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Abstract

Objective
To examine educational differences in Montreal Cognitive Assessment performance in a community
health project in southern Ecuador.

Results
The analysis included 174 adults recruited by convenience sampling. Median raw scores were 19.0, 23.0,
and 25.0 for primary, secondary, and higher education, respectively (Kruskal–Wallis H(2) = 36.65; p < 
0.001). In linear regression with heteroscedasticity-consistent standard errors, primary education was
associated with a 5.30-point lower score than higher education after adjustment for age and recorded
gender (95% confidence interval − 7.22 to − 3.37). The corresponding difference for secondary education
was − 1.83 points (− 3.68 to 0.02). Using the education correction recorded in the dataset, 137 of 174
participants (78.7%) scored below 26. The primary–higher difference persisted in sensitivity analyses,
while the secondary–higher comparison varied across specifications. These findings support
considering educational context when interpreting screening scores. They do not establish cognitive
decline or the prevalence of clinically diagnosed cognitive impairment.

Introduction
Educational attainment is closely related to performance on cognitive screening tests. The Montreal
Cognitive Assessment (MoCA) was developed to identify people who may need further assessment for
mild cognitive impairment[1]. However, studies in Ecuador and Colombia show that schooling affects
scores, including performance on tasks requiring literacy and familiarity with formal testing [2–4]. In
rural Ecuador, MoCA scores have also been associated with cortical atrophy, illustrating that low scores
can reflect both educational influences and underlying brain health[5, 6] .

Education is often used as a proxy for cognitive reserve, but a screening score cannot distinguish
reserve from test familiarity or clinical disease [7].

According to Stern’s framework, cognitive reserve is actively shaped by education, occupational
complexity, and environmental stimulation; in community adults, lower formal education is often
associated with higher attentional demand on formal cognitive tasks, leading to potential
misclassification in screening tools [8, 9].

Much of the regional evidence concerns older adults. Community data that include adults in midlife can
help assess how educational differences appear outside memory clinics. Using cognitive screening data
from a wider community health project, we examined the association between educational attainment
and MoCA performance in adults assessed in seven localities in Loja Province, southern Ecuador. Raw
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scores were the primary outcome; results below the conventional screening threshold were examined
separately.

Methods and materials

Study design and participants
We conducted a descriptive cross-sectional study of 174 adults aged 30–60 years from communities in
southern Ecuador. Reporting was guided by STROBE [10]. The parent community health project recruited
a convenience sample at free health fairs in Calvas and Gonzanamá, Loja Province, during two weeks in
June–July 2023. Project personnel, Ministry of Public Health staff, and community leaders publicized
the fairs. Mobile assessment stations operated in schools, gymnasiums, and other community centres.
The published fieldwork description reports a consistent assessment area, the same evaluation team
across locations, and prior general staff training [11] .

The MoCA records came from Changaimina, Cruz de Yanzapa, El Lucero, Naranjillo, El Tablón, Bella
María, and Cariamanga. The initial dataset contained 184 records. Ten records with unavailable age were
excluded, leaving 174 participants for analysis. No further exclusions or additional age cutoffs were
applied. The file included rural and urban residents and people reporting no current employment; this
analysis therefore describes community adults. Sample size was determined by the available records.
Data were originally entered in OpenClinica.

The present report examines educational attainment and cognitive screening in the 174-participant
MoCA dataset.

Measures and data preparation
Educational attainment was grouped as primary, secondary, or higher, following the recorded categories
(Additional file 1, Table S1). These labels describe reported attainment and do not necessarily establish
completion of a qualification. All retained records had classified education and numeric age; observed
ages ranged from 30 to 60 years. Recorded gender followed the source dictionary, using women and
men.

The Spanish MoCA yields a maximum of 30 points across visuospatial/executive skills, naming,
attention, language, abstraction, delayed recall, and orientation [1]. Cognitive assessment was conducted
using the official Spanish version of the instrument. Evaluations were administered in person under
standardized conditions—in a quiet, well-lit, distraction-free environment, with an average duration of 10
to 15 minutes—by trained researchers certified in the standardized administration of the test, strictly
following official scoring criteria and instructions. We recomputed raw totals from the seven domain
subtotals. Agreement between those subtotals and the 28 scored items had previously been verified
against the recorded value.
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For the secondary threshold analysis, we retained the recorded education correction: one point in 124
records, with totals capped at 30. The standard MoCA correction depends on actual years of formal
education [12]. Individual years were not independently verified here, and the earlier coding crosswalk
inferred them from educational labels. The corrected total therefore defined an operational screening
outcome below 26, rather than a clinical diagnosis.

Additional file 3 provides the de-identified analytical dataset and data dictionary. Participant identifiers
and collection localities use release codes, without original identifiers or a geographic crosswalk. Only
variables needed for the reported analyses are included.

Statistical analysis
We summarized categorical variables as counts and percentages, and scores and age using means with
sample standard deviations or medians with interquartile ranges (IQRs). Raw MoCA scores were
compared across educational groups using Kruskal–Wallis and pairwise Dunn tests with Bonferroni
correction. Ordinary least-squares regression estimated educational differences in mean raw score,
adjusting for age as a continuous variable and recorded gender. We used HC3 heteroscedasticity-
consistent standard errors and t-based 95% confidence intervals (CIs). Higher education and women
were the reference categories.

The screening outcome was summarized using Wilson 95% CIs. We used Pearson’s chi-square test and
Cramér’s V for categorical associations, and Poisson regression with a log link and robust sandwich
variance to estimate prevalence ratios [13]. All 174 records had complete age, education, gender, and
MoCA scores and entered the principal descriptive comparisons and adjusted models. No values were
imputed.

Exploratory sensitivity analyses added fixed effects for collection locality, restricted analyses to rural
residents or participants reporting current work and varied the screening correction. The correction
scenarios used no adjustment or added one point to all primary and secondary records; they assessed
sensitivity to scoring assumptions and were not alternative diagnostic rules. Tests were two-sided.
Analyses were recomputed in Python 3.12.14 with NumPy 2.3.5 and SciPy 1.17.0; Additional file 2
provides the script.

Results
Of the 174 participants, 102 (58.6%) were women, 134 (77.0%) were rural residents, and 11 (6.3%)
reported no current employment. Median age was 45.0 years (IQR 37.0–55.0). Educational attainment
was primary in 87 participants, secondary in 60, and higher in 27 (Table 1).
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Table 1
Participant characteristics

Characteristic Value

Women 102 (58.6)

Men 72 (41.4)

Age in years, median (IQR) 45.0 (37.0–55.0)

Rural residence 134 (77.0)

Urban residence 40 (23.0)

Formal employment 57 (32.8)

Informal employment 87 (50.0)

Occasional work 19 (10.9)

Not currently working 11 (6.3)

Primary education 87 (50.0)

Secondary education 60 (34.5)

Higher education 27 (15.5)

Values are n (%) of 174 participants unless stated otherwise. Age and education are complete in the final
corrected dataset. Gender labels follow the source dictionary.

The mean raw MoCA score was 20.44 (SD 5.11), with a median of 21.0 (IQR 17.0–24.0) and a range of
8–30. Raw scores differed across educational groups (H(2) = 36.65; p < 0.001; Table 2).

Table S1
Educational categories

Analytical group Value in corrected workbook n

Primary Primary 87

Secondary Secondary 60

Higher Higher 27

Educational groups follow the recorded categories in the analytical dataset. Completion of
qualifications and exact years of schooling were not independently verified. No unclassified
educational records remain. Raw-score analyses use the recorded categories without inferring years
of education.
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Table 2
MoCA performance and screening results by educational attainment

Education n Raw score mean
(SD)

Raw score median
(IQR)

Corrected score < 26
n (%)

95% CI for
%

Primary 87 18.18 (5.11) 19.0 (14.0–22.0) 77 (88.5) 80.1–93.6

Secondary 60 22.03 (4.07) 23.0 (20.0–25.0) 45 (75.0) 62.8–84.2

Higher 27 24.19 (3.54) 25.0 (21.0–27.0) 15 (55.6) 37.3–72.4

Table S2
Descriptive MoCA domain and total scores

Score component Mean (SD) Observed range Maximum

Visuospatial and executive 2.81 (1.33) 0–5 5

Naming 2.55 (0.72) 0–3 3

Attention 3.90 (1.62) 0–6 6

Language 1.95 (0.99) 0–3 3

Abstraction 1.46 (0.76) 0–2 2

Delayed recall 2.11 (1.68) 0–5 5

Orientation 5.66 (0.73) 0–6 6

Raw total 20.44 (5.11) 8–30 30

Stored corrected total 21.16 (4.97) 8–30 30

n = 174 for every row. SDs use the sample denominator n − 1. Raw totals were recomputed from the
seven domain subtotals. Agreement between domain and item-level scoring had previously been
checked in the original collection workbook. Domain summaries do not diagnose domain-specific
impairment.
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Table S3
Sensitivity analyses of adjusted raw MoCA scores

Analysis n Primary vs higher
difference (95% CI)

Secondary vs higher
difference (95% CI)

Principal complete-record
model

174 −5.30 (− 7.22 to − 3.37) −1.83 (− 3.68 to 0.02)

Additional locality fixed
effects

174 −6.34 (− 8.29 to − 4.39) −2.36 (− 4.16 to − 0.57)

Rural residents only 134 −6.76 (− 9.19 to − 4.32) −3.47 (− 5.96 to − 0.99)

Participants reporting
current work

163 −5.00 (− 7.02 to − 2.97) −1.38 (− 3.25 to 0.50)

All models adjust for continuous age and recorded gender, using ordinary least-squares regression
with HC3 heteroscedasticity-consistent standard errors and t-based 95% confidence intervals.
Estimates describe mean differences in raw MoCA score points relative to higher education
(reference category). The locality model additionally includes fixed effects for seven collection sites.
“Current work” includes formal, informal, or occasional employment. CI: confidence interval; MoCA:
Montreal Cognitive Assessment.

Table S4
Prevalence ratios for stored corrected MoCA scores below 26

Variable Crude PR (95% CI) p Adjusted PR (95% CI) p

Higher education 1.00 (reference) — 1.00 (reference) —

Primary education 1.59 (1.13 to 2.25) 0.008 1.58 (1.11 to 2.25) 0.012

Secondary education 1.35 (0.93 to 1.95) 0.110 1.34 (0.93 to 1.93) 0.122

Age per additional year — — 1.002 (0.994 to 1.010) 0.622

Men versus women — — 1.06 (0.92 to 1.24) 0.415

Poisson regression with log link and robust sandwich variance without a finite-sample scaling factor.
Crude and adjusted estimates: n = 174, 137 screening results below 26; all predictors entered
simultaneously. Reference categories are higher education and women. Global adjusted education
Wald χ²(2) = 8.63; p = 0.013. These prevalence ratios concern a screening classification, not
diagnosed cognitive impairment.
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Table S5
Sensitivity of screening analyses to education correction

Scenario n Below 26
n

Primary vs higher
adjusted PR (95% CI)

Secondary vs higher
adjusted PR (95% CI)

Recorded correction 174 137 1.58 (1.11 to 2.25) 1.34 (0.93 to 1.93)

No education correction 174 146 1.71 (1.21 to 2.41) 1.51 (1.06 to 2.15)

One point for all primary
and secondary records

174 134 1.54 (1.08 to 2.21) 1.24 (0.84 to 1.81)

Models adjust for continuous age and recorded gender using robust Poisson regression. Scores
remain capped at 30 when adding a point. Correction scenarios are exploratory checks on the
recorded coding and are not validated scoring alternatives. Without an independent clinical
reference, none estimates diagnostic accuracy or establishes an appropriate cutoff for this
population.

Educational comparisons use all 174 participants. Percentages are calculated within each educational
group. CIs use the Wilson method. The corrected total retains the education correction stored in the
dataset and is not a clinical diagnosis. Kruskal–Wallis H(2) = 36.65; p < 0.001. Dunn–Bonferroni: primary
versus secondary and primary versus higher, both adjusted p < 0.001; secondary versus higher, adjusted
p = 0.205.

Primary scores were lower than secondary and higher scores in Dunn–Bonferroni comparisons (both
adjusted p < 0.001). The secondary–higher comparison was inconclusive (adjusted p = 0.205). Domain
summaries are presented descriptively in Additional file 1, Table S2.

After adjustment for age and recorded gender, primary education was associated with a 5.30-point lower
mean raw score than higher education (95% CI − 7.22 to − 3.37; p < 0.001). The difference for secondary
education was − 1.83 points (− 3.68 to 0.02; p = 0.052; Table 3). Primary–higher differences persisted
after adjustment for locality (− 6.34; −8.29 to − 4.39), among rural residents (− 6.76; −9.19 to − 4.32), and
among participants reporting current work (− 5.00; −7.02 to − 2.97). The secondary–higher comparison
varied across these specifications (Additional file 1, Table S3).

Using the recorded education correction, 137 of 174 participants scored below 26 (78.7%; 95% CI 72.1–
84.2). Proportions were 88.5%, 75.0%, and 55.6% for primary, secondary, and higher education (χ²(2) = 
14.13; p < 0.001; Cramér’s V = 0.28). The age- and gender-adjusted prevalence ratio for primary versus
higher education was 1.58 (95% CI 1.11–2.25; p = 0.012). There was no clear evidence of an association
between corrected-score screening status and recorded gender (χ²(1) = 0.24; p = 0.622). Supplementary
prevalence ratios and correction scenarios appear in Additional file 1, Tables S4 and S5.

Discussion
The present findings align with previous Ecuadorian studies demonstrating that low formal schooling
correlates with lower cognitive screening scores across urban and rural populations [2, 14, 15] .Studies
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conducted in southern Ecuador (Cuenca) and nationwide have consistently identified educational
attainment as a critical determinant of MoCA performance and validations outcomes in Ecuadorian
adults [15] .

Primary education was associated with lower raw MoCA performance in this community sample,
including after adjustment for age and recorded gender. The association was also present when the
analysis was restricted to rural residents or people reporting current work. This consistency supports an
educational difference within the available dataset. It does not show that additional schooling would
cause a corresponding improvement in cognition.

The findings agree with Ecuadorian work showing educational influences on both full and basic MoCA
versions and with Colombian evidence of schooling-related differences on literacy-dependent tasks [2,
3]. Cognitive reserve offers one possible explanation [7], but we did not measure reserve, literacy, school
quality, or occupational complexity. Differences in test familiarity and unmeasured health or
socioeconomic conditions could also contribute [16] .

The high proportion below 26, including 55.6% of participants with higher education, requires particular
care. Without an independent clinical reference, these results cannot estimate diagnostic sensitivity,
specificity, or false-positive rates. A Chilean validation study found different optimal thresholds for older
adults and used additional educational adjustments [17]. Such thresholds cannot simply be transferred
to this younger, differently selected sample. Our raw-score analysis avoids making the principal finding
depend on a single cutoff or on the category-derived education correction.

Furthermore, occupational conditions in rural settings, where agricultural labor and informal work
predominate, may introduce specific sociodemographic dynamic that influence cognitive performance
independently of age [11, 18, 19] .

For community screening, the relevant implication is to interpret low scores alongside educational
history, daily functioning, and clinical assessment. The results support further work on appropriate
interpretation in comparable settings; they do not provide a locally validated diagnostic threshold.

Limitations
Convenience sampling and the absence of a population sampling frame limit generalizability. The cross-
sectional design cannot establish cognitive decline, temporal sequence, or causality. Educational labels
do not establish actual years of schooling, which were not independently verified. The recorded
correction may therefore classify some screening outcomes incorrectly. Selection into the analytical
sample, including omission of records with unavailable age, could introduce bias. The number
approached before dataset construction was unavailable.

No independent neuropsychological or clinical diagnosis was available. Adjustment was limited to age
and recorded gender, leaving potential confounding by literacy, depression, vascular health, sleep, and
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socioeconomic conditions. Sensitivity analyses were exploratory and did not remove these limitations.
Locality fixed effects addressed differences between sites but did not establish independence of
observations within communities. The small higher-education group further limits precision. These data
describe educational differences in screening performance rather than the prevalence of a
neurocognitive disorder.

Abbreviations
CI
confidence interval
CISeAL
Centro para la Salud en América Latina
HC3
heteroscedasticity-consistent covariance estimator with leverage correction
IQR
interquartile range
MoCA
Montreal Cognitive Assessment
SD
standard deviation
STROBE
Strengthening the Reporting of Observational Studies in Epidemiology.
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