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Abstract The mini-mental state examination (MMSE)

has been widely used as a screening instrument for cog-

nitive disorders. Age, schooling and many other sociode-

mographic and health variables may be associated with a

worse performance on the MMSE. The objectives of this

study were to investigate the distribution of MMSE per-

centiles in a large Brazilian community-based elderly

sample, divided according to age and schooling, and to

evaluate the impact of sociodemographic and health vari-

ables on groups of elderly people with lower cognitive

performance. The MMSE was applied to a sample of 2,708

adults, aged 60 years and older. Of this population, 1,563

individuals were living in the city of São Paulo, while

1,145 were living in the city of Ribeirão Preto. The subjects

were divided into six groups according to the amount of

schooling that they had received (no formal education, 1–4

and C5 years) and age (\75 and C75 years old). To each

one of the subgroups a stepwise logistic regression was

applied, considering the following dependent variable:

subjects who scored under or above the 15th percentile on

MMSE. High scores on a depression scale, high scores on a

memory complaints scale and low socio-economic levels

were associated with poorer performance on the MMSE.

Being currently employed and being married were related

to higher scores on the test. Many sociodemographic and

health variables can influence MMSE performance, with

impacts depending on age and schooling. Clinicians and

primary care physicians should pay attention to variables

that may be associated with worse cognitive performance.
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Introduction

The ageing process in Latin America has had significant

effects on the elderly population, which experience a sus-

tained decrease in real income, decreased access to health

services and insufficient public resources for retirement,

compared to other countries [41].

In Brazil, ageing is taking place at a more accelerated

pace than in developed countries, very quickly modifying

the Brazilian population’s age structure [30]. Because of

this, Brazilian health authorities will face new challenges,

such as an increasing number of persons with cognitive

disorders [14]. A very similar situation will likely be seen

in other developing countries in the next few years,

requiring a more active approach for detecting dementia, as

stated by Lopponen et al. [38].

Since its introduction in 1975, the mini-mental state

examination (MMSE) [23, 24] has been used widely as a

screening instrument to assess cognitive disorders and

dementia. It is a brief, standardised method to determine a
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patient’s cognitive function that assesses orientation,

attention, immediate and short-term recall, language and

the ability to follow simple verbal and written commands

[21]. It has been used as a brief cognitive test [7] in clinical

practice and research, as well as in epidemiological studies

[7, 9]. The MMSE has been translated into several lan-

guages and has been used successfully in many indepen-

dent cross-national epidemiological studies of dementia

[10, 11].

Age and schooling influence subjects’ performance on

the MMSE [4, 7, 9, 11, 21, 31, 32, 34, 35, 39, 46], as do

many other sociodemographic characteristics (e.g., social

class, occupation, gender) and health variables [2, 4, 31,

39, 44, 46].

Various strategies have been proposed as an attempt to

minimise the effects of these sociodemographic factors,

especially age and level of schooling, on the interpretation

of the MMSE results. One of the most common approaches

is the adjustment of cut-off points according to level of

schooling [11, 13, 34]. However, there is no consensus to

date regarding which cut-off points are the best for deter-

mining the presence of cognitive disorders in community-

based studies or even in clinical samples [15]. Some

authors who have recommended a different strategy for the

investigation of population samples have suggested the use

of the MMSE score percentiles [15, 43]. In some of these

studies, the prevalence of community-dwelling elderly

people with significant cognitive disorders was close to

15% [12, 28, 35], suggesting that scores below the 15%

MMSE percentile can be applied to maximise screening

accuracy.

However, although some studies in developed countries

[4, 21] and even recent studies in Brazil [34, 43, 46] have

investigated the performance of the MMSE in large com-

munity-based samples, additional evaluations are needed to

address the influence of sociodemographic and health

variables on the MMSE performance, particularly in

community samples from developing countries.

The aims of this study were to investigate the distribu-

tion of MMSE percentiles in a large Brazilian community-

based elderly sample, divided according to age and

schooling, and to evaluate the impact of sociodemographic

and health variables on groups of elderly people with lower

cognitive performance who are, therefore, at risk of being

cognitively impaired or demented.

Methods

Sample

A cluster random sampling of a population of individuals

aged 60 years old and over from three different

socioeconomic classes (upper, middle and lower) was

applied. This strategy aimed to evaluate a sample con-

taining cities’ districts that were representative of the

elderly living in São Paulo [29] and in Ribeirão Preto [37],

two cities in São Paulo state, which is located in the

Southeast region of Brazil. Both cities’ districts were

ranked from the wealthiest to the poorest according to data

from the 2000 Census, provided by the Brazilian Institute

of Geography and Statistics (IBGE; [30]). The following

parameters were applied to classify the districts: income,

schooling, proportion of elderly living in each district and

sanitation. Afterwards, in both cities, the districts were

divided into three groups, and one district representative of

each socioeconomic stratum was chosen to represent the

upper, middle and lower groups. In each of the three dis-

tricts, census sectors were selected with a probability

proportional to each cluster size. Blocks of 10 domiciles

were randomly chosen in each of the selected census sec-

tors. Following local media (newspaper, radio, television)

and mail advertisements, a trained team started a system-

atic door knocking survey in order to find elderly subjects.

After the identification, a community sample of 2,233

subjects older than 60 years was approached in São Paulo

city, and a total of 1,563 subjects who agreed to be visited

by a trained interviewer (response rate = 70%) were

assessed. In the city of Ribeirão Preto, a sample of 1,784

subjects was approached, of which 1,145 agreed to par-

ticipate (response rate = 64.2%). The interviewers tried at

least three times to evaluate the elderly subjects at home

before they were considered to be refusals. A Brazilian

version of the MMSE was applied to a community sample

of 2,708 subjects: 1,563 individuals from São Paulo city

[29] and 1,145 from Ribeirão Preto [37].

Instruments

The MMSE version utilised was a Brazilian version that

was included in the Cambridge Examination for Mental

Disorders of the Elderly (CAMDEX) [8]. The interview-

ers were trained before administering the MMSE to the

sample. Both the serial seven and spelling ‘‘world’’

backwards items were applied; however, only the highest

value of each of them was considered in the total MMSE

score.

The following instruments were also administered: a

sociodemographic questionnaire (including occupation); a

clinical inventory; an inventory of previous personal his-

tory and habits; and, using the questionnaire of the Bra-

zilian Association of Market Research (ABIPEME) [1], a

socioeconomic classification scale that allowed for 5 levels

of classification (from A, the highest, to E, the lowest).

This scale classifies the families based on schooling and in

the owning of consumption goods, such as household
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appliances. A nine-item scale (scores from 0 to 9) was

administered to evaluate cognitive and/or memory com-

plaints. Five of the items were based on questions from the

CAMDEX interview [8] (e.g. has presented memory

problems lately, has forgotten where stored objects, has

forgotten the name of well-known persons) and four

additional items (e.g. has difficulties to remember recent

facts, has difficulties to remember appointments) were

assigned through a consensus of the study team composed

of psychiatrists and neurologists with clinical experience

caring for Brazilian elderly patients. The scale showed

internal consistency measured by a Cronbach alpha of

0.778 in the community sample. A ten-item instrument (D-

10), which is being developed by our research group, was

administered for the evaluation of depressive symptoms

(escores from 0 to 10) in the elderly [6]. This instrument is

similar to the GDS-5 (geriatric depression scale) [48] and

D-10 psychometric properties were presented elsewhere

[6].

Data (other than the MMSE) were obtained directly

from the cognitively intact elderly subjects and/or from an

informant, who was usually a close relative, when the

subject was cognitively impaired.

Statistical analysis

The sample was divided according to age (below and above

75 years old) and schooling (no formal schooling, 1–4 and

C5 years of education), classifying the subjects into six

groups, to calculate the MMSE percentiles.

The correlation between the MMSE scores, age and

schooling was investigated with the Pearson (r) and

Spearman (q) correlation coefficients, respectively. The

Spearman correlation coefficient was applied because the

variable schooling did not have a normal distribution.

MMSE scores were compared between the two age groups

with the Student’s t test and among the three schooling

groups with the one-way analysis of variance followed by a

Tukey post-hoc comparison. The influence of schooling on

MMSE scores, considering the influence of ageing, was

addressed with the analysis of covariance.

For each one of these groups a stepwise logistic

regression was applied, considering as the dependent var-

iable subjects who scored under or above the 15th per-

centile on MMSE. The independent variables were the

sociodemographic (gender, present occupation, marital

status, type of occupation, socioeconomic class) and health

variables (depressive symptoms, memory complaints, per-

sonal history of stroke, Parkinson’s disease, head trauma,

epilepsy, diabetes, hypertension, hypercholesterolemia,

acute myocardial infarction, and tumour/cancer).

A stepwise forward adjusted and unadjusted logistic

regression based on the Akaike’s information criterion was

applied to investigate which variables were relevant for

each one of the six groups divided by age and schooling.

For all six groups, the interaction between depression

symptoms (assessed by the D-10 depression scale) and

subjective memory impairment (assessed by a memory

complaint scale) was also investigated. The significance

level was a = 0.05 for all comparisons. The analyses were

run in SPSS 14.0.

Both investigations were approved by the São Paulo and

the Ribeirão Preto Universities ethics committees, and all

the subjects or their relatives agreed to participate in the

study by signing an informed consent form.

Results

The mean age of the whole sample (n = 2,712) was

70.88 ± 7.79 years (range 42), and 66.5% were females.

Age groups, gender, education, socioeconomic class, and

marital status of the population samples are presented in

Table 1.

The mean MMSE scores for the whole sample were

25.0 ± 5.04, for the São Paulo sample 24.76 ± 5.00, and

for the Ribeirão Preto sample 25.32 ± 5.08. The MMSE

scores were negatively correlated with age (r = -0.33,

p \ 0.001) and positively correlated with schooling

(q = 0.52, p \ 0.001).

The sample was divided into six groups classified by age

and schooling, as can be seen in Table 2. MMSE scores

were significantly different between the two age groups

(t = 12.42, p \ 0.001). MMSE scores were also signifi-

cantly different among the three schooling groups

(F = 651.71, p \ 0.001). The difference remained signif-

icant after controlling for age (F = 638.16, p \ 0.001).

The MMSE percentiles in the sample divided by the two

age groups and the three schooling levels are presented in

Table 3.

Logistic regression analysis was performed for each of

the six groups, and the results are presented in Table 4.

Group A (no formal schooling, \75 years old)

High scores in the depression scale (D-10) were associated

with worse performance on the MMSE for individuals

without formal schooling under the age of 75 years (OR

1.24, 95% CI: 1.03–1.48).

Group B (1–4 years of schooling, \75 years old)

Socioeconomic class and memory complaints were the

relevant variables impacting MMSE scores for individuals

under the age of 75 years and with 1–4 years of

schooling.
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There was a positive interaction between high scores in

the memory and depression scales (D-10) and worse per-

formance on the MMSE (OR 1.01, 95% CI: 1.01–1.03).

Lower socioeconomic level was also associated with

scores under the 15th percentile in the MMSE as individ-

uals belonging to classes D ? E had a higher odds ratio

compared to those from classes A ? B (OR 2.32, 95% CI:

1.13–4.78). On the other hand, subjects from class C did

not differ from subjects classified in class A ? B.

Group C (C5 years of schooling, \75 years old)

Socio-economic levels were related to scores under the

15th MMSE percentile in group C.

Table 1 Sociodemographic

characteristics of the population

sample

Socioeconomic class: A ? B:

high; C: middle; D ? E: low

São Paulo n (%) Ribeirão Preto n (%) R

Age

\75 years 1,040 (66.5) 799 (69.8) 1,839 (68.1)

C75 years 523 (33.5) 337 (29.4) 860 (31.9)

Gender

Male 489 (31.3) 419 (36.6) 908 (33.5)

Female 1,074 (68.7) 726 (63.4) 1,800 (64.5)

Socio-economic class

A ? B 551 (35.3) 508 (44.4) 1,059 (39.5)

C 527 (33.7) 342 (29.9) 869 (32.4)

D ? E 466 (29.8) 285 (24.9) 751 (28.0)

Education

No formal education 259 (16.6) 116 (10.1) 375 (14.0)

1–4 years 651 (41.7) 489 (42.7) 1,140 (42.4)

C5 years 650 (41.6) 521 (45.5) 1,171 (43.6)

Marital status

Single 132 (8.4) 90 (7.9) 222 (8.3)

Married 718 (44.9) 660 (57.6) 1,378 (51.5)

Separated 114 (7.3) 64 (5.6) 178 (6.6)

Widowed 582 (37.2) 315 (27.5) 897 (33.5)

Skin colour or apparent ethnicity

White 1,148 (73.6) 897 (79.4) 2,045 (76.0)

Brown 243 (15.6) 188 (16.6) 431 (16.0)

Black 114 (7.3) 38 (3.4) 152 (5.6)

Asian 54 (3.5) 7 (0.6) 61 (2.3)

Total 1,563 (57.6) 1,145 (42.4) 2,708 (100)

Table 2 MMSE scores and

sample classification according

to age and schooling

Age Schooling (years) MMSE, mean ± SD

No formal education 1–4 C5

n = 374 n = 1,138 n = 1,170

\75 Group A Group B Group C 25.9 ± 4.2

n = 1,837 (n = 215) (n = 802) (n = 814)

MMSE, mean ± SD 20.5 ± 4.4 25.1 ± 3.9 28.2 ± 2.2

C75 Group D Group E Group F 23.1 ± 6.1

n = 856 (n = 158) (n = 334) (n = 354)

MMSE, mean ± SD 17.2 ± 5.5 22.9 ± 5.3 26.2 ± 4.4

MMSE, mean ± SD 19.1 ± 5.1 24.4 ± 4.5 27.6 ± 3.2
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Socioeconomic class C (OR 1.75, 95% CI: 1.19–2.60)

and D ? E (OR 5.24, 95% CI: 2.50–11.02) were signifi-

cantly associated with a worse performance on the MMSE

compared to class A ? B.

Group D (no formal schooling, C75 years old)

For the group D, higher score on the memory complaint

scale was the only variable related to poorer performance

on the MMSE (OR 1.40, 95% CI: 1.10–1.80).

Group E (1–4 years of schooling, C75 years old)

In individuals from Group E, high scores on the memory

complaints scale were associated with MMSE scores under

the 15th percentile (OR 1.50, 95% CI: 1.25–1.80).

Group F (C5 years of schooling, C75 years old)

Being currently employed was related to high scores on the

MMSE in Group F (OR 0.39, 95% CI: 0.19–0.82).

Being married was associated with a better performance

on the test, in comparison to being widowed (OR 0.32,

95% CI: 0.13–0.78). No significant differences were found

among single and separated subjects when compared to

widowed ones.

For all groups, no significant association between any of

the health-related factors (excluding memory complaints

and depressive symptoms) and MMSE scores was found.

Discussion

Our study showed a relationship between certain sociode-

mographic and health variables and worse performance on

the MMSE in elderly subjects from a large community-

based sample. High scores in the D-10 depression scale,

high scores on a memory complaint scale, an interaction

between the depression and memory scales, and low

socioeconomic level were associated with a poorer per-

formance on the MMSE. On the other hand, better per-

formance on the MMSE was associated with marital status

(married) and being currently employed.

The choice of the 15th MMSE percentile as an indica-

tion of relevant cognitive dysfunction was based on pre-

vious data that have shown that around 60% of MCI and

dementia cases can be found when subjects who scored

between under 15th or 16th MMSE percentiles were further

investigated [23]. In another community-based study,

Callahan et al. [12] found a prevalence of cognitive

impairment among patients aged 60 years and over of

15.7%.

Brazil is a large country, with extreme socio-cultural

differences found among the regions of its territory. Basic

education is consequently very heterogeneous and can be

associated with differential cognitive performance [46].

As the MMSE scores in the present study were not

normally distributed, the assumptions of a normal theory

do not apply [21], preventing the analysis of the MMSE

scores as a continuous variable. Moreover, we agree with

authors who have stated that the most adequate option to

study the MMSE performance of a population sample

would be to consider the percentile distribution of the test

scores [15, 43]. This rational was applied in our research,

with the MMSE scores being presented as a percentile

distribution, and applying logistic regression to investigate

the characteristics of those community-dwelling elderly

with ‘possible’ cognitive disorders.

Consistent with previous studies from Brazil [11, 34, 35,

46] and from other countries [2, 4, 7, 9, 31, 39, 47], our

results suggest that older age and lower education levels

both have a significant effect on MMSE performance,

increasing the likelihood of obtaining lower test scores.

Higher education levels were associated with better per-

formance on the MMSE, in agreement with previous

studies that have suggested the use of higher cut-off scores

for more highly educated individuals [40].

Table 3 Percentile distribution of the MMSE scores according to age

and educational level

Schooling (years) Percentile Age groups Total (n)

\75 C75

No formal education n = 215 n = 158 373

10 16 10

15 17 12.85

25 18 14

50 21 18

75 23 21

90 26 23.10

1–4 n = 802 n = 334 1,136

10 20 15

15 21 17.25

25 23 21

50 26 24

75 28 27

90 29 28

C5 n = 814 n = 353 1,167

10 26 21

15 27 23

25 27 25

50 29 27

75 29 29

90 30 30
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Association of socioeconomic level and cognitive per-

formance has already been described [17]. Socioeconomic

levels may reflect educational attainments, but they are also

related to lifestyle differences in socioeconomic groups

that may prove to be important in maintaining cognition

[19, 22].

In a study about the impact of sociodemographic vari-

ables on the MMSE performance of older Australians, the

regression models also showed that older age, educational

levels, language spoken at home and in country of birth,

socioeconomic status, occupation, sex, and presence of a

mood disorder made significant and unique contributions to

performance on the MMSE [4]. Language spoken at home

was very important for Australian subjects since local

natives do not speak English at home [4]. There is no

analogous situation in Brazil; however, regarding some of

the other variables (socioeconomic status, depressive

symptoms) we also found an impact on the MMSE per-

formance in our sample.

The influence of depressive symptoms on the MMSE

performance, as was observed in our sample, has already

been reported [34]. Depressive symptoms may be an early

manifestation of a cognitive disorder [16], and depression

itself can be associated with lower cognitive functioning

[26].

Anderson et al. [4] described both early and recent

intellectual activity as relevant to the MMSE performance,

which could explain the higher scores among subjects who

were presently employed. Such a measure can be consid-

ered as a possible correlate of intellectual activity, but it is

also possible that those with cognitive difficulties were

more likely to stop working. Fratiglioni et al. [25] reported

in a review that socially, mentally and physically active

lifestyles were associated with beneficial effects on cog-

nition, suggesting a protective effect of these factors

against dementia.

Memory complaints had a very important impact on the

present research, since in three of the six groups this var-

iable was associated with worse performance on the

MMSE. During the last few years, many authors have

discussed the association between memory complaints and

the risk of developing dementia [33]. Clarnette et al. [18]

showed that those with memory complaints have worse

cognitive performance than those without such complaints,

suggesting that subjective memory loss may be a reliable

indicator of cognitive decline. Consistent with these

Table 4 Stepwise logistic regressions results for each Group considering MMSE scores below the 15th percentile as the dependent variable

Group Variable Unadjusted Adjusted

OR 95% CI OR 95% CI

A (\75 years, no formal education) High scores in depression scale 1.24 1.03–1.48 1.24 1.03–1.48

B (\75 years, 1–4 years of schooling) Depression scale 9 memory scale 1.02 1.01–1.03 1.02 1.01–1.03

Socioeconomic class

A ? B 1 – 1 –

C 0.77 0.45–1.47 1.08 0.51–2.31

D ? E 2.16 1.18–3.92 2.32 1.13–4.78

C (\75 years, C5 years of schooling) Socioeconomic class

A ? B 1 – 1 –

C 1.75 1.19–2.60 1.75 1.19–2.60

D ? E 5.24 2.25–11.02 5.24 2.25–11.02

D (C75 years, no formal education) High scores in memory scale 1.40 1.10–1.80 1.40 1.10–1.80

E (C75 years, 1–4 years of schooling) High scores in memory scale 1.5 1.25–1.80 1.5 1.25–1.80

F (C75 years, C5 years of schooling) Being currently employed

No 1 – 1 –

Yes 0.38 0.21–0.68 0.40 0.19–0.82

Marital status

Widowed 1 – 1 –

Single 0.38 0.09–1.71 0.27 0.06–1.24

Married 0.49 0.23–1.08 0.32 0.13–0.78

Separated 1.68 0.43–6.41 0.47 0.05–4.10

Socioeconomic class: A ? B: high; C: middle; D ? E: low; OR Odds ratio; Covariates entered in the stepwise logistic regression models:

sociodemographic (gender, present occupation, marital status, type of occupation, socioeconomic class) and health variables (depressive

symptoms, memory complaints, personal history of stroke, Parkinson’s disease, head trauma, epilepsy, diabetes, hypertension, hypercholes-

terolemia, acute myocardial infarction, and tumour/cancer)
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findings, Crowe et al. [20] found that, for mild cognitive

impairment, the one-item complaint of subjective change

in memory at baseline predicted future cognitive decline.

Despite the present results being consistent with the studies

mentioned, there are some authors who have not found an

association between memory complaints and mild cogni-

tive impairment or dementia [36, 42].

One of the limitations of the present study was that, as

the population samples were selected to represent elderly

living in different socioeconomic strata in São Paulo and

Ribeirão Preto, they might not be representative of the

general elderly population from both cities. Another limi-

tation could be the response rate of 64.2–70%. However, in

other community-based studies with elderly individuals

performed in Brazil [5], Australia [27], Denmark [3] and

Japan [48], the response rates were, respectively, 65.2,

68.6, 64.6, and 75.7%. Therefore, the response rate

obtained during the field phase of our study was similar to

the rate found in other studies involving elderly individuals

in Brazil (and in the city of São Paulo), as well as in

developed countries. Finally, the clinical and health vari-

ables were assessed exclusively through self-reports by the

elderly adults in our sample. However, there are some

studies that demonstrate that there is usually enough

agreement between data on health variables provided by

self-report and proxy information [28, 45]. As dementia

was not ruled out from our sample, demented subjects were

probably included among those with MMSE scores below

the 15th percentile and the characteristics of these subjects

could in part justify the results of our study.

Conclusions

Many sociodemographic and health variables can influence

general cognitive performance, with different impacts

depending on age and schooling. These data may help to

detect those patients who are likely to perform worse on the

MMSE and are in need of more attention by clinicians or

primary care physicians. Looking for memory complaints

and depressive symptoms is definitely relevant, especially

for those subjects with low educational attainment.

Our results suggest a need for normative measurements

of cognitive function in heterogeneous community-based

groups in order to distinguish cognitive dysfunction

severity from possible measurement bias. The percentile

distribution and the attention to specific sociodemographic

and health variables, specifically age and schooling, should

provide a more reliable interpretation of cognitive dys-

function even among subjects from different socioeco-

nomic and cultural backgrounds. Clinicians should pay

attention to the variables that might be associated with a

worse general cognitive performance in order to select

those individuals that would benefit from an additional

cognitive evaluation.
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