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Objective: To compare mortality in older adults with and without mild or moderate cognitive impair-
ment over 15 years of follow-up in a middle-income country, where little information on this subject is
available.
Methods: A total of 1,281 community-dwelling older adults were followed-up for a median of 13.3
years. We evaluated their cognitive impairment using the Mini-Mental State Examination, categorizing
it as none (1.0 SD above cutoff means), mild (1.0 SD below cutoff means) or moderate (2.0 SD below
cutoff means). The date of death was determined by reviewing death certificates. Cox’s proportional
hazards models were used to evaluate the risk of mortality in participants with cognitive impairment.
Results: Participants with mild or moderate cognitive impairment had a higher mortality risk than those
without it in the unadjusted model, but these associations did not remain in the final model. After
sex stratification, only men with moderate cognitive impairment had a higher mortality risk in the final
model.
Conclusion: The findings suggest an association between moderate cognitive impairment and
all-cause mortality in men in a large Brazilian cohort of older adults.
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Introduction

Cognitive impairment is an intermediate stage between
normal cognitive aging and dementia. Although diagnos-
ing subclinical cognitive impairment is essential for identi-
fying individuals at high risk of dementia, this task is
complex and challenging due to a lack of standardized
diagnostic criteria.1 Cognitive impairment varies from
strict clinical criteria for mild cognitive impairment (MCI)2-5

to definitions of cognitive decline used in population-based
studies, which cover a broader range of dysfunctions.6-8

Six previous longitudinal studies from high-income
countries have shown that individuals with cognitive
impairment have a higher mortality risk than healthy
controls.7-12 However, these studies measured cognitive
impairment differently. In four of these studies, cognitive
impairment was identified by one-time administration of a
cognitive functioning scale,6-8,11 while in the other two it
was diagnosed according to MCI criteria.9,10,12 Data on

the association between cognitive impairment and mor-
tality is scarce in low- and-middle-income countries: a
single Tanzanian study13 applied MCI criteria and found
that, after adjusting for the effects of age, sex, and edu-
cation, a higher mortality risk was associated with cog-
nitive impairment.

The cognitive decline model used in population-based
studies is different from and more prevalent than strict
MCI criteria, including a higher rate of progression to
dementia.14,15 Consistently lower rates of progression
from MCI to dementia are found in community services
than in specialty and clinical research services.16,17 Further-
more, the findings of population-based studies indicate that
many individuals with MCI remain stable or even revert to
normal during follow-up.16-18 Thus, the objective of the
current study was to compare mortality in individuals with
and without cognitive impairment according to population-
based criteria over 15 years of follow-up in Brazil, a
middle-income country.
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Methods

Study area and population

This analysis was carried out using data from a 1997 popu-
lation-based prospective cohort study on aging in Bambui,
a city of approximately 15,000 inhabitants in Minas Gerais,
Brazil. The city’s United Nations’ Human Development
Index was 0.70, implying medium development, and its life
expectancy was 70.2 years in 1991.19 The city has one
general hospital and approximately one physician per
1,000 inhabitants. Its main economic activities are agri-
culture (particularly farming) and commerce.19

The procedures of the Bambui Cohort Study of Aging
have been described elsewhere.19 Briefly, the baseline
cohort population consisted of all residents aged 60 years
and over on January 1, 1997, who were identified through
a private census of the city. Of a total of 1,742 older resi-
dents identified in this census, 92.2% (1,606) were
interviewed and 85.9% (1,496) underwent clinical exam-
ination during the baseline survey, which consisted of
hematological assays, biochemical assays, and serologi-
cal tests for Chagas disease, electrocardiogram, and
anthropometric and blood pressure measurement.

The interviews lasted approximately 90 min and were
carried out in the participants’ homes. Each interview was
completed in one or two visits (within 1 week), depending
upon the respondent’s need for rest. Neither the inter-
viewers nor the respondents were aware of the clinical
results at the time of the interview. A sample of 10% of
participants was selected for reliability assessment. Cohort
members underwent annual follow-ups, consisting of stan-
dardized interviews and death certificate verification.

Mortality data source

Deaths occurring up to December 31, 2011 were included
in this analysis. Deaths were reported by next of kin during
the annual follow-up interview and were verified through
the Brazilian Ministry of Health’s mortality information
system. Similar procedures were used to verify the death
of individuals who moved away from the study area (5.2%).
The endpoint in this analysis was death from any cause.

Cognitive assessment

The Bambui Cohort Study of Aging questionnaire included
a standard Brazilian version of the Mini-Mental State
Examination (MMSE).20 In the Brazilian validation study,
some questions were modified according to their relevance
to the target population. Questions about the season, the
building, and the floor in the original orientation section21

were replaced with the period of the day, the room, and the
address in the Brazilian version.20 In the registration and
recall section, the words used were gato (cat), árvore
(tree), and violão (guitar). In the attention and calculation
section, serial fives replaced serial sevens, and for the
reverse spelling task, ‘‘World’’ was replaced by ‘‘Maria,’’
due to is common usage in Brazilian culture. Previous
analysis showed that the MMSE version used in this study
had cross-cultural equivalence and invariance or stability

over time in its factor structure.22,23 According to total
MMSE scores, cognitive impairment was classified as
none (1.0 standard deviation [SD] above cutoff means),
mild (1.0 SD below cutoff means) or moderate (2.0 SD
below cutoff means). These groupings were applied to
allow comparison with previous research.8

Sociodemographic characteristics

Data were collected on the following variables: age, sex,
number of complete years of education (o 4 years vs. X
4 years: 4 years was the statutory primary education for
this population), marital status (married or living together
vs. single, separated, divorced, or widowed), and self-
reported ethnicity (Caucasian vs. non-Caucasian, e.g.
African or mixed ethnicity).

Lifestyle variables

Alcohol consumption was determined through the ques-
tion: ‘‘During the previous 12 months, on average, how
often have you drunk alcohol?’’; caffeine consumption
was determined through the question: ‘‘How many cups of
coffee, tea, or other caffeinated drinks have you had daily
in the last 12 months?’’ Current smokers were defined as
participants who had smoked at least 100 cigarettes in
their lifetime and were still smokers. Physical activity level
was determined through the question: ‘‘During your
leisure time in the previous 90 days, how many times
did you go for a walk, work out, or participate in sports for
at least 20-30 min?’’

Functional status and health conditions

Functional impairment was defined as the inability to
independently perform at least one of the following five
activities of daily living: dressing, walking across a room,
bathing or showering, eating, getting in or out of bed, and
using the toilet. Body mass index (BMI) was assessed in a
visit to the Bambui field clinic using the standard protocol.
Diabetes mellitus was defined as a fasting blood glucose
level X 126 mg/dL and/or current use of insulin or oral
antidiabetic drug treatment.24 Infection with T. cruzi was
assessed by two parallel methods. Infection was defined
as seropositivity in both indirect hemagglutination assay
(Biolab-Mérieux, Rio de Janeiro, Brazil) and enzyme-
linked immunosorbent assay (Abbott, São Paulo, Brazil).
Information on lifetime history of stroke was obtained by
interview according to methods described elsewhere.25

Hypertension was defined as systolic blood pressure
X140 mmHg and/or diastolic blood pressureX 90 mmHg
and/or the use of antihypertensive drugs.26 Genomic DNA
for APOE genotyping was extracted from blood samp-
les using a Wizard

®

Genomic DNA Purification System
(Promega, Madison, USA). In the present analysis, we
considered three groups of gene composition for the e4
allele: absent, homozygous (e4e4), and heterozygous
(42.8% is e2e4 and 57.2% is e3e4).

Depressive symptoms were assessed by the General
Health Questionnaire-12, using a cutoff of 4/5 to define
case-level symptomatology.27
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Statistical analysis

The follow-up period was from the date of the first
examination until the date of death or the study endpoint
(December 31, 2011). Mortality rates were estimated
using the person-time method the (number of deaths
divided by person-years of follow-up). Hazard ratios (HR)
for death in each cognitive impairment category were
estimated by Cox’s proportional hazards regression
modeling. Gender, years of education, being unmarried
(including separated, divorced, or widowed status), self-
reported ethnicity, alcohol consumption, smoking, exer-
cise, physical function, diabetes mellitus, infection with
T. cruzi, stroke, hypertension, APOE e4 allele, and dep-
ressive symptoms were used as categorical measures,
while age, caffeine consumption, and BMI were used as
continuous measures.

The analysis was based on four models, which were
performed for the total sample and then stratified
according to gender. First, we estimated the crude
association between cognitive impairment and mortality,
and then adjusted incrementally for 1) demographic
variables, 2) lifestyle, and 3) health measures. A formal
test of the proportional-hazards assumption based on
Schoenfeld residuals was also performed. All analyses
were performed in Stata version 14.1.

Ethics

The project was approved by the ethics committee of the
Fundação Oswaldo Cruz, Brazil.

Results

The mean follow-up duration was 11.0 years (median:
13.3), corresponding to 14,120.4 person-years at risk.
A total of 639 subjects died during follow-up (crude mortality
rates for mild and moderate cognitive impairment were
69.1 per 1,000 person-years and 93.9 per 1,000 person-
years, respectively). There were no significant differences
between participants included and excluded from the
analysis regarding gender (degrees of freedom [df] = 1; w2

= 0.09; p = 0.752) and education (df = 1; w2 = 0.89; p =
0.343), although the included participants were younger
(df = 1; w2 = 4.33; p = 0.03). Table 1 summarizes the
baseline sociodemographic and other characteristics of
the 1,281 participants with complete baseline information
for all variables, divided according to cognitive impairment
level.

Association between cognitive impairment and all-cause
mortality

Table 2 shows the HR for all-cause mortality according to
cognitive impairment for all participants and stratified
according to gender. In the unadjusted HR model, the
mortality risk was increased in participants with mild (HR:
1.71; 95% confidence interval [95%CI] 1.36-2.15) and
moderate cognitive impairment (HR: 2.50; 95%CI: 1.54-
4.05). However, the associations did not remain signifi-
cant in the final model (HR MCI: 1.15; 95%CI 0.89-1.48

and HR moderate cognitive impairment: 1.35; 95%CI
0.81-2.24).

After gender stratification, only MCI increased the
mortality risk in the unadjusted analysis (HR: 1.92; 95%
CI 1.40-2.62), although it did not remain significant in the
final model (HR: 1.35; 95%CI 0.96-1.88) for female
participants. In male participants, mortality risk was
increased by both MCI (HR; 1.42; 95%CI 1.01-2.00) and
moderate cognitive impairment (HR: 3.30; 95%CI 1.69-
6.45) in the unadjusted analysis, although only moderate
cognitive impairment remained significant in the final
model (HR: 2.30; 95%CI 1.12-2.4.74).

Figure 1 shows the estimated survivor function for the
six curves (each cognitive functioning group for each
sex). Compared to women with no cognitive impairment
(the reference group), men with moderate cognitive
impairment had the highest mortality risk (HR: 3.37;
95%CI 1.71-6.62) followed by men with MCI (HR: 1.55;
95%CI 1.05-2.25).

Discussion

Our results indicated that mild and moderate cognitive
impairment, as determined by a single screening with the
MMSE, were not associated with mortality risk in the
entire sample after controlling for covariables. However,
we found that gender did moderate mortality risk in this
population, since men with moderate cognitive impair-
ment had a significantly higher independent risk of
mortality.

To our knowledge, only two other investigations, both in
developed countries, have examined the association of
cognitive decline and excess mortality using cognitive
assessment similar to that of the present study. In the
first, Park et al.8 investigated whether cognitive impair-
ment is independently associated with increased long-
term mortality in community-dwelling Koreans aged 60
years or older. At baseline, their participants were
screened for cognitive impairment with the MMSE and
were categorized into groups with no, mild, or moderate
cognitive impairment. Their regression analysis included
several variables, representing either confounders or
mediators in the relationship between cognitive impair-
ment (including different domain measurements) and
mortality. Their results indicated that both mild and
moderate cognitive impairment are associated with an
increased risk of mortality. Although their sample was
larger than ours (2,712 vs. 1,276), the adjusted analysis
was not rigorous enough to rule out confounders, since it
did not include age, gender, education, exercise, current
smoking, depression, osteoporosis, hyperlipidemia, and
cerebrovascular diseases as factors. However, we used
two approaches to investigate the extent to which a
relationship between cognitive impairment and mortality
was independent of potential confounding variables. First,
we included numerous additional confounding factors,
including APOE e4 allele, impaired physical functioning,
BMI, alcohol and caffeine consumption, and self-reported
ethnicity. Second, we carried out a proportional hazards
test, which was consistent with a constant HR over the
follow-up period.
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The second study, conducted by Bassuk et al. in New
Haven, CT, USA,6 investigated the effects of cognitive
impairment on excess mortality among community-dwell-
ing adults aged 68 years or older, using MMSE scores to
assess cognition. Their results indicated a strong relation-
ship between both mild and severe cognitive impairment
and mortality in participants under 80 years of age over a
3-year follow-up period. However, this study differed from
ours in that MMSE scores were not assessed according
to normative cognitive modeling,28 which reduces ceiling
and floor effects and would be desirable in a study of
the increasing burden of multiple forms of pathological
damage to the brain.29 Thus, their results are not strictly
comparable with ours.

Other investigations have assessed the association
between cognition and mortality in different ways. A study
by Paddick et al. in Tanzania,13 a low-income country,
demonstrated that cognitive decline (i.e., MCI) was asso-
ciated with higher mortality rates than no cognitive impair-
ment. In Indianapolis, IN, USA, Sachs et al.7 investigated
whether cognitive impairment is independently associated
with increased long-term mortality in primary care patients
aged 60 years or older. At baseline, they screened
patients for cognitive impairment with the Short Portable
Mental Status Questionnaire, categorizing them into groups
with no, mild, or moderate to severe cognitive impairment.
They found that both mild and moderate to severe
cognitive impairment are associated with an increased
risk of mortality.

Our results showed an association between cognitive
decline and excess mortality, particularly among men.
Comparison with other studies could be compromised by
methodological differences, such as study design, asses-
sment instruments, sociocultural characteristics, health-
care access, treatment options, etc. However, such
discrepancies were found even in the most directly
comparable studies, in which cognitive impairment was
measured and classified with the MMSE.6,8 Despite the
methodological differences, however, our findings on
gender differences agree with one German and two
American studies in that men with cognitive impairment
had shorter survival times.11,30,31

The mechanism for gender differences in the associa-
tion between cognitive impairment and mortality risk has
seldom been investigated. Some researchers have pro-
posed that dementia severity is a less significant predictor
of survival in women than in men.30

Alternatively, the same group proposed that the MMSE
may be a more valid indicator of dementia severity in men
than women, perhaps because social or cultural factors
influence MMSE scores differently by sex.30 Furthermore,
other mechanisms for dementia in men and women have
been suggested, such as different profiles of comorbid
illness and different causes of cognitive impairment.31

The association between high mortality risk and mode-
rate cognitive impairment found in men could also be
related to lifestyle differences with women. Univariate ana-
lysis revealed robust gender differences in alcohol con-
sumption (40.1in men vs. 5.5% in women) and smoking
(29.3 in men vs. 10.6% in women). Although several large
epidemiological studies have reported a lower risk ofT
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dementia in light to moderate drinkers than abstainers,32-35

a large longitudinal study in Norway recently reported a
higher rate of dementia-related deaths in moderate drinkers
than abstainers.36 This inconsistency has been ascribed
to residual confounding, and Mendelian randomization
has been recommended.37 The two studies that applied
this technique found that moderate drinking has neither
a protective effect on cognitive decline in older men
(defined as MMSEo 23/30; 6-year follow-up)38 nor a pro-
tective association with MMSE performance or word
recall (cross-sectional study).37 Regarding smoking a risk
factor for dementia and cognitive decline, a meta-analy-
sis of 19 prospective studies39 found that current older
smokers at baseline had an increased risk of dementia
and cognitive decline than older adults who never or
formerly smoked.

Our study is the first to address the association bet-
ween cognitive impairment and mortality in South America,
adding to the limited evidence from low- and middle-
income countries. Its strengths include: 1) cognitive model-
ing based on MMSE scores, which reduces the influence
of short-term changes in mood, pain, sleep, stress or
physiological measures (such as serum glucose, blood
pressure, and oxygen saturation); 2) the use of an MMSE
version that has been validated for the Brazilian population;
3) mortality was determined over 15 years of follow-up in a
large population-based cohort with a high response rate
and minimal attrition; and 4) the analysis included adjust-
ment for a range of potential confounders, including APOE
e4 allele, impaired physical functioning, BMI, etc. The fact
that the proportional hazards were consistent throughout

the follow-up period further reduces the likelihood of
confounding.

However, our study has some limitations that could
affect interpretation of the results. Generalizability may be
restricted because participants were obtained from a
single city in southeastern Brazil, and most participants
had low educational and socioeconomic status. However,
the demographic characteristics of our study participants
are very similar to the overall Brazilian population. Since
cognition was only assessed at baseline, we could not
evaluate the trajectory of cognitive impairment and its
effects on mortality risk over the follow-up period, which
was a significant weakness. The low accuracy of cause-
of-death coding in the mortality information system did not
allow a deeper exploration of the data on this issue. There
were only nine males in the moderate cognitive impair-
ment group, which could have led to lower precision and
power. Thus, the HR (CI) was not as high as expected.
Finally, the HR (CI) for moderate cognitive impairment in
men and women overlapped. Statisticians have tradition-
ally considered CI overlap between two independent
groups to demonstrate no statistically significant differ-
ence between them.40-42 However, this discussion has
referred to normal populations and symmetrical CI for
sample means. When comparing proportions bounded by
categories (as we did), such CIs are generally asymme-
trical, i.e., that the lower and upper arms are of unequal
length.33 In such cases, overlapping CI could indicate a
statistically significant difference when it is about half the
average of arm length or p p 0.01, as we found in our
analysis.41

Figure 1 Cox’s proportional hazards regression according to cognitive impairment group. 95%CI = 95% confidence interval;
HR = hazard ratios.
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In conclusion, our findings suggest an association
between moderate cognitive impairment and all-cause
mortality in men in a large Brazilian cohort of older adults.
However, future studies are needed to both replicate
these results, determine which mechanisms underly this
phenomenon, and determine whether there are effective
measures to reduce mortality in such cases.
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