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Abstract Studies in industrialized nations suggest that
severe edentulism correlates with cognitive impairment,
but there is little information on this association in under-
served populations. We conducted a community-based
study to assess whether edentulism associates with cogni-
tive impairment in elders living in rural Ecuador. Ata-
hualpa residents aged >60 years were identified during a
door-to-door census and evaluated using the Montreal
Cognitive Assessment (MoCA). Persons were classified
into two groups according to whether they have severe
edentulism (<10 remaining teeth) or not. In addition, a
questionnaire allowed self-rating of oral health. A total of
274 persons (mean age 69.6 £ 7.7 years; 59 % women)
were included. Persons with <10 remaining teeth
(n = 116) have significantly lower MoCA scores than
those with >10 teeth (n = 158), after adjusting for
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demographics, cardiovascular risk factors, depression and
dementia (B = —1.06, p = 0.03). Self-rated poor oral
health was more prevalent among persons with <10 teeth
(»p < 0.0001), but did not correlate with MoCA scores
(good vs. poor, B = —0.89, p = 0.89). Severe edentulism
is associated with poor cognitive performance in elders
living in rural Ecuador. Public health campaigns directed to
improve oral health may facilitate early recognition of
persons with cognitive impairment in underserved
populations.
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Introduction

The number of persons with cognitive impairment and
dementia is progressively increasing in low- and middle-
income countries [1]. For example, in Latin America, the
contribution of psychiatric and neurological disorders to
the total burden of illness has almost triplicated during the
past few years [2]. Traditional and non-traditional modifi-
able risk factors need to be properly recognized in these
areas in order to develop cost-effective strategies directed
to reduce the impact of these new epidemics.
Cross-sectional surveys have found an association
between edentulism and cognitive impairment [3-5], and
longitudinal studies have suggested that a reduced number
of teeth precede or may even predict the occurrence of
cognitive impairment and dementia later in life [6-8].
While this relationship has been studied in industrialized
nations, there is limited information on its relevance in
people living in rural areas of developing countries. It is

@ Springer



1098

J Community Health (2014) 39:1097-1100

just in these regions, where limited access to dental care
and lack of awareness on the repercussions of a poor oral
hygiene on systemic health contributes to the problem [9].
Epidemiologic surveys assessing the relevance of dental
problems and their systemic correlates in underserved
populations may provide useful insights on its public health
impact at regional levels. We report the finding of a cross-
sectional survey hypothesizing that severe edentulism is
independently associated with cognitive impairment in
community-dwelling elders living in rural coastal Ecuador.

Methods

The Atahualpa Project is a multi-step, population-based
study, designed to reduce the burden of cardiovascular and
neurological disorders in rural Ecuador. Atahualpa was
selected as it is representative of the villages of rural
coastal Ecuador. More than 95 % of the population belongs
to the Native/Mestizo ethnic groups, and their cardiovas-
cular health (CVH) status is acceptable owing to a simple
lifestyle at the rural level [10]. Most men work as artisan
carpenters and most women are homemakers. Family
income is rather homogeneous, and fluctuates from $5,000
to $12,000/year.

Methodology and operational definitions of the project
have been described elsewhere [11]. The IRB of Hospital-
Clinica Kennedy (FWA 00006867) approved the protocol
and the informed consent form. Trained field personnel
performed a door-to-door survey to identify all Atahualpa
residents aged >60 years. A rural dentist performed an oral
exam in consenting persons with an emphasis on the
number of remaining teeth. For the purpose of this study,
individuals were classified in two groups according to
whether they have severe edentulism—defined as those
who have <10 remaining teeth—or not. In addition, a
questionnaire allowed participants to self-rate their oral
hygiene as poor, fair or good, on the basis of questions
regarding regular tooth brushing, use of mouthwash anti-
septics and dental floss, and periodic preventive visits to
the dentist.

Cognition was assessed with the Spanish version of the
Montreal Cognitive Assessment (MoCA) test (wWww.
mocatest.org, ©7. Nasreddine MD, version 07 November
2004). The MoCA evaluates major cognitive domains,
including: visuospatial-executive, language, short-term
memory, abstraction, attention and calculation, and orien-
tation: maximum MoCA score is 30 points, with an addi-
tional point is given to persons with <12 years of
education [12]. CVH status of participants was evaluated
by the use of the seven CVH metrics proposed by the
American Heart Association, including: smoking status,
body mass index, physical activity, diet, blood pressure,
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fasting glucose blood levels, and total cholesterol blood
levels [13]. According to these criteria, each metric was
classified as “ideal”, “intermediate” or “poor”, and the
CVH status of a person was classified as poor if at least one
metric was in the poor range.

Participants were also evaluated with the depression axis
of the DASS 21, a consistent field instrument that quanti-
tatively measures dysphoria, hopelessness, devaluation of
life, self-deprecation, lack of interest/involvement, anhe-
donia and inertia, with seven questions that are rated on a
four-point Likert scale ranging from O (not at all) to 3
(almost always) with a maximum total score of 21, and a
diagnosis of depression in persons who have >5 points
[14]. Persons with dementia were recognized by the use of
the Leganés Cognitive Test, a reliable instrument that has
been used in elders living in poor-educated communities.
The maximum score is 32 points, and a score of <22
indicates dementia [15].

Descriptive statistics are presented as mean =+ standard
deviations for continuous variables and as percentages
(with 95 % CI) for categorical variables. Statistical sig-
nificance was tested by using the y? test for categorical
variables or ANOVA or the Kruskal-Wallis test for con-
tinuous variables. We evaluated relationships between
severe edentulism and age, sex, years of education, CVH
status, dementia, depression, and MoCA scores. Then,
using linear regression analysis, we examined the associ-
ation between severe edentulism and MoCA score, after
adjusting for demographics, CVH status, depression or
dementia. Additionally, we estimated the relationship
between self-reported oral health in categories of good
versus fair and good versus poor, and severe tooth loss and
MoCA score. The latter was also evaluated in a linear
regression model, after adjustment for demographics, CVH
status, dementia, and depression. All analyses were per-
formed using SAS software version 9.3 (SAS Institute Inc.,
Cary, NC).

Results

The door-to-door survey identified 323 Atahualpa residents
aged >60 years, of whom 17 declined to participate and 32
(mean age 79 *+ 12 years; 34 % women) could not per-
form the MoCA due to aphasia or severe visual or hearing
impairment. Of the remaining 274 persons (mean age
69.6 + 7.7 years; 59 % women), 116 had severe edentu-
lism and 158 did not. Table 1 presents the characteristics of
the total sample and across categories of edentulism. The
group of persons with <10 remaining teeth was older and
less educated than the group with >10 teeth. There were no
significant differences between the groups in gender dis-
tribution, or in the percentage of persons with poor CVH
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Table 1 Characteristics of persons included in this study according to the number of remaining teeth
Total series <10 Teeth >10 Teeth p value
(n = 274) (n = 116) (n = 158)
Age (mean £ SD) 69.6 + 7.7 712 + 84 68.4 + 7 0.003
Women (%) 59 55 61 0.362
Years of education (mean &+ SD) 6.2 £ 2.7 56 +22 6.7 +29 0.001
Poor CVH status, % (95 % CI) 73 (67-78) 77 (68-83) 70 (63-77) 0.292
Depression, % (95 % CI) 11 (8-16) 13 (8-20) 10 (6-16) 0.597
Dementia, % (95 % CI) 9 (6-12) 13 (8-20) 6 (3-10) 0.098
Poor oral health, % (95 % CI) 39 (34-45) 92 (86-96) 1 (1-3) 0.0001
MoCA score (mean £ SD) 185 £ 4.6 172 £ 4.6 19.4 £ 45 0.0001

status, depression or dementia. A poor oral health was
more prevalent among persons with severe edentulism.
Mean MoCA score was 18.5 £ 4.6 points. Persons with
<10 teeth scored significantly worse in this test when
compared with those with >10 teeth.

Results of linear regression showed significantly lower
MoCA scores for persons with <10 remaining teeth, after
adjusting for age, sex, years of education, CVH status,
depression, and dementia (p = —1.06, p = 0.03). In a
similar model, we did not find differences between self-
reported oral health and MoCA scores (good vs. fair,
B = 0.49, p = 0.42; good vs. poor, B = —0.89, p = 0.89).

Discussion

This study suggests that severe edentulism is associated
with a poorer performance in the MoCA in elders living in
rural Ecuador. While pathogenetic mechanisms explaining
this association are not fully understood, it is likely that
chronic periodontitis stimulates the production of inflam-
matory cytokines that, in turn, may damage the brain;
indeed, edentulism has often been considered a proxy for
chronic periodontitis [16, 17]. It has also been suggested
that poor dentition may be associated with nutritional
deficiencies and that lower levels of B vitamins may
account for the cognitive decline seen in persons with
severe tooth loss [18]. However, this is less likely to occur
in Atahualpa (and probably in other rural villages of Latin
American developing countries as well) where B vitamins-
enriched white rice is an important part of the diet and
almost all persons eat—irrespective of the number of
teeth—one or two servings of white rice per day.

This is the only study where the MoCA has been used
for evaluation of cognitive status according to the number
of teeth. Other studies have used the Folstein’s Mini
Mental State Examination (MMSE) for this purpose [3-6].
However, it is known the lack of sensitivity of the latter for
detection of persons with mild cognitive impairment. In a
comparative study, the MoCA and the MMSE were equally

specific (93 %) but the MoCA had a significantly better
sensitivity (67 vs. 13 %) [19]. In addition, we did not used
a cutoff score for defining cognitive impairment, but the
continuous MoCA score to compare performance in the
test across persons with and without severe edentulism, to
avoid problems related to poor reliability of specific cut-
offs. Also, some previous studies of edentulism in relation
to cognitive impairment were hampered by selection bias
of enrolled participants or lack of adjustment for con-
founding factors [20]. In the present study, we enrolled an
entire population of community-dwelling elders living in a
rural village, avoiding participants’ selection bias, and the
analysis was conducted after adjustment for all potential
confounders.

As we assessed missing teeth in a cross-sectional survey,
we cannot be sure about the cause of edentulism. Another
potentially perceived weakness of our study could be the
relatively small sample size. However, the homogeneous
characteristics of Atahualpa’s residents regarding race/
ethnicity and socio-economic status, together with the
model used for assessing the association between edentu-
lism and cognitive performance, argues for the strength of
our results.

In summary, severe edentulism is associated with a
poorer cognitive performance in elders living in rural
Ecuador. Public health campaigns directed to improve oral
health to detect persons with severe edentulism may
facilitate early recognition and treatment of those with
cognitive impairment. Further longitudinal studies in these
underserved populations are warranted to settle the cause-
and-effect relationships of this association.
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