points
[47-49]: NCI (MMSE between 24 and 30 points); MCI
(MMSE between 20 and 23 points); and MoCI (MMSE
between 13 and 19 points). In addition, the study adjusted
the NCI cut-off criteria based on years of education as
follows [30, 49]: for participants with 1-4 years of education,
the cut-off was 25 points; for those with 5-8years, 26.5
points; for those with 9-11 years, 28 points; and those with
12 or more years, 29 points.

Despite being a more recent development, MoCA scores
also range from 0 to 30 points. This neuropsychological test
includes more complex tasks, such as executive function,
and assesses orientation, drawing figures, processing speed,
naming objects, memory, recall, attention, vigilance, repe-
tition, verbal fluency, and abstraction [20, 27]. In the vali-
dation study, a cut-off score of 26 or more points was
established to detect cognitive impairment [20]. For the
MoCA, the following severity levels of cognitive impair-
ments were adopted as cut-off points [50]: NCI (MoCA
between 27 and 30 points); MCI (MoCA between 21 and 26
points); and MoCI (MoCA between 18 and 20 points). In
this neuropsychological test, one point is added for in-
dividuals with 12 or fewer years of education [29, 50].
Similarly to MMSE, MoCA cut-offs were adjusted based on
the years of education, using the values proposed by Pinto
et al. [29], who evaluated this instrument in the Brazilian
population.

2.7. Magnetic Resonance Imaging (MRI). All subjects un-
derwent MRI to evaluate brain volume scales in a clinic
specializing in diagnostic imaging following a standard
protocol. Volumetric (T1), FLAIR, susceptibility-weighted
imaging (SWI), standard axial T2 diffusion-weighted im-
aging (DWI), and T2 acquisitions (titled axial and coronal
plane for the hippocampus) were performed in a SIGNA™
Explorer 1.5T (GE Healthcare, Wauwatosa, WI, USA).
The Fazekas scale [51] was used to analyse white matter
lesions and to evaluate the amount of chronic ischemic
changes of small vessels in the older persons enrolled in the
study. The scale divides the white matter into periventricular
white matter (PWM) and deep white matter (DWM), and
each region receives a grade depending on the size and
confluence of the lesions. PWM was evaluated as follows:
0=absent; 1=pencil-thin lining; 2=smooth halo; and
3 =irregular periventricular signal extending into the DWM.
DWM was evaluated as follows: 0=absent; 1=punctate;
2 =beginning confluence; and 3 = large confluent areas [51].
For visual analysis of parietal atrophy, the Koedam score
[52] was used, generating a scale from 0 to 3, as follows:
grade 0: closed sulcus, without gyral atrophy; grade 1: mild
sulcal widening and mild gyral atrophy; grade 2: substantial
sulcal enlargement and substantial gyral atrophy; and grade
3: marked sulcal widening and knife blade gyral atrophy
[52]. To obtain the visual classification of medial temporal
lobe atrophy on coronal T1-weighted MRI, the Scheltens
score was used [53], with scores ranging from 0 to 4, where
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0 =no cerebrospinal fluid is visible around the hippocampus;
1 =choroid fissure is slightly widened; 2 =moderate wid-
ening of the choroid fissure, mild enlargement of the
temporal horn, and mild loss of hippocampal height;
3 =marked widening of the choroid fissure, moderate en-
largement of the temporal horn, and moderate loss of
hippocampal height; and 4 = marked widening of the cho-
roid fissure, marked enlargement of the temporal horn, and
the hippocampus is markedly atrophied and internal
structure is lost [53].

2.8. Statistical Methods. The sample size for this study was
calculated with the results obtained in the pilot study for the
volumetry of the medial temporal lobe on MRI by using the
following formula: # = 20?[Za + ZB]* +&>. The pooled
standard deviation (0) was 0.777 cm?; & was 5% (Za = 1.96);
B was 20% (Z=0.84), and the mean difference (§) was
0.107 cm’. According to this formula, the estimated sample
size (n) totals eighty-eight participants.

The obtained data were entered into the Statistical
Package for the Social Sciences for Windows (SPSS) com-
puter program (SPSS Inc., Chicago, IL, USA, release 16.0.2,
2008) using a double-entry method, with checks conducted
for consistency and adherence to the specified range [54].
Descriptive statistical analysis was employed, representing
categorical variables as absolute and relative frequencies and
continuous variables as means + standard deviations after
confirming data normality through the Kolmogor-
ov-Smirnov test. The occurrence of cognitive impairment
was expressed as a percentage, and the precision was
quantified by a 95% confidence interval (95% CI). Com-
parative analysis between participants with and without
cognitive impairment encompassed numerical variables,
utilizing a one-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test. For categorical variables, Pearson’s
chi-square test and Fisher’s exact test were applied. All
statistical analyses were conducted as two-tailed tests, and
statistical significance was determined at a level of p <0.05.

3. Results

The study encompassed 90 older adults, of whom 62 were
women, with a mean age of 69.0 + 6.5 years and a mean BMI
of 28.1 + 5.0 kg/m>. The prevalence of cognitive impairment
within the sample was estimated to be 56.7% (95% CIL:
46.4%-66.4%). Among the participants, 39 (28 women) were
categorized as having NCI, 36 (27 women) as exhibiting
MCI, and 15 (7 women) as having MoCI. The prevalence of
MCI and MoCI in the sample was 40.0% (95% CI: 30.5%-
50.3%) and 16.7% (95% CI: 10.3%-25.8%), respectively.
Older adults with MoCI displayed a significantly higher
mean age than those with NCI and MCI (p<0.001).
Furthermore, participants with NCI exhibited a higher
mean number of school years than the other groups
(p =0.007). Statistically significant differences in means
were observed among the groups (p <0.001) for both ADLs
and IADLs results. Superior outcomes were evident in
older adults with NCI, followed by those with MCI

(Table 1). Statistically significant disparities (p <0.05) be-
tween the three groups were also observed in executive
function (TMT part B) and cognitive impairment, as
identified by the MMSE and MoCA screening tools. Older
adults with NCI exhibited statistically superior scores
compared to those with MCI, and MCI patients had higher
scores than those with MoCI (p < 0.05). Patients with NCI
achieved a higher mean score (p<0.05) in information
processing speed (TMT part A). No statistical differences
were detected among the three groups for other clinical and
demographic variables.

Upon analysing the MRI results, a statistically significant
association (p =0.001) emerged between cognitive im-
pairment and medial temporal lobe atrophy (Table 2). MRI
results of older adults with NCI corresponded to the absence
of visible cerebrospinal fluid around the hippocampus, in-
dicative of normal conditions. In contrast, MRI results of
cognitive impairment patients correlated with indicators of
structural damage, such as choroid fissure enlargement,
temporal horn enlargement, and loss of hippocampal height
(Scheltens scale).

The brain MRI volumetric quantification revealed that
older adults with MoCI exhibited greater mean volume
scales of atrophied areas in the medial temporal lobe when
compared to the other groups (Table 3).

When applying the MMSE to screen all participants for
cognitive impairment, fifty-three older adults (40 women)
were classified as NCI, 31 (19 women) as MCI, and 6 (3
women) as MoCI. The MMSE vyielded different cognitive
impairment frequencies within the sample compared to the
psychiatrist’s reference values. Patients with MCI and MoClI
demonstrated higher medial temporal lobe atrophy volume
scale scores than older adults with NCI screened by the
MMSE (Table 4).

Applying the MoCA to screen for cognitive impairment,
thirty-two older adults (23 women) were classified as NCI,
13 (10 women) as MCI, and 45 (29 women) as MoCI. Re-
garding the proportion of participants classified according to
the reference values adopted by the psychiatrist in the as-
sessment of cognitive impairment, the MoCA overestimated
the number of participants with MoCIL. In addition, brain
MRI volumetric quantification identified that patients with
MoCI screened by the MoCA had a higher mean of medial
temporal lobe atrophy volume scale than those with NCI
(Table 5).

A consistent statistical association (p = 0.04) persisted
between cognitive impairment and medial temporal lobe
atrophy (Table 6). Those classified as NCI by the MMSE had
MRI results aligned with the absence of visible cerebrospinal
fluid around the hippocampus. In contrast, those with
cognitive impairment displayed more pronounced struc-
tural damage, as evidenced by higher scale scores.

A statistical association (p = 0.01) was found between
cognitive impairment (MCI and MoCI) and the presence of
neuronal structural damage in the PWM (Fazekas scale),
demonstrating that participants with NCI had a higher
frequency of tests within the normal range in comparison to
the other groups (Table 7).



6 Journal of Aging Research

TaBLE 1: Sociodemographic and clinical variables of older adults (N = 90) with no cognitive impairment (NCI), mild cognitive impairment
(MCI), or moderate cognitive impairment (MoCI).

. NCI MCI MoCI

Variables (n=39) (n=36) (n=15) Pvalue
Age (years) 66.2 +4.0% 69.8 + 6.54 741 +8.3" <0.001*
Sex, n (%)

Male 11 (28.2) 9 (25.0) 8 (53.3) 0.120

Female 28 (71.8) 27 (75.0) 7 (46.7) ’
Schooling (years) 9.6+31% 7.4+31" 7.5+3.28 0.007*
Monthly salary, n (%)

1 to 2 minimum wages 23 (59.0) 28 (77.8) 13 (86.7) 0.069

>2 minimum wages 16 (41.0) 8 (22.2) 2 (13.3) ’
Level of physical activity, n (%)

Sedentary 8 (20.5) 7 (19.4) 4 (26.7)

Insufficiently active 16 (41.0) 19 (52.8) 7 (46.7) 0.797

Active 15 (28.5) 10 (27.8) 4 (26.7)
Presence of chronic disease, n (%) 30 (76.9) 29 (80.6) 12 (80.0) 0.922
Coronavirus infection, n (%) 12 (30.8) 9 (25.0) 1(6.7) 0.181
Tobacco use, n (%) 0 (0.0) 2 (5.6) 1(6.7) 0.299
Alcohol use, n (%) 4 (10.3) 2 (5.6) 2 (13.3) 0.622
Total body mass (kg) 72.3+16.3 68.7+£12.9 67.0+14.2 0.396
Height (cm) 159.2+6.6 155.5+7.1 157.6 + 8.3 0.084
Body mass index (kg/m?) 28.4+52 28.4+49 269+4.5 0.572
Systolic blood pressure (mmHg) 1159+13.2 117.3+10.1 112.9+16.0 0.522
Diastolic blood pressure (mmHg) 74.1+8.5 749+7.2 71.9+9.5 0.491
Baseline heart rate (bpm) 65.6+11.4 65.1+9.9 61.9+134 0.539
Amount of medication (n) 29+1.9 24+18 33+2.3 0.299
Activities of daily living (ADLs) (n) 6.0+0.0% 48+0.5° 31+0.9¢ <0.001*
Instrumental ADLs (1) 25.8+0.8* 23.7+14" 17.6 2.9 <0.001*
Beck Depression Inventory (r) 12.8 £8.0 13.0+4.6 9.6+5.1 0.194
Trail-making test part A 50.5+19.1% 75.4 +42.5% 123.73 + 66.4° <0.001*
Trail-making test part B 150.6 +65.1° 265.5+110.6" 333.63+113.7¢ <0.001*
Mini-Mental State Examination (n) 26.5+2.4% 23.8+2.7" 18.9 +4.4€ <0.001*
Montreal Cognitive Assessment () 22.0+2.8% 16.3+2.6° 12.9+4.3¢ <0.001*

*Indicate statistically significant values. Means + standard deviation (SD) with different letters represents statistically significant values (p <0.05) in the
comparison between groups according to the Tukey’s post hoc test.

TaBLE 2: Prevalence of structural changes on magnetic resonance imaging in older adults (N = 90) with no cognitive impairment (NCI), mild
cognitive impairment (MCI), or moderate cognitive impairment (MoCI).

Brain tissue-specific and NCI MCI MoCI P value
region-specific abnormalities (n=39) (n=136) (n=15)
Periventricular white matter, n (%)
No lesions 11 (28.2) 6 (16.7) 2 (13.3)
Pencil-thin lining 16 (41.0) 19 (52.8) 8 (53.3) 0220
Smooth halo 11 (28.2) 6 (16.7) 2 (13.3) :
Irregular periventricular signal extending into the deep white matter 1(2.6) 5 (13.9) 3 (20.0)
Deep white matter, n (%)
No lesions 11 (28.2) 8 (22.2) 3 (20.0)
Punctuate 16 (41.0) 18 (50.0) 7 (46.7) 0.625
Beginning confluence 10 (25.6) 6 (16.7) 2 (13.3) :
Large confluent areas 2 (5.1) 4 (11.1) 3 (20.0)
Parietal atrophy, n (%)
Closed sulcus, without gyral atrophy 16 (41.0) 15 (41.7) 3 (20.0)
Mild sulcal widening and mild gyral atrophy 16 (41.0) 17 (47.2) 8 (53.3) 0.476

Substantial sulcal enlargement and substantial gyral atrophy 7 (17.9) 4 (11.1) 4 (26.7)
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TaBLE 2: Continued.
Brain tissue-specific and NCI MCI MoCI P value
region-specific abnormalities (n=39) (n=36) (n=15) vai
Medial temporal lobe atrophy, n (%)
No cerebrospinal fluid is visible around the hippocampus 20 (51.3) 16 (44.4) 2 (13.3)
Choroid fissure is slightly widened 15 (38.5) 14 (38.9) 4 (26.7)
Moderate widening of the choroid fissure, mild enlargement of the temporal .
horn, and mild loss of hippocampal height 3(.7) 6 (16.7) > (333) 0.001
Marked widening of the choroid fissure, moderate enlargement of the temporal
horn, and moderate loss of hippocampal height 123) 0(00) 4 (26.7)
Global cortical atrophy, n (%)
Normal volume and no ventricular enlargement 16 (41.0) 12 (33.3) 3 (20.0)
Opening of sulci and mild ventricular enlargement 13 (33.3) 17 (47.2) 8 (53.3) 0.296
Volume loss of gyri and moderate ventricular enlargement 10 (25.6) 5 (13.9) 4 (26.7) ’
“Knife blade” atrophy and severe ventricular enlargement 0 (0.0) 2 (5.6) 0 (0.0)

*Indicate statistically significant values (p <0.05).

TasLE 3: Brain magnetic resonance imaging volumetric quantification of older adults (N =90) with no cognitive impairment (NCI), mild
cognitive impairment (MCI), or moderate cognitive impairment (MoCI).

Brain tissue-specific and NCI (n=39) MCI (n=136) MoCI (n=15) P value
region-specific abnormalities Mean + SD Mean + SD Mean + SD

Periventricular white matter (cm?) 1.05+0.83 1.28 +£0.91 1.40+0.99 0.350
Deep white matter (em®) 1.08 +0.87 1.17+£0.91 1.33+1.05 0.653
Parietal atrophy (cm?) 0.77 +0.74 0.69 +0.67 1.07 +0.70 0.230
Medial temporal lobe atrophy (cm?) 0.62+0.75" 0.72 +0.74* 1.73+1.03" <0.001*
Global cortical atrophy (cm?) 0.85+0.81 0.92 +0.84 1.07 £0.70 0.668

*Indicate statistically significant values. Means + standard deviation (SD) with different letters represents statistically significant values (p <0.05) in the

comparison between groups according to the Tukey’s post hoc test.

TABLE 4: Brain magnetic resonance imaging volumetric quantification of older adults (N =90) with no cognitive impairment (NCI), mild
cognitive impairment (MCI), or moderate cognitive impairment (MoClI) also screened by the Mini-Mental State Examination (MMSE).

Brain tissue-specific and NCI (n=53) MCI (n=31) MoCI (n=6) P value
region-specific abnormalities Mean + SD Mean + SD Mean + SD

Periventricular white matter (cm?) 1.23+0.82 1.13+0.99 1.33+1.03 0.831
Deep white matter (cm’) 1.21+0.89 1.03+0.95 1.33+1.03 0.621
Parietal atrophy (cm?) 0.77 £0.70 0.74+0.77 1.17+£0.41 0.400
Medial temporal lobe atrophy (cm?) 0.58 +0.75* 1.13+0.96" 1.67 +0.82° 0.001*
Global cortical atrophy (cm®) 0.91+0.82 0.90 +0.83 1.00 +£0.63 0.962

*Indicate statistically significant values. Means + standard deviation (SD) with different letters represents statistically significant values (p <0.05) in the

comparison between groups according to the Tukey’s post hoc test.

4. Discussion

The key findings of this study are twofold. First, the cognitive
impairment screening tools MMSE and MoCA demon-
strated accuracy in predicting neuronal structural damage in
the medial temporal lobe (Scheltens and Fazekas scales) and
periventricular white matter (Fazekas scale) of older adults’
brains. Lower MMSE scores are associated with the presence
of lesions in the medial temporal lobe (Fazekas scale) and
a higher volume of atrophy, as indicated by brain MRI’s
volumetric quantification (Scheltens scale). Simultaneously,
lesions in the periventricular white matter (Fazekas scale) are
associated with lower MoCA scores. Second, the frequencies
of cognitive impairment classified using the cut-off points of
the MMSE and MoCA screening tools differed from each
other and the reference values set by the psychiatrist.

Although the MMSE and MoCA are among the most
popular and widely utilized screening instruments for
cognitive decline within the systematic evaluation of geri-
atric patients in healthcare centres, these examinations often
exhibit inaccuracies and unreliability, stemming from either
human error or patients’ physical limitations in correctly
interpreting questions alongside motor deficits [49]. Our
findings indicate that while the MMSE tended to over-
estimate the number of participants with NCI, the MoCA
tended to overestimate the number of participants with
cognitive impairments. Notably, since motor deficits were
considered exclusion criteria, the misclassification observed
with these cognitive screening tools seems to be associated
with educational and cultural biases [29, 55-57]. Moreover,
it is noteworthy to mention the MMSE’s limited sensitivity
in detecting mild or moderate cognitive impairment,
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TaBLE 5: Brain magnetic resonance imaging volumetric quantification of older adults (N =90) with no cognitive impairment (NCI), mild
cognitive impairment (MCI), or moderate cognitive impairment (MoCI) also screened by the Montreal cognitive assessment (MoCA).

Brain tissue-specific and NCI (n=32) MCI (n=13) MoCI (n=45)

region-specific abnormalities Mean + SD Mean + SD Mean + SD

Periventricular white matter (cm?) 1.06 +0.80 1.08 +0.64 1.33+1.00 0.367
Deep white matter (cm’) 1.09 +0.86 1.00£0.71 1.24 +1.00 0.625
Parietal atrophy (cm?) 0.84+0.72 0.46 + 0.66 0.84+0.71 0.201
Medial temporal lobe atrophy (cm?) 0.63 +0.80" 0.54 +0.52"8 1.09+0.97° 0.029*
Global cortical atrophy (cm?) 0.87 +£0.80 0.69 +0.75 1.00 +0.83 0.458

*Indicate statistically significant values. Means + standard deviation (SD) with different letters represents statistically significant values (p <0.05) in the

comparison between groups according to the Tukey’s post hoc test.

TaBLE 6: Prevalence of structural changes on magnetic resonance imaging in older adults (N = 90) with no cognitive impairment (NCI), mild
cognitive impairment (MCI), or moderate cognitive impairment (MoCI) also screened by the Mini-Mental State Examination (MMSE).

Brain tissue-specific and

NCI MCI MoClI

region-specific abnormalities (n=53) (n=31) (n=6) P value

Periventricular white matter, n (%)
No lesions 10 (18.9) 8 (25.8) 1(16.7)
Pencil-thin lining 24 (45.3) 16 (51.6) 3 (50.0) 0211
Smooth halo 16 (30.2) 2 (6.5) 1 (16.7) :
Irregular periventricular signal extending into the deep white matter 3 (5.7) 5 (16.1) 1(16.7)

Deep white matter, n (%)
No lesions 12 (22.6) 9 (29.0) 1(16.7)
Punctuate 22 (41.5) 16 (51.6) 3 (50.0) 0.369
Beginning confluence 15 (28.3) 2 (6.5) 1 (16.7) :
Large confluent areas 4 (7.5) 4 (12.9) 1(16.7)

Parietal atrophy, n (%)
Closed sulcus, without gyral atrophy 20 (37.7) 14 (45.2) 0 (0.0)
Mild sulcal widening and mild gyral atrophy 25 (47.2) 11 (35.5) 5(83.2) 0.237
Substantial sulcal enlargement and substantial gyral atrophy 8 (15.1) 6 (19.4) 1(16.7)

Medial temporal lobe atrophy, n (%)
No cerebrospinal fluid is visible around the hippocampus 29 (54.6) 9 (29.0) 0 (0.0)
Choroid fissure is slightly widened 18 (34.0) 12 (38.7) 3 (50.0)
Moderate widening of the choroid fissure, mild enlargement of the temporal .
horn, and mild loss of hippocampal height > 04 7 (22:6) 2 (333) 0.039
Marked widening of the choroid fissure, moderate enlargement of the temporal
horn, and moderate loss of hippocampal height 119 307 106.7)

Global cortical atrophy, n (%)
Normal volume, no ventricular enlargement 19 (35.8) 11 (35.5) 1 (16.7)
Opening of sulci and mild ventricular enlargement 21 (39.6) 13 (41.9) 4 (66.7) 0.921
Volume loss of gyri and moderate ventricular enlargement 12 (22.6) 6 (19.4) 1 (16.7) :
“Knife blade” atrophy and severe ventricular enlargement 1(1.9) 1(3.2) 0 (0.0)

*Indicate statistically significant values (p <0.05).

particularly in the early stages of neurodegenerative diseases
such as Alzheimer’s disease [55, 56]. Similarly, the MoCA
employs more stringent scoring criteria compared to the
MMSE, often featuring lower cut-oft scores for impairment
in some test versions [20, 27, 29, 57, 58]. This disparity in
scoring criteria may contribute to a higher proportion of
individuals being categorized as having cognitive impair-
ment when assessed with the MoCA [59, 60].

While the total scores of MMSE and MoCA diverged in
classifying cognitive impairments, both tools still detected
better structural outcomes in the brains of older adults with
NCI and worse outcomes in those with MoCI. In this regard,
this study aligns with the literature, which recognizes both
tests as having good accuracy in assessing cognitive im-
pairment [23, 29, 61]. Conversely, cross-analysis results

suggest that these tools should not be employed in isolation,
given that MMSE identified a greater proportion of par-
ticipants with NCI, while MoCA overestimated the presence
of MoCI. MMSE exhibited low sensitivity in screening for
MCI or MoCI within the sample, while MoCA displayed low
accuracy in screening participants with MCI. These findings
concur with prior research indicating MoCA’s better ability
to detect cognitive heterogeneity within the sample
[22, 61, 62].

When participants were categorized using the psychia-
trist’s reference values, the MoCI group showed a higher
prevalence of moderate and marked choroid fissure wid-
ening. Conversely, when older adults were screened using
MMSE cut-off points, the test’s ability to differentiate the
lowest score on the Scheltens scale for medial temporal
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TABLE 7: Prevalence of structural changes on magnetic resonance imaging in older adults (N = 90) with no cognitive impairment (NCI), mild
cognitive impairment (MCI), or moderate cognitive impairment (MoCI) also screened by the Montreal Cognitive Assessment (MoCA).

Brain tissue-specific and NCI MCI MoCI P value
region-specific abnormalities (n=32) (n=13) (n=45)
Periventricular white matter, n (%)
No lesions 9 (28.1) 2 (15.4) 8 (17.8)
Pencil-thin lining 12 (37.5) 8 (61.5) 23 (51.1) 0.012*
Smooth halo 11 (34.4) 3 (23.1) 5(11.1) ’
Irregular periventricular signal extending into the deep white matter 0 (0.0) 0 (0.0) 9 (20.0)
Deep white matter, n (%)
No lesions 9 (28.1) 3 (23.1) 10 (22.2)
Punctuate 12 (37.5) 7 (53.8) 22 (48.9) 0.107
Beginning confluence 10 (31.3) 3 (23.1) 5(11.1) :
Large confluent areas 1(3.1) 0 (0.0) 8 (17.8)
Parietal atrophy, n (%)
Closed sulcus, without gyral atrophy 11 (34.4) 8 (61.5) 15 (33.3)
Mild sulcal widening and mild gyral atrophy 15 (46.9) 4 (30.8) 22 (48.9) 0.438
Substantial sulcal enlargement and substantial gyral atrophy 6 (18.8) 1(7.7) 8 (17.8)
Medial temporal lobe atrophy, n (%)
No cerebrospinal fluid is visible around the hippocampus 17 (53.1) 6 (46.2) 15 (33.3)
Choroid fissure is slightly widened 11 (34.4) 7 (53.8) 15 (33.3)
Moderate widening of the choroid fissure, mild enlargement of the temporal
horn, and mild loss of hippocampal height 304 0(00) 11 (244) 0.122
Marked widening of the choroid fissure, moderate enlargement of the temporal
horn, and moderate loss of hippocampal height 13D 0(00) 4(89)
Global cortical atrophy, n (%)
Normal volume, no ventricular enlargement 12 (37.5) 6 (46.2) 13 (28.9)
Opening of sulci and mild ventricular enlargement 12 (37.5) 5 (38.5) 21 (46.7) 0.692
Volume loss of gyri and moderate ventricular enlargement 8 (25.0) 2 (15.4) 9 (20.0) ’
“Knife blade” atrophy and severe ventricular enlargement 0 (0.0) 0 (0.0) 2 (4.4)

*Indicate statistically significant values (p <0.05).

atrophy was evident. Similarly, classification using the
MoCA revealed a statistically significant difference in terms
of medial temporal atrophy between the NCI and MoClI
groups. These findings are in line with the recent studies
[29]. According to Roh et al. [63], medial temporal atrophy
could be an early indicator of cognitive decline, while Zhang
et al. [64] suggested that such atrophy might contribute to
impairments in semantic learning strategies.

The medial temporal lobe plays a vital role in memory
formation, emotional regulation, and spatial navigation
[65-67]. Atrophy in this region can lead to memory im-
pairments, potentially progressing to conditions such as
Alzheimer’s disease [65, 66]. In addition, changes in emo-
tional regulation linked to medial temporal lobe atrophy
may contribute to mood disturbances, such as depression
and anxiety, common in older adults [68]. On the other
hand, the white matter acts as the brain’s communication
network, facilitating signal transmission between regions
[69, 70]. PWM abnormalities, often associated with con-
ditions such as vascular dementia and small vessel disease,
can lead to executive dysfunction, memory deficits, and
mood changes [71, 72]. These abnormalities may worsen
mental health conditions and increase the risk of stroke and
other cerebrovascular events in older adults [18, 69-72],
highlighting the importance of addressing them for pre-
serving cognitive function and mental well-being.

In addition, white matter is a pertinent parameter in
assessing cognitive impairment [6, 9]. Regarding

periventricular white matter assessment via MRI, irregular
periventricular signals extending to the deep white matter
(Fazekas grade 3) were observed in the MoCI group. Par-
ticipants with MCI exhibited pencil-thin lines on periven-
tricular white matter (Fazekas grade 1), and those with NCI
displayed no alterations (Fazekas grade 0). These results
affirm the link between white matter changes and cognitive
decline [13, 14].

Considering the associations unveiled in this study,
a dual approach involving both MMSE and MoCA is pro-
posed to screen for the risk of cognitive decline swiftly and
accurately. This is due to both tools showing links with
medial temporal atrophy (Scheltens scale) and periven-
tricular white matter lesions (Fazekas scale) observed in MRI
scans. This approach holds promise for early diagnosis of
neuronal structural damage, benefiting older adults, their
families, and society. Li et al. [32] emphasized in their study
that results from both MMSE and MoCA are associated with
neuronal structural damage assessed through imaging ex-
aminations. Conversely, Wang et al. [33] found weak sta-
tistical correlations (r<0.40) between MoCA values and
white matter volume across four brain regions assessed
by MRL

There is a noteworthy difference in the systematic review
by Pinto et al. [57], who, despite the varying accuracy be-
tween studies, identified that more than 80% of the papers
showed that MoCA is superior to MMSE in detecting pa-
tients with MCI and NCI. Moreover, compared with MMSE,
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the same authors recommended MoCA as the preferred test
for cognitive screening in elderly patients, particularly those
with MCI. The prevalence of cognitive decline as screened by
both tools underscores the importance of considering ed-
ucational level-adjusted MoCA cut-off points within the
study population, aligning with Pinto et al. [57]. Conversely,
the application of education-based cut-off points for MMSE
[30] may have led to more elderly patients being classified as
NCI, a situation that warrants further investigation.

Regarding the sample, this study identified a lower
prevalence of individuals in the MCI group, with this group
tending to be older. These outcomes coincide with the ep-
idemiology of natural ageing and the gradual decline in
cognitive function [73]. Notably, the severity of cognitive
decline diminishes the survival rate of elderly populations
[74], particularly when linked to comorbidities [75]. In
addition, older individuals tend to progress to more ad-
vanced disease stages [76]. Furthermore, this investigation
reveals that less severe conditions might be linked to higher
education levels, which is considered a protective factor
against cognitive decline, reinforcing the findings of prior
research [77-79].

Another significant consideration is the role of ADLs
and IADLs as pivotal factors in the assessment of cognitive
impairment, particularly in low- and middle-income
countries, thus complementing the evaluation [80]. This
study demonstrated a progressive decline in ADLs and
IADLs scores as cognitive impairment stages advanced,
alongside varying outcomes observed in parts A and B of the
TMT. Depending on the severity of cognitive impairment,
participants exhibited elevated scores on both test parts,
indicating compromised processing speed and diminished
executive function. Furthermore, all participants required
more time to complete TMT part B, likely due to its
heightened cognitive demands compared to part A [81, 82].
However, while the TMT provides valuable insights into the
executive function, relying exclusively on it may overlook
other critical facets of this multifaceted construct [83]. This
exclusive reliance on the TMT may yield an incomplete
understanding of the executive function, potentially leading
to the misinterpretation of cognitive profiles [84, 85].
Moreover, the TMT may lack sensitivity in detecting subtle
deficits, particularly in individuals with mild cognitive
impairment or early-stage neurodegenerative disorders [85].
In addition, nonexecutive factors such as motor speed, visual
scanning abilities, and processing speed can influence TMT
performance, potentially leading to the misinterpretation of
cognitive performance due to these factors [81-85].

One strength of this study lies in its demonstration of the
effectiveness of two noninvasive cognitive impairment
screening tools in assessing structural damage in the white
and gray matter among a relatively large sample of elderly
patients. However, our study is not without limitations,
beginning with its design. The groups were categorized solely
by the degree of cognitive impairment and not by the af-
fected cognitive domain (amnestic and nonamnestic) or
neurocognitive disorder subtype (such as Alzheimer’s dis-
ease, Lewy body disease, Parkinson’s disease, vascular dis-
ease, frontotemporal lobar degeneration, and traumatic
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brain injury, among others). Another previously discussed
limitation is the inaccuracies and limited reliability dem-
onstrated by the MMSE and MoCA in detecting mild or
moderate cognitive impairments. Furthermore, a potential
confounding factor arises from the higher number of years
of education in the NCI group. To mitigate this bias, the
study adopted education-adjusted cut-oft points for cog-
nitive impairment in both the applied tools. Similarly, de-
pression in the study sample was controlled for, as it could
serve as a clinically significant behavioural or psychological
alteration (comorbidity) for neurocognitive disorders. Fi-
nally, some agitated patients, particularly those with cog-
nitive decline, might poorly tolerate MRI, leading to motion
artefacts that compromise image quality and interpretation.
Efforts to minimize this concern included using faster se-
quences with motion artifact correction, such as periodically
rotated overlapping parallel lines with enhanced re-
construction (PROPELLER) sequence.

5. Conclusions and Implications

In conclusion, our study highlights the effectiveness of
using both the MMSE and MoCA as screening tools for
cognitive impairment in older adults. By demonstrating
their ability to predict neuronal structural damage, par-
ticularly in the medial temporal lobe and PWM, observed
through MRI scans, we emphasize the importance of a dual
approach involving both tests for swift and accurate
screening. This strategy not only facilitates early detection
of cognitive decline but also plays a vital role in mitigating
cognitive deterioration, thereby promoting the well-being
of ageing individuals and benefiting their families and
society.

Further investigation into the role of ADLs and IADLs in
assessing cognitive impairment, as well as exploration of
alternative screening tools, can enhance the understanding
of cognitive function in older adults. Moving forward, future
research should delve deeper into specific cognitive domains
affected by cognitive impairment and various neuro-
cognitive disorder subtypes. Longitudinal studies are needed
to explore the progression of cognitive decline over time and
its correlation with neuronal structural changes.

Overall, our study contributes valuable insights into both
basic and applied research, reaffirming the importance of
cognitive screening tools in clinical practice and research
settings. By addressing limitations and building upon
strengths identified in this study, future research can further
advance our understanding of cognitive impairment and
improve diagnostic accuracy, leading to enhanced quality of
care for older adults worldwide.
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